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A . l GEN ERAL 

P ur s uan t to the  req u i rements  of UMTRCA , EP A p romu l g ated he a l th an d en vi 
ronmen ta l  standards  on J an u ary 5 , 1 983 , to go v ern  c l ean up ,  s tab i l i z at i on ,  and  
con tro l of res i d ua l  rad i oact i v e  mater i a l s  at  i n ac t i v e uran i um m i l l  ta i l i n g s  
s i te s . Th e promu l gated standards  estab l i s h req ui remen ts for  l on g -term s t ab i l i ty 
an d rad i at i on protec t i on  an d pro v i de  proced ures  for en sur i n g  the  protect i on of 
grou nd-water qua l i ty .  

I n  de ve l op i n g  the stan dards , EPA determ i n ed II th at th e pr i mary object i v e  for 
con tro l  of ta i l i n g s  s hou l d  be i s o l at i on an d stab i l i z at i on to p revent  th e i r  mi s 
use  by man an d d i s p er s a l  by  natur al forces  s uc h  as w i n d ,  r ai n an d f l ood waters ll 
an d th at lIa secon dary object i v e  s hou l d  be to red uce r adon  em i s s i on s  from tai l 
i n g s  p i l es . 1I A th i rd ob ject i v e  s ho u l d  be li the  e l i mi nat i on of s i g n i f i c an t expo
sure to gamma r ad i at i on from ta i l i n g s  p i l es . 1I ( Ref . preamb l e to St an dards  for 
Remed i a l  Act i on s  at I nac t i ve Uran i um P roce s s i n g S i tes , 40 C FR Part  1 92 . ) The se  
con c l us i on s  wer e based  on  a de term i nat i on th at the  mo s t  s i gn i f i c an t  p u b l i c  
hea l th r i s k s  as soc i ated w i th i n act i ve  tai l i n g s  were posed by expo s ure  to p eopl e 
l i v i n g  an d work i ng  i n  s tr uctures  con t ami nated by re l oc ated ta i l i n g s .  EPA f ur
ther con c l  u ded  that the poten t i a l  for  con t am i n at i on of  ground  water an d s urface  
w ater s h ou l d  be e va l uated on a s i te - sp ec i f i c  bas i s .  

On September  3 ,  1 985 , the  Un i ted States C i r c u i t Co urt  of App ea l s  set  a s i d e  
EP A l s  water protect i on stan dard s , 40 C FR P ar t  192 . 20 ( a ) ( 2 ) - ( 3 ) , an d EPA h a s  not 
ye t re i s s ued these  stan dards . Sec t i on A . 5  ( W ater-Qua l i ty Protect i on )  i d ent i 
f i e s how DO E w i l l  approach th i s  i s sue  un t i l  water protect i on s t an dards  are 
re i s s ued . 

The EPA stan dards  are s umma r i zed i n  Tab l e  A . l . l .  Th e d i s c us s i on of the  EPA 
Stan dards  i n  the  fo l l ow i n g  paragrap h s  has  been  s ummar i z ed from the  P l an for 
I mp l emen t i n g  EPA Stan dar d s  ( DO E ,  1 984) . 
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PART 192 - HEALTH AND ENVIRON�NTAL PROTECTION STANDARDS FOR URANIUM MILL TAILINGS 

SUBPART A - Standards for the Control of Residual Radioactive Materials from Inactive Processing Sites 

192.02 Standards 

Control shall be designed to: 

(a) Be effective for up to one thousand years, to the extent reasonably achievable, and, in 
any case, for at least 200 years, and, 

(b) Provide reasonable assurance that releases of radon-222 from residual radioactive 
material to the atmosphere will not: 

(1) Exceed an average release rate of 20 picocuries per square meter per second, or 
(2) Increase the annual average concentration of radon-222 in air at or above any 

location outside the disposal site by more than one-half picocurie per liter. 

SUBPART B - Standards for Cleanup of Land and Buildings Contaminated with Residual Radioactive Materials 
from Inactive Uranium Processing Sites 

192.12 Standards 

Remedial actions shall be conducted so as to provide reasonable assurance that, as a result 
of residual radioactive materials from any designated processing site: 

(a) The concentration of radium-226 in land averaged over any area of 100 square meters 
shall not exceed the background level by more than -

(1) 5 pCi/g, averaged over the first 15 cm of soil below the surface, and 
(2) 15 pCi/g, averaged over 15 cm thick layers of soil more than 15 cm below the 

surf ace. 

(b) In any occupied or habitable building -

(1) The objective of remedial action shall be, and reasonable effort shall be made to 
achieve, an annual average (or equivalent) radon decay product concentration 
(including background) not to exceed 0.02 ilL. In any case, the radon decay product 
concentration (including background) shall not exceed 0.03 ilL, and 

(2) The level of gamma radiation shall not exceed the background level by more than 20 
microroentgens per hour. 

SUBPART C - Implementation (condensed) 

192.20 

192.21 

192.22 

Guidance for Implementation 

Remedial action will be performed with the "concurrence of the Nuclear Regulatory Commission 
and the full participation of any state that pays part of the cost" and in consultation as 
appropriate with other government agencies. 

Criteria for Applying Supplemental Standards 

The implementing agencies may apply standards in lieu of the standards of Subparts A or B if 
certain circumstances exist, as defined in 192.21. 

Supplemental Standards 

"Federal agencies implementing Subparts A and B may in lieu thereof proceed pursuant to this 
section with respect to generic or individual situations meeting the eligibility requirements 
of 192.21." 

(a) " • • •  the implementing agencies shall select and perform remedial actions that come as 
close to meeting the otherwise applicable standards as is reasonable under the 
ci rcumstances.· 

(b) " . . •  remedial actions Shall, in addition to satisfying the standards of Subparts A and 
B, reduce other residual radioactivity to levels that are as low as is reasonably 
achievable." 

(c) "The implementing agencies may make general determinations concerning remedial actions 
under this Section that will apply to all locations with specified characteristics, or 
they may make a determination for a specific location. IIhen remedial actions are 
proposed under this Section for a specific location, the Department of Energy Shall 
inform any private owners and occupants of the affected location and solicit their 
coornents. The Department of Energy shall provide any such conments to the other 
implementing agencies [and] shall also periodically inform the Environmental Protection 
Agency of both general and individual determinations under the provisions of this 
section.11 

Ref: Federal Register, Volume 48, No. 3, January 5, 1983, 40 CfR Part 192. 

TABLE A.1.1 EPA STANDARDS 
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A . 2 LONG -TERM STAB I L I TY 

I so l at i on and  stab i l i zat i on of tai l i n g s  i n  order to prevent  m i s us e  by man 
an d d i sper sal  by natura l  forces i s  the  pr i mary objec t i v e  of the  EPA  stan dar ds . 
Accor d i n g l y ,  l on g -te rm stab i l i ty was emp has i zed i n  the  deve l opmen t  and  p romu l ga
t i on of the  s tandar ds . Th i s  i s  con s i ste n t  w i th the  g u i dan ce prov i d ed by the  l e g
i s l at i ve h i story of  UMTRCA wh i c h stresses  the i mp or tan ce of  av o i d i n g  remed i a l  
ac t i on s  wh i c h wo u l d  be effect i v e on l y  for a s hort  p er i od of t i me  an d wh i c h  wou l d  
req u i r e  fut ure Con gres s i ona l con s i d erat i on .  

The EP A stan dar d - sett i n g  proces s  d i s t i n g ui s hed I I pa s s i v e  con tr o l s , " s u c h  as  
th i ck ear then cover s ,  be l ow- ground  d i sposa l , rock cover s ,  an d mas s i ve earth an d 
rock  d i kes , from l Iac t i v e  con tr o l s "  s u c h  a s  sem i - perman ent  cover s ,  fenc e s ,  war n 
i n g s i g n s , an d restr i c t i on s  on l an d  us e .  Ac t i v e c on tr o l  c ov er s  cou l d  be exp ect
ed  to need freque n t  rep l acemen t or other major  repa i r s  req ui r i n g  the  ap prop r i a
t i on an d exp en d i ture  of p ub l i c  funds . I n  s et t i n g  the  s tan dar ds , E PA  ca l l ed for 
de s i g n s  wh i c h  r e l y  pr i mar i l y on pas s i v e c on tro l s .  

The Stan dard  i s  framed as  a l on g ev i ty req ui r ement wh i c h r ecogn i ze s  the  d i f
f i c u l ty i n  pred i ct i ng very l on g -term performan ce w i th a very h i g h degree  of con 
f i dence . I n  estab l i s h i n g the l on gevi ty r eq ui r emen t ,  E PA  con c l uded that ex i s t i n g  
k now l  edge  perm i ts  the d e s  i g n  of contro l  sys tems that hav e a good exp ectat i on of 
l a s t i n g  at l east  1000 years . Therefore ,  a des i gn object i ve  of 1000 years was e s 
tab l i s hed t o  be sat i s f i ed whene ver r easonab l y  ac h i evab l e ,  b ut i n  any cas e  w i th  a 
m i n i mum p erforman ce per i od of 200 years .  

The Standard rec ogn i ze s  the need for i n st i tut i ona l con tr o l s s u c h  as  c u s 
tod i a l  mai n tenance , mon i tor i n g ,  an d con t i n g ency r espon se  meas ures . I n  i t s p ream
b l e  to the  stan dar ds , EPA ca l l s for s uc h  con tro l s  to be prov i d ed  as an e s sen t i a l  
bac k up t o  t h e  pr i mary pas s i v e contro l s .  
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A . 3 RADON  EM I SS I ON S  CON TR OL 

EPA i d e n t i f i ed a red uct i on of r adon  em i s s i on s  from ta i l i n g s  p i l es a s  the  
s econ d object i v e  i n  i ts standards  for the c ontro l of  t ai l i n g s . I n  deve l op i n g  
t he  s t andar d s , i t  con s i d ered se ver al  a l ter nat i v e  ap proac he s  and s e l ected an em i s 
s i on l i mi tat i on as the  pr i mary form of the standar d .  I n  ad d i t i on ,  i t  es t ab 
l i s hed a concentr at i on l i mi t as an a l ter nat i v e  form of the  s t andard  for use  i n  
cases  where the  DO E determ i n ed t h at the a l ter na t i v e  was ap prop r i ate . 

I n  es tab l i s h i n g the  em i s s i on l i mi t at i on for ta i l i n g s  p i l es ,  EPA sought  to 
reduce  bot h  the  maxi mum r i sk to i n d i v i d u a l s l i v i n g  very near  to the  s i te s  and 
the  r i sk to the  pop u l at i on as a who l e .  Wi th  regard to i n d i v i d ua l s  very n ear to 
d i spos a l  s i tes , EPA e st i mate s  th at expos ur e  to r adon  em i s s i Ofls w i l l  be r ed uc ed 
by more than 96 percen t .  The r adon s t andard  of 20 pC i /m s on the d i  spos a l  
s i te or 0 . 5  pC i / l  out s i d e  the  d i s pos a l  s i te w i l l  l i mi t the  i n c re as e  i n  r adon  c on 
cen tr at i on at tr i b ut ab l e  to a p i l e  t o  a s ma l l i nc re as e  above  t he  bac k g round  r ad o n  
l e ve l  n ear t h e  d i spo s a l  s i te .  Both s t andards  are de s i g n s t an dards  w i th c omp l i 
ance to be de term i n ed on the  bas i s  of pred i c ted r at her th an me as ur ed em i s s i on 
r ates an d c oncen trat i on s . EPA s t ates th at I Ipo s t-rem ed i at i on mon i tor i n g  w i l l  n ot 
be r eq u i red to s how c omp l i ance , b ut may serve  a u s ef u l r o l e i n  d eterm i n i n g wheth
er the an t i c i pated performance of the  c on tro l sys tem i s  ac h i e ved .1I 

I n  e s t ab l i s h i n g  t he  r adon  s t andar d ,  EPA  determ i n ed t h at the  em i s s i on l i mi t a
t i on c ou l d  be ac h i e ved by we l l -de s i gned  th i ck earthen covers  an d t h at s uc h  c on 
tro l tec hn i q ue s wo u l d  b e  c omp at i b l e w i th t h e  r eq ui remen t s  o f  t he E P A  l on gev i ty 
s t andar d . 
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A . 4  CL EAN UP OF LANDS AN D B UI LD I NGS 

The EPA eva l uated the r i s k  as soc i ated w i th  the  d i s p ers a l  of t ai l i n g s  off 
t h e  s i te an d c on c l uded th at the  p r i n c i p a l  r i s k  to  man was the  exp o s ur e  to  r ad o n  
d a ugh ter p rod ucts  i n s i d e  b u i  l d i n g s . EPA th erefore s t ated th at t he  object i v e  o f  
t h e  c l e an up of  ta i l i n g s  from around  ex i st i n g  str uctures  w a s  t o  ac h i eve  a n  i n do or 
r adon  daughter  c oncentr at i on ( R OC ) of l es s  th an 0 . 02 WL (work i n g  l e ve l ) .  For 
open l an d s ,  the purpose  of rem ov i n g the  contam i n a t i on i s  to  remove the poten t i a l  
f o r  exces s i v e i ndo or r adon  da ughter  c on ce n tr at i on s  th at mi ght  ar i se f rom n ew c on 
s t r u c t i on on contam i n ated l an d . The 5 pC i / g  an d 1 5  pC i / g  Ra-226  con centrat i on 
1 i mi t s for 1 5- cm s urfac e  an d s u bs urf ac e  1 ayer s  were c on s i dered adeq uate to 1 i mi t  
i n door  RDCs  to be l ow 0 . 02 WL . A s econ dary concern  was  to l i mi t exp o s ur e  to  peo
p l e from gamma r ad i at i on .  

The Standard  req u i re s  th at res i d ua l  r ad i oac t i v e  mater i a l s  be rem ov ed from 
b u i  l d i n g s  exceed i n g 0 . 03 WL . I n  ca s es where l e ve l s are be tween 0 . 02 an d 0 . 03 
WL , the  Fed era l  government w i l l  have the f l ex i b i l i ty to dec i de i f  any me as ur es  
s h ou l d  be t ak e n . Me as ur e s  s uc h  as  se a l an t s ,  f i l tr at i on de v i ces , or  vent i l at i on 
dev i c e s  may be used to prov i de reasonab l e  as s ur ance  of red uct i on s  to be l ow 0 . 02 
WL . 
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A . 5 WATER-QUALITY P ROTECTION 

P r i or to the Septembe r 3 ,  1 985 ,  de c i s i on by the Un i ted State s Ten th C i rc ui t 
Court  of Appeal s ,  EPA rev i ewed avai l ab l e water-qua l i ty data at i nact i v e tai l i n g s  
s i te s  and de term i ned  that there was l i tt l e  ev i dence  o f  recen t mo vement  o f  con tam
i na n t s  i n to ground water .  They al s o  de term i ned that any de gradat i on of grou n d 
water q ua l i ty s hou l d  be eva l uated i n  t h e  context o f  potent i a l  benef i c i a l us es of 
t he  ground  water as determ i n ed by back ground water qua l i ty and the ava i l ab l e  
q uan t i ty of ground  water .  

Rather  than estab l i s h spec i f i c  n umer i ca l  l i mi tat i o n s  for con tam i nant d i s 
charges  or gro u nd -water  qua l i ty,  EPA de term i ned that the mos t app ropr i ate cour s e  
of ac t i on wou l d  b e  t o  req u i re s i te - spec i f i c  ana lyses  of pote n t i a l  future  contam i 
nan t  d i s charge  an d a case -by-case eva l uat i on of the s i gn i f i can ce of s uch  a d i s 
char ge .  The i mp l emen tat i on g u i d e l i nes  fo r the EPA stan dar ds  ca l l  for ad e q uate 
hyd ro l og i ca l  an d geoc hem i ca l  s ur veys at eac h s i te as a bas i s  for d eterm i n i n g 
whet her s pec i f i c  water - protec t i on meas ur es s hou l d  be app l i ed .  

Spec i f i c  s i te as ses smen ts mus t  i n c l ude mo n i to r i n g  pro grams s uff i c i en t  to e s 
tab l i s h bac k ground  grou n d -water qua l i ty through  o ne  or more up grad i ent  wel l s  a nd  
to  i de n t i fy the pre sent  mo vemen t an d extent of contami nant p l ume s as soci ated 
w i th  the ta i l i n g s p i l es .  They further ca l l  for j udgemen ts  of the  n eed for resto
rat i on or pre ven t i on ,  or both , to be g u i ded  by EPA l s  hazardo us  was te managemen t 
sy stem an d re l evan t s tate an d Federal wat er - qua l i ty cr i te r i a .  Dec i s i on s  on spe
ci f i c  ac t i on s  to  protect  or restore water  qua l i ty are to  be  g u i ded  by s uch  fac 
tors  as the te c h n i ca l feas ib i l i ty of i mp rov i n g the aqui fe r ,  t h e  cost  of app l i ca
b l e restorat i v e or p rotec t i ve p rograms , the  pres e n t  an d future  va l ue of the aq u i 
fer as a water source , the  ava i l ab i l i ty of al terna t i v e  water s up p l i es ,  and  the 
degree to wh i c h human exposure i s  l i k e l y  to occur . 

UMTRCA requ i  res  that the stan dards  prom u l  gated by EPA II . • • to the max i mum 
extent prac t i cab l e ,  be con s i stent w i th the requi rements  of the So l i d  Was te D i s 
posa l Ac t ,  as amended . 1I In sett i n g  the standard ,  EPA determ i n ed that the stat u 
tory re qu i remen t for NRC t o  con c ur w i th t h e  se l ect i on an d perfo rmance of reme
d i a l  ac t i on s  an d to i s sue  l i cen ses  encompas s i n g "mo n i tor i n g ,  ma i n tenance ,  or 
eme rgency measures  neces sary to protect p ub l i c  heal th an d safety" was con s i stent 
w i th the EPA reg u l at i on s  i mp l eme n t i n g  the S o l i d  Was te D i sposa l Act ( 47 FR 32274,  
J u l y  26 , 1 982 ) . Ac cordi n g l y ,  EPA estab l i s hed the i mp l emen tat i on p roce d ur es re
q ui r i n g case -by-case eva l uat i on s  of pote n t i a l  contami nat i on at s i te s .  Dec i 
s i on s  regard i n g  mon i tor i n g  or remed i a l ac t i on s  w i l l  be g u i ded  by re l eva n t  con s i d 
erat i on s  i n  the  hazar do us  was te managemen t sys tems . 

On September 3 ,  1 98 5 ,  the  Un i ted States  Ten th  C i  r c u i  t Court  of Appea l s set  
as i d e the EPA Standard  app l  i cab l e to the protec t i on of waterways and groun d wa
ter , 40 CFR  Part 192 . 20 ( a ) ( 2 ) - ( 3 ) . The water protect i on s tan dard  was reman ded 
to the  EPA for  further con s i derat i on i n  l i gh t  of the  Courtls o p i n i on t hat the wa
ter s tan dar d promu l gated by the EPA on Marc h  7 ,  1 983 , was s i te spec i f i c  rat her 
than of general app l i cat i on as  requ i red by the l e g i s l at i on .  EPA has not i d en t i 
f i ed a date for re i s s uance of 40 CFR  Par t 1 92 . 2 (a ) ( 2 ) - ( 3 ) , and i t  i s  an t i c i pat
ed that s u c h  re i s s uance  w i l l  not oc cur un t i l af ter remed i a l  ac t i on has be en 
i n i t i ated at the Grand J unct i on s i t e .  Therefor e ,  DOE and the State w i l l  i mp l e
me n t  the remed i a l ac t i o n ,  w i th the con c ur rence of NRC an d af ter con s u l tat i on 
w i th EPA .  As i mp l emen t i n g  agen c i e s  w i th regard  to the EPA Stan dar d s ,  DO E ,  t he  
State an d NRC ,  by execut i n g  the  remed i a l ac t i on w i l l  mak e ev ery reas onab l e  ef
fort to en s ure that water res ources  are ad eq uate l y  p rotec ted . 
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Whether EPA ,  i n  re i s s u i n g  the  water standar d ,  sets  forth  a techn i c a l  ap 
proac h  s i mi l ar to e i ther the  current  ac t i v e  s i te water s t an dard  o r  t h at p roposed 
pr i or to promu l gat i on of 40 CFR  Part  I92 . 20 ( a ) ( 2 ) - ( 3 ) for the i n act i ve s i tes , 
DO E has  thorou ghly charac ter i zed con d i t i on s  at the  Gran d J un ct i on m i  1 1  s i te and  
does  not an t i c i p ate that any s u bstan t i v e c h anges to the remedi  a l  ac t i on wi  1 1  be 
requ i red . 
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B . 1 . 1  

B . 1 .  2 

B . 1  INTROD UCTION 

P URPOSE 

Th i s  appen d i x prov i d es  the i n fo rmat i on n eed ed to unders tand the c on 
cep t u a l  des i gn s  for the remed i a l act i on a l ternat i v e s  ad dres sed i n  th i s  
dr aft  En v i r onment a l  I mp ac t St atement  ( DE I S ) . It i s  i n te nded to prov i de 
s uff i c i ent  detai  1 for the reader  to e va l u ate the fe as i b i 1 i ty an d a s se s s  
the  i mp act s  of  eac h  remed i a l ac t i on a l terna t i ve . I t  i s  not  i n tended  to 
prov i de the detai l ed eng i neer i ng neces sary to i mp l emen t the al terna
t i ve s . Det a i l s  of  the proposed remed i a l act i on w i l l  be  pre sen ted i n  the  
Draft  Remed i a l Act i on P l an .  

DESIGN OBJECTIVES  

The  purpose  of  the remed i a l act i on i s  to  stab i l i ze an d con tro l  the  
uran i um m i l l  ta i l i n g s  ( res i d ua l  r ad i oact i v e  waste s ) an d other con tam i nat
ed mater i a l s  i n  a man ner wh i c h c omp l i e s w i th EP A stan dards  ( 40 CFR  Part 
192 , Appen d i x A ) . Con s i stent w i th th i s  p urpose an d the EPA standar d s , 
the  fo l l ow i n g  major  de s i gn objec t i v e s  have been estab l i s hed : 

o Red uce the average  radon  f l u x  from the s i te to l eve l s con s i ste n t  
w i th EPA  st an dards . 

o Des i g n contro l s  to be effect i ve for up to 1000 ye ars to the ex
ten t  reasona b l y  ac h i e vab l e ,  an d ,  i n  any case , for at  l e as t  200 
ye ar s . 

o E n s ure  that ex i st i n g or an t i c i p ated be n ef i c i a l  us e s  of ground  
an d s u rfac e  water s  are not ad ver se l y  affected . 

o Red uce contami n a n t  l e ve l s ( r ad i um-226 ) i n  ar eas re l eased for un 
restr i cted u se  to l ev e l s con s i sten t w i th EP A s t andard s .  

o Mi n i mi ze the l an d  area  to be occ up i ed by the stab i l i zed  
ta i l i n g s .  

o P rov i de f l ood protec t i on , r u noff an d sed i ment  contro l , and  t re at 
men t  o f  waste water a s  requ i red . 

o P revent  i n ad vertent  human i n tr u s i on i n to the s t ab i l i ze d  
ta i l i n g s . 

o Mi n i m i ze an i ma l  burrow i n g  an d root penetr at i on i n to the s t ab i 
l i zed  ta i l i n g s .  

o P rotect ag a i n st re l e ases  of con tami n an ts from the s i te d ur i n g  
con s t r uc t i on . 

o Mi n i m i ze areas  d i s t urbed d ur i n g con stru c t i on an d mi n i mi ze human 
expos ure to contam i n ated mater i a l s .  

B - 1  



F i g ure  B . l . l  s h ows the l oc at i on s  of the Gr an d  J unct i on p roces s i n g 
s i te ,  Cheney Reservo i r  a l ter nate d i s p o s a l  s i te ,  Two Road a l ternate d i s 
pos a l  s i te ,  and  a l l bor row s i te s . 

B-2 



I ( 
I I J / �o 

� O"!- HORSE 4IOIJ 
GARFIELD COU NTY 

N (14 IN I---\- " �--- --) MESA COU NTY �\OG� "'"..\.� 
T WO '\., ,,1:'" S � " ----' 

SOv '-

ROAD SITE > 
• 6 '  50 

COLOR ADO 
NAT MONUMENT 

I 
I I 
I 
I 

GRA� MESA 
NAT FOREST 

I U N AWEEP CA NYON 
BOR ROW SITE 

I 

I 

'* GRAI'I:> JUNCTION S I T E  

D 

FRUITA 
FRUITA BORROW SITE 

/ 

) 
( 

� 

5 o 5 

" ) 

SCALE IN MIL ES 
• ALT E RNATE SITES 

• BOR ROW SITES 

F I G U R E  8. 1. 1 
G RA ND J U N CTI ON R E M E D I A L  ACT I O N  - LOCATI ON MAP 

8-3 

10 



8 -4 



B . 2 . 1  

B . 2  STABILIZATION ON SITE 

DESIGN FEATURES 

Under the stab i l i zat i on on s i te a l ternat i ve ,  the  uran i um m i l l  tai l 
i n g s  and contami nated mater i a l  wo u l d  be stab i l i zed at the former C l i max 
Uran i um Mi l l  at G rand J unct i on i n  a man ner wh i ch comp l i e s  w i th the EP A 
standards . The pr i n c i pa l  feature  of t h i s de s i gn concept i s  the con so l 
i dat i o n of the tai l i n g s  an d other con tami nated mate r i a l  i n to an em
ban kment  on the former proces s i n g s i te ( F i g ure B . 2 . 1 ) . Major con struc
t i on ac t i v i t i e s for  th i s  des i g n are d i s cu s sed i n  de tai l i n  Sec t i on 
B . 2 . 3 .  The de s i g n wo u l d  req ui re the fo l l owi ng  ac t i v i t i e s at the s i te 
an d as soci ated borrow ar eas : 

At the Grand J unct i on  s i te 

o Con str uc t i on of waste-water rete n t i on bas i n s to protect aga i n st 
re l ease  of contami nan t s  from the s i te d ur i n g  remed i al act i on .  

o I n s ta l l at i on of temporary sec ur i ty fenc i n g .  

o Con str uc t i on of drai nage con tr o l  meas ures to d i rect a l l generat 
e d  was te -water an d storm-water runoff t o  t h e  rete n t i on  bas i n s  
d ur i n g  con s tr uct i on ac t i v i t i e s .  

o Imp l ementat i on of meas ures to con tro l eros i on and sed i mentat i on 
from d i s turbed ar eas d ur i n g con str uct i on .  

o I n sta l l at i on an d op erat i on of a was te -water treatment  fac i l i ty 
( as nece s sary ) to protect aga i n st i nad verte n t  re l eas e  of con tam
i nants  d ur i n g con struc t i on .  

o Protect i on ( or re l ocat i o n )  of surface or s u b s ur fac e ut i l i t i es at 
the  Gran d J un ct i on s i te d ur i n g  con str uct i on .  

o I n sta l l at i on of s heet p i l i n g (as nece s sary ) a l ong  the south  and 
port i ons  of the southwest  an d southeast  per i meters of the ex i s t
i ng p i l e  to retar d surface f l ows  from the C o l orado R i ver and 
gro und -water i n trus i on d ur i n g excavat i on .  

o I n sta l l at i on of s o l d i er p i l i n g  a l ong  the northern s i te per i meter 
to fac i l i tate excavat i on of con tami nated mater i a l  ad jacent to 
the s i te bo undary . 

o Excavat i on an d stockp i l i n g  of tai l i n g s  an d con tami nated a l l uv i a l  
mater i a 1. 

o Excavat i on of l ow stren g th fo undat i on mater i a l  an d rep l ac emen t  
w i th compac ted coar se-grai ned f i l l .  

o Con str u ct i on of the tai l i n g s  s u bba s e ,  i nc l ud i n g f i l l  l ayer , cap 
i l l ary br eak l ayer , l ow-permeab i l i ty l ayer , and be l ow grade rock 
armo r l ayer ( see  Sec t i on B . 2 . 2 ) . 
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o Rep l acement of tai l i n g s  an d con tami nated a l l uv i um o v er the l ow
permeab i l i ty l ayer . 

o Re l ocat i on to the tai l i n g s  emban kmen t area of off- s i te tai l i n g s  
an d ot her contami nated mater i a l s ( i n c l ud i n g  State Repo s i tory an d 
v i c i n i ty p rop erty mater i a l ) .  

o D i sposa l of evaporat i on pond  an d tempo rary drai nage d i tch sed
i ment s  i n  the  emban kmen t .  

o Con struc t i on of the f i na l  cover sy s tem over the tai l i n g s  an d con 
tami nated mate r i a l  to i n h i b i t water i n f i l trat i o n ,  radon  exha l a
t i on ,  an d w i n d  an d water eros i on . 

o P l acemen t of rock  to i n h i b i t i n trus i on by burrow i n g  an i ma l s  an d 
to p rov i de eros i on p rotec t i on of the emban kmen t ,  w i th f i na l  grad 
i n g to p rov i de s u i tab l e  drai nage  contro l . 

o P l acemen t of rock armor l ayer ov er the emban kment to p rotect the 
p i l e  from the effects  of a P robab l e  Max i mum F l ood of the 
Co l orado R i v er . 

o Res torat i o n  of excavated ar eas w i th backf i l l .  

o Revegetat i on of d i sturbed areas not i n c l uded i n  th e s tab i l i zed 
p i l e .  

o I n s ta l l at i on of a secur i ty fence and war n i n g  s i gn s  to i n h i b i t h u 
man i n t r us i on .  

At the 32 and  ct Road borrow s i te 

o Excavat i on of er os i on protect i on and cover mater i a l  and l oad i n g 
onto tr uck s . 

o Re 1 ocat  i on  of bor r ow mater i a l to the Gran d J un c t  i o n  proces s  i n g  
s i te .  

At the Unaweep Canyon bor row s i te 

o Excavat i on of rock armor mater i a l  by trad i t i ona l d r i l l  and b l as t  
me thods  an d l oad i n g  onto truck s .  

o Re l ocat i on of bor r ow mate r ia l  to the Gran d J un c t i o n  proce s s i n g  
s i te .  

o Rec l amat i on of the s i te to con tro l eros i on ac cordi n g  to app l i ca
b l e  req u i r emen ts . 
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B . 2 . 2  P ERMAN ENT  D E S I GN  FEATURES  

D e s cr i pt i on of f i na l  con d i t i on 

The comp l eted Gran d J un c t i o n  s i te wo u l d  cover  ap p rox i mat e l y  93 
acres , i n c l ud i n g 18 ac res  north  of the ex i s t i n g  s i te bo undary , and  wou l d  
con tai n an embankment  s u r ro u nded by an ac ces s road , perman e n t  dra i nage 
d i tches , an d permanent fenc i n g .  

The tai l i n g s  p i l e  wo u l d  be ro ugh l y  rectan g u l ar i n  s hap e w i th  a 
po i n ted en d to the eas t ( s ee F i g ur e  B . 2 . 1 ) .  The p i l e  wou l d  cover app rox 
i mate l y  72 ac res  an d wo u l d  be l ocated ap p rox i mate l y 200 to 300 feet from 
the  Co l orado R i  ver . The con tami nated mater i a 1 wo u 1 d be cov ered w i t h  an 
ap prox i mate l y  f i v e-foot-th i ck ear t h  cover . The stab i 1 i zed p i l e  wo u l d  
have max i mum s i d es l opes  of 20 percent ( 5  hor i zon tal to 1 ver t i ca l ) an d 
t he  top wo u l d  be gen t ly s l oped ( a  max i mum of four per cen t )  toward t he  
r i ver . Th e ent i re embankment wo u l d  be  covered w i th a two-foot l ayer ( i n 
c l ud i n g f i l ter l ayer s )  o f  graded  rock for er os i on p rotect i on .  Th e ero
s i on protect i on bar r i er wo u l d  t i e  i n to a s i x-foot-th i c k rock  armor wa l l 
around  the base  of the tai l i n g s . The f i na l  stab i l i zed p i l e  wo u l d  be a 
max i mum of approx i mate l y  55  fe et abo v e  the norther n s i te bo u ndary . 

An unpaved ac ce s s  road wo u l d  be con structed around  the bas e  of the  
p i  l e  on  top of  the rock  armo r i n g ,  an d a drai nage d i tch  wo u l d  be  c on 
structed around  the outs  i de edge up the rock armor i n g  on the eas t ,  wes  t ,  
and north  s i d e s  o f  the p i  l eo The d i tch  wo u l d  d i v ert  s urface -water r u n 
off aro un d  and away from the p i  1 e .  A secur i ty fence  w i th l oc k ed gates  
and warn i n g  s i g n s  wo u l d  enc l o s e  the s i te .  

The remai n i n g  areas at the Grand J un c t i o n  s i te wo u l d  be r e stored  
w i th uncontami nated f i l l  to conform w i t h the s ur r ou n d i n g  ter rai n ,  g rad ed  
to p romote d rai nage as  requ i red , and reveg etated as neces sary . 

Decon tami nat i on and restorat i on 

Mater i a l  excavated from the Grand J un c t i on  s i te ,  o re pad , evapora
t i on pon d s , mi l l  ar ea , w i nd b l own ar eas , the State Rep o s i tory ,  and  v i c i n 
i ty proper t i e s  wo u l d  be comb i ned  i n  the embankment  at the former 
proce s s i n g  s i te .  Con tami nated rubb l e res u l t i n g from demo l i t i on of ex i s t 
i n g  structures  wo u l d  a l so  be  contai n ed i n  the  embankme n t .  

S ubp i l e  con tami nat i on averages  4 . 5 feet be l ow t h e  tai l i n g s -a l luv i um 
i n terface . The evaporat i o n  pond  areas con tai n an av erage of one  foot of 
con tami nated s o i l .  Ap prox i mate l y  f i v e feet of contami nated s o i l ex i s t 
i n  the  former m i  1 1  yard . The former ore pad area contai n s  an av erage of 
1 . 6 feet of contami nated so i l .  Con tam i nated mater i a l i n  the  State 
Repos i tory av erages  10.5 feet i n  th i ck nes s .  Off-p i l e  l i mi t s of con tam
i nat i on are s hown i n  F i g ur e  B . 2 . 2. 

Areas of excavat i on on an d aro und  the Grand J unct i o n  s i te wo u l d  be 
restored w i th uncontami nated f i l l  to a l ev e l  compat i b l e  w i th the s u r 
ro un d i n g  ter rai n an d revegetated a s  neces sary . 
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Tai l i ngs p i l e  con struc t i on 

The stabi l i zed tai l i n g s  p i l e  wo u l d  con ta i n ap p rox i mate l y  3 . 1  m i l 
l i on c ubi c yards of tai l i n g s , rubbl e ,  an d con t am i n ated mater i a l an d 
wo u l d  be de s i gned  to prov i d e l on g -term stab i l i ty and m i n i m i ze r adon  em
anat i on an d gro u n d -water con tam i n at i on .  

Because  of the prox i m i ty of the p i l e  to the Color ado  R i ver an d the  
h i g h  groun d -water l e vels as soc i ated w i th the r i v er , s t ab i l i z at i on on 
s i te wo u l d  req u i r e  that sever al features  be i n corporated i n to the  de s i gn 
of the tai l i n g s  subp i l e .  A l ow-permeab i l i ty earth  l ayer , a cap i l l ary 
break l ayer , an d a layer of un contami nated backf i l l  wo uld be p l ac ed d i 
rect l y  beneath the  t a i l i n g s . Th i s  wo u l d  re q u i re th at a l l the  ta i l i n g s  
an d the con tam i n ated al l u v i um be remov ed an d rep l aced . I n  ad d i t i on t o  
t h e  rem ov a l  o f  con t am i n ated s o i l ,  any soft or d i s turbed fou ndat i on s o i l s  
wo u l d  be rem oved an d repl aced w i th s u i tab l e  comp acted bac kf i l l mater i a l . 
The bac kf i 1 1  mater i a 1 re q u i red  to ra i  se the cap i l l  ary br eak abo ve  ex
pected h i g h grou n d -water l eve l s wo u l d  be p l aced once prev i ou s  ac t i v i t i e s 
have be en comp l eted . The cap i l l ary break l ayer wo uld be p l ac ed d i rec t l y  
abo ve t h e  back f i l l  mater i al .  Th i s  l ayer o f  graded  coar se-gra i ned mater i 
al wo uld preven t cap i l l ary r i se of ground  water from s atur at i n g the  l ow
perme ab i l i ty ear th l ayer an d ,  con s e q uen tly , the  ta i l i n g s . I f  the  
backf il l  ( or the natur a l  a l luv i um where no  f i l l  i s  requi red ) i s  s uf f i 
c i ently perv i ous , n o  cap i l lary break wo uld be requ i red . I f  not , the  cap
i l l ary bre ak wo u l d  be  a graded  exten s i on of  the bac kf i l l l ayer . The 
low-perme ab i l i ty e arth  layer wo uld be con s tr ucted over  the cap i l l ary 
break . Th i s  l ayer wo uld red uce  the amount  an d the r ate of po s s i b l e  c o n 
tam i nant  m i g rat i on . 

The repl aced ta i l i n g s  an d con tam i n ated mater i al wo uld be pl ac ed 
over the l ow-perme ab i l i ty l ayer , comp acted w i th s u i tab l e  comp ac t i on  
equ i pmen t ,  an d any unstab l e  mater i als wo uld be  excav ated an d recomp acted 
to en s ure that the emban kme n t  wo uld be den se throughout . Bec au se  the 
ta i l i n g s  wo uld be m i xed  d ur i n g excav at i o n , rep l aceme n t ,  spre ad i n g ,  an d 
comp act i n g ,  i t  i s  not expected  th at any exten s i ve pock ets  of sl i llEs 
wo uld ex i st i n  the comp acted ta il i n g s  p i le . Con se q ue n t l y ,  d i fferen t i al 
an d tot a l  sett l ement  wo uld not affect  the i n te g r i ty or l on gev i ty of the 
embankmen t .  

I n  order to m i n i m i ze the r i sk of undercut t i n g  by scour d ur i n g  peak 
flows of the Color ado R i ver , a rock armor layer aro und  the ent i re per i m
eter of the p i l e  wo uld be car r i ed to the maxi mum dep th of sc our t h at 
wo u l d  occur d ur i n g  a PMF . 

Organ i c  mater i al such  as wood demo l i t i on debr i s  an d gr ubbe d vegeta
t i on wo uld be evenly d i s tr ib uted throughout the emban kment  so  that  no  
mo re than f i ve percen t or gan i c s by v o l ume wo u l d  be  con ta i ned  i n  any are a  
o f  t h e  p i l e .  R ubb l e p i eces  wo uld be placed i n  the lower port i on s  o f  the 
p i le an d s ur rounded  w i th comp ac ted t a i l in g s .  The p roced ur e s  for th i s  ac 
t i v i ty wo uld be sp ec i f i ed to en sure  that the mater i a l i s  p l ac ed to avo i d  
con cen trat i on i n  any are a  an d to en sure good comp act i on of mater i al 
around  the rubble . 

L i m i t i n g  the p ile top s l ope s  to a three to four percent g rade  an d 
the s i de slopes  to a 20 percent grade  wo uld 'prov i de the nece s s ary factor 
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of s afety ag a i n s t embankmen t s l ope fa i l ure an d wo u l d  red uc e the poten 
t i a l  effects  of eros i on .  

Cover  con s t r uc t i on 

The ta i l i n g s  radon ex ha l at i on r ate wo u l d  be red uced to EPA s t an 
dards  by an app rox i mate l y  f i ve -foot-th i c k comp acted s i l ty c l ay l ayer 
wh i c h wo u l d  serve  as a r adon bar r i er .  Th e comp ac t i on of the  earthen bar 
r i er wo u l d  prod uce a cover that reta i n s  mo i s ture  an d ret ards  r ad on gas  
d i ffus  i on . 

Th i s  cover or earthen bar r i er  wo u l d  be protected by a two-fo o t
th i ck l ayer of rock de s i g ned to protect the s o i l cover an d con se q uen t l y  
preven t expos ure of contam i nated mate r i a l  for 1000 ye ar s . The rock co
ver  wo u l d  reduce  the poten t i a l  for d ry i n g  of the c omp acted e ar then cov er  
by trapp i n g  s o i l mo i s tur e .  The bot tom one  foot  of the rock c ov er wou l d  
be c omp r i sed of gr aded f i l ter  mater i a l . The rock l ayer wo u l d  r es i s t ero
s i on an d g u l l y  format i on ther eby p rotect i n g  the ear th en bar r i er an d pre
ven t i ng  i t  from be i n g eroded aw ay d ur i ng  any ra i n s torm s  th at can be 
expected to occur . The rock l ayer has been des i g n ed to w i t h stan d  t he  oc
c urrence  of the  Probab l e Max i mum P rec i p i t at i o n ( PMP ) . 

F i na l l y ,  a rock armor  wa l l wo u l d  be constructed aro u nd  the  en t i re 
per i meter of the p i l e  to further protect the con tam i n ated mater i a l from 
eros i on .  Th i s  rock armo r wa l l  wo u l d  be de s i g ned to w i th s t an d  the ef
fects  of ch an n e l  mi g r at i on an d scour caused by a Probab l e  Max i mum F l ood 
( P MF ) oc c ur r i n g  on the Co l or ado  R i ver . The comb i ned  rock l ayers wou l d  
a l so  p rotect the  p i l e  from w i n d  eros i on an d wou l d  d i scour ag e p l an t root 
i n tr u s i on an d b ur rowi n g  an i ma l s .  

F i g ur e  B . 2 .3 s hows a typ i c a l  cros s - sect i on for the s t ab i l i z at i on on 
s i te d i spos a l  a l ter nat i v e . 

S i te dra i n age 

The d r ai n ag e  p attern of the Grand J un c t i  on p i  1 e ar ea  and the s ur 
r o un d i n g  gener al  s i te grad i n g hav e  be en de s i g n ed to en sure  l on g -term 
p i l e  stab i l i ty .  The top of the p i l e  wo u l d  be gen t l y  s l op ed toward the  
C o l or ado R i v er .  S i n ce the en t i re s i te wo u l d  be  i n undated d ur i n g  a PM F ,  
i t  wo u 1 d be i mp r ac t  i c a  1 to des  i g n  permanent  d i  t ches  to conta i n the  PMF  
f l ows . Therefo r e ,  the  stab i l i z ed p i l e  wo u l d  be  s ur ro un ded  to the wes t ,  
north , an d east  by a d i tch  de s i g n ed to carry the runoff r es u l t i n g from 
the 100-ye ar on e-hour  r a i nfa l l event to en s ur e  proper  d r ai n ag e  of the  
p i l e  an d s i te are a .  The  s i te gr ad i n g wo u l d  h av e  a s uff i c i en t l y  s h a l l ow 
gr ad i ent  so  that f l ow ve l oc i t i e s wo u l d  be non-eros i v e as f l ow i s  d i r ec
ted  s o ut h  toward t he  C o l o r ado  R i v er . 

Detai l s  on f l ood protec t i on an d f l ood an a l ys i s  are prov i d ed i n  
Sec t i on B . 2 . 6  an d i n  App en di x F ,  Hyd r o l ogy Repor t ,  Sect i on F . l .  The de
s i gn of the s i te d r ai nage  features  i s  s ummar i zed i n  Sec t i on B . 6 .  
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B . 2 . 3  

Ground -water protec t i on 

The stab i l i zed ta i l i n g s  p i l e  wo u l d  be des i gned to mi n i mi ze grou nd
water contami nat i on. The pr eparatio n of  the s ubbas e ,  pl ac emen t of  t he  
ta i l i n g s , a nd  p l acement of  t he  earth cover wo u l d  s erve  to  pre ven t m i gra
t i on of con tami nants  to the gro und -water sys tem by restr i ct i n g  downward 
con tami nan t mi g rat i on an d preven t i ng  cap i l l ary r i se of ground  water i n to 
the tai l i n g s. Deta i l s  are prov i ded i n  Sec t i on B . 2 . 7. 

S i te acces s  

Af ter remed i a l ac t i on i s  comp l ete , road s wo u l d  be  con stru cted al ong  
the  per i meter of the emban kment al l ow i ng ac ces s for c u s tod i a l an d i n spec
t i on p urposes.  The  rec l a i med s i te wo u l d  a l s o  be s ur rounded  by a secur i 
ty fe nce  w i th l ocked gates  an d warn i n g s i g n s  to prevent  i nad vertent  
h uman i n tr u s i on. 

MAJOR CONSTR UCT ION AC T I VIT I ES 

B . 2 . 3 . 1  

B . 2 . 3 . 2  

B . 2 . 3 . 3  

Layo ut 

Con str uct i on ac t i v i t i e s wo u l d  be pr i mar i l y con f i n ed w i th
i n  the ta i l i n g s  p i l e  ar ea excep t  for ad jacen t con tami nated 
ar eas. 

The exac t l ocat i on s  an d s i zes  of a l l con str u ct i on fea
tures  such  as the stag i n g areas , decontam i nat i on fac i l i t i es ,  
drai nage d i tche s ,  and was te -water reten t i on bas i n s  wo u l d be de
term i n ed d ur i n g f i na l  de s i gn.  The fo l l ow i n g  paragrap hs pres
en t one  pos s i b l e  l ayo ut an d ar e prov i ded  to  a l l ow a be tter 
un der stan d i ng  of a l l asp ects  of the remed i a l ac t i on .  

The  stag i n g area wo u l d  be i n  t he  former m i l l  ar ea north  
of the p i l e. An  eq uipmen t decon tam i nat i on fac i l i ty wo u l d be 
l o cated ad jacent  to the stag i n g area. D i tches  an d berms s u r
round i n g t he  s i te wo u l d  d i rect un con tam i nated f l ows away from 
the s i te .  Con tami nated water wo u l d  be d i rected to waste-water 
reten t i on bas i n s  an d a treatment  fac i 1 i ty con str ucted on the 
s i te .  A con struc t i on fence wo u l d  surround  the ar ea . 

S i t e acc e s s  

The con s tr uc t i on fences  wo u l d  prov i d e contro l o f  traff i c  
enter i n g  an d l eav i n g the s i te an d preven t  unaut hor i zed traff i c  
from enter i n g the area. E q uipmen t wou l d  be decon tam i nated pr i 
o r  to l eav i n g the Gran d J un ct i on s i te. 

Stag i ng area fac i l i t i e s 

D ur i n g  con struc t i on op erat i on s ,  temp orary fac i l i t i e s 
wo u l d  be req u i r ed for con struc t i on workers  a l on g  w i th super v i -
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B . 2 . 3 . 4  

B . 2 . 3 . 5  

sory , e ng i neer i n g ,  admi n i s trat i v e ,  s ec ur i ty,  an d rad i at i on mon 
i to r i n g  p er sonne l . The fac i l i t i es wo u l d  con s i s t of off i c e 
space , l au n der i n g  fac i l i t i e s ,  s howers ,  an d chan g e  fac i l i t i e s 
for al l per sonne l  wo rk i n g  on the s i te .  Portab l e  con str uct i on 
to i l ets  wou l d  be prov i ded for on - s i te worker s . On -s i te e q ui p 
ment wou l d  be s tored i n  the  s tag i n g  areas . Par k i n g  ar eas 
wo u l d  a l s o be con struc ted at the s i te .  

Ut i 1 i t  i es  

A l l k nown ex i st i n g  ut i l i t i e s  at  the  Grand J un c t i on  s i te 
as s hown i n  F i g ur e  B . 2 . 4  wo u l d  be protected d ur i n g  con s tr u c 
t i on o r  wo u l d  b e  r e l ocated a s  neces sary pr i or t o  con struct i on .  

Water fo r d u s t  s uppres s i on on con tami nated areas at the 
Grand J un c t i on m i l l  s i te wou l d  be  obta i n ed from the tai l i n g s  
an d s ubso i  1 dewate r i n g or  wo u l d  be  recyc l  ed  water from the  
waste-water reten t i on bas i n s .  Potab l e  water , con str uct i on wa
ter , e l ectr i c i ty ,  gas ,  an d phone  serv i ce wo u l d  be obta i n ed 
from l oca l s up p l i er s .  

Drai nag e ,  eros i on con tro l ,  a n d  was te-water retent i o n bas i n s 

D ur i n g  remed i a l  act i o n ,  a l l dra i nag e from the  Gran d 
J un ct i on s i te wo u l d  be b l ock ed from reac h i n g any waterways . 
Areas of the s i te d i s turbed by con struc t i on act i v i t i es wo u l d  
be graded  s o  that r u noff wo u l d  d ra i n  to the  was te -water r eten 
t i on bas i n s .  Dra i nage d i tches  wo u l d  be l i ned  w i th eros i o n 
res i s tant mater i a l s i f  sed i men t b u i  l d - up i n  the  was te -water 
reten t i on bas i n s  becomes a prob l em .  I n  addi t i o n ,  the  d i tches  
wo u l d  be  des i g ned and ma i n ta i ned to carry the lO-year on e- hour 
storm event for the area tr i b utary to the chan ne l .  R un off 
from l an d  out s i de of affected areas wo u l d  be d i v er ted away 
from the s i te by d i vers i on d i tches  des i g ned an d ma i n tai ned  to 
reta i n  the r u noff from the la-year one-hour  storm ev en t .  

The waste-water retent i o n  bas i n s  wo u l d  rece i v e  water s  re
s u l t i n g from : 

o Decon tami nat i on ac t i v i t i es i n c l ud i n g  eq ui pmen t was h i n g 
an d truck was hdown . 

o R un off from contami nated mater i a l s .  

o Laun dry was te from was h i n g prote ct i v e c l ot h i n g .  

o Shower  an d was h  bas i n  was te water .  

o S i te dewate r i n g  ( i f con tam i nated ) .  

The retent i on bas i n s  at the s i te wou l d  be des i gned  to re
ta in  the runoff from a lO-year 24- hour  storm as we l l as the 
was te water from the decon tami nat i o n  op erat i on s  an d s i te 
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B . 2 . 3 . 6 

dewater i n g . The reten t i on bas i n s  s h a l l h av e  s uff i c i en t  c ap ac 
i ty to ho l d  a l l s ed i men t  i n f l ow ov er the en t i re l i fe of t h e  
p roj ect  w i thout  any need for remov a l . The emergency o u t  1 e t s  
from t h e  bas i n s  wo u l d  b e  d e s i gned  t o  s afe l y  d i s c h arge  t h e  25-
ye ar s torm p e ak run off wh i l e  mai n t ai n i n g a m i n i mum  of  one  foot 
of  freeboar d . F i n a l  l oc at i o n an d de s i g n  of the  reten t i on b a 
s i n s  wo u l d  be determ i n ed d ur i n g  f i n a l  de s i g n . 

Waste-water tre atment  

Waste water gener ated from sources  me n t i oned  i n  Se c t i on 
B . 2 . 3 . 5  wo u l d  be d i rec ted to waste-water rete n t i on b a s i n s  ( i f 
nece s s ary ) wh i ch wo u l d  prov i de p r i mary sett l i n g ,  a l ong  w i th  
f l ow an d con tami n a n t  eq ua l i zat i on . Some of th i s  water  wo u l d  
be ut i l i zed for d u s t  con tro l on con tam i n ated areas . The re
mai n der of the water wo u l d  be  tre ated to  meet  app l i c ab l e  
Feder al an d Co l or ado Dep artment  of He a l th water - qua l i ty s t an 
dards  ( as nece s s ary ) befo re d i s c h arge . 

P er forman ce  spec i f i cat i on s  for the treatment  un i t  wo u l d  
be determ i n ed i n  the  f i n a l  de s i g n . After comp l et i o n  of rem ed i 
a l  act i on , the  treatmen t sys tem wo u l d  be e i ther decon tam i n ated 
an d s a l v aged or b ur i ed .  

B . 2 . 3 . 7  Dewater i ng ( s heet p i l i ng )  

Gro u n d  water at the Gran d  J un c t i on s i te r i ses  i n to the  
t a i l i n g s . To fac i l i t ate han d l i ng ,  some of the  ta i l i n g s  wo u l d  
req u i re dewate r i n g . 

D ew ater i n g  wo u l d  be ac comp l i s hed by i n s t a l l i n g e i ther  
we l l po i n ts  or d r ai nage  d i tc hes  w i th s ump p ump s i n  t he  exc av a
t i on s , l ower i n g  the  gro u n d -water l e ve l  unt i l i t  i s  at an e l eva
t i on be l ow the excav at i on dep th . The dew atered mater i a l wo u l d  
then be excavated . Con tam i n ated water wo u l d  be used  as d us t  
s up pres s i on water on contam i n ated are as o r  wo u l d  be p ump ed to 
a sed i men tat i on bas i n  an d tre ated p r i o r  to d i s c h ar g e .  

D ue t o  t h e  presence  o f  t he  Co l o r ado R i v er ad j ac en t to t h e  
t a i l i n g s  p i l e ,  ad d i t i on a l  me as ures wo u l d  b e  t ak en d ur i n g  s i te 
prep ar at i on i n  order to red uce the dewater i n g  effo r t .  Sheet  
p i l e s  wo u l d  be  dr i ven  ( i f nece s s ary ) to comp ete n t  bedrock to  
form a c utoff wal l a l on g  the base  of t he  p i l e  ad j ac en t to the  
r i ver an d al on g the southwes t  an d southeast  s i d e s  of t he  p i l e . 
A l so ,  so l d i er p i l es wo u l d  be dr i ven  al ong  the  north er n s i te 
per i meter . These br aced  excavat i on s  wo u l d  i n h i b i t s ur f ac e 
water rec h ar g e  an d ground -w ater f l ow i n to t h e  excavat i on an d ,  
a l on g  w i th dewater i n g ,  wo u l d  en sure  s t ab l e  excav at i on s l op e s  
d ur i n g p l  ac emen t o f  t h e  roc k  armor wa l l an d exc av at i on o f  t h e  
co n tami n ated a l l uv i um . 
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B . 2 . 3 . 8 D u s t  contro l 

D us t  gener ated by excavat i on ,  ear th moveme n t ,  veh i c l e 
us e ,  temp orary mater i a l s  stock p i l i n g ,  an d s i mi l ar act i v i t i e s 
wo u l d  be contro l l ed an d m i n i mi zed by the use  of w ater an d w a
ter-based s urfactan t s  s prayed from hoses  or truc k s . Sp ec i a 1 
care wo u l d  be t ak en to contro l d us t  created by bu i  l d i n g decon 
tami n at i on or demo l i t i on an d the tempor ary stockp i l i n g  or  m i x
i n g of contam i n ated mater i a l s .  

The sources  for d us t  s uppres s i on water on con tam i n ated ar
eas wo u l d  i n c l ud e recyc l ed water from the was te -water reten
t i on bas i n s ,  o r  water from ta i l i n g s  an d s ubs o i l dewater i n g . 
Uncon tam i nated water wo u l d  be used for the decon tami nated 
are as . 

The sched u l es for s pray i n g  the road s ,  the  p i l e , and ot her 
con t am i n ated are as wo u l d  vary dai ly an d wo u l d  be de term i n ed on 
an hour -by- hour bas i s  i n  ac cordan ce wi th ap p 1 i cab 1 e s t ate per-
m i t s . The  fre q ue n cy of  s pray i n g  wo u l d  i n cr e ase when combi n a-
t i ons  of l ow so i l mo i s ture an d h i g h  wi nd  sp eed ar e 
en coun tered . 

B . 2 . 3 . 9  Borrow areas 

Two sep ar ate bo r row areas  have be en i den t i f i ed for the 
stab i l i zat i on on s i te a l ternat i ve .  The f i r s t  i s  l ocated ap 
prox i mate l y  seven road mi l es east  of the former proce s s i n g  
s i te an d wi l l  be refer red t o  a s  the 3 2  an d C i  borrow s i te 
( F i g ur e  B . 2 . 5 ) . Mate r i a l for the eros i on protect i on l ayer ,  
backf i l l ,  an d e ar th cover wou l d  be p ur c h ased at these  p r i v ate -
l y  own ed p i ts an d hau l ed to the s i te .  

. 

The on l y  mater i a l not l oca l ly av a i l ab l e  wo u l d  be the 
l arge  rock  requ i red for the armor i n g . A source  for th i s  mate 
r i a l h as be en i d e nt i f i ed near Gatew ay ,  C o l o r ad o ,  i n  Un aweep 
Canyon app rox i mate l y  47 mi l es from the s i te ( see  F i g ur e  
B . l . l ) . Th i s  mater i a l wo u l d  be mi ned by t r ad i t i on a l  d r i l l  and  
b l ast  tec h n i q ue s  an d hau l ed to the s i te .  Th i s  bor row s i te 
w i l l  be referred to as the Unaweep C anyon bor row s i te .  

B . 2 . 3 . l0 Con s tr uct i on se quence 

The fo l l owi n g  construc t i on se q uence i s  proposed as a p o s 
s i b l e  sequence f o r  t h e  remed i a l  ac t i on . As w i th t h e  l ayou t  
( Sect i on B . 2 . 3 . l ) , t h e  f i n a l  de s i gn wo u l d  conta i n gre ater  de
t a i  1 an d the construc t i on s ubcon tr actor  wou l d  be a l l owed t he  
f l ex i b i l i ty of  execut i n g  h i s work a s  h e  des i res , g i ven  cer ta i n 
con s tr ai n t s . Therefore , the  ac t u a l  con struc t i on seq uence an d 
me thod s of con struc t i on may d i ffer from the fo l l ow i n g . 

E ach  of the a l ter nat i v e s ,  excep t no  act i on ,  was deve l oped 
us i n g  a three-ye ar construc t i on sc hed u l e  for remed i a l  ac t i on .  
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The con struct i on sc hed u l e cou l d  be extended to four  years , or  
l on g er , wh i c h wo u l d  decrease  the  i n ten s i ty an d i n crease  the  d u 
r at i on of many o f  the en v i ronmenta l  i mp ac t s  as soci ated w i th 
the  p roj ect . 

I n i t i a l l y ,  a s i te sec ur i ty sys tem wou l d  be e s t ab l i s hed at 
each s i te an d coord i n ated w i th s t ag i n g an d ve h i c l e decon t am i n a
t i on areas . Th i s wou l d  prov i de contro l of traff i c  en ter i n g  
and l e av i n g e ach  s i te an d preve n t  u n a ut hor i zed traf f i c  from e n 
ter i n g e i ther s i te .  

The s heet p i l i n g to i n h i b i t ground -w ater f l ow an d red uce 
the dewater i n g  effort  wou l d  then be d r i v en ( i f n eces sary ) 
a l ong  the  base of the p i l e  ad j acen t to the  r i ver  an d on t he  
s o utheast  an d s out hwe st s i de s  of  the p i l e . 

At t he  same t i me as the  s heet p i l i n g i s  dr i ven , s o l d i er 
p i l i n g wou l d  be dr i ven a l ong  the  norther n  s i te bo und ary i n  or
der  to faci l i tate excavat i on of con t am i n ated mater i a l . 

A waste-water treatment faci l i ty wo u l d  be i n st a l l ed ( i f  
nec e s s ary)  to treat con tami n ated water an d to protect aga i n st 
i n ad v er tent contam i nant  re l ease  d ur i n g  con s truct i on .  
Demo l i t i on or decon t ami n at i on of ex i st i n g  structures wou l d  a l 
so be performed d ur i n g  s i te p rep ar at i on .  

The next majo r  i tem of s i te preparat i on wou l d  con s i s t  of 
con str uct i n g  reten t i on pond s at the  s i te .  Mater i a l s  excav ated 
from each  pond wo u l d  be s tock p i l ed for l ater use as f i l l .  
S i te preparat i on wo u l d  a l so i n c l ude constr uct i on of d r a i nag e 
and er os i on con tr o l  me as ur es . 

Upo n  comp l et i on of the s i te prep ar at i o n ,  remov a l  of the  
t a i l i ng s  an d con t am i n ated mater i a l wo u l d  beg i n .  Excav ated 
t a i l i n g s  an d con tam i n ated mater i a l wo u l d  be stockp i l ed ,  as 
f i l l  mater i a l from the 32 an d C i  bor row s i te s  wou l d  be p l ac ed 
and compac ted . At th i s  t i me ,  s oft  zon es  of fou n d at i on s o i l s  
exposed  d ur i n g  the  exca v at i on proce s s  wou l d  a l s o  be r emov ed 
and s tockp i l ed .  Con c ur r en t l y ,  the be l ow- g r ade  port i on of the  
rock  armor wa l l wo u l d  be  p l aced arou nd  the per i meter of the  
p i l e  an d backf i l l  p l aced ag a i n s t t he  wa l l as n eces sary .  

The cap i  1 1  ary br eak 1 ayer ,  a grad ed extens  i o n  of the  
backf i l l  mater i a l , wo u l d  then be  p l aced . The  l ow-perme ab i l i ty 
l ayer wou l d  be p l ac ed an d comp acted on top of the  cap i l l ary 
br eak l ayer . As prep arat i on of the  l ow- permeab i l i ty l ayer i s  
comp l eted , the  ta i l i n g s  an d con tam i n ated a l l uv i um wou l d  be re
p l aced an d comp ac ted . 

Uncon tami nated cover mate r i a l , from the 32  an d C i  bo rrow 
s i te s ,  wo u l d  be added to the p i l e  after a l l contami n ated mate
r i a l s  an d v i c i n i ty property mater i a l s  ar e i n  p l ac e .  Dr a i n ag e  
d i tches  wo u l d  be excav ated aro u nd  t h e  s t ab i l i zed ta i l i n g s  
p i l e .  The f i n a l  stages  wou l d  i n vo l ve reestab l i s h i ng over a l l 
s i te d r ai n a g e ,  gr ad i n g ,  mo n i tor i n g  for sett l emen t ,  p l  ac ement  
of rock  eros i on mater i a l an d the roc k ap ron over  the  s t ab i -
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l i zed  tai l i ng s , reveg etat i o n of d i s turbed areas , an d the  c o n 
struct  i on  o f  an acce s s  road an d sec ur i ty fenc i n g  ar ou n d  t h e  
t a i l i ng s . 

D emob i l i z at i on wou l d  con s i s t of the  r emov a l  of the  r em a i n 
i n g  waste-water reten t i on bas i n s  an d tempo r ary d r ai n ag e  d i  tch 
es . The water wou l d  be treated an d d i s c h ar g ed wh i l e  t h e  
bot tom s l ud ges  an d d i k e s  wou l d  be d i sposed i n  the  emban kmen t .  
A l l decon tami n at i o n  areas wo u 1 d be removed an d the  e q u i  pmen t 
c l ean ed fo r s a l vag e .  The s t ag i n g  areas wou l d  be d i sman t l ed 
w i th  the  contam i n ated i tems e i ther  c l ean ed an d sa l v ag ed o r  b ur 
i ed . A l l contrac to r  equ i pmen t wou l d  be decontam i n ated and  i n 
s p ected pr i or to re l ease from the contam i n a ted areas . 

F i g ur e  B . 2 . 6  s h ows a cons truct i on sched u l e for s t ab i l i z a
t i on on s i te .  

B . 2 . 4  RADON CON TROL 

Contro l  of radon emi s s i on s  from the stab i l i z ed emban kme n t  wou l d  be 
accomp l i s hed by p l ac i n g  a comp acted s o i l cover over the ta i l i n g s  an d oth
er contami na ted mater i a l s .  

D at a  on the  d i s tr ib ut i o n of r ad i um i n  the  ta i l i n g s , on t he  proper
t i es of  the bor row mater i a l ,  and on  the  an t i c i pated dep th of excavat i on 
i n  ar eas to be restor ed were ana l yzed i n  order to deve l op an es t i mate of 
cover th i ck n es s .  

!he  th i ck n e s s  of cover mater i a l req ui red  to l i mi t  r adon  f l u x  t o  20 
pC i /m s was ca l c u l ated u s i n g  the comp uter code RAECOM ( NR C ,  1 984 ) . 
The mat hemat i c a l  mod e l  i mp l emen ted i n  RAE COM descr ibe s on e-d i men s i o na l 
steady- state radon d i ffus  i on through  a two-phas e  mu I t  i - 1  ayer sys tem of  
porous  med i a ,  rep resen t i n g  the  ta i l i n g s  p i l e  an d i ts cover . Mu l t i p l e 
1 ayers  of ta i  1 i n g s  an d cover are a l l owed i n  the  mod e l ,  w i th d i ffer ences 
i n  p hys i c a l , r ad i o l og i ca l , an d d i ffu s i on a l  proper t i e s  r epresen ted  by s e v 
en l ayer - sp ec i f i c  i n p ut p arameter s .  The seven va l ues  req ui r ed for e ac h  
l ayer o f  the tai l i n gs p i l e  system mode l ed by RAECOM are :  

o Th i ck ne s s  of l ayer3 ( cm ) . 
o B u l k  den s i ty ( g /cm ) .  
o Poros i ty ( fr act i ona l ) .  
o Lon g-te rm moi sture  con tent  ( p ercen t d ry we i g ht  bas i s ) . 
o Emanat i n g  fr ac t i on of r adon ( fr �c t i on a l ) .  
o Radon  d i ff u s i on coeff i c i en t  ( cm /sec ) . 
o Rad i um con cen trat i on ( p C i / g ) . 

I n  add i t i on to these  parameter s de scr ib i n g  the l ayer s of t he  s t ab i 
l i zed p i l e ,  RAECOM req u i res  i n p ut of the tot al  n umbe r  of l ayers i n  the  
p i l e  an d Zh e  l ayer to be  opt i mi zed i n  meet i n g  the spec i f i c  f l u x  l i mi t 
( 20 pC i /m s )  at the s ur f ace . Al s o ,  the  radon  bo un dary condi t i on s  at 
t he  top an d bot tom of t he  p i l e  mus t be s pec i f i ed 2 The bottom condi t i on 
i s  a l ways an i n comi n g  f l u x  eq ua l to zero pC i /m s for ta i l i n g s  p i l es .  
The  top con d i t i on i s  the  observed amb i ent  r adon  concen tr at i on ( p C i / l ) i n  
ai r n ear the s i te .  
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FIGURE B. 2. 6 REMEDIAL ACTION SCHEDULE:  STABI LIZATION ON SITE 
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The actu a l  th i ck ne s s  of the r adon bar r i er may vary dep en d i n g  on ad 
d i t i on a l  borrow s ource  eva l u at i on an d an a l yses  to be performed d ur i n g  f i 
n a l  des i g n . P l an t  root i n tr u s i o n ,  i n tr u s i on by b ur row i n g  an i ma l s ,  an d 
con struct i b i l i ty ar e a l s o  con s i derat i on s  i n  de term i n i n g r ad o n  bar r i er 
t h i cknes s .  For purpos es  of th i s  E I S ,  the  r adon  bar r i er requ i r ed to meet 
the EPA s t andard  wo u l d  be con s tr u cted of app rox i mate l y  f i v e feet of mate 
r i a l av ai l ab l e  at the 32  an d C i  bor row s i te .  Us i n g  th i s  th i c k nes s  and  
i n c l ud i n g the  add i t i ona l eros i on bar r i er ,  r adon  � i ss i on s  after remed i a l  
ac t i on are ca l c u l ated to be l e s s  than 20 pC i /m s .  The data  an d an a 
l ys e s  are av a i l ab l e  i n  t h e  D O E  UMTRA Project Off i c e ,  A l b u querq ue , New 
Mex i co .  

B . 2 . 5  D ES IGN  CON S I D ERAT I ONS 

A n umbe r  of a l ter nat i v e des i g n s  were i n v e st i g ated in order  to  en 
s ur e  l on g -term s t ab i l i ty of the ta i l i n g s  p i l e . Major  concern s  r e l ated 
to d i s po sa l  at the Grand J unct i on s i te i n c l ude : prox i mi ty to the  
Co l or ado R i v er ,  v u l n er ab i l i ty to c h an n e l  s h i fts  of  the  r i v er ,  h i g h  
groun d -water t ab l e ,  l arge  quan t i ty of con t am i n ated mater i a l i n v o l ved , 
an d constr a i n t s  i rrpo s ed by the  l i mi ted area l  exten t of the  s i te .  S i n c e  
t he  p i l e  wou l d  be l ocated adj acent t o  t h e  c i ty o f  Gran d J unct i on ,  ef
forts wer e  a l s o  made to r ed uce v i s ua l  i mp ac t s  from the s t ab i l i zed 
t a i l i n g s . 

I n i t i a l l y  a s tab i l i z at i on i n  p l ace  des i g n  was i n v e s t i g ated . Under 
th i s  op t i on , the  t ai l i ng s  p i l e  wou l d be s ur ro u n de d  by a s l urry w a l l de
s i gned  to con t a i n  an d demob i l i ze contam i n ated gro u nd  water . Very l i tt l e  
rehan d l i n g  of the tai l i n g s  wou l d  be req ui r ed . As i n  the  proposed de
s i g n ,  an  ear th cover an d eros i on protec t i on wou l d  be p l aced over  the  com
p acted tai l i n g s . It was determ i n ed ,  however , t h at the Co l or ado  R i v er i s  
s us cep t i b l e  to chan n e l  s h i fts  i n  the v i c i n i ty of the  s i te an d the  s l u r ry 
w a l l wou l d  not wi th s t an d  the effects  of major  f l ood f l ows i mp i n g i n g  d i 
rec t l y  on the p i l e .  I n  add i t i on ,  i t  was determ i n ed th at the  s l u r ry w a l l 
techn i q ue i s  an unproven techno l ogy an d wou l d  not  reasonab l y  as s ur e  p i l e  
i n tegr i ty .  I n  or der to en sure  l ong -term protect i on aga i n s t  r e l ease  of 
con tam i n a n t s ,  the p i l e  wou l d  h av e  to be e l evated above  exp ected grou n d 
water l ev e l s .  The proposed subp i l e  des i gn w as i n v es t i g ated an d foun d to  
co n ta i n the  c h ar ac ter i st i c s requi red to prov i de l o ng -term s t ab i l i ty an d 
groun d -water protec t i on . 

The need to remove the  un s t ab l e  mater i a l an d ra i se the p i  l e  abo v e  
groun d -water l ev e l s req ui res  that t h e  tai l i n g s  an d contam i n ated a l l u v i um 
be ex cav ated an d r ep l ac ed after p l acemen t of the s ubbase . Under the  pro
posed conf i g ur at i on ,  the  p i l e  wou l d  be con s tr ucted wi th  a m i n i mum of 
rehan d l i n g . The s i de s l opes  of the p i l e  wer e an a l yzed in  order to deter 
mi n e  a s l ope that wo u l d  prov i de the nece s s ary fac tor of s afety aga i n s t  
s l ope  i n stab i l i ty ,  reduce t h e  poten t i a l  effects  o f  eros i on ,  a n d  max i mi ze 
t he  vo l ume conta i n ed w i t h i n the l i mi ted are a .  L i mi t i n g  the  p i l e  s i d e
s l opes to  a 20  percent gr ade  wou l d  en s ur e  p i l e  stab i l i ty as we l l as  p ro
v i de s uff i c i en t  vo l ume w i th i n  the emban kmen t ,  desp i te the  l i mi ted w i d t h  
o f  t h e  s i te .  

The up s tream ( eastern )  s i d e of the  p i l e  wou l d  be po i n ted i n  order 
to d i vert  fl ow ar oun d  r ather t h an d i r ect l y  toward the p i l e .  Th i s  wou l d  

B -2 2  



B . 2 . 6  

res u l t  i n  l ower f l ow ve l oc i t i e s , ther eby red uc i n g  the  s i ze of the  rock 
armor i n g  mater i a l . 

Grouted r i p r ap or ot her cemen t i t i ou s  mater i a l s  were e l i mi n ated from 
cons i d er at i on as f l ood protect i on beca use  exces s i v e mai n tenan ce wou l d  be 
req u i r ed d ur i n g the  des i gn l i fe ,  wh i c h does  not me et the  i n tent  of the  
s t an d ar d s . 

A l t hough  de t a i l ed an a l ys i s  wou l d  be performed d ur i n g  f i n a l  de s i g n ,  
i t  i s  recog n i  zed t h at road i mp rovemen t s  may be req ui red on D Road an d 
State  H i g hw ay 141  an d s ome ci ty s treets  p r i or to  t r an sport  of bo rrow ma
ter i a l from t he  32 an d C !  borrow s i te .  

LONG -TERM STAB I L I TY 

Water eros i on 

Severe r ai nf a l l even t s  have the  poten t i a l  to  deve l op r i l l s and  g u l 
l i es on t he  s teep er ( 20 perc e n t )  s i d es l ope s  of the  s t ab i l i zed t a i l i n g s  
p i l e  an d er od e s ome o r  a l l o f  the  radon  cover i n  sma l l ,  undef i n ab l e  ar
eas . One s uch poten t i a l  r ai nfa l l even t i s  commo n l y  referred to as the  
Probab l e  Max i mum Prec i p i tat i on ( PMP ) .  The PMP i s  def i n ed as the  max i mum 
prec i p i t at i on t h at cou l d  occur  from the  mos t  severe comb i nat i on of me te
oro l og i c a l  con d i t i on s  t h at are reasonab ly  po s s i b l e  i n  a reg i on . For the  
Grand  J un c t i on s i te ,  the  l oc a l  one- hour PMP s to rm was ca l c u l ated to  be 
8 . 1  i n ches . B as ed on t h i s  on e -hour  i n ten s i ty, a maxi mum f i ve -mi n ut e  i n 
te n s i ty was ca l c u l ated based  on the  t i me  of concentrat i on for f l ow off 
t h e  p i l e .  Th i s  i n ten s i ty was then con ver ted to an equ i v a l en t  one- hour 
r a i n f a l l i n te n s i ty of 43 . 7  i n ches  per hour . Th i s  PMP wou l d  gener ate 
s heet f l ow r ate s  ran g i n g  from 0 . 40 to 0 . 70 cub i c foot per second per 
foot of s l ope w i d t h  ( cfs/ft ) on the p i l e .  

To protect  the s i te from the  i mp ac t  of a PMP , the  s t ab i  1 i zed t ai l 
i n g s  p i  l e  wo u l d  have  a two-foot l ayer of rock as part  of the  cover sys 
tem . Rock s i zes  req u i r ed to w i t h s t an d  s heet eros i on on t he p i l e  top and  
s i de s l ope s  d ur i n g a PMP even t are  s hown i n  Tab l e  B . 2 . 1 .  D i s c us s i o n s  on 
t h e  me thodo  1 og i  es us ed to de term i ne the  PMP an d the  er os i on protect i on 
req u i r emen t s  are conta i ned i n  Sect i on B . 6 .  

To fur ther  red uce the pote n t i  a 1 for water er os i on by s ur face r u n 
of f ,  add i t i ona l contro l  features  were i n corpor ated i n to t h e  de s i g n  t o  re
d uce s urface run off ve l oc i t i es . The s l opes  of t he  s tab i l i zed t a i l i n g s  
p i l e  wo u l d  be l i mi ted t o  5 hor i zon t al t o  1 ver t i ca l  ( 20 percent ) .  The 
top of the p i l e  wou l d  be gen t ly s l oped ( a  max i mum of four percen t )  to 
promote d r ai nage . 

I t  i s  an t i c i p ated th at a f i l ter l ayer wou l d  be req u i red  on the  top 
and  s i de s l op es . The g r adat i on s  of the  f i l ter l ayer wou l d  be de term i n ed 
d ur i n g  f i n a l  de s i g n  when the  g r ai n s i z e d i s tr i b ut i on of t he  r adon  bar r i 
e r  an d rock er os i on protect i on ar e f i n a l i zed . The fo l l ow i n g  cr i ter i a  
wo u l d  be us ed i n  the  f i n a l  des i g n :  
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Tab l e  B . 2 . 1  Eros i o n protec t i on requ i r emen t s  - s t ab i l i z at i o n  on s i te 

Rock s i ze a 

req  u i  r emen t s b 
Loc at i on ( i n c hes ) Th i ck ne s s  

Top s l opes  050 � 1 . 5 i n c hes  
( 4% ) 

0 100 i 3 . 0  i n ches  24 i n ches  

S i de - 050 � 4 . 0  i n c hes 
s l opes  
( 20%)  0 100 i 8 . 0  i n ches  24  i n c hes  

� " 0 " correspon d s  to  r eq ui r ed rock  d i ameter . 
I n c l ud i n g f i l ter  l ayer s .  

0 1 5  f i l ter 

085 base  
< 5 

Des i g n f l ow 

0 . 40 cfs/ft  

0 . 70 cfs/ft  

The  accep t ab i l i ty of the  rock  source  wou l d  be  determ i n ed we l l i n  ad 
vance of the  t i me when the  rock wo u l d  be r eq ui r ed for p l ac emen t .  Th e s e
l ec ted rock mus t me et spec i f i c  tes t i n g  cr i ter i a  for l o ng - te rm 
d ur ab i 1 i ty .  

W i nd eros i on 

H i g h w i n d  ve l oc i t i e s  cou l d  damage the  r adon  cover  of t he  s t ab i  1 i z ed  
t a i l i n g s  p i l e  if  l ef t  expo sed . The  same rock l ayer s used  to protect  t h e  
p i l e  from water eros i on wo u l d  prov i de s uff i c i en t  protec t i o n  o f  t he  p i l e  
from t he  effect s of poten t i a l ly  eros i ve w i n d  ve l oc i t i e s .  

F l ood protect i on 

The Grand J unct i on proces s i n g s i te i s  l ocated a l on g  t he  n orth bank  
of t he  Co l or ado R i ver abo u t  0 . 7 5 mi l e  up s tr eam from the  G u n n i son R i ver  
con f l uen ce . Th e t a i l i n g s  l i e w i th i n  a gent l e  me an der of  t he  Co l o r ad o  
R i ver , wh i c h ex h i b i t s  an i s l an d -br a i ded pattern  a s  i t  f l ows a l o n g  t he  
sout hern bo und ary of  t he  ta i l i n g s  p i l e .  T he  oppo s i te ban k i s  a 60- foot
h i gh b l uff wi th  the  l ower segmen t composed  of Man c os Sh a l e .  The  wate r 
s hed up stream o f  t h e  s i te i s  8 150 sq uare mi l e s o f  steep l y s l oped 
terra i n .  E l evat i on s  i n  the  bas i n  range  from 4560 feet at Grand  J un c t i on 
to mo re th an 1 4 , 000 feet i n  the  h i g hest  headwater  areas . 

Becaus e of the  l ocat i on of t he  t a i l i n g s  p i l e  wi th respect  to  t he  
Co l o rado  R i v er ,  f l ood i n g  presen t s  a s i g n i f i can t r i sk  to  t he  l ong -term 
s tab i l i ty of the s tab i l i zed t a i l i n g s  p i l e .  F l o od f l ows sur ro un d i ng  t he  
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p i l e  w i th  h i g h f l ow v e l oc i t i e s  cou l d  damag e the rock eros i o n protect i on 
barr i er an d s u bs e q ue n t l y  the comp acted earthen rado n bar r i er .  
F urth ermore ,  f l ood i n g  cou l d  cause  r ap i d s h i fts  of the  r i v er c h an n e l  o r  
l oca l i zed s c o u r  t h at cou l d  u n dercut a n d  er ode t h e  p i l e .  

I n  order  to  des i g n ade q uate protec t i o n  ag a i n st f l ood i n g  for the  s t a
b i l i z ed ta i l i n g s  p i l e ,  a f l ood an a l ys i s  of the  s i te was performed u s i n g  
t h e  H EC -1 ( COE , 1 981 ) an d HEC -2 ( COE , 1 982 )  computer mode l s .  Th i s  an a l 
ys i s  eva l u ated t he  P robab l e  Max i mum F l ood ( PMF ) u s i n g  the  PMP es t i mate 
for a s e vere s ummer storm on the Co l or ad o  R i ver water s hed abo v e  R i f l e ,  
Col o r ado , an d ext r apo l at i n g th i s  PMP t o  the  study area  o f  81 50 sq uar e 
mi l es by me t hod s deve l oped by McCai n an d J arrett  ( 1 9 76 ) . A deta i l ed d i s 
cus s i on o f  t h e  f l ood an a l ys i s  an d t h e  rat i ona l e  for t h i s ext r apol at i on 
ar e prov i ded i n  Ap pen d i x F ,  Hydro l ogy Repor t ,  Sect i on F . 1 . 2 . 1 . 

The f l ood an a l ys i s  re s u l ted i n  c a l c u l at i on of a p e ak f l ood f l ow i n  
t he C o l orado  R i v er of 889 , 000 cfs . Un der PMF cond i t i on s ,  a f l oodw ay of 
4000 to 8000 feet w i d e ,  as s hown in  F i g ur e  B . 2 . 7 ,  wo u l d  be requ i r ed to 
con vey the f l ow .  Al l s i de s  of the s i te wou l d  be exp osed to c h an n e l  
f l ow .  The peak water -surface  e l evat i on wou l d  vary from 4589 feet t o  
4600 fe et a l ong  t he  p i l e  and mean c h an n e l  ve l oc i t i es wou l d  r an ge from ap
prox i mate l y  12 to 19  fp s .  F l o odway con str i c t i on s  at the  s i te wou l d  
ca us e un s t ab l e  f l ow con d i t i on s  i n  t h e  form o f  near cr i t i ca l  f l ow t o  oc
cur . The  r i ver  wou l d  at temp t to moder ate  t he  s teep energy g r ad i en t  and  
s t ab i l i ze t he  f l ow by scour i n g  a l l uv i um .  Us i n g  methods  out l i n ed for t he  
B ur e au of  Rec l amat i on by Pemberton  a nd  Lar a ( 1 984 ) , a dep th of  zero  s ed
i ment  tr an s port  ( depth  of  maxi mum scour ) wou l d  b e  1 2 . 4  feet be l ow t he  
ch an n e l  bot tom . A cros s - sect i on at Stat i on 387 . 86 ( F i g ur e  B . 2 . 8 ) s hows 
maxi mum w ater - sur face and s cour e l ev a t i ons  for the PMF even t .  

To protect  t h e  s t ab i l i zed t a i l i n g s  p i l e  from t he  max i mum f l ood con
d i t i o n s  descr i bed abo v e ,  i t  wo u l d  be  comp l ete l y  s u r rou nded by a s i x
foot- th i ck rock armor apro n . The rock armor i n g  wou l d  extend  from the  ex
pec ted maxi mum w ater s ur f ace to  the  base  of the  p i l e  at a s l ope  of 5 hor
i zon t a l  to 1 ver t i c a l . Be l ow grad e ,  the  rock armor  wou l d  extend  t o  t he  
max i mum s cour  e l ev at i on s  a t  a s l op e  of  2 hor i zon t a l  to  1 ver t i ca l . The 
rock p rotec t i on requ i r emen t s  for th i s  des i gn are s hown i n  Tab l e  B . 2 . 2 .  

A di scu s s i on on the  methodo l ogy us ed to de s i g n the  rock armor w a l l 
i s  p rov i ded i n  Sect i on B . 6 .  

Geomorpho l ogy ( r i ver  meander ) 

The t a i l i n g s  s i te  i s  i n  a mean der p at h  of the  Co l or ad o  R i ver  an d 
over l i es f i v e  to 1 5  feet  of uncon s o l i d ated al l uv i a l  mat e r i a l . P ar t i c l e 
s i zes  of the  a l l uv i um at the  s i te vary from mi n or amou n t s  of s i l t  s i zed  
par t i c l e s  to g r av e l ly s an d s  to cob b l y  grav e l s .  G i v en t hese  s i te cond i 
t i on s ,  t he  r i ver  cou l d  c ut through  t h e  s i te i f  not  proper l y  contro l l ed .  

The p i l e  wo u l d  act as a con s tr i c t i on d ur i n g  majo r  f l ood ev en ts  caus 
i n g  u n s t ab l e  f l ow cond i t i on s ,  ac cel er ated ve l oc i t i es ,  an d s cour i n g  of 
al l u v i um at t he  s i te .  

The ex i st i n g  i s l  an d s  i n d i cate ag grad at i on  norma l l y occ ur s near  t he  
s i te .  Sever a l  factors  tend  to  caus e s ed i men t ag g r ad at i on i n c l ud i n g a de-
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Tab l e B . 2 . 2  F l o od i n g  - rock protect i on req ui remen t s  

Rock s i ze 
( i n c hes ) 

5 to 1 s l opes  
050 � 20 

2 to  1 s l opes 
050 � 30 

Roc k t h i ck n e s s  
( feet ) 

6 

6 

Des i gn f l ow 

40 fe et deep 
20 fp s 

40 fe et deep 
20 fp s 

crease  of ch an n e l  gr ad i en t ,  prox i mi ty of the  conf l uence  w i t h  t he  
Gun n i son R i v er , an d a broad f l ood p l a i n a l on g  the  n orthern  ban k . 
Aggrad a t i on wo u l d  l i k e l y  oc c ur d ur i n g  the  reced i n g po r t i on of a l ar ge  
f l ood an d scour i n g  wo u l d  occur d ur i n g  t he  p e ak s t ag e s , p os s i b l y u n derm i n 
i n g  t he  ta i l i n g s p i l e  i f  not contro l l ed .  A d e t ai l ed descr i p t i on of t he  
geomorp h i c  set t i ng  a t  the  Gran d  J un c t i on s i  te i s  i n c l  u ded  i n  App en d i  x E ,  
Soi l s , Geo l og i c ,  an d Se i sm i c  I nfo rmat i on .  

The rock armo r ap ron descr i bed i n  the  prev i ous  sect i on wou l d  be d e 
s i gned  to p rotect t h e  p i l e  from t h e  poten t i a l i mp ac t s  re l ated t o  c h an n e l 
me an der an d scour  as desc r i bed  above . The rock armor  wou l d  be con st r uc t 
ed  around  t h e  ent i re per i meter of  the  p i  l e  an d wou l d  ex tend  to  t he  max
i mum ca l c u l ated dep t h  of scour . 

S l ope  s tab i l i ty/se i smi c r i sk 

S l op e  fai l ure  d ue to i n st ab i l i ty un der s t at i c  an d s e i sm i c  l o ad i n g  
i s  an ot her p hen omen a t h at cou l d  affect the  i n tegr i ty of t he  s t ab i l i zed 
t a i l i n g s  p i l e .  

Stab i l i ty an a l yses  were performed for eac h  l o ad i n g con d i t i on to  e s 
t i mate factors  o f  s afety ag a i n st s l op e fa i l ur e .  I n  p a rt i c u l ar ,  t h e  s e i s 
m i c l o ad i n g cond i t i on s  wer e  eva l u ated by app l y i n g  the  hor i z o n t a l  
ac ce l er at i on re s u l t i n g at t h e  s i te from a Max i mum Credi b l e Ear th q uak e 
( MC E ) .  The eva l uat i on es t i mated an 1'1: E  wh i c h wo u l d  gen er at e  an on - s i te 
effec t i v e peak hor i zon t a l  bedrock ac ce l er at i on of 0 . 34g . Det ai l s  on t h e  
se i sm i c  an a l ys i s for the  Gran d  J unct i on s i te a r e  prov i ded i n  App en d i x E ,  
Soi l s , Geo l og i c ,  an d Se i smi c I nform at i on .  A d i s c u s s i on o f  t h e  me thodo l 
ogy i n vo l ved i n  the  sl op e s t ab i l i ty an a l ys i s  i s  presen ted i n  Sec t i on 
B . 6 .  

The factors  of safety ag a i n st s l op e fa i l ur e  under bo t h  s t at i c  and 
s e i sm i c  l o ad i n g for the des i g ned s l op e  ex ceed gener al ly  ac cep ted l i mi t s  
of 1 . 5  an d 1 . 0 ( Sower s ,  1 9 79 ;  DOA ,  1 970 ) , respect i v e l y .  The s t at i c  and 
s e i sm i c  s afety factors  ca l c u l ated for st ab i l i z at i on on s i te ar e 2 . 9  an d 
1 . 1 ,  respect i ve l y .  The c a l c u l ated s h ort-term f actor  of safety ( i mmed i 
ate l y  fo l l ow i n g con struct i on )  i s  4 . 3 .  
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A p r i n c i p a l  s e i sm i c  hazard  to  the  s t ab i l i zed t a i l i n g s  p i l e  i s  the  
poten t i a l  for  s l op e fai l ure or  cover  d i s rupt i on s  d ue to s e i sm i c a l ly  i n 
d uced l i q uefac t i on of s at u r ated t a i l i ng s  or under l y i n g  s o i l s .  Th e t a i l 
i n g s  an d con t am i n a ted mater i a l wou l d  be prevented from be com i n g 
satur ated by the  l ow- permeabi  1 i ty ear then cover , s u bbase  1 ayer , and the  
cap i l l ary br eak l ayer . Al s o ,  any ex ten s i ve pock ets  of  s l i mes wou l d  be 
e l i mi na ted as the  t ai l i n g s  are ex cav ated and b l ended . Therefor e ,  s atur a
t i on ,  a prereq u i s i te for l i q uefact i on ,  wo u l d  be e l i mi n ated . The f i l l  
t h at wo u l d  be requ i red to ra i se the  base  of t he  ta i l i n g s  abo v e  expected 
h i gh grou n d -water l e v e l s wou l d  be composed of coar se-gr a i n ed ,  den se ly  
comp ac ted mater i a l , thereby e l i mi n at i n g  the  pos s i b i l i ty of  l i q uefact i on 
of th e foun d at i on s o i l s .  The major i ty of t h e  ex i st i n g  foundat i on mater i 
al  i s  composed  of al l uv i um  depos i ted by the  Co l or ado  R i ver ; however , 
zone s  of s i l ts an d cl ays t h at ex h i b i t ex treme ly  l ow stren g th do ex i st 
w i th i n  the  ex i s t i n g  p i l e  foun dat i on .  Thes e  zon es  of weak s o i l s  wou l d  be 
removed from t h e  foundat i on i mme d i ate l y  be neat h  an d ad j acent  to the  p i l e  
an d rep l aced w i  t h  compac ted coar se- gr ai n ed f i  1 1 .  Th e den s e ,  coarse  na
ture  of the  remai n i n g foundat i on s o i l s  p recl ude l i q uefact i on at the  s i te 
based on t he  p rojected MC E acce l erat i on .  

Set t l ement  and cover cr ack i ng 

D i ffer en t i al  sett l emen t of the  s t ab i l i zed t a i l i n g s  p i l e  has  the  po
ten t i al  h az ar d  of cr ack i n g the  cover d ue to hor i zon t a l  str ai n s  an d t h u s  
co u l d  affect the  i n tegr i ty o f  t h e  p i l e .  D i ffer en t i a l s ett l emen t cou l d  
al so  i n cr ease the  poten t i a l  for g u l l y i n g  ac t i on d ue t o  concentrat i on s  of 
s urf  ace runoff . 

D ue to the  d i ff i c u l ty i n  contro l l i n g  d i ffer en t i a l  sett l emen t of t he  
r e s hap ed t a i l i ng s  p i l e ,  set t l emen t mon i to r i n g  de v i ces  wou l d  be i n s ta l l ed 
to  me asure  t he  tot a l  se t t l emen t of the  t a i l i n g s  an d under l y i n g  s o i l s  
caused by r e s h ap i n g of the  ta i l i n g s . Upon  t h e  comp l et i on of 90 perce n t  
o f  al l o f  t h e  sett l emen t ,  t h e  earth  cover  wou l d  b e  p l aced over  t he  t a i l 
i n g s  p i l e ,  and the  sett l emen t wou l d  be mon i tored ag a i n .  F i n a l  gr ad i n g 
an d comp ac t i on of the  earth  cover wou l d  be p erfo rmed on l y  af ter s uf f i 
ci en t  s ett l emen t had occurred t o  pr even t cr ack i n g of t h e  earth  cover an d 
concen t r at i on of s urface r unoff f l ows . An ad d i t i ona l d i s c us s i on on set
t l emen t i s  prov i d ed i n  Sect i on B . 6 .  

F rost  heave/so l i f l uc t i on 

F rost  heave an d so l i f l uct i on ar e p roces ses wh i c h  pose a h az ar d  to 
the l on g - term perform ance of any structure  con s tr uc ted to  i so l  ate t he  
t a i l i n g s  a t  t he  s i te .  C l i mat i c  cond i t i on s  a t  the  s i te favor  t he  occur 
rence of these  proces ses  d ur i n g  t he  w i n ter . 

Fro s t  heave  an d as soc i ated fro s t  creep or fros t s l ou gh i n g ar e pro
ce s se s  wh i c h can occur under the  c l i mat i c  cond i t i on s  at the  ta i l i n g s  
s i te .  The l at ter two occur i n  f i n e-grai n ed sed i me n t s  o n  s l op e s  ( L i n el l 
an d Lobac z ,  1 980 ) , an d can be m i t i g ated by us i n g  an aggregate ( rock ) 
co ver . 
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Fro s t  heav e  i s  the  exp an s i on toward the  s ur f ace from the freez e 
t h aw cyc l e  an d gener al l y  has t h e  l argest  movemen t from the  s ummer 
w i n ter cyc l e of freeze-th aw .  The proc e s s  req u i res  th at ad eq uate s o i l 
mo i st ure  be pres ent to form i ce l en se s  at bo undar i e s  i n  f i n e- gr ai n ed 
so i l  wh i c h acts as a bar r i er to water p en etr at i on .  Th e remed i a l ac t i on 
de s i g n i n c l ud e s  the  u se  of s uf f i c i en t l y  i mp erme ab l e  earth  mater i a l s  to 
restr i c t i ce l en s  format i on an d a s uf f i c i en t l y  po rous  s urface aggr egate 
l ayer , i n  conj unct i on w i th a con ti n uo u s  s l op e  to a l l ow d ra i n ag e  acros s 
t h e  emban kment s urfac e ,  t hat wo u l d  restr i c t  water b u i  l d up over  the  ear th 
co ver an d m i t i g ate t he  prob l em .  

So l i f l uc t i on i s  the  act i on of s l ow f l owag e i n  satu r ated s o i l s  i n  
per i g l ac i a l  reg i on s  ( R i t ter , 1 978 ) . On l y  t he  s ur f ace  l ayer i s  affected , 
an d very l ow s l opes can f l ow i f  sat u r ated . The remed i a l  act i on de s i g n  
i n c l  ud es  the  u se  of a p ermeab l e  ag gregate ( rock ) l ayer abov e  the  f i n e
gr a i n ed ear th cov er , i n  conj un c t i on w i th a con t i n uo u s  s l op e to a l l ow 
dr a i n ag e  acros s the  emb ankment s ur f ac e ,  t h u s  rem ov i n g the  s at ur at i on pre
req u i s i te for th i s  proce s s  an d m i t i g at i n g the  haz ard . 

P l ant root , b urrow i ng an i ma l s ,  and h uman i n trus i on 

Under th i s  a l ternat i ve ,  the  s t ab i l i zed ta i l i n g s  wou l d  be covered 
w i th a f i ve-foot-th i ck l ayer of comp ac ted , l ow- perme ab i l i ty earthen mate
r i a l . Thi s l ayer wo u l d  then be covered w i th a two-foot-th i c k  l ayer of 
rock  eros i on protect i on mater i a l ( i n c l ud i n g f i l ter l ayer ) . 

Th i s seven -foot - th i ck l ayer of rock an d compacted s o i l ,  a l on g  w i th 
t h e  rock  armo r apron aro u nd  the  p i l e , wou l d  i n h i b i t p l an t  root i n tr u s i on 
i n to the con tami n ated mater i a l .  The roc k covers  wou l d  a l s o  d i scour ag e  
i n trus i on by b ur row i n g  an i ma l s an d wou l d  i n h i b i t  i nadver tent  h uman i n tr u 
s i on .  The f i n a l  embankment  wo u l d  be s ur rounded by a secur i ty fence  w i th 
l o ck ed gates an d warn i n g s i g n s . 

B . 2 . 7  GROUND -WATER P ROTECT ION 

The th r ee up permos t hydrogeo l og i c un i ts i n  the  s i te v i c i n i ty ar e ,  
i n  decreas i n g  order w i th depth , a l l uv i um ,  Mancos Sh a l e ,  an d Dakota  
Sandston e . The  tai l i n g s  at  the Grand  J unct i on  s i te rest  w i th i n  a l l u v i 
a l  depos i t s of the C o l orado  R i v er .  Depend i ng  on l ocat i on an d s easona l 
var i at i on s  i n  the  l eve l  of the  r i v er ,  between f i v e an d 1 5  feet of 
al l uv i um compr i se the  s aturated gro u n d -w ater sy s tem . Some port i on s  of 
t he  tai l i n g s  are be l ow the water tab l e .  The d i r ect i on of grou n d -w ater 
f l ow i s  gener al l y  p ar a l l e l to or  toward the r i v er ,  an d d i s c h arge  i s  u l t i 
mate l y  to t h e  r i ver . 

The_2hyd r au l i c  con d uct i v i ty of the  a l l uv i um i s  h i g h en ough  ( gr eater 
t h an 10 cm/sec )  th at i t  cou l d  be con s i dered a good aqui fer ( Dav i s 
and DeW i e st , 1966 ) . The hydr au l i c  con duct i.YJ t i es of _ lh e  Man cos  Sh a l e  
and the D akota  San d stone are l ower ( 10 t o  10 cm/s ec ) . Th e 
Mancos Sha l e i s  not con s i d ered water be ar i n g  i n  the  Grand J unct i on area  
and  the  D akota  San d s tone  i s  rec ogn i zed as yi e l d i n g on l y  sma l l amount s  of 
water ( Lohman , 1965 ) . The Man cos S h a l e does conta i n sma l l amounts  of 
ground water near the s i te .  Meas ur ed vert i c a l  hydr au l i c  gr ad i ents  are 
smal l an d i t  i s  un cer ta i n  at th i s  t i me whether they are upw ard or 
downward . 
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Water  qua l i ty i n  the  a l l uv i um i s  predomi n an t l y  br ack i s h ,  a l thou gh 
se as ona l l y an d very near the r i ver  i t  can be c l as s i f i ed as  fre s h .  Water 
q ua l i ty i n  the  Man cos S h a l e an d Dakota  San d s tone can a l s o  be c l as s i f i ed 
as b rac k i s h . The D ak ot a  S and stone a l s o  conta i n s  o i l near  the  ta i l i n g s  
s i te .  Gro u nd  water i n  t h e  a l l uv i um a n d  t h e  Man cos  S h a l e h as been con tam
i n ated by the tai l i n g s .  There i s  no ap p a rent  con tami n at i on of the 
D ak ot a  San d s tone  n ear the s i te .  There are n o  k n own uses  of water from 
these  un i t s i n  the  v i c i n i ty of the  tai l i n g s . One s h a l l ow we l l ,  
up grad i en t  of the tai l i n g s ,  i s  u s ed to d r ai n l ow- l y i n g  l an d  f l ood ed d ur 
i n g  h i  g h  stages  of the  C o  1 or ad o R i ve r .  Potent  i a 1 use  of the  three u n  i t s 
i s  a l s o  thou g h t  to be m i n i ma l  d ue to the  l ow yi e l d s  of the  l ower two 
un i ts ,  the brac k i s h  qua l i ty of the  ground  w ate r ,  an d the  av a i l ab i l i ty of 
a good qua l i ty mun i c i p a l  water s up p l y  i n  the  area . The groun d -w ater en 
v i ronment  i s  d i s c us sed i n  detai l i n  Appen d i x F ,  Hyd r o l ogy Rep ort . 

The Grand  J unct i on tai l i n g s  have  n ot i mp acted any ex i st i n g  u se  of 
ground  wate r ,  an d the potent i a 1 us e of s h a l l ow ground  water n e ar the  
t a i l i n g s  i s  t hought  to  be  m i n i ma l . Desp i te t he  l ac k  of  i mp ac t s  on  ex i s t
i n g or poten t i a l  us e s ,  the  des i g n for  s t ab i l i zat i on of  the  tai l i n g s  on  
t he  s i te i n corpor ate s  se ver a l  feat ures  wh i c h wou l d  p rov i de groun d -w ater 
protect i on .  

Sev era l  de s i g n  features  wou l d  serve  to ml n l ml ze the poten t i a l  f or 
con tami nant  m i g r at i on from the s t ab i l i zed ta i l i n g s  p i l e  to the groun d 
water sy stem . F i r s t ,  the  base of the  s t ab i l i zed p i l e  wou l d  be at an e l 
evat i on abo v e  maxi mum exp ected grou n d -w ater l e ve l s .  Th i s  wou l d  r emove 
the ma i n source of groun d -w ater con tami n at i on at the  s i te ,  the  f l ow of 
ground  water thro u gh the  tai l i n g s . 

Two majo r  de s i g n feat ures  wh i c h wou l d  a l s o  serve  to m i t i gate poten 
t i  a l  g roun d -w ater con t am i n at i on at the  s i te are t he  comp acted l ow perme 
ab i  1 i ty ear th cov er abo v e  the ta i  1 i n g s  an d the comp acted earth 1 ayer 
be l ow the  ta i l i n g s .  The compacted earth cover wou l d  be l es s  p erme ab l e  
t h an the  earth  l ayer be l ow the ta i l i n g s  to avo i d  the po s s i b i l i ty of a 
II b at h t u b li ef fec t .  The l ayer p l  ac ed underneat h  t h e  t a i  1 i n g s  wou l d  b e  c om
posed of natur a l  recomp acted s i l t  an d c l ay s o i l s  ( ML ,  MH,  an d CL  de s i g na
t i on s  i n  the  un i f i ed s o i l s  c l as s i f i cat i on sys tem ) . These types  of  s o i l s  
typ i c a l l y  have  h i g h  ad sorp t i on an d i on ex c h ange  poten t i a l an d t h u s  wou l d  
pr ov i de a h i g h at te n u at i v e capac i ty to r e str i ct downw ard con tam i n an t  m i 
gr at i on .  The l ow perme ab i l i ty ( hyd r au l i c  con d uct i v i ty )  of the  s o i l s  i n  
t h e  ear th cov er wou l d  red uce i nf i l tr at i on of water throu gh the  tai l i n g s  
p i l e .  An a l yses  o f  t h e  des i g n for th i s  a l terna t i v e  i n d i cate t h at t h e  p er 
me ab i l i ty ( hydr a u l i c con d uct i v i ty )  o f  th�7 s o i l s  i n  t he  comp acted earth  
co v er wo u l d  have  to be approx i mate l y  10 cm/sec . The  ta i l i n g s  wou l d  
be comp acted to be l ow the opt i mum mo i s ture  content  to m i n i mi ze dra i n ag e  
from the  stab i l i zed p i l e .  Th us , i nf i l tr at i o n ,  the  dr i v i n g  force for 
l e ach ate prod uct i on ,  an d mob i l i z at i on of con t am i n a n t s  i n to the grou n d 
water sys tem wou l d  b e  m i n i ma l . 

After th e tai  1 i n g s  h ave  been s t ab i  1 i zed , t he  affected sy s tem s h ou l d  
be f l us hed out  by f l ux from the r i v er .  Re storat i on of the  affected aq ui 
fer wou l d  not be nece s sary because  of the  l ack  of current  or  poten t i a l  
us e ,  an d be cau se  of the f l us h i n g expected after remed i a l  act i on . 
L i mi ted me asures  wo u l d  be req u i red to preven t u s e  of w ater from the  pre
v i ous l y  men t i oned d r ai nage  we l l up g r ad i en t of  the  s i te .  
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B . 3 . 1  

B . 3 . 2  

B . 3  D I SPOSAL AT THE CHENEY  RESERVO I R  ALTERNATE D I SPOSAL S I TE 

I NTRODUC T I ON 

Th i  s sec t i on prov i  des  the  i nf orm at i on  neces  s ary to under s t an d the  
proposed  concep t u a l  de s i g n  fo r the re l ocat i o n  of the  t a i l i n g s  from the 
former C l i max Ur an i um Mi l l  at  Gran d  J unct i o n ,  Co l orado , to  a d i spo s a l  
s i te i de n t i f i ed a s  Cheney Re servo i r wh i ch i s  l ocated app rox i mate l y  1 8  
mi l es southeast  of the proce ss i n g  s i te ( F i g ure  B . 3 . 1 ) . Two me thod s of 
tr an s por t i n g  the  tai l i n g s  are ev a l u ated i n  th i s  sect i o n ;  one i n c l udes  
the  re l ocat i on of the tai l i ng s  en t i r e l y  by truck . Under th i s  a l ter na
t i ve ,  the tr uck s  wo u l d  be l o aded  at the former proce s s i n g  s i te an d wou l d  
de l i ver the i r l o ad s d i rect ly  to the d i s po sa l  s i te ex cavat i o n . The sec
on d me thod i n c l udes  the re l ocat i on of  the t ai l i n g s  by l o ad i n g them on to 
trai n ca r s  at the former proces s i n g  s i te .  The tai l i n g s wou l d  be tr an s 
ported  by tr ai n t o  W h i tew ater , Co l or ado , where  they wou l d  be tran sferred 
to truck s .  The trucks  wo u l d  hau l the tai l i n g s  to the excav at i on at the 
C heney Reser vo i r  a l ternate d i spo s a l  s i te .  

D ES IGN  FEATURE S  

The remed i a l  act i on wou l d  stab i l i ze t h e  ur an i um m i l l  ta i l i n g s  an d 
con tam i n ated mater i a l at the C heney Re servo i r  s i te i n  comp l i ance  w i th 
EP A s tan dards . The pr i n c i p a l  fe at ure of the des i g n  con cep t i s  the remov
a l  of  a l l con tami nated mater i a l from the Gr an d J unct i on s i te an d con so l 
i d at i on of th i s  mater i a l i n to a contour ed embankment at the C he ney 
Reser vo i r  s i te .  Maj or con str uct i on ac t i v i t i e s for th i s  r e l o c at i on a l ter 
nat i v e ,  i n c l ud i n g t h e  method o f  tr an sport i n g  the  ta i l i n g s ,  are  d i scus sed 
i n  deta i l i n  Sec t i on B . 3 . 4 .  Con struc t i on de s i g n fe at ures  ar e l i sted 
be l ow .  

Truck opt i on 

o Con struc t i on of was te -w ater retent i on bas i n s  at both s i tes  to p rotect 
ag a i n s t  re l e as e  of contami nan ts d ur i n g remed i a l  ac t i o n .  

o I n s ta l l at i on of tempor ary secur i ty fenc i n g at bo th s i te s . 

o Con s tr uc t i on of drai nage  contro l  meas ures to d i rect  gener ated was te
water an d s torm-water r u noff to the  rete n t i on bas i n s  d ur i n g  con struc
t i on acti v i t i e s .  

At the  Grand J u nct i on s i te 

o I n s t a l l at i on of s heet p i l i n g ( i f neces sary ) a l on g  the south  and  por
t i on s  of the  s outhwest  an d s out heas t  p er i meter s of the ex i s t i n g  p i l e  
to retard s urface f l ows from the  Co l or ad o  R i ver  an d grou n d -w ater i n 
trus i on d ur i n g  exca v at i o n . 

o I mp l ementat i on of meas ur es  to con tro l  eros i o n and sed i mentat i on from 
d i sturbed ar eas d ur i n g con s tr uct i o n . 
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o I n s t a l l at i on an d oper at i on of a was te -w ater treatment fac i l i ty ( i f  
nec e s s ary ) at the Gran d J unct i on proces s i n g s i te to treat con tam i n at
ed water pr i or to d i s c h arge  i n to the  C o l or ad o  R i ver . 

o P rotect i o n ( or re l ocat i on )  of s urface or  s u b s ur fac e ut i l i t i e s  at the  
Gran d J unct i o n  s i te d ur i n g con struc t i on . 

o Con struct i on of a truck  was h s t at i on .  

o Up g r ad i ng an d con s tr uct i on of the hau l ro ute , U . S .  H i g hway 50 , where 
re q u i red . 

o Excavat i on an d l o ad i n g  of ta i l i n g s  an d ot her contami nated mater i a l  on 
to truc k s . 

o Restorat i o n  of excav ated areas at the Gr an d J unct i on s i te .  

o Rev eget at i o n  of d i s turbed areas  at the Gran d  J unct i on s i te .  

At  t h e  C heney Reservo i r  s i t� 

o Con struct i on of an ac ce s s  road from U . S .  H i g hway 50 to the  Cheney 
Reser vo i r  s i te ( app rox i mate l y  two m i l es ) . 

o Con s tr uc t i on of a truck  was h s t at i on .  

o Excavat i o n  of mater i a l s  at the Cheney Re s ervo i r  s i te an d preparat i on 
of a l ow permeab i l i ty s o i l l ayer . 

o Re l ocat i on of the tai l i n g s  an d oth er con tam i n ated mater i a l to the  
C heney Re s er vo i r  s i te .  

o Constru c t i on of the  ta i l i n g s  emban k men t .  

o Con s truct i on of the f i n a l  cover sys tem over the t ai 1 i n g s  an d contam
i n ated mater i a l to i n h i b i t  water i nf i l tr at i on ,  r ad o n  ex h a l at i on ,  an d 
w i nd and  water eros i on .  

o Res torat i on of borrow areas  at the  Cheney Re ser vo i r  s i te .  

o Rev eg etat i on of d i s turbed areas  not i n c l uded i n  the  s t ab i l i zed p i l e  
or ac ce s s  road at the  Cheney Re servo i r  s i te .  

Tra i n  and  truck  opt i on 

Constru c t i on des i g n features  u nder  the  tr a i n  an d truck  op t i on wou l d  
be i d e n t  i ca  1 to those  under the truck opt i on  w i th the  excep t  i on of the  
fo l l ow i n g :  

o Con struc t i on of a ra i  l road l oado ut spur  at the  Grand  J unct i on 
s i te .  
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B . 3 . 3  

o Con s truct i on of a ra i l road spur  an d offl oad i n g fac i l i ty at 
W h i tew ater , C o l orado . 

o Up grad i n g an d con s tr uc t i on of the ha u l  rou t e ,  U . S .  H i ghway 50 , 
from Wh i tew ater , C o l o r ad o ,  to  the  d i spos a l  s i te .  

o Excavat i on an d l o ad i n g of t a i l i n g s  and ot her con tam i n ated mat er i 
al  onto  trai n car s .  

o Rel ocat i on of t ai l i n g s  an d con t am i n ated mater i a l from trai n c ar s  
to  tr u c k s  a t  W h i tewater , C o l orado . 

o Re l oc at i on of the  t ai l i n g s  an d ot h er con tami n ated mater i a l  by 
tr uck  from W h i tew ater , C o l orad o , to  the  C heney Re ser vo i r s i te .  

PERMAN E NT D E S I G N  F EATURES  

Descr i pt i on of f i n a l  con d i t i on 

The stab i l i zed ta i l i n g s  p i l e  wou l d  be s i zed to conta i n app rox i mate 
l y  3 . 1  m i l l i o n c ub i c yards of t ai l i n g s  an d contam i n ated mater i a l an d 
wo u l d  cov er approx i mate l y  62 ac res  of the  d i spos a l  s i te .  The en t i re 
s i te wo u l d  cover approx i mate l y  80 acres . The emban kmen t wo u l d  be c o n 
structed i n  t h e  southeast  1/4 of Sect i on 11 , T 3 S  R 2 E .  The d i  spos a l  s i te 
i s  approx i mate l y  18 road mi l es southeast  of the  Gran d  J unc t i o n s i te .  
The stab i l i zed p i l e  wo u l d  be l ocated approx i mate l y  1 . 8  m i l es north east  
of  U . S .  H i g hway 50 . 

The ta i l i n g s  an d con tam i n ated mater i a l wo u l d  be cover ed w i th an ap 
prox i mate l y  f i ve -foot -th i ck ,  comp acted , earth  cover obt a i ned  from t he  
s urface mater i a l s  ex cav ated from the d i spo s a l  ar e a .  The s t ab i l i zed ta i l 
i n g s  p i l e  wou l d  h av e  max i mum s i de s l op es of 20 percent  ( 5  hor i zon t al to 1 
vert i c a l ) an d max i mum tops l op e s  of four percen t .  The en t i re emb an kment  
wo u l d  be  cov ered w i th a two-foot l ayer ( i n c l ud i n g f i l ter l ayer s )  of  g r ad 
ed rock for eros i on protect i on .  The f i n a l  stab i l i zed p i l e  wou l d  be a 
max i mum of 35 feet above  the  s u r rou nd i ng  terrai n .  

The rock  eros i on bar r i er wou l d  t i e  i n to an unpav ed acce s s  road 
wh i ch wo u l d  l oop the  toe of the s t ab i l i zed ta i l i n g s  emb ankment . 
Dra i nage  d i tches  ad j acen t to the p i l  e an d an i n terceptor d i tch up s tr eam 
of  t he  p i l e  wo u l d  d i vert  s urface  r unoff around  and aw ay from the  p i l e . 
Mon umen t s  wou l d  be estab l i s hed at set i n terva l s  des i g nat i n g  the  emb an k 
ment as Fed er a l ly  own ed proper ty .  

After comp l et i on of the  stab i l i zed t ai l i n g s  p i l e  at the  d i spos a l  
s i te and decon tami n at i on of the  former m i l l  s i te ,  t h e  d i s turbed  areas  at 
each  s i te ( as req u i r ed )  wo u l d  be restored w i th uncontam i n ated s o i l to 
co nform w i th the s u r rou nd i n g terra i n , recon tour ed as neces sary for s u r 
face d r ai n a g e ,  an d reveg etated a s  n ece s s ary . The propo sed f i  n a  1 cond i 
t i on of the  C h en ey Reservo i r  s i te i s  s h own i n  F i g ur e  B . 3 . 2 .  
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Decontami n at i on and  restorat i on 

The m i l l  area ,  t ai l i n g s  p i l e , evapor at i on ponds  ar ea ,  ore  p ad , an d 
t he  State Repos i tory for v i c i n i ty proper t i e s  at the  former Gr an d 
J unct i on proces s i n g  s i te wo u l d  be decon t ami n ated by exc avat i on of the  
con tami nated mater i a l ,  demo l i t i o n of  ex i st i n g s t r uc tures , and  conso l i d a 
t i on o f  th i s  mater i a l i n to t h e  stab i l i zed p i l e  at t h e  Chen ey Re s ervo i r 
s i te .  Contami n at i on ex i sts  at the Gran d  J unct i o n s i te as descr i be d  i n  
Sect i on B . 2 . 2  and s hown i n  F i g ur e  B . 2 . 2 .  

After remova l of al l contam i n ated mater i a l ,  t he  are as of excavat i on 
on and aro u nd  the Grand J unct i on s i te wo u l d  be restored w i th uncont am
i n ated f i l l  to con form w i th the s ur roun d i ng  ter r ai n ,  contoured as re
q ui r ed for s i te d r ai n ag e ,  and reveg etated as n eces s a ry .  

Ta i l i ngs p i l e  constr uct i on 

The s t ab i l i zed ta i l i ng s  p i l e  wo u l d  conta i n approx i mate l y  3 . 1  m i l 
l i on c ub i  c yards of contami na ted mater i a 1 from the Gran d  J unct i on pro
ces s i ng s i te an d v i c i n i ty proper t i e s ,  an d wo u l d  be des i g n ed to prov i de  
l o n g -term stab i l i ty ,  an d m i n i mi ze r adon  em anat i on an d groun d -w ater  con
t am i nat i on .  The  p i l e  des i g n wou l d  be  l ocated to  mos t  effect i v e l y  ut i -
1 i ze the  natur al  topogr ap hy of the are a  i n  order  to red uc e the poten t i  a l  
effect s  of er os i on .  Det a i l s  on de s i g n rat i ona l e  are conta i n ed i n  
Sect i on B . 3 . 6 .  

The be l ow- gr ad e  ex cavat i on of the d i spos a l  ar ea  wou l d  extend  t o  an 
aver age depth  of 14 feet . A l though  s e l ect i v e screen i n g  wou l d  be re
q ui r ed , a l l r adon  bar r i er an d ero s i o n  protect i on  mater i a l wo u l d  be ob
t a i ned  from th i s  ex cav at i o n . The base  of the excavat i o n wo u l d  be 
scar i f i e d ,  mo i s ture  con d i t i oned ,  an d recomp acted . P r i or to 
recomp act i on , zon es  of s an dy so i l wo u l d  be remov ed an d rep l aced w i th 
l es s  per v i o us on - s i te s i l ty or c l ayey s o i l s .  

Rel ocated ta i l i n g s  wou l d  be p l aced i n  l i fts an d comp acted on top of 
the comp acted l ow-permeabi l i ty s o i l l ayer . Th i s  l ayer wou l d  reduce t he 
amou nt and r ate of poss i b l e  contam i n ant  m i g r at i on .  Becaus e the ta i l i ng s  
wo u l d  be mi xed d ur i ng ex cavat i on an d ag a i n  d ur i n g un l o ad i n g , spread i n g ,  
and comp act i n g at the  Cheney Re servo i r  d i s po s a l  s i te ,  i t  i s  not exp ected  
t h at any exten s i ve l e n se s  of  s l i mes wou l d  ex i st i n  the  comp acted ta i l 
i ng s . Con s e q uen t l y ,  d i fferen t i a l  an d tota l  sett l ement s hou l d  not ad 
ver s e l y  affect the l o ng -term i n tegr i ty of the  p i l e . 

Organ i c  mater i a l s uch  as wood demo l i t i o n debr i s an d gr ubbe d  vegeta
t i on wo u l d  be even l y  d i s tr i b uted throughout the embankment  s o  t h at no  
more  than f i v e  percen t organ i c s by vo l ume ar e conta i ned  i n  any are a  of  
t he  p i  l e o  R u bb l e p i eces wo u l d  be  p l  aced i n  the  l ower port i on s  of  the 
p i l e  and s u r rounded  w i th comp acted ta i l i n g s . The proced ur e s  for th i s  ac 
t i v i ty wo u l d  be speci f i ed to en s ur e  the  mater i a l i s  p l aced to avo i d  con
cen trat i on i n  any are a  an d to en sure  good  comp act i o n  of  mater i a l aro u nd  
t he  r ubb l e .  

L i mi t i n g  the p i l e  top s l opes to a four percent  g r ad e  and the  s i d e
s l opes to  a 20  percen t  grade  wo u l d  prov i de the n eces sary f ac tor of 
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safety ag a i n st embankment  s l ope fa i l ur e  and wou l d  reduce  the poten t i a l  
effects  of eros i on .  

C o ver constr uct i on 

The ta i l i n g s  radon ex h a l at i on r ate wou l d  be red uced to EPA  s t an 
dards  by an approx i mate l y  f i ve -foot - th i c k comp acted e arth  l ayer wh i c h 
wou l d  serve  as a radon b ar r i er .  Th i s cover or  e ar th b ar r i er wou l d  be 
protected by a two -foot - th i ck l ayer of rock de s i g n ed to protec t the  
earth  cover  an d con seq ue n t l y  preven t exp o s ur e  of  con tam i n ated mater i a l 
an d ta i l i n g s  for 1000 ye ar s .  The comp ac t i on of the e arth en bar r i  er 
wo u l d  prod uce an earth cover th at retai n s  mo i sture  an d retards r adon  gas  
d i ffus i on .  The  rock  cover  wou l d  red uc e  the poten t i a l for dryi n g  of  the  
comp acted e arth cover  by  trapp i n g  s o i l mo i st ur e .  The  bo ttom foot of  the  
roc k cover  wo u l d  be de s i gned  as a g r aded  f i l ter . 

The rock l ayer wo u l d  be p l aced  over th e earth cover an d wou l d  re
s i  st eros i on an d gu l ly form at i on ther eby protect i n g  th e e arth b ar r i er 
and  preven t i n g  i t  from be i n g eroded aw ay d ur i n g  any r ai n s torm s  t h at can 
be ex pected to occur . The rock l ayer wou l d  be de s i gned  to w i th s t an d  the 
oc c ur rence  of the  PMP . The roc k l ayer wou l d  a l s o  protect the p i l e  from 
w i n d  eros i on an d wou l d  d i scour age  p l an t  root i n trus i on an d b ur row i n g  
an i m a  1 s .  

A typ i c a l  cro s s - sec t i on of th e C heney Re ser vo i r  p i l e  i s  s h own i n  
F i g ur e  B . 3 . 3 .  

S i te d r a i n age 

The d r ai nage  p attern  of th e Cheney Re servo i r are a  an d the sur ro u n d 
i n g  gener a l  s i te gr ad i n g have  been de s i g ned to en s u re  l o ng -te rm p i l e  s t a
b i l i ty .  R u n off from the p i l e  as  we l l as s urfac e r u n off from s ur roun d i n g  
ar eas  wou l d  b e  d i rected away from an d arou n d  t h e  emban kment  by d r a i n ag e  
d i tches  de s i g n ed t o  carry t h e  ra i nfa l l r u noff res u l t i n g  from t h e  on e
hour PMP storm even t .  A d i ver s i on d i tch up s tream of the p i l e  wou l d  i n 
tercept f l ows from the d r ai nage  are a  abo v e  the s i te .  D i tches  ad j acen t 
to the  p i l e  wou l d  d i rect f l ows from the  p i l e  i t se l f  aw ay from the  s i te .  
The d i tches  wou l d  be l i n ed w i th er os i on re s i stan t  mater i a l . Because  of 
t h e  gen t l e  gr ad i en t  of the  s i te ,  f l ow ve l oc i t i e s wo u l d  be n on -ero s i ve  as 
f l ow i s  d i rected i n to the  natur a l  d r ai n a g e  p atter n s  we st  of the  d i sp os a l  
ar e a .  Sed i me n t  b u i l d up i n  the  d i tches  wou l d  b e  f l us hed d ur i n g  s i g n i f
i c an t p rec i p i tat i on even t s ,  wh i c h wo u l d  create ve l oc i t i es capab l e  of mo v 
i n g  sed i ment . The de s i g n  o f  s i te d r a i nage  fe atures  i s  s ummar i zed i n  
Sec t i on B . 6 .  

G ro u n d -water protect i on 

The stab i l i zed tai l i n g s  p i l e  wou l d  be d e s i g ned to m i n i mi ze groun d 
water con tami nat i o n . The prepar at i o n  o f  t h e  s u bbase , p l  ac emen t o f  t he 
t a i  1 i n g s , an d p l  ac emen t of the l ow-permeab i 1 i ty e arth  cover wou l d  ser ve  
to prev en t m i g r at i o n of  contam i n a n t s  to the gro u n d -w ater sys tem . 
D et a i l s  ar e pro v i ded  i n  Sect i on B . 3 . 8 . 
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B . 3 . 4  

S i te access  

After remed i a l act i on i s  comp l ete , road s wou l d  be con str ucted a l o n g  
the  per i meter of  the embankmen t a l l ow i n g  acce s s  for  c u s tod i a l  an d i n spec
t i on purpose s . 

MAJOR CONSTRUC T I ON AC T I V I TI ES 

B . 3 . 4 . 1  Layo u t  

Truck  opt i on 

Con s tr uct i on ac t i v i t i e s  wo u l d  tak e p l  ace at the p roc e s s 
i n g  an d d i spo s a l  s i te s ,  an d a l ong  th e h au l  road , where  
req u i red . 

The ex act l ocat i on s  an d s i zes  of a l l construct i on fea
tures  s uch  as the s t ag i n g  areas , decon tam i nat i on fac i l i t i e s ,  
tempor ary dra i nage  d i tches , an d waste -w ater reten t i on ba s i n s  
wo u l d  be determ i ned  d ur i n g f i n a l  des i g n . The fo l l ow i n g  para
gr ap h s  present  one po s s i b l e l ayout an d are prov i ded  to a l l ow a 
bet ter under stan d i n g  of a l l aspects of t he  remed i a l ac t i on .  

At the  proce s s i n g  s i te ,  the  stag i n g  are a wo u l d  be i n  t he 
former m i l l  are a .  An eq u i pment  decon t am i n at i on fac i l i ty wou l d  
be l ocated ad j acent  to the stag i  n g  are a .  D i tch e s  an d berm s  
surrou n d i n g  t h e  s i te wo u l d  d i rect uncontam i n ated f l ows away 
from the  s i te .  Con t am i n ated water wou l d  be  d i rected to waste
water  reten t i on bas i n s  an d a treatment  fac i l i ty con str ucted on  
the  s i te .  A con s tr uct i on fence  wou l d  s ur ro u nd  the  ar e a .  

A t  t h e  C heney Re servo i r  s i te ,  t h e  s t ag i n g  area  wou l d  be 
l ocated north of the proposed p i l e  l ocat i on . An e q u i pment  de
con tami n at i on  fac i l i ty wou l d  be l ocated north  of the d i spos a l  
s i te excavat i o n . Drai n ag e  d i tches  wou l d  s ur round  t h e  s i te and  
co l l ect  a l l r u noff on  the  s i te .  F l ow i n  these  d i tches  wou l d  
be c h an n e l ed to a waste -w ater rete n t i on bas i n ,  l ocated wes t  of  
t he  p i l e  ar e a .  Con struct i on fences  wou l d  en c l o se  the  en t i re  
s i te .  

Tra i n and  truck  opti on 

Construc t i on act i v i t i es wou l d  tak e pl ace at the proces s 
i n g s i te ,  the  d i s po sa l  s i te ,  W h i tew ater , C o l orado , an d wh er e 
req u i red a l ong  the hau l road . 

The l ayout  at the proces s i n g  s i te wou l d  be s i mi l ar to 
t h at u nder the truck opt i o n w i th the ex cept i on of the  rai  1 
spur , l o adout  fac i l i ty ,  and the ad d i t i on a l  decon t am i n at i on 
eq ui pment  ( F i g ur e  B . 3 . 4 ) . A be l ow g r ade  hopper wou l d  be cen 
tra l ly  l ocated i n  the  p i l e .  An e nc l osed conveyor wou l d  t r an s -
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B . 3 . 4 . 2  

B . 3 . 4 . 3  

port  the con t ami nated mater i a l  from the  hopper t o  the l o adout  
f ac i l i ty .  App rox i mate l y  9000 feet  of  ra i l s i d i n g  wou l d  be re
q ui red at  the  Grand J unct i on s i te .  

Approx i mate l y  7000 feet of ra i l s i d i n g  an d the un l oad i n g 
eq u i pment wou l d  be req u i red at the  W h i tewater s i te ,  a s  we l l as  
decon t ami n a t i on fac i l i t i e s for truck s an d tra i n s .  The un l oad 
i n g  eq ui pmen t wou l d  con s i st of a car  po s i t i oner , rot ary d ump 
er , rece i v i n g hopper , an d en c l osed conveyor sy s tem . The 
un l oad i n g equ i pment wou l d  be ho u s ed i n  a prefabr i cated b u i  l d 
i n g  eq u i p p ed w i th d u s t  suppres s i on fac i l i t i es .  Th e recei v i n g  
hopper wo u l d  b e  l ocated beneath t h e  rot ary d ump e r .  A n  en 
c l o sed con veyor sys tem wo u l d  l i nk the  hopper to an i n ter i m  
s torage  s i 1 0  eq ui pped w i th d us t con tro l e q ui pment  and  to the  
l o ado ut  fac i l i ty where  the  truc k s  wou l d  be  l oaded  d i rect l y  by 
gr av i ty w i th  a ro l l i ng b l ade  gate ( F i g ur e  B . 3 . 5 ) . 

S i te access  

Truck  opt i on 

E qu i pmen t wo u l d  be decon t ami nated pr i or to l e av i n g t he  
Grand  J unct i on proc e s s i n g s i te an d the  ta i l i n g s  p i l e  area at 
Cheney Reservo i r .  Con struct i on fences wou l d  prov i de contro l 
of tr aff i c  enter i n g  an d l e av i n g  e i  ther s i  te an d prevent u na u
thor i zed tr aff i c  from enter i n g  con tro l l ed areas . 

Tr aff i c  wou l d  en ter an d l eave the  Cheney Res ervo i r  s i te 
v i  a a tempor ary ac ces s road con structed north  of the tai  1 i n g s  
p i  l e  area . Ac ces s t o  t h e  p roc es s i n g  s i te wou l d  b e  n or thwe st 
of the  ex i s t i n g  p i l e . 

A deta i l ed descr i pt i o n  of the  tran sportat i on route  i s  pre
s en ted i n  Sect i on B . 3 . 4 . 5 .  

Tr a i n and  truck opt i on 

Under th i s  opt i on ,  a r a i l spur wou l d  enter the Gr an d  
J un ct i on s i te from t h e  northwe s t ,  turn  app rox i mate l y  90° ,  an d 
exten d east through  the  s i te to southeast  of the  ex i s t i n g  m i l l  
b u i l d i n g .  

Construc t i on fences wou l d  en c l o se  the  un l o ad i n g fac i l i ty 
at the  W h i tewater s i te restr i c t i n g  unaut ho r i zed traff i c  from 
en ter i ng con tro l l ed ar eas . 

S i te access  at the  C heney Reservo i r  s i te wou l d  be i d ent i 
ca l t o  that i n  the  truck opt i on .  

Stagi n g  area fac i l i t i es 

D ur i n g con s tr uct i on op er at i ons , tempor ary faci l i t i e s 
wo u l d  be requi r ed for con s truct i on workers  a l ong  w i th s up er -
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v i sory,  eng i neer i n g ,  adm i n i strat i v e ,  sec ur i ty, an d r ad i at i on 
mo n i tor i ng pers onne l  at both the p roce s s i n g  and d i spo s a l  
s i te s .  The fac i l i t i es wo u l d  con s i st o f  off i ce s p ac e ,  s h ower s 
and c h an ge fac i l i t i e s  for a l l per sonne l  work i ng  on the s i te ,  
and wou l d  i n c l ude prov i s i o n s  for l aunder i n g  contam i n ated c l oth
i n g . P ortab l e  con s tr uct i on  to i l ets  wou l d  be prov i ded  for on -
s i te worker s .  On - s i te equ i pment wou l d  be s tored i n  the  
s t ag i ng ar eas . P ar k i n g  areas wou l d  be  con s tr ucted at a l l 
s i te s . 

B . 3 . 4 . 4  Ut i l i t i es 

B . 3 . 4 . 5  

A l l k n own ex i st i n g  ut i l i t i es at the  Grand J unct i on s i te 
wou l d  be protected d ur i n g  con struc t i on or wou l d  be re l ocated 
as necess ary pr i or to con s truct i on .  Con struct i on ac t i v i t i es 
at the  Cheney Reser vo i r  s i te wou l d  be p l an n ed s o  as  to avo i d  
t h e  tr an sm i s s i on l i ne th at trav er se s  north t o  sout h ,  500 feet 
ea s t  of the proposed  d i s pos a l  l ocat i o n . 

Water for d u s t  s up p res s i on on contam i n ated areas  at bo th 
s i tes wou l d  be obt a i ned from the ta i l i n g s  an d s u bso i l dewater
i n g or wou l d  be  recyc l ed water from the was te-water reten t i on 
bas i n s .  P otab l e  water , con struct i on water , e l ectr i c i ty, gas , 
an d p hon e s er v i ce at the  Gran d J unct i on s i te wou l d  be obt a i ned  
from l oc a l  s up p l i er s . 

At t he  Chen ey Reservo i r  a l ter na te d i spos a l  s i te ,  e l ectr i c 
i ty cou l d  be av a i l ab l e  from the Gran d V a l l ey Rur a l  Ut i l i ty 
Comp any or the  Co l or ad o - Ute E l ectr i ca l  As s oc i at i on an d te l e
phon e s er v i ce i s  av a i l ab l e  from Mou n ta i n  Be l l .  However , u s e  
o f  e i ther of these  ut i l i t i es wou l d  r eq ui r e  ex ten s i on o f  ex i st
i n g  l i ne s . If th i s  i s  not  cos t effect i v e ,  e l ec tr i c i ty cou l d  
be s upp l i ed by portab l e  g en er ators  an d te l ep hone s er v i ce by r a
d i o te l epho n e .  

There i s  no  de ve l op ed water s up p l y  at t h e  Cheney 
Reservo i r  d i spo s a l  s i te .  Water for equ i pmen t decon tam i n at i o n ,  
comp act i on , and d u s t  contro l o n  the s i te may be deve l op ed from 
an on - s i te we l l dr i l l ed app rox i mate l y  500 to 1000 feet deep or  
it  may be hau l ed three m i l es from Kan n a h  Creek or  1 . 5  m i l es 
from Cheney Reservo i r .  P otab l e  water cou l d  be  obta i n ed from a 
c i ty water l i n e  l ocated on Kan na h  Creek , or  hau l ed from t he  
near es t commerc i a l  s ource . 

Tai l i ngs transportat i on 

Truck  opt i on 

Under th i s  opt i on the  tai l i n g s  an d con tami n a ted  mater i a l 
wou l d  be tr an sported by 18-cu bi c -yard capac i ty trucks , eq u i pp
ed  w i th gate s ea l s  to  pre ven t l eak a g e .  Th e t r uc k s  wou l d  be 
l o aded at t he  former proce s s i n g s i te an d the  contam i nated mate
r i a l wo u l d  be covered w i th a t arpa u l i n .  Tr u c k s  wo u l d  be 
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decon t am i nated pr i or to l e av i n g the  Grand  J unct i on s i te an d 
wo u l d  hau l the  ta i l i ngs  an d contami n a ted mater i a l- d i r ect l y  to  
t he  excav at i on at  the C h en ey Re s ervo i r  d i s p o s a l  s i te .  The  ex
ac t tr an sportat i on route  wou l d  be  determ i ned  d ur i n g  f i na l  d e
s i g n ;  however , to a l l ow a better unders t an d i n g  of  the  p roposed  
act i on ,  o ne  po s s i b l e  route i s  descr i b ed here i n . 

After l e av i n g  the  proces s i n g s i te ,  t ru c k s  wou l d  proceed 
north on 1 5th St . to 0 Road . The truck  rou t e  wou l d  then ex 
tend  eas t on 0 Road app rox i mate l y  f i v e  m i l es to the 32 Road 
( S tate H i g hw ay 146 ) i n ter sect i on wh ere  t he  truc k s  wou l d  pro
ceed south  for approx i mate l y  four m i l es to U . S .  H i ghway 50 . 
The tr ucks  wou l d  trav e l  s out h e as t  on U . S .  H i g hw ay 50 to the  
C heney Reservo i r ac ce s s  road tur n -off ,  approx i mate l y  10  m i l es ,  
then  proceed app rox i mate l y  3 . 8  m i l es to t he  d i spo s a l  s i te .  

On t h e  retur n tr i p ,  t he  trucks  wou l d  d r i v e  from the d i s 
pos a l  s i te t o  U . S .  H i ghway 50 . The trucks  wou l d  p roceed a l ong  
U . S .  H i g hway 50  beyond  the  br i d ge over  the C o l orad o  R i v er ,  
we s t  of the  proces s i n g  s i te then turn  east  on No l an d  Ave n ue ,  
south  on 7th  St . ,  an d eas t on Str uther s  Aven ue to t he  proce s s 
i ng s i te s t ag i n g area . The proposed tr uck route i s  s hown i n  
F i g ur e  B . 3 . 6 .  

Tra i n and  tr uck opt i on 

Under th i s  opt i on ,  the  ta i l i ng s  wo u l d  be t r an sported  us -
i ng one tr a i n per  day . Two t r ai n s  of 60 , 100- ton -capac i ty 
car s wo u l d  be req u i r ed .  On e wou l d  be l o aded  at the Gran d 
J unct i o n s i te da i l y  wh i l e the  ot her was be i n g  u n l oaded at the  
W h i tewater s i te .  The  l oad ed  tr a i n  wou l d  be  covered , decon t am
i n ated , an d h au l ed to W h i tew ater i n  the even i n g .  The l ocomo
t i v e  en g i n es wou l d  l eave the l o aded  trai n at the Wh i tew ater 
s i te an d retur n to the l o ad o ut f ac i l i ty w i th the un l oaded  
t r ai n .  

F i f ty- ei g h t  of the ra i l road car s  ( per  un i t  trai n )  wou l d  
be r ot ary- coup l ed gondo l a  cars  wh i c h wou l d  be water an d sand  
t i gh t .  Large  p i eces of  r u b b l e or  ot her contam i n ated mate r i a l 
wh i ch cou l d  not be h an d l ed by the  l oad i n g and  u n l oad i n g  sys tem 
co u l d  be tr an sported i n  two s i de - d ump ra i l cars  f i tted w i th 
door s ea l s to preven t re l ease  of con t am i n ated mater i a l s .  To 
prevent w i n db l own con t am i n at i on d ur i n g  tr an sport ,  r ai l c ar s  
wo u l d  b e  cov ered w i th a t arp au l i n  or  can opy . 

The ta i l i n g s  an d contami n ated mater i a l wou l d  be l oad ed i n 
to trucks  at the W h i tew ater  s i te .  The trucks  wou l d  be c overed 
and decontami n ated an d wo u l d  h a u l  th e i r l oad s d i r ect l y  to the  
d i spos a l  s i te .  The  hau l route  be tween Wh i tewater an d the  
Cheney Res ervo i r  s i te wo u l d  be  i d e nt i ca l  for bo th  opt i on s .  
The emp ty trai n cars  wou l d be r etur n ed t o  the proces s i n g s i te .  
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B . 3 . 4 . 6  D ra i n age , eros i on contr o l , and  waste-water retent i on b as i n s 

D ur i n g  remed i a l ac t i on ,  dra i nage  from a l l s i tes  wo u l d  be 
effect  i ve  ly di  verted  from any waterways . Areas  di  s t urbed  by 
co n struct i on ac t i v i t i e s wou l d  be gr aded  to d i rect r u noff  i n to 
t he  was te -water reten t i on b as i n s .  Dra i n age  d i tch e s  wou l d  be 
l i ned  w i th eros i on - re s i s t an t  mater i a l s .  Runoff from l an d  o u t 
s i de o f  affected areas  wou l d  b e  d i verted  aw ay from t h e  s i te by 
d i ver s i on d i tches  des i g ned an d ma i n ta i ned  to p re ven t overf l ow .  

The was te -water retent i on bas i n s  wou l d  b e  de s i g n ed  to 
meet the spec i f i cat i ons  o ut l i n ed under  the stab i l i z at i on on 
s i te op t i on ( Sect i on B . 2 . 3 . 5 ) . 

B . 3 . 4 . 7  Waste-water tre atment  

Waste water gener ated from source s  men t  i oned i n  Sect  i on 
B . 2 . 3 . 5  wo u l d  be d i rected to waste -w ater  reten t i on b a s i n s  
wh i c h wou l d  prov i de p r i mary set t l i n g , a l on g  w i th f l ow a nd  c o n 
tam i nant  eq ua l i z at i on .  Some o f  th i s  w ater wou l d  b e  ut i l i ze d  
for  d ust  con tro l o n  con tam i n ated areas . The remai n de r  o f  t h e  
water at t h e  proces s i n g s i te wou l d  b e  treated t o  meet accep t 
ab l e  Feder a l  and C o l orad o  Dep artment o f  He a l th wate r - q ua l i ty 
standards  before d i s c h ar ge .  

B . 3 . 4 . 8  Dewater i ng ( s heet p i l i ng )  

B . 3 . 4 . 9  

Gro u nd  water at the Grand  J unct i on s i te r i ses  i n to the  
t a i l i n g s .  To  fac i l i t ate han d l i n g ,  s ome of the t a i l i n g s  wou l d  
re q u i re  dewater i n g . Dew ater i n g  wou l d  b e  accomp l i s h ed a s  d i s -
cus sed under  the s t ab i l i z at i on o n  s i te op t i on ( Sect i on 
B . 2 . 3 . 7 ) . 

Under the d i spo s a l  at Cheney Re servo i r  opt i o n ,  i t  i s  a l s o  
req u i red th at s heet p i l es be d r i ven to comp etent  bedrock  to 
form a cutoff wa l l a l ong  the base of the ex i st i n g p i l e  ad ja
cen t  to t he  r i ver and  a "l on g  the s outhwe st  an d sout heast  s i d e s  
o f  t h e  p i l e  t o  red uc e t h e  dewate r i n g effort an d e n s ur e  s t ab l  e 
ex cavat i on s l opes . 

D u s t  contr o l  

D us t  gener ated by ex cavat i on ,  earth  movemen t ,  ve h i c l e 
us e ,  tempor ary mater i a l stock p i l i n g ,  an d s i mi l ar ac t i v i t i e s 
wo u l d  be contro l l ed an d mi n i mi z ed by the  use  of w ater  an d w a
ter - based  s urfactan t s  s prayed from hoses  or  truck s .  Sp e ci a 1 
care wou l d  be t ak en to con tro l d us t  created by b u i l d i n g decon 
tam i na t i on or  demo l i t i on an d the temp o r ary stock p i l i n g  o r  m i x
i n g of contam i n ated mater i a l . 
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Under th e trai n an d truck  opt i on ,  a l l l oad i n g an d un l oad 
i n g  fac i l i t i e s  wou l d  be e q ui p ped w i t h d u s t  f i l ters  or  s i mi l ar 
d u s t  s up pres s i on dev i ces . 

The s ources  for d u s t  s up p res s i on water on contam i n ated ar
eas  wo u l d  i n c l ud e recyc l ed water from th e was te-water rete n 
t i on bas i n s , o r  water from ta i l i n g s  an d s u bs o i l dew ater i n g .  
Un con t am i n ated water wou l d  be used  for decontam i n ated areas . 

The s c hed u l es for s p r ay i n g  the  road s an d p i l e  areas may 
vary d a i l y  an d wou l d  be de term i ned on an hour - by -hour bas i s  i n  
ac cordance w i th app l i cab l e  s t ate p erm i t s . 

B . 3 . 4 . 10 Borrow areas 

A l l radon cover , ero s i on protect i on ,  an d proces s i n g s i te 
re storat i on mater i a l wo u l d  be obt a i n ed from bo r row areas  at o r  
near t he  d i spos a l  s i te ex cavat i on .  

B . 3 . 4 . 1 1 Restorat i on of t he  Grand Junc t i on p roce s s i ng s i te 

Fo l l ow i n g  the  remov a l  of al l contami nated mater i a l , t he  
Gran d J un ct i on  s i te wou l d  be  res tored w i th uncon t ami n ated s o i l 
to conform w i th the s u rrou n d i n g  terra i n ,  recon toured to p ro
mo te d ra i nag e ,  an d reveg et ated . Cost  effect i ve me as ur es  wou l d  
be i n corporated i n to the rec1  amat i on of the decon t am i n ated 
s i te wh i ch wou l d  be  con s i stent wi th the l o n g -term l an d  u s e  
p l an s  for t h e  s i te .  

P roces s i n g s i te re storat i on mater i a l wou l d  be c ompo s ed of  
r an dom f i l l  obt a i ned  from the d i s p o sa l  s i te excavat i o n .  Th i s  
mater i a l  wo u l d  be t ran sported by truck  to the  proces s i n g s i te .  

B . 3 . 4 . 1 2 Con str uct i on se quence 

The fo l l ow i n g con struct i on sequence i s  proposed as a p o s 
s i b  1 e s equence for t h e  remedi  a 1 act i on . A s  w i th t h e  1 ayout  
( Sec t i on B . 3 . 4 . 1 ) , the  f i n a l de s i g n wou l d  con t ai n more  deta i l 
and the con struc t i on s u bcon tr ac tor  wou l d  be a l l owed the  f l ex 
i b i l i ty o f  execut i n g  h i s work a s  h e  d e s i res , g i v en cer ta i n con 
strai n t s .  Therefore , the  ac t u a l  con struc t i on s e q uence  may 
di ffer from the fol l ow i n g . 

E ach  of the  a l ternat i v es , ex cept no  act i on ,  was  deve l oped 
us i n g  a three-ye ar con s tr uct i on sched u l e for remed i a l  ac t i on .  
The con struct i on sched u l e cou l d  be ex tended to four ye ar s ,  o r  
l on ger , wh i c h wou l d  decrease t h e  i n ten s i ty an d i n crease  t h e  d u 
r at i on of many o f  t h e  en v i ronme n ta l  i mp ac t s  as soci  ated w i th 
the  proj ect . 
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I n i t i a l l y ,  a s i te secur i ty sys tem wou l d  be  es tab l i s hed at 
each s i te an d coord i n ated w i th s t ag i n g  an d veh i c l e decontam i n a
t i on areas . Th i s  wou 'l d  prov i de contro l  of traff i c  enter i n g  
and l e av i n g e ach  s i te an d pre ven t un aut hor i zed tr aff i c  from e n 
ter i n g  ei ther s i te .  

Sheet p i l i n g ,  to i n h i b i t  groun d -w ater f l ow an d therefore 
red uce  the dewater i n g  ef fo rt  wou l d  then be d r i v en ( i f  n eces
sary )  a l ong  the base  of the p i l e  ad j acen t to the r i ver an d on  
t he  southeast  an d southwe s t  s i d e s  of  the p i l e .  

A waste -w ater treatment  fac i l i ty wou l d  be i n st a l l ed an d 
oper ated at the Gran d  J unct i on s i  te to tre at con t am i n ated wa
ter an d to protect aga i n st i n ad verte n t  contami n a n t  re l e ase d ur 
i n g con str u ct i on .  

The next major  i tem of s i te prep ar at i on wou l d  con s i st  of 
con s truct i n g  reten t i on pon d s  at e ach  s i te .  Mater i a l s  ex cavat
ed  from each  pond  wo u l d  be  stockp i l  ed  for 1 ater u se  as f i  1 1 .  
S i te prep arat i on wo u l d  a l s o  i n c l ude con s truct i on of dr ai nage  
a nd  eros i on contr o l  me as ures . 

Con c ur rent w i th these  ac t i v i t i e s ,  con str uc t i on of the  ac 
ce s s  road s an d any neces sary up grad i n g of the h a u l  road wou l d  
be g i  n .  Un der the trai  n an d truck  opt i on , a l l r ai 1 s p ur s and 
l o ad - u n l oad fac i l i t i es wou l d  a l s o  be con str ucted  d ur i n g  s i te 
pr epar at i on .  

Once th e i n i t i a 1 s i te preparat i on  at th e C heney Re servo i  r 
s i te i s  comp l eted , prep arat i on of the d i spo s a l  ar ea  wou l d  be
g i n .  Th i s  wo u l d  i n vo l ve the ex cav at i on an d stockp i l i n g of s ur 
f ace mater i a l s  to a l l ow for the  p arti al l y  be l ow- grade  d i spos a l  
o f  t h e  tai l i n g s .  A s  t h e  req u i red mater i a l s  are excavated , t h e  
l ow- permeab i l i ty l ayer wou l d  b e  con s tr ucted . 

Con c ur ren t ly ,  the  b u i l d i n g de con t ami n at i on an d demol i t i on 
proces s wo u l d  be per formed . Dew ater i n g  act i v i t i e s wou l d  a l s o  
be g i n  at th i s  t i me .  Tai l i n g s  wou l d  b e  excavated an d mo ved an d 
con tam i n ated mater i a l s  ( as neces sary )  wo u l d  be ex cavated from 
t he  w i n d b l own areas  an d evaporat i on pon d s  an d con so l i d ated i n 
to the  d i  sposa  1 emban kment . Howev er , th e mov emen t of con t am
i n ated mater i a l s  cou l d  not be g i n  un t i l  up grad i n g of the h a u l  
and acces s road s or r a i l s p ur s  an d l o ad - un l oad fac i l i t i e s  h ad 
been comp l eted an d a s uff i c i en t  are a  h ad been opened an d pre
p ar ed at  the d i spo s a l  ar e a .  

Uncontam i n ated cover mater i a l wou l d  b e  ad ded to the  r e l o
cated p i l e  after the contam i n ated mate r i a l s  are in  p l ace .  Th e 
un con t ami n ated cov er mater i a l wo u l d  be obt a i n ed from t he  s ur 
f ace mater i a l s  ex cav ated from the d i spo s a l  are a .  Dr a i n ag e  
d i tches  wo u l d  b e  ex cavated around  t h e  stab i l i zed ta i l i n g s  
p i l e .  The f i n a l  stages  wou l d  i n vo l ve rees t ab l i s h i n g  over a l l 
s i te dr ai nage , g r ad i n g ,  mon i to r i n g  for sett l emen t ,  p l acemen t 
of rock over the s t ab i l i zed t a i l i n gs , reveg etat i on of d i s 
t urbed  ar eas , an d the construc t i on of an  ac ce s s  ro ad an d ac 
ce s s  bar r i er ar ound  the tai l i n g s .  
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Re storat i on at the proces s i n g s i te wou l d  i n vo l v e the 
p l  acement of uncon t ami n ated f i  1 1  i n  the  ex cavated areas  a s  re
qu i red .  F i l l  wou l d  be n eces sary to res tore the ex c avated t a i l 
i n g s  ar ea an d prov i de d r a i n ag e .  The f i  1 1  wou l d  be obt a i ned 
from the s urface mater i a l s  ex cavated an d s tockp i l ed at the 
Cheney Reservo i r  d i spos a l  s i te .  The f i n a l  s tages  of restora
t i on at the proces s i n g s i te wou l d  i n v o l ve  overa l l s i te d r a i n 
ag e ,  g r ad i n g ,  and reveg etat i on .  

Demob i l i z at i on wo u l d  con s i s t of the  remov a l  of the rem a i n 
i n g was te -w ater reten t i on bas i n s  an d tempor ary d r ai n age  d i tch
es . The water wou l d  be  treated an d d i s c h arged wh i l e  the  
bot tom s l ud ges  an d d i k es wou l d  be  tr an s ported to Cheney 
Res er vo i r  for d i s po s a l  i n  the emban kment .  A l l decontam i n at i on 
ar eas wou l d  be remov ed an d the equ i pment c l eaned  for s a l v ag e .  
The s t ag i ng are as wo u l d  be d i sman t l ed w i th the contam i n ated 
i tems ei ther c l eaned  or b ur i ed . A l l contrac tor eq ui pment  
wo u l d  be  decon t ami n ated an d i n spec ted pr i or to re l ease from 
the con tami n ated ar eas . 

F i g ur e  B . 3 . 7  s hows a cons truct i on sched u l e for the Cheney 
Res er vo i r  opt i on .  

RADON CONTROL 

Con tro l of radon  em i s s i on s  from the s t ab i l i zed emban kmen t wou l d  be 
accomp l i shed by p l ac i n g a comp acted , f i v e-foot-th i ck s o i l cover over  t he 
t a i l i ng s  an d other contami nated mater i a l s .  

As i n  the  s t ab i l i z at i on on s i te opt i o n ,  data  on the d i s tr i b ut i on of 
r ad i um in  the  ta i l i n gs ,  on the propert i es of the bo r row mater i a l ,  and  on  
the  an t i c i p ated dep th of  ex cavat i on i n  areas to be  res tored were  an 
a l yzed us i n g the comp uter code RAECOM i n  order to deve l op an es t i mate of 
co ver th i ck nes s .  The ac t ua l  th i ck n es s of the  r adon  bar r i er may vary de
pend i n g on ad d i t i ona l bo rrow s ource ev a l u at i on and  an a lyses  to be p er 
formed d ur i n g f i na l  des i g n . 

For purposes  of th i s  E I S , the  r adon  bar r i er req u i red to me et the 
EPA s t andard  for the Cheney Re ser vo i r  ta i l i n g s  p i l e  wou l d  be con s tr ucted 
of approx i mate l y  f i v e feet of mater i a l av a i l ab l e  from the d i spos a l  s i te 
ex cavat i on . Us i n g th i s  th i ckness  an d i n c l ud i ng the ad d i t i ona l ero s i on 
barr i e r ,  r ado� em i s s i on s  af ter remed i a l act i on ar e c a l c u l ated to be l es s  
t h an 20 pC i 1m s .  The data  an d an a lyses  are av a i l ab 1 e i n  the  DO E UMTRA 
P roject Off i ce , A l b u q uerque , New Mex i co .  

B . 3 . 6 D E S IGN CON S I D ERAT ION S  

The Chen ey Res ervo i r s i te i s  l ocated i n  a remot e ,  re l at i v e l y  f l at 
ar ea .  There are no peren n i  a l ly  f l ow i n g  waters ad j acent  to the s i te or  
e l evated grou n d -w ater l eve l s i n  t he  s i te are a .  Therefor e ,  many of  the  
de s i g n concerns associ ated w i th the s t ab i l i z at i on on s i te opt i on are  not 
re l evant  for th i s  op t i on . However ,  s i n ce ta i l i n g s  an d contami nated mate
r i a l  wo u l d  be  re l ocated from a me tropo l i tan area the i s s ue s  as s oc i  at ed 
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FIGURE 8.3. 7 REMEDIAL ACTION SCHEDULE: DI SPOSAL AT CHENEY RESERVOIR SITE 
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B . 3 . 7  

w i th ta i l i n gs tr an sportat i on are a major concer n . A l s o ,  the  l o cat i on 
and conf i g ur at i on of the p i l e  wer e  eva l u ated i n  order  to m i n i mi ze t h e  
q uan t i ty a n d  s i ze o f  eros i on protect i on req ui red an d t o  tak e  ad van t ag e  
o f  the s h a l l ow grad i en t s  i n  the  s i te are a .  

The proposed l ocat i on was  determ i ned  i n  con j un ct i on w i th t he geomor 
ph i c  an a l ys i s  of the  s i te .  Th i s  l ocat i on wou l d  avo i d  areas  exp er i en c i n g  
er os i ona l proc e s se s ,  s u c h  a s  g u l l yi n g  or head c ut t i n g . The p i l e  wou l d  b e  
s e t  back over 200 fe et from t h e  c l o sest  d r ai nage  c h an n e l  an d wou l d  n o t  
adjo i n  any areas undergo i n g  he ad c ut t i n g . 

Area res tr i c t i on was not a des i gn concern for th i s  s i te .  
Therefore ,  t he  he i ght  of the  s i d e s l ope s  ( 20 percen t )  was l i mi ted  t o  p ro
v i de an exten s i v e tops l op e  area wh i c h  wo u l d  be s l op ed i n  the  d i rect i on 
of the natur a l  topograp hy . Th i s  conf i g ur at i on wou l d  cont a i n  t he  l ar g e  
q uan t i ty o f  mater i a l i n vo l ved an d mi n i mi ze v i s u a l  i mp acts  from the  p i l e .  
A l s o ,  sma l l er rock s i zes  are req u i red for eros i on protec t i o n  on t he  gen
t l e  four p ercen t s l op es than wou l d  be req u i red o n  s teeper s l op e s .  

The or i g i na l  concept i n cl uded a rec t an g u l ar l y  s haped p i l e ;  howe v er , 
the  p i l e  s h ape was mod i f i ed  s o  that the  p er i meter d i tch s l opes  wou l d  p ro
vi d e  f l ow ve l oc i t i e s  that wou l d  effect i v e l y  dra i n the  s i te as we l l as  
pr even t s ed i men t b u i l d - up . The up s tream d i ver s i on d i tch  was  i n cl  ud ed i n  
t he  de s i g n beca use  of the h i gh r un off ve l oc i t i e s  an d d i s c h arges  a s s oc i at 
ed w i th the waters hed abo ve the p i l e  d ur i n g the  PMP an a ly s i s  ( s e e  
Sec t i on B . 6 ) . 

The truck  tr an sportat i on route  was prop osed i n  an attemp t to av o i d  
con g es ted  areas an d m i n i m i ze l eft-hand  tur n s .  I t  i s  recogn i z ed t h at ex 
ten s i v e hau l road i mprovemen t s  wou l d  be req u i red for th i s  d i s p os a l  op
t i on .  Thes e  i mpro vemen ts  an d any mi t i gat i on efforts wou l d  be ad dres sed  
d ur i n g f i n a l  de s i g n .  Areas  of concern  i n c l ude the en t i re route  w i th i n  
t he  Grand J un c t i on  c i ty l i mi ts ,  t he  two- l an e  reac hes  on U .S .  H i g hway 50 , 
and the j un ct i on of U . S .  H i g hway 50 w i th the Cheney Re s er vo i r  s i te ac 
ces s  road . Th e trai n ro ute  was determi ned  to be s t  u t i l i ze ex i s t i n g  r a i l 
networks . 

LONG -TERM STAB I L I TY 

Water eros i on 

Sever e ra i nfa l l even t s  have  the poten t i a l  to deve l op r i l l s an d g u l 
l i es on the  s te ep er ( 20 percen t )  s i d es l op es of the stab i l i zed ta i l i n g s  
p i l e  and er od e  s ome o r  a l l o f  t he  radon  cover i n  sma l l ,  undef i nab l e  ar-
eas . One such  poten t i a l  r a i n fa l l even t i s  common l y refer red to a s  the 
PMP . For the C heney Re s ervo i r  s i te ,  the  l o ca l on e- hour PMP s torm was  
ca l c u l ated to  be 8 . 5  i n c hes . B a sed on th i s  on e-hour  i n ten s i ty, a ma x
i mum f i ve -mi n ute  i n ten s i ty was ca l c u l ated based on the t i me  of concen tr a
t i on for fl ow off the p i l e . The i n ten s i ty was then  converted to an 
equ i va l en t  on e- hour ra i nfa l l i n ten s i ty of 45 . 9  i n ches  p er hour . Th i s  
PMP wou l d  gener ate s heet f l ow rates  ran g i n g  from 1 . 44 to 1 . 58 cfs/ft on  
the  p i l e .  
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Rock s i zes  req u i red to w i ths tan d s heet eros i on on the  p i l e  top an d 
s i d es l opes d ur i n g  a PMP event  ar e s hown i n  Tab l e  B . 3 . 1 .  D i s c us s i on s  on 
the methodo l og i e s us ed to de term i n e  the PMP an d the er os i on protect i on 
req u i rement s  are conta i n ed i n  Sect i on B . 6 .  

Tab l e  B . 3 . 1  Eros i on protec t i on req u i rement s  - Cheney Reservo i r  
a l ter nate d i s po s a l  s i te 

Locat i on 

Top s l opes  
( 4% ) 

S i de 
s l opes  
( 20% )  

R o c k  s i ze 
req ui remen ts  

( i n c hes ) 

050 � 2 . 0  i n ches  

0 100 
� 4 . 0  i n ches  

050 � 6 . 0  i n ches  

0 100 � 1 2 . 0  i n ches  

a l n c l ud i n g f i l ter l ayer . 

Th i ck n e s s
a 

( i n c hes ) 

24 

24 

Des i gn f l ow 

1 .  44 cfs/ft 

1 .  58 cfs/ft 

To further red uce the  poten t i a l for water ero s i on by s ur face r u n 
off ,  ad d i t i on a l  contro l feat ures  were i n corpor ated i n to t h e  de s i gn to  r e 
d uce  s urface r un off ve l oci t i e s .  The s l opes  o f  t h e  stab i l i zed ta i l i n g s  
p i l e  wo u l d  be l i m i ted t o  5 hor i zonta l  t o  1 ver t i c a l  ( 20 p ercen t ) . Th e 
top of the  p i l e  wo u l d  be gen t l y  s l oped ( a  max i mum of four p ercen t )  to 
promote d ra i na g e .  

I t  i s  an t i c i p ated th at a f i l ter l ayer wou l d  be req ui r ed o n  t h e  top 
and s i d e s l opes . The grad at i o n s  of t he  f i l ter l ayer wou l d  be de term i n ed 
d ur i n g f i n a l  des i gn us i n g  the  cr i ter i a  de scr i bed  for the  s t ab i l i z at i on 
on s i te op t i on .  

W i nd ero s i on 

H i g h  w i n d  ve l oc i t i e s  cou l d  damag e the  radon  cov er of the  s t ab i l i zed 
t a  i 1 i n g s  pi 1 e i f  1 eft expos ed . The s ame rock 1 ayer s used  to p rotect t he  
p i l e  from water er os i on wou l d  prov i d e s uf f i c i en t  protect i on of  the p i l e  
from t he  effects of poten t i a l l y  eros i v e  w i nd  ve l oc i t i es .  

F l ood protect i on  

The stab i 1 i zed  ta i  1 i n g s  p i  1 e wo u l d  be  s ur ro unded  by d r a i nage  d i  tch
es de s i gned  to protect the contam i n ated mater i a l from the d i s c harge re
su  I t  i n g  from the occurren ce of  a PMP  on the  up s tr eam waters hed . A 
d i ver s i on d i tch  constr ucted up s tream of the s t ab i l i zed p i l e ( F i g ur e  
B . 3 . 2 )  h a s  been de s i g ned t o  i n tercept f l ows res u l t i n g  from a PMP occur
rence over the  approx i m ate l y  240- acre  d ra i n a g e  ar ea  abo v e  the  C heney 
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Reser vo i r  s i te .  The des i g n d i s c h arge for th i s  d i v er s i on c h an ne l  i s  2600 
cfs . The dra i nage  d i tches  ad j acent to the p i l e  wou l d  d i rect  f l ows from 
down stream of the d i ver s i on d i tch an d from the p i l e  i t se l f  arou n d  t he  
p i l e  a n d  i n to the  natura l  d r ai nage  p at ter n s  we s t  of  the  s i te .  

The Cheney Reservo i r  s i te  i s  s i tu ated on a d r ai nage  d i v i de .  Th e 
sma l l ep hemer a l  wa she s  th at dr ai n the  s i te area mer ge w i th I n d i an Creek , 
0 . 1  to 0 . 5  m i l e  down stream of the  s i te .  I n d i an Creek f l ows i n to Kanna h 
Creek , four to f i ve m i  1 e s  be l ow the ep hemer a l  wash  conf l  uen c e s ,  an d 
K an n a h  Creek emp t i e s  i n to the G u n n i son R i ver abo ut  two m i l es be l ow t he  
I nd i an Creek con f l uen ce . Becau se  of  the  h i g h e l evat i on of  the  s i te ( ap 
prox i mate l y  200 feet above  I n d i  an Creek an d 500 feet  abo ve  the G u n n i  son 
R i ver ) an d i ts d i stance from the  r i v er , the  s i te wo u l d  n ot be s u bject to  
r i ver f l ood i ng .  Add i t i ona l deta i l s  o n  s urface-w ater hydro l ogy for the  
Chen ey Reservo i r  s i te are prov i de d  i n  App en di x F ,  Hydro l ogy Repor t ,  
Sec t i  o n  F . 1 .  

Geomorp ho l ogy 

Sheet wa s h  an d r i l l  wash  ar e the pr i mary er os i v e  forces c ur ren t l y  
act i ve on the Cheney Reservo i r  s i te .  Mi n or g u l ly i n g ,  howev er , i s  occur
r i n g  on  the sma l l ep hemer a l  washes  th at f l an k  the  s i te .  Moderate  to  i n 
ten s e  g u l l y i n g  has  been observed a l ong  I n d i an Creek . The p i l e  wou l d  be 
l ocated an ad eq uate d i s t ance from a l l g u l l y i ng . Over a l l the s i te i s  
j udged  to have  good l on g - term stab i l i ty poten t i a l  ( CGS , 1 982 ) . Th e re
su l ts of  an  ex ten s i ve geomorp h i c  eva l uat i on of  the  Cheney Re ser vo i r  
s i te are i n c l uded i n  Appen d i x E ,  So i l s ,  Geo l og i c ,  an d Se i sm i c  
I nformat i on .  

S l ope s tab i l i ty/ se i sm i c  r i s k 

S l op e  fa i l ur e  d ue to s l ope  i n stab i l i ty under s t at i c  an d se i sm i c  
l oad i n g i s  an other p henomena that cou l d  affect the  i n te gr i ty of the  s t a
b i l i zed tai l i ng s  p i l e .  

Sever al  s tandard  method s of stab i l i ty an a l ys i s  wer e performed for 
each l oad i ng cond i t i on to es t i mate factors of s afety aga i n st s l op e  fa i l 
ur e .  I n  p ar t i c u l ar ,  the  s e i sm i c  l o ad i n g cond i t i on s  were ev a l uated by ap
p l yi n g  the on - s i te hor i zonta l  acce l erat i on re s u l t i n g  from a Max i mum 
Cred i b l e  Earthquake  ( MC E ) .  The e va l uat i o n  es t i mated an MC E wh i ch wou l d  
gen er ate an on - s i te ef fect i ve peak ho r i zon t a l bedrock ac ce l erat i on of 
0 . 34g . Det a i l s  on the  se i sm i c  ana l ys i s  are i n c l uded in  App en d i x E ,  
Soi l s ,  Geo l og i c ,  an d Se i sm i c  I nformat i on .  A d i s c u s s i on o f  the  methodo l 
ogy i n vo l v ed i n  the  s l ope  stab i l i ty an a l ys i s  i s  presen ted i n  Sect i on 
B . 6 .  

The factors of safety aga i n st s l op e  fai l ure  un der bo t h  s t at i c  an d 
s e i sm i c  l o ad i n g  for the d e s i g n ed s l ope  meet or ex ceed the gener a l l y  ac 
cep ted l i mi t s  of 1 . 5 an d 1 . 1 ,  r espect i ve l y .  The s t at i c  an d s e i sm i c  s afe
ty fac tors ca l c u l ated for  d i spo s a l  at the Cheney Reservo i r  s i te ar e 3 . 4  
an d 1 . 2 ,  respect i v e l y .  The s hort-term factor of s afety, i mmed i ate l y  f o l 
l ow i n g  con struct i on ,  i s  3 . 5 .  
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A pr i n c i p a l  se i sm i c  haz ard to the stab i l i zed tai l i n g s  p i l e  i s  the  
potent i a l for s l op e  fa i l ure d ue to se i smi c a l l y  i n d uced l i q uef act i on of 
satur ated ta i l i n g s  or  under l y i n g  s o i l s .  The  s t ab i l i zed p i l e  cover an d 
l ow permeab i l i ty l ayer beneat h  the p i l e  wou l d  preven t s atur at i on of the  
re l ocated ta i l i n g s , thereby e l i mi na t i n g  the poten t i a l  for l i q uefact i on 
of the p i l e  i tse l f .  The foundat i on s o i l s ,  composed of sandy-s i l t an d 
c l ay w i th g r av e l s ,  are c urrent ly  s atur ated at a mi n i mum dep th of about  
30 feet . The  depth  to ground  water an d the h i g h  s t an dard penetr at i on 
test  res u l t s  ( 34 b l ows /ft to ref u s a l ) v i r t ua l l y  e l i mi n ate the p oten t i a l  
for l i q uefac t i on be l ow the  p i l e . 

Sett l ement  and cover crack i ng 

D i fferen t i a l  sett l ement of the s t ab i l i zed ta i l i ng s  p i l e h as the  po
tent i a l  h az ar d  of cr ack i n g the  cover d ue to hor i zonta l  s tr a i n s  an d t h u s  
co u l d  affect t h e  i n tegr i ty o f  t h e  p i l e .  D i fferen t i a l  sett l emen t  cou l d  
a l so  i n crease  the poten t i a l for g u l l yi n g  act i on d ue t o  concen tr at i on s  of 
s urface  r u noff .  

D ue to  the d i ff i c u l ty i n  contro l l i ng d i fferent i a l sett l emen t of  the  
re l ocated ta i l i n g s  p i l e ,  sett l ement mon i tor i n g  dev i ces wou l d  be  i n 
s t a l l ed to me as ure the  tot al sett l ement of the t ai l i n g s  an d under l y i n g  
so i l s  i n  the  s ame man n er a s  descr i bed  for the s t ab i l i z at i on o n  s i te 
op t i on . 

Frost  heave/s o l i f l uct i on  

The proces s es of  fro st  heave  an d s o l i f l uc t i on wh i ch are d i s c us sed  
i n  deta i l i n  Sect i on B . 2 . 6 pose  a h az ard to  the  l on g -term p erfo rm an ce of  
any structure  con structed  to i s o l ate the  ta i l i n g s .  

A s  i n  the  stab i l i z at i on on s i te op t i on , t he  remed i a l  ac t i on de s i gn 
i n c l ud e s  the us e of s uff i c i en t l y  i mp erme ab l e  e arth mater i a l s  to restr i c t  
i c e l en s  format i on an d a s uf f i c i en t l y  porous  s urface  aggregate l ayer , i n  
co nj unct i on w i th a cont i n uo us s l op e ,  to a l l ow d r ai nage  acro s s  the emb an k 
men t  s urfac e .  Th i s  wo u l d  restr i c t water b u i l d up over t h e  earth c over  
an d e l i mi nate the poten t i a l for  fro st  heave  ( i ce l en s  format i on )  an d the  
pr erequ i s i te for  so l i f l uc t i on ( s at urat i on ) . 

P l ant  root , b urrowi n g  an i ma l s ,  and h uman i ntr us i on 

The ta i l i n g s  p i l e  at the Cheney Re servo i r  s i te  wou l d  be cov ered 
w i th a f i v e-foot - th i ck l ayer of comp acted , l ow p ermeab i l i ty e arthen mate 
r i a l . Thi s l ayer wo u l d  then be covered w i th a two- foot-th i c k l ayer of 
rock er os i on protect i on mater i a l  ( i n c l ud i n g  f i l ter l ayer ) . 

Th i  s seven -foot - th i  ck 1 ayer of rock an d comp acted s o i  1 wou l d  i n h i b 
i t  p l an t root i n trus i on i n to the con t ami n ated mater i a l .  The rock cov er 
wo u l d  a l s o  d i sc our age i n tr us i on by b ur row i ng  an i ma l s  an d wou l d  he l p  pre
ven t i nad v er tent  h uman i n trus i on .  The  f i n a l  embankment wou l d  be s ur 
rounded  by mon ument s  at s e t  i n terva l s  de s i gnat i n g the s i te a s  Feder a l  
property.  
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B . 3 . 8  GROUND-WATER P ROTECTION 

The Cheney Reservo i r  s i te i s  a l ocat i on where s h a l l ow g rou n d  water 
represen t s  a m i n i ma l  resourc e .  Sev era l  fe at ures  of the  de s i g n  for  s t ab i 
l i z at i on of the ta i l i n g s  wou l d  ser ve  to m i n i mi ze t he poten t i a l  for c o n 
t am i nant  m i g r at i on from t h e  ta i l i n g s  t o  t h e  ground  water . Gro u n d -w at e r  
protect i on i s  prov i d ed bo t h  by the  des i g n features , an d the  p l ac emen t of  
t he  t a i l i n g s  at  a s i te wh er e gro u nd  water rep resen t s  a m i n i ma l  r e sour c e .  

Gro u n d  water at the s i te was fou nd  w i th i n  un con so l i d ated depo s i t s  
o v er l y i n g  the  M an cos  Sh a l e .  The  zon e of satu r at i on i s  probab l y  l e s s  
t h an ten feet i n  th i ck n_� s ,  an d h a s  a ,!!� as ur ed hydr au l i c  co nd uc t i v i ty i n  
the  range  of 4 . 8  x 10 to 2 . 1  x 10 cm/sec . Beca u se  of the  th i n 
n e s s  an d l ow perme ab i l i ty of the  s at u r ated zone ,  t he  s h a l l ow g rou n d  w a
ter has  sma l l potent i a l as a water resource . The es t i mated yi e l d  of a 
we l l  comp l eted i n  the  sat u r ated zon e  i s  l es s  t h an thr ee ga l l o n s  p er d ay .  

Gro u n d -w ater qua 1 i ty up grad i  ent  of the  s i te can b e  d e sc r i b ed  a s  
fres h ,  howe ver , the  q ua l i ty degrad e s  as the water moves  down g r ad i en t  i n  
co ntact wi th the mar i n e-or i g i n  Man cos  Sh a l e .  At the  probab l e  rec h ar g e  
source , a d i v er s i on d i tch  approx i mate l y  3300 fe et up grad i en t  from t he  
s i te ,  tota l  d i s s o l v ed so l i d s  ( TD S )  concen tr at i on i s  probab l y  l es s  th an 
250 mg/ l . At a mon i tor i n g  we l l  at the up grad i en t  bo u ndary of t h e  s i te ,  
TD S was me asured at a con centrat i o n of 3746 mg/l . The br ac k i  s h  qua  1 i ty 
of the ground water be l ow the s i te ,  and the tendency of the Mancos  S h a l e  
to degrad e  grou n d -water qua l i ty ,  a l s o  i n d i cate t h at the poten t i a l va l ue  
of  the  s h a l l ow gro u nd  water i n  the  area  i s  mi n i ma l . 

The Man cos  S ha l e i s  con t i n uo u s  beneath an d ad j acen t to the s i te ,  
and has  an es t i mated th i ck nes s of more t h an 400 feet be l ow the  s i te .  
The th i ck ne s s  of the  Man cos  Sha l e  effect i v e l y  protects  poten t i a l  arte 
s i an aqu i fer s under l y i n g  the s h a l e .  A comp l ete descr i pt i on of t he  
grou nd -w ater regi me i n  the  Cheney Re ser vo i r  s i t e area  i s  i n c l uded  i n  
App en d i x F ,  Hyd ro l ogy Report . 

A l t hou gh the  i mp acts  to , an d poten t i a l  u se  of ,  gro u nd  water are  
l ow ,  two major  des i gn fe atures  wh i ch wo u l d  a l s o  serve  to m i t i g ate p oten 
t i a l  g round-water con tami n at i o n at the  Chen ey Re s ervo i r  s i te ; o n e  i s  t he  
comp acted l ow permeab i 1 i ty earth cover above  the ta i  1 i n g s  an d the  ot h er 
i s  the  comp ac ted earth l ayer be l ow the  ta i l i n g s . The comp acted e arth co
ver  wou l d  be l e s s  p erme ab l e  t h an the  comp acted l ayer be l ow the  ta i l i n g s  
t o  avo i d  the po s s i b i l i ty o f  a " bat ht u b" effect . Th i s  wou l d  b e  ac com
p l i s hed by comp act i n g t he  earth cover to a h i gher den s i ty t h an t he  l ayer 
at the base  of the tai 1 i n gs . The l ayer pl ac ed under n e ath  the tai 1 i n g s  
wo u l d  b e  composed o f  nat ura l  recomp acted s i l t  an d c l ay s o i l s  ( ML ,  SM , 
and CL d e s i g na t i on s  i n  the  u n i f i ed s o i l s  c l as s i f i cat i o n sy stem ) . The s e  
typ es o f  s o i l s  typ i ca l ly  have  h i g h ad sorpt i o n  an d i on ex c h an ge poten t i a l  
an d t h u s  wo u l d  p rov i d e  a n  atten uat i v e  capac i ty t o  restr i c t  downward c o n 
t ami nant  mi g r at i o n .  The l ow p ermeab i l i ty ( hydr au l i c  con d uct i v i ty )  of 
t he  s o i l s  in the earth cover wou l d  red uce i n f i l tr at i o n  of water  throu gh 
the  ta i l i n g s  p i l e .  Lab  an a l ys e s  of re comp acted s o i l s  t ak en from test  
p i  ts  at  the s i te i n d i  cate t h at the  p erme ab i 1 i ty ( hyd r au 1 i c cond uct i v i t17 
of the  s o i l s  i n  the  comp acted earth cover wou l d  be ap prox i mate l y  10 
cm/sec . The ta i l i n g s  wou l d  be comp acted to be l ow the opt i mum mo i s ture 
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co ntent  to m l n l ml ze d r ai nage  from the s t ab i l i zed p i l e . Th u s , i nf i l tr a
t i on ,  the  dr i v i n g force for l e ac h ate prod uct i on ,  a n d  mob i l i z at i on of con 
t am i nants  i n to the  grou n d -w ater sys tem w i l l  be m i n i ma l . 

Presen t l y  the depth to gro u nd  water i s  greater t h an 30 feet be n e at h  
mos t  o f  the d i s po s a l  s i te ;  therefore , the  tai l i n g s  wou l d  be p l aced we l l 
abo ve  the water tab l e .  The u ncon so l i d ated depos i ts between the ta i l i n gs 
an d the water t ab l e  wo u l d  a l s o  h ave  atten uat i ve propert i es wh i ch wou l d  
m i n i mi ze contam i nant  m i grat i o n .  
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B . 4 . 1  

B . 4 . 2  

B . 4  D I SPOSAL AT THE  TWO ROAD ALTERNATE D I S POSAL S I TE 

I N TROD UC T ION 

Th i s s ect i o n  prov i de s  the i nform at i on nece s s ary to  u n der s t an d  the 
proposed concep t u a l  des i g n for the re l oc at i on of the t ai l i n g s  from the 
former C l i max Ur an i um Mi l l  at Grand J un c t i o n ,  Co l orado , to a d i spos a l  
s i te i d e nt i f i ed a s  the Two Road s i te wh i ch i s  l ocated app rox i mate l y  3 3  
mi l e s we st of the proce s s i n g s i te ( F i g ur e  B . 4 . 1 ) . Two me thod s o f  tran s 
port i ng  the t ai l i n g s  are ev a l uated i n  t h i s  sect i on ;  one  i n c l ude s the re
l ocat i on of the tai l i n g s  en t i re l y  by truck . Un der t h i s a l terna t i v e ,  t he 
trucks  wou l d  be l o aded  at the former proce s s i n g s i te an d wou l d  d e l  i v e r  
the i r  l o ad s d i rect l y  t o  t h e  d i spo s a l  s i te excavat i on .  The s econd  method 
i n c l ud e s  the re l oc at i on of the ta i l i n g s  by l o ad i n g them on to tra i n c ars 
at the  former proce s s i n g  s i te .  The ta i l i n g s  wou l d  be tran sp orted by 
tr ai n to  Mack , Co l orad o ,  where they wou l d  be tran sferred to trucks . The 
truck s wo u l d  hau l the ta i l i n gs to the excavat i on at the Two Road a l ter 
nate d i s pos a l  s i te .  

DES I G N  FEATUR ES  

The remed i a l act i on wou l d  stab i l i ze the ur an i um mi l l  t a i l i n g s  an d 
con tami nated mater i a l at the Two Road s i te i n  comp l i an ce w i th EPA  s t an 
dard s . The p r i n c i p a l  fe at ure  of the  de s i g n concept i s  the  remov a l  of 
a l l contami n ated mater i a l  from the Grand J un ct i on s i te an d con so l i d at i on 
of th i s  mater i a l i n to  a con toured embankment  at the Two Ro ad s i te .  
Major  con struct i on ac t i v i t i e s  for th i s  re l ocat i on a l ternat i ve ,  i n c l u d i n g  
t he me thod o f  tran sport i n g  t h e  ta i l i n g s ,  are d i s c u s sed i n  deta i l i n  
Sect i on B . 4 . 4 .  Con stru c t i on de s i g n  features  are l i sted be l ow .  

Truck opt i on 

o Con struc t i on of waste -w ater reten t i on bas i n s  at both s i  te s to p rotect 
aga i n st re l e ase of contami n an ts d ur i n g  remed i a l act i on .  

o I n s t a l l at i on of tempor ary secur i ty fen c i n g  at bo th  s i te s . 

o Con struc t i on of d r ai n a ge con tro l me asures  to d i rect gener ated waste
water an d storm-water r u noff to the reten t i on bas i n s  d ur i n g  constr u c 
t i on act i v i t i e s . 

At the Grand Junct i on s i te 

o I n s ta l l at i on of s heet p i l i n g  ( i f n ece s s ary )  a l ong  t he south  and por
t i on s  of the s outhwe st  an d southeast  p er i meter s of the ex i st i n g  p i l e  
to re tard s urface f l ows from the Co l or ado  R i v er an d g rou n d -w ater i n 
trus i on d ur i n g excavat i on .  

o Imp l emen tat i on of me as ures  to con tro l ero s i on an d s ed i mentat i on from 
d i sturbed  areas  d ur i n g  con struc t i o n .  
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o I n s ta l l at i on an d oper at i on of a waste -w ater treatment  fac i l i ty ( i f  
neces s ary ) at the  Gran d J unct i on proces s i n g s i te to tre at contam i n a t 
e d  water p r i or t o  d i sc harge  i n to t h e  Co l or ado  R i v er .  

o Protect i on  ( or re l ocat i o n ) of s urface or s ubs urface  ut i l i t i e s  at t he  
Grand  J unct i on s i te d ur i n g  con struct i on .  

o Con str uct i on of a truck was h  stat i on .  

o Upg r ad i n g  an d con struc t i on of the  hau l rout e ,  U . S .  H i ghway 6 & 50 , 
wher e  req u i red . 

o Excavat i on and l o ad i n g of t a i l i n g s  and  other contami n ated mat er i a l  on 
to truck s . 

o Restorat i on of ex cav ated areas  at the  Grand J unc t i on s i te .  

o Rev eg etat i on of d i sturbed  areas at the  Grand J un c t i on  s i te .  

A t  t h e  Two Road s i te 

o Con struc t i on of an acce s s  road from Two Road to t he  Two Road s i te ( ap 
prox i mate l y  0 . 5  m i l e ) . 

o Con struct i on of a truck  was h  stat i on .  

o Excavat i on of mater i a l s  at the  Two Road s i te an d prep arat i on of a l ow 
permeab i l i ty s o i l l ayer . 

o Re l ocat i on of th e tai l i n g s  and  other contam i n ated mater i a l to  t he  Two 
Road s i te .  

o Con struc t i on of the  t a i l i ng s  emban kment .  

o Con str uct i on of the  f i n a l  cover system over the  t a i l i n g s  an d contam
i n ated mater i a l to i n h i b i t  water i n f i l tr at i o n ,  r ad o n  ex h a l at i on ,  an d 
w i nd and water eros i on . 

o Revegetat i on of d i s turbed areas not i n c l uded i n  the  s t ab i l i zed p i l e  
or acce s s  road at the  Two Road s i te .  

At the  Fr u i ta borrow s i te 

o Excavat i on of eros i on protec t i o n  mater i a l an d l o ad i n g on to t ruck s .  

o Re l ocat i on of bor row mater i a l to the  Two Road s i te .  

Tr a i n  and  truck opt i on 

Con struc t i on des i gn fe atures  under the  tr a i n  an d truck opt i on wou l d  
b e  i d e n t i c a l  to those  under the truck op t i on w i th the  excep t i on of t h e  
fo l l ow i n g :  
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B . 4 . 3  

o Con struct i on of a ra i l road l oado ut spur at the  Gr an d Junc t i on 
s i te .  

o Con struc t i on of a r a i l ro ad spur  an d off l oad i n g f ac i l i ty at Mack , 
Co l or ad o . 

o Up grad i n g an d con struct i on of the  hau l rou t e ,  U . S .  H i g hw ay 6 & 
SO , f rom Mac k ,  C o l orad o ,  to  t he  d i spo s a l s i te ,  where  req ui red . 

o Exca v at i on an d l o ad i n g of t ai l i n g s  and ot her con t am i n a ted  mater i 
a l  i n to tra i n cars . 

o Re l ocat i on of ta i l i n g s  and  con t am i n ated mater i a l  from tra i n c ars 
to trucks  at Mack , C o l or ado . 

o Re l ocat i on of the ta i l i n g s  an d ot her con tami n ated mater i a l by 
tr uck  from Mack , C o l orad o , to t he  Two Road s i te .  

P E RM AN ENT  D E S I GN F E ATUR E S  

Descr i pt i on of f i n a l  cond i t i on 

The stab i l i zed ta i l i n g s  p i l e  wou l d  be d e s i g ned to contai n app rox
i mate l y  3 . 1  mi l l i on c ub i c yards of  t ai l i n g s  an d con t ami n a ted  mater i a l 
and  wo u l d  cover  app rox i mate l y  62 acres  of the  d i spos a l  s i te .  The ent i re 
s i te wou l d  cover app rox i mate l y  80 acres . The emban kmen t  wou l d  be con
structed i n  t he  southeast  1/4  of  Sect i on T9S  R104W . T he  d i spos a l  s i te 
i s  approx i mate l y  33 ro ad mi l es wes t - northwe s t  of the  Gran d J un c t i on 
s i te .  The s t ab i l i zed p i l e  wo u l d  be l ocated app rox i mate l y  3 . S  mi l es 
north  of U . S .  H i g hway 6 & SO an d approx i mate l y  2000 feet n orth east  of 
Two Road . 

The t ai l i n g s  an d con tami n ated mater i a l wo u l d  be covered w i th an ap 
prox i mate l y  f i ve -foot-th i ck ,  comp acted , e ar then cover obt a i ned  from t he  
s ur f ace mater i a l s  excavated from the  d i s p o s a l  area .  T he  s t ab i l i zed t a i l 
i ng s  p i l e  wo u l d  have  maxi mum s i d e s l op e s  of 20 percen t ( S  hor i zonta l  t o  1 
vert i c a l ) an d top s l op e s  a max i mum of four p ercen t .  The e n t i re embank 
men t  wo u l d  be covered w i th a two-foot l ayer ( i n c l ud i n g  f i l ter l ayer s )  of 
gr ad e d  rock for eros i on protec t i on .  The f i n a l  s t ab i l i zed p i l e  wou l d  be 
a maxi mum of app rox i mate l y  3S fe et abo v e  the s ur round i n g terr ai n .  

The rock eros i o n  bar r i er wou l d  t i e  i n to an unp av ed ac ce s s  ro ad 
wh i ch wou l d  l oop the toe of the st ab i l i z ed ta i l i n g s  emban kmen t .  
D ra i nage  d i tches  ad j acent to t h e  p i l e  wou l d  d i vert  s ur face r unoff around  
and  aw ay from the  p i l e .  Mon ument s  wo u l d  be e stab l i s hed at set  i n terva l s  
de s i g n at i n g  the  emb ankment  as Federa l l y  own ed p roperty .  

After comp l et i on of t h e  s t ab i l i zed tai l i n g s  p i l e  a t  t h e  d i s pos a l  
s i te and decon tami n at i on of the  forme r mi l l  s i te ,  t h e  d i sturbed  areas at 
each  s i te ( as req u i red ) wo u l d  be res tored w i th uncon t ami n ated s o i l to 
con f orm w i th the s ur round i ng terrai n ,  recon toured as req ui red for s ur 
f ace d r ai n a g e ,  and  revegetated a s  neces sary .  
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The f i n a l  con d i t i on of the Two Road d i spo s a l  s i te i s  s hown i n  
F i g  ur e B .  4 . 2 . 

Decontami n at i on  and restorat i on 

The m i l l  ar ea ta i l i n g s  p i l e , evapor at i on ponds  are a ,  ore pad , an d 
t he  State Repos i tory for v i c i n i ty proper t i es at the former  Gran d 
J un ct i o n proces s i n g  s i te wou l d  be decontami nated by ex cavat i on of the  
con t ami nated mater i a l ,  demo l i t i on of ex i s t i n g  structures , and  con s o l i d a
t i on of  th i s  mater i a l i n to the stab i l i zed p i l e  at  the Two Road s i te .  
Con tami nat i on ex i s ts at the Gran d  J unct i on s i te as descr i bed  i n  Sect i on 
B . 2 . 2  and s hown i n  F i g ure  B . 2 . 2 .  

After remov a l  of a l l con tami n ated mater i a 1 ,  t he  are as of excavat i on 
on an d around  the Grand J un c t i on s i te wou l d  be re stored w i th uncon tam
i n ated f i l l  to conform w i th the s ur ro u n d i n g  terra i n ,  con toured as re
q ui red for  s i te d r a i n a g e ,  an d revegetated a s  n ecess ary .  

Tai l i ngs  p i l e  con s truct i on 

The stab i l i zed tai l i n gs  p i l e  wou l d  con tai n app rox i mate l y  3 . 1  m i l 
l i on c ub i c yards of con t ami n ated mater i a l from the Gran d J un c t i on  pro
ce s s i ng s i te an d v i c i n i ty proper t i e s ,  an d wou l d  be d e s i gned  to prov i d e 
l ong -term s t ab i l i ty ,  an d to m i n i m i ze radon  eman at i on and g roun d -w ater 
co n tami nat i on .  The p i l e  de s i g n wou l d  be l ocated to  mo s t  effect i v e l y  ut i 
l i ze the  natur al  topo gr ap hy of the area i n  order to red uc e the  poten t i a l  
effect s  of er os i o n .  Det a i l s  o n  de s i gn r at i o na l e  are p rov i ded  i n  Sect i on 
B . 3 . 6 .  

Th e be l ow- gr ade  ex cavat i on of the d i spos a l  ar ea  wou l d  extend to an 
aver age dep t h  of n i n e  feet . A l l r adon  barr i er mater i a l wou l d  be ob 
t a i n ed from t h i s ex cavat i on .  The base  of the excavat i on wou l d  be s car
i f i ed ,  mo i s ture cond i t i oned , an d recomp ac ted . Pr i or to recomp act i on ,  
zon e s  of sandy so i  1 wo u l  d be remov ed an d rep l aced w i  th 1 es s p er v i  ous  o n 
s i te s i l ty an d c l ayey s o i l s .  

Re l ocated ta i l i n g s  wou l d  be p l aced i n  l i fts  an d comp acted on top of 
t he  compacted l ow permeab i l i ty s o i l l ayer . Th i s  l ayer wou l d  red uce the  
amoun t an d rate  of pos s i b l e  con tami n an t  m i g r at i on .  Beca use  t he ta i l i n g s  
wo u l d  be m i xed d ur i n g  ex cavat i on an d ag a i n  d ur i n g  un l oad i n g ,  spread i n g ,  
and comp act i n g  at the Two Road d i s po s a l  s i te ,  i t  i s  n ot exp ected t h at 
any exten s i v e l en s es of s l i mes wo u l d  ex i st i n  the  comp acted ta i l i n g s .  
Con sequen t l y ,  d i fferen t i a l  an d tot a l  sett l emen t shou l d  not ad v er se l y  af
fect the l on g - term i n tegr i ty of the p i l e . 

Organ i c mater i a l s uch  as wood demo l i t i on debr i s  an d g r ub be d  vegeta
t i on wou l d  be even l y  d i s tr i b uted throughout the  embankme nt  s o  t h at n o  
more than f i v e  p ercen t organ i c s  by vo l ume are con ta i n ed i n  any ar ea  of 
the p i l e .  R ub b l e p i ece s wou l d  be pl ac ed i n  the l ower port i on s  of the 
p i l e  and s ur rounded  wi th comp acted ta i l i n gs . The p roced ur e s  for th i s  ac 
t i v i ty wo u l d  be spec i f i ed to en s ur e  the mater i a l  i s  p l aced to avo i d  con 
cen tr at i on i n  any area  an d to en s ur e  good comp ac t i on of mater i a l around  
the  rubb l e .  
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L i mi t i n g  the p i l e  top s l opes  to a four p ercent grad e  an d t h e  
s i d es l op es to a 20 percent  gr ad e  wou l d  p r ov i d e t h e  necess ary f ac tor o f  
safety ag a i n st embankmen t  s l op e  fai l ur e  a n d  wou l d  red uce t he  poten t i a l  
effects  of eros i on .  

C over construct i on 

The ta i l i n g s  r adon  ex h a l at i on rate wou l d  be red uced to E PA  s t an 
dards  by an approx i mate l y  f i ve -foot-th i ck comp acted earth l ayer wh i c h 
wo u l d  serve  as a r adon  barr i er .  Th i s  cover or earth  barr i e r  wou l d  be 
protected by a two-foot - th i ck 1 ayer of rock des i g ned to protect t he  
earth cover an d con seq uen t l y prevent expos ur e  of  contam i n ated mater i a l  
and ta i l i n g s  fo r 1000 year s .  The comp act i on of the e arthen  barr  i er  
wo u l d  p rod uce an  earth cover that reta i n s  mo i sture  and  ret ards  r ad o n  gas  
d i ffus i on .  The  rock cover  wou l d  red uc e the poten t i a l  for  dry i n g  of t he  
comp acted earth cover by  t r app i n g  s o i l mo i s ture . T he  bot tom foot of t he  
rock cover wo u l d  be des i g ned a s  a g r aded  f i l ter . 

The rock 1 ayer wo u 1 d be p l aced over the  earth cover an d wou 1 d re
s i st eros i on an d g u l l y  format i on thereby protect i n g  the earth  b arr i e r  
an d preven t i n g  i t  from be i n g  er oded aw ay d ur i n g any r ai n storms t h at can  
be  ex p ected to  occur . The  rock  l ayer wou l d  be d e s i g ned to w i t h s t an d  t h e  
oc cur rence of t h e  PMP . The rock l ayer wou l d  a l s o  protect t h e  p i l e  from 
w i n d  er os i on and wo u l d  d i s courage  p l an t  root i n tr us i on an d b ur rowi n g  
an i ma l s .  

A typ i c a l  cros s sect i on of the Two Road s i te i s  s hown i n  F i g ur e  
B . 4 . 3 .  

S i te d ra i nage 

The drai nage  pattern of the Two Road area an d the  s ur round i n g  gener
a l  s i te gr ad i n g hav e  been  de s i g ned to  en s ur e  l o ng-term p i l e  s t ab i l i ty .  
R un off from t h e  p i l e  a s  we l l a s  s urf ace  r unoff from t h e  s ur ro u n d i n g  ar
ea wo u l d  be  d i r ected aw ay from an d around  the embankme n t  by dr ai nag e 
d i tches  de s i gned  to carry the ra i nfa l l r unoff res u l t i n g  from the on e
hour PMP storm even t .  D i tches  ad j acent to the  p i l e  wo u l d  d i rect f l ows 
from the d r ai n age  area up grad i ent  of the p i l e  an d the p i l e  i t se l f  away 
from and aro und  the  s i te .  The d i tches  wou l d  be  l i n ed w i th eros i on r e s i s 
tant  mater i a l . Beca us e of the gent l e  grad i en t  of the s i te ,  f l ow v e l oc 
i t i es wo u l d  be non-eros i v e as f l ow i s  d i rected i n to the natur a l  d r a i n a g e  
patte r n s  southwest o f  the  d i spo s a l  are a .  Any sed i ment  b u i l d up i n  t h e  
d i tches  wo u l d  b e  f l us hed d ur i n g  s i g n i f i cant  prec i p i t at i on even ts  wh i c h  
wo u l d  create ve l oc i t i e s capab l e  of mo v i n g  sed i men t .  The des i g n of s i te 
dr a i nage  feat ures  i s  s ummar i zed i n  Sec t i o n  B . 6 .  

Ground-water protect i on 

The stab i l i zed ta i l i n g s  p i l e  wou l d  be d e s i g ned to mi n i mi ze grou n d 
water contami na t i on .  The p rep arat i on of t h e  s u bba s e ,  p l acemen t of the  
ta i l i n g s , and  p l acemen t of  the l ow p erme ab i l i ty earth  cover wou l d  s er v e  
t o  prev en t  m i grat i on  of con t ami nant s  t o  the  grou nd-w at e r  sys tem . 
Detai l s  ar e prov i d ed i n  Sect i on B . 4 . 8 .  
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S i te access  

After remed i a l  act i on i s  comp l ete , road s wou l d  be  con s tr ucted a l on g  
t he  p er i meter o f  t h e  embankment  a l l ow i n g  acce s s  for c u s tod i a l  a n d  i n sp ec 
t i on p urpos e s .  

8 . 4 . 4  MAJOR CONSTRUCT ION AC TI V I TI ES 

8 . 4 . 4 . 1  L ayout 

Truck opt i o n  

Con str uct i on ac t i v i t i e s  wou l d  t ak e  p l ace at the proces s 
i n g an d d i spo s a l  s i te s ,  an d a l ong  the  hau l road , where 
req u i red . 

The ex act l ocat i on s  an d s i zes  of a l l con str uct i on fea
tures s uch as the s t ag i ng  are as , decon t ami n at i on fac i l i t i es ,  
tempor ary dr ai nage  d i tch e s , an d waste-water retent i on bas i n s  
w i l l  be determ i ned d ur i n g  f i n a l  de s i g n . Th e fo l l ow i ng  p ar a
gr ap hs pre sen t one  pos s i b l e  l ayou t  an d are prov i ded  to a l l ow a 
better under s t an d i n g  of a l l asp ect s of the remed i a l  act i on . 

At the  proces s i n g  s i te ,  the  s t ag i n g  area wou l d  be i n  t he  
former mi l l  area . A n  equ i pment  de con tami n at i on fac i l i ty wou l d  
be l oc ated ad j acen t to the s t ag i  n g  are a .  D i tches  an d berms 
s ur roun d i ng  the s i te wou l d  d i r ect uncontam i n ated f l ows away 
from the  s i te .  Con t am i n ated water wou l d  be d i rected to w aste
water reten t i on b as i n s  an d a treatmen t fac i l i ty con s tr ucted on  
the  s i te .  A construc t i o n fence wou l d  s ur ro u n d  the are a .  

A t  th e Two Road s i te ,  t h e  stag i n g  area wou l d  b e  l o cated 
southwes t  of the propo s ed p i l e  l ocat i on . An equ i pment  decon 
tami na t i on fac i l i ty wou l d  be l ocated southwest  of the  d i spos a l  
s i te ex cavat i on .  Dr a i nage  d i tches  wou l d  s ur rou n d  t h e  s i te an d 
co l l ect al l r u noff on the  s i te .  F l ow i n  these  d i tches  wou l d  
be c h an n e l ed to a was te-w ater rete n t i o n  bas i n ,  l o cated s ou t h  
o f  t h e  p i l e  are a .  Con struct i on fen ces  wou l d  en c l o s e  t h e  e n 
t i re s i te .  

Tra i n and  tr uck opt i on 

Con struct i on act i v i t i e s  wou l d  tak e  p l  ace at the proces s 
i n g s i te ,  t h e  d i spos a l  s i te ,  Mack , Co l orado , an d where re
qu i red a l on g  the hau l road . 

The l ayo ut  at the proce s s i n g s i te wou l d  be s i mi l ar to 
th at u n der the tr uck  op t i  on w i  th the ex cept i on of the  rai  1 
s p ur , l oado ut faci l i ty ,  an d the  ad d i t i o na l decon t ami n a t i on  
equ i pment ( F i g ur e  8 . 4 . 4 ) . A be l ow grad e  ho pper wou l d  be cen
tra l l y  l ocated i n  the p i l e . An enc l osed  con v eyor wou l d  t ran s -
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8 . 4 . 4 . 2  

8 . 4 . 4 . 3  

port  the con tam i n ated mater i a l from the hopper to the  l o ad o ut 
f ac i l i ty .  App rox i mate l y  9000 feet of r ai l s i d i n g  wou l d  be  r e 
q u i red a t  t h e  Grand J unct i o n s i te .  

Approx i mate l y  7000 feet of ra i l s i d i n g  an d the  u n l o ad i n g 
equ i pmen t wou l d  be  req u i red at the Mack s i te ,  as  we l l a s  d e con 
tami n at i on fac i l i t i e s for  tru c k s  an d trai n s . The u n l o ad i n g 
equ i pmen t wou l d  con s i st  of a c a r  po s i t i on er ,  rot ary d ump e r ,  r e 
ce i v i n g  hopper , an d en c l o sed con v eyor sys tem . The u n l oad i n g  
eq u i pmen t wo u l d  b e  hou s ed i n  a p refabr i cated b u i l d i n g  e q u i p p ed 
w i th d u s t  suppres s i on fac i l i t i e s . The recei v i n g  hopper wou l d  
be l ocated be neath  the  rot ary d ump er .  An enc l os ed con v eyor 
sy stem wo u l d  l i n k  the  hopper to an i n ter i m  storag e  s i l o  
eq u i p ped w i th d u s t  contro l eq u i pment  an d to the l o ad o u t  f ac i l 
i ty wh ere the  truck s wou l d  be l o aded  d i rec t l y  by g r av i ty w i th  
a ro l l i n g b l ad e  gate ( se e  F i g ur e  8 . 4 . 4 ) . 

S i te access  

Truck opt i on 

E q u i pmen t wou l d  be decon t ami n ated pr i or to l e av i n g t he  
Grand J unct i on proces s i n g  s i te an d the  tai l i n g s  p i l e  ar ea  at  
Cheney Reservo i r . Con s truct i on fences  wou l d  prov i d e  con tro l  
o f  traff i c en ter i n g  an d l e av i n g e i ther s i te and preven t u n a u 
thor i zed tr aff i c  from enter i n g  contro l l ed are as . 

Traff i c wou l d  en ter and  l e ave the  Two Road s i te v i a a t em 
po r ary access  ro ad constr ucted s out hwes t o f  t h e  t ai l i n g s  p i l e  
ar e a .  Access  to the proces s i n g  s i te wou l d  be  n orthwe s t  of the  
ex i st i n g p i l e .  

A deta i l ed descr i pt i on of the truck tran sportat i on route  
i s  prov i ded i n  Sec t i on 8 . 4 . 4 . 5 .  

Tr a i n  and truck  opt i on 

Under th i s  opt i on ,  a ra i l spur  wou l d  en ter the  Gr an d 
J un ct i on s i te from the  no rthwe s t ,  turn  ap prox i mate l y  900 ,  an d 
extend  east throu gh the  s i te to southeast  of the  ex i st i n g  m i l l  
b u i l d i n g . 

Con struct i on fences  wou l d  en c l o se  the un l o ad i n g fac i l i ty 
at the  Mack s i te restr i c t i n g  una ut hor i zed traff i c  from enter 
i n g  contro l l ed areas . 

S i te acce s s  at the  Two Road s i te wou l d  be i d en t i c a l  to 
that in  the  truck opt i on .  

Stag i ng area fac i l i t i e s 

D ur i n g  con struct i on oper at i on s ,  the  temporary fac i l i t i e s 
req u i  red for con struct  i on worker s , s up er v i  sory, en g i  n e er i n g ,  
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B . 4 . 4 . 4 

B . 4 . 4 . 5  

admi n i s tr at i v e ,  secur i ty ,  and  r ad i at i on mon i tor i n g  per son n e l  
a t  bot h the proces s i n g  an d d i spos a l  s i te s  wou l d  be i d ent i c a l  
to tho s e  de scr i b ed f o r  t h e  Ch eney Re servo i r d i spos a l  opt i on .  

Ut i l i t i e s  

A l l k n own ex i st i n g  ut i l i t i es a t  t h e  Gr an d J un ct i on s i te 
wou l d  be p rotected d ur i n g  con struc t i o n  or wou l d  be r e l oc ated 
as nece s s ary pr i or to con struc t i on . Con s tr uct i on act i v i t i es 
at the  Two Road s i te wo u l d  be p l an ned  s o  as to avo i d  t he p i pe
l i n e t h at i s  l ocated app rox i mate l y  4500 feet  northwest  of the  
propo s ed d i spos a l  l ocat i on . 

Water for d u s t  s up p re s s i on on con t ami n ated ar eas  at bo th  
s i te s  wo u l d  be  obt a i ned  from the  ta i l i n g s  and  s u bs oi l dew ater 
i n g or wo u l d  b e  recyc l ed w ater from t h e  waste -w ater retent i on 
bas i n s .  Potab l e water , con struct i on water , e l ec tr i c i ty, gas , 
and  p hone serv i ce at the  Gran d J unc t i on s i te wo u l d  be obt a i ned  
from l oc a l  s u p p l i er s . 

E l ect r i c i ty at the  Two Road s i te wou l d  be ava i l ab l e  from 
the Grand V a l l ey Rur a l  Ut i l i ty Comp any an d te l ephone s erv i ce 
wo u l d  be ava i l ab l e  from Mounta i n Be l l .  However ,  t h e  us e of e i 
t her of these  ut i l i t i e s  wo u l d  req u i re  ex ten s i on of ex i st i n g  
l i n e s . I f  t h i s  i s  not  feas i b l e , e l ectr i c i ty cou l d  be s up p l i e d  
by portab l e  gen er ators  an d te l ep hone serv i ce by r ad i o 
te l ephone . 

There i s  n o  deve l oped water s up p l y at the Two Road d i s pos
a l  s i te .  Water for  equ i pment decon t ami n at i on ,  comp ac t i on ,  a n d  
d u s t  con tro l  o n  the s i te may be  deve l op ed from a n  o n - s i te we l l  
t h at wo u l d  h ave to be dr i l l ed to a depth i n  ex ce s s  of 1000 
feet . If th i s  i s  not cos t effect i v e ,  comp ac t i on water may be 
trucked  from Ea st  S a l t Creek , app rox i mate ly ei g h t  m i l es east  
of the Two Road s i te ,  or obt a i ned  through  the Ute Water 
Conservancy D i s tr i c t .  Potab l e water cou l d  a l s o  be prov i ded  by 
the  Ute Water Con servancy D i s tr i ct .  

Tai l i ngs transportat i on 

Tr uck  opt i  on 

Under th i s  op t i on the ta i l i n g s  an d con tam i nated mater i a l 
wo u l  d be tr an sported  by 18- cub i  c -yard  capac i ty tru c k s , 
eq u i p p ed w i th gate s ea l s to pre ven t l eak a g e .  The trucks  wou l d  
be l o aded  at the former proce s s i n g  s i te an d the con tami nated  
mater i a l wou l d  be  covered  w i th a t arpau l i n .  Tr uck s  wou l d  be 
decon t am i n ated pr i or to l eav i n g the Gran d J unct i on s i te an d 
wo u l d  hau l the  tai l i n g s  an d con tam i nated  mater i a l d i rec t l y  to 
the  ex cavat i on at the Two Road d i spos a l  s i te .  The ex ac t  t r an s
po rtat i on route wou l d  be determ i n ed d ur i n g f i na l  d e s i g n ;  howev
er , to a l l ow a better understand i n g  of the p roposed ac t i on ,  
on e pos s i b l e  route i s  de scr i bed  here i n .  
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Upon 1 eav i  n g  the proces s i n g  s i te ,  the  trucks  wou 1 d pro
ceed wes t on Str uthers  Aven  ue  to 9t h Street  where  they wou 1 d 
turn  north . Th e route wou 1 d exten d north on 9t h Street to Ute 
Aven ue and wes t  on Ute Aven ue to 1st Street ( U . S . H i g hw ay 50) . 
Truck s wou l d  tr av e l  northwest on 1 st Street for ap p rox i mat e l y  
5 . 5  m i l es t o  I n ter state 7 0  an d we st  on I n ter s t ate 7 0  f o r  ap 
prox i mate l y  1 7  m i l es to the Mack ex i t .  At Mack the  trucks  
wo u l d  proceed west  on U . S .  H i g hw ay 6 & 50  ap p rox i mate l y  6 . 8  
mi l es t o  Two Road , an d north app rox i mate l y  3 . 4  m i l es o n  Two 
Road to th e access  ro ad turnoff .  The d i spos a l  area wou l d  be 
l ocated approx i mate l y  2000 feet northeast  of Two Ro ad . 

The trucks  wou l d  retur n to the Gran d J unc t i on p roces s i n g 
s i te by the s ame route , excep t  they wo u l d  proceed east on 
P i tk i n Aven ue r ather th an Ute Aven ue . Th e truck route i s  
s hown i n  F i g ur e  B . 4 . 5 .  

Tra i n and tr uck opt i on 

Under th i s  opti on , the  ta i l i n g s  wou l d  be tran sp orted us 
i n g  one  trai n p er day i n  the  s ame man n er as descr i bed  for t he  
Cheney Rese rvo i r  tr a i n an d truck d i s po s a l  opt i on .  However , 
the  tra i n s  wo u l d  be un l o ad ed to tr uck s at Mack , Co l orado . Th e 
h a u l  route betwe en Mack and the  a l ter nate d i  spos a l  s i te wou l d  
be the  same as i n  the  tr uck opt i on .  The arr an gemen t of the  
ra i l ro ad cars  ( per  un i t  tra i n )  wou l d  a l s o  be i d en t i ca l  to t h at 
descr i bed for the Cheney Re ser vo i r  d i spo s a l  opt i on .  

B . 4 . 4 . 6  Dra i n age , eros i on contro l , and waste-water reten t i on  bas i ns 

D ur i n g remed i a l  act i o n ,  dra i nage  from a l l s i tes  wou l d  be 
effect i v e  ly di verted from any waterways . Areas d i  s turbed by 
con struct i o n act i v i t i e s wou l d  be g r aded  to d i rect ru noff i n to 
the  was te-water reten t i on bas i n s .  Drai nage  d i tches  wou l d  be 
l i n ed w i th er os i on -res i stant  mater i a l s .  R u n off from l an d  o ut
s i d e of  affected areas wo u l d  be d i verted aw ay from the  s i te by 
d i vers i on d i tches  d e s i g n ed an d ma i nt ai n ed to pre ven t ov erf l ow .  

The was te-w ater reten t i o n  bas i n s  wou l d  be de s i g ned t o  
meet the spec i f i cat i o n s  o ut l i n ed under the s t ab i l i z at i on on 
s i te opt i on ( Sect i o n  B . 2 . 3 . 5 ) . 

8 . 4 . 4 . 7 Was te-water treatment 

Was te water gener ated from s ources men t i oned  i n Sect i on 
B . 2 . 3 . 5  wo u l d  be d i r ected to was te-w ater reten t i on bas i n s  
wh i ch wou l d  prov i d e pr i mary sett l i n g ,  a l on g  w i th f l ow an d con
tami nant  eq ua l i z at i on .  Some of  th i s  water wou l d  be  ut i l i zed  
for d us t con tro l on c ontami nated areas . The  rem a i n der  of  the  

B - 7 1  



TO TWO ROAD VI A 

�--"""'I�I--RAILROAD TO M ACK 

GRAND JUNCTION 

I 
UTE AVE. 

LEGEND 

� TRUCK ROUTE 
-++ TRAI N  ROUTE 

FIGURE 8. 4. 5 

PROPOSED TRANSPORTATION ROUTE - TWO ROAD 
ALTERNATE DI SPOSAL SITE 

8 - 7 2  



water at the  proces s i n g s i te wou l d  be treat ed ( i f  n eces s ary ) 
to meet ac cep t ab l e  Fede r a l  and Co l orad o  Dep artme n t  of He a l t h 
water - q ua l i ty s t andards  before d i s c h ar g e .  

B . 4 . 4 . 8  Dewater i ng ( s heet p i l i ng )  

B . 4 . 4 . 9  

Gro u nd  water  at the Grand J unct i o n  s i te r i s e s  i n to t he 
t a i l i n gs . To fac i l i t ate hand l i n g ,  s ome of t he t a i l i n g s  wou l d  
req u i re  dewater i n g .  

D ew ate r i n g  wo u l d  be ac comp l i s hed as d i s c us sed  u n de r  t he  
s t ab i l i z at i on on s i te opt i on ( Sect i on B . 2 . 3 . 7 ) . 

As  w i th the ot her  d i s p o s a l  opt i on s ,  s heet p i l es wou l d  be  
dr i v en ( i f necess ary )  to competent  bedrock to form a c ut off  
wa l l  a l ong  the  base  of  the  p i l e  i n  order  to red uce t he  d ew ater
i n g effort an d en s ur e  s t ab l e  ex cavat i on s l op e s . 

D u st  contro l 

D us t  gen er ated by excavat i on , earth mo v emen t ,  veh i c l e 
us e ,  tempor ary mater i a l  stockp i l i n g ,  an d s i mi l ar ac t i v i t i es 
wo u l d  be contro l l ed an d m i n i mi zed by the us e of w ater an d w a
ter-based  s urfactants  s p r ayed from ho s e s  or  truck s .  Det a i  l s  
on d u s t  contro l  are i d en t i c a l  to those  descr i be d  i n  the  ot her 
re l ocat i o n  opt i on ( Sec t i on B . 3 . 4 . 9 ) . 

B . 4 . 4 . 10 Borrow areas 

A l l earth cover an d proces s i n g s i te restorat i on mate r i a l  
wo u l d  be obt a i ned from the  d i spos a l  s i te excavat i on .  Ro ck  an d 
gr av e l  for use  as ero s i on protect i on mater i a l wou l d  be o b
t a i ned  from commerc i a l  p i ts i n  Fr u i t a ,  Co l orado . 

B . 4 . 4 . 1 1  Restorat i on of t he  Grand Junct i on proces s i ng s i te 

Fo l l ow i n g  th e remov a l  of a l l contami n ated mater i a l , t he 
Gran d J unct i on s i te wo u l d  be restored w i th uncon t ami n ated s o i l 
i n  t he  s ame man n er as descr i b ed for the Cheney Re s ervo i r  d i s 
pos a l opt i on .  

B . 4 . 4 . 1 2 Con str uct i on sequence  

The  propo s ed con struct i on s equence for the Two Road d i  s
po s a l  op t i on i s  i d e n t i ca l  to t h at proposed for the C he ney 
Reservo i r  op t i on . As w i th the ot h er d i spos a l  a l ter nat i v e s ,  
t h e  f i n a l  des i gn wou l d  contai n more  deta i l an d t h e  con s tr u c 
t i on s ubcontr actor wou l d  b e  a l l owed t h e  f l ex i b i l i ty o f  ex ecut
i n g  h i s work as he de s i re s ,  g i ven  certai n con s tra i n ts .  
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B . 4 . 5  

B . 4 . 6  

E ach  of the  a l ternat i ve s ,  except n o  act i on ,  w as deve l oped 
us i n g  a three-year con struct i on s ched u l e  for remedi a l  act i on .  
The con s truct i on sched u l e cou l d  be exten ded to four year s ,  o r  
l on ger , wh i c h wo u l d  decrease  t h e  i n ten s i ty a n d  i n cre as e  t he  d u
r at i on of many of the  en v i ronmen ta l  i mp ac t s  assoc i at ed w i th 
t h e  proj ect . 

F i g ur e  B . 4 . 6  s hows a con s truct i on sched u l e for th i s  a l ter 
n at i v e .  

R ADON CONTROL 

Con tro l  of r adon  em i ss i on s  from the s t ab i  1 i zed emban kment wou l d  be 
ac comp l i s hed by p l ac i n g a comp ac te d ,  f i v e -foot-th i ck s o i l cover over t h e  
t a i l i n g s  and ot her con t ami nated mater i a l .  

As  i n  the  oth er d i s p os a l  opt i on s ,  data  on the  d i s tr i b ut i on of r ad i 
um i n  the  ta i l i n g s ,  on the  proper t i e s  of the bo rrow mater i a l ,  a n d  on t he  
an t i c i p ated dep t h  of  ex cavat i on i n  areas to  be  r estored were an a l yzed u s 
i n g t he  comp uter code RAECOM i n  or der to de ve l op a n  e s t i mate o f  cover 
th  i ck n es s .  The act u a l  th i c knes s of the r adon  bar r i  er  may v ary depend i  n g  
o n  ad d i t i ona l bor row s ource eva l uat i on a n d  ana l ys e s  to b e  p er fo rmed d ur 
i n g  f i n a l  des i gn .  

F or p urpo s es of th i s  E I S, the  r adon  bar r i er req ui red  to meet the  
EP A s t an dard for  the Two Road t ai l i n g s  p i l e  wou l d  be  con s tr ucted of ap 
prox i mate l y  f i ve fe et of mater i a l ava i l ab l e  from the  d i s pos a l  s i te ex ca
vat i on .  Us i n g th i s  th i ck ne s s  an d i n c l ud i n g  the  ad d i t i on a l  eros i on 
bar r i er ,  r ad0r1.z em i s s i on s  af ter remed i a l  ac t i on are c a l c u l ated to  be l es s  
t h an 20 pC i /m s .  The data  an d an a l yses  are ava i l ab l e  i n  the  DO E UMTRA 
P roj ect  Off i c e ,  A l b u querq ue , New Mex i co .  

D E S I G N  CON S I D ERAT I ONS 

The major  des i gn con s i derat i on s  for the  Two Road d i spos a l  opt i on s 
ar e s i mi l ar to those  d i scus sed  for the Cheney Re s er vo i r  s i te w i th cer
t a i n  ex cep t i on s .  S i n ce the  up s tream water s hed i s  sma l l er at  the  Two 
Road s i te ,  PMP r u noff  wou l d  n ot requ i r e  an up s tr eam d i v er s i on d i tch . 
T he l ac k  of g rav e l  an d cob b l e  s i zed mater i a l at the s i te req ui res  t h at 
er o s i on protect i on mater i a l wou l d  be obt a i ned  at a de s i g n ated bor row 
s i te ( Fr u i t a ) . Therefo r e ,  the  d i s p o s a l  s i te ex cavat i on wou l d  exten d to  
on l y  approx i mate l y  n i n e  feet  to obt a i n  the  r adon  bar r i er mater i a l .  

A s  i n  the  Chen ey Re s er vo i r  opt i on ,  the  p i l e  wou l d  be l ocated away 
from dr ai nage  chan n e l s un der go i n g  er os i on or head c ut t i n g . The p i l e  
wou l d  be po i n ted  on t he  up s tream en d i n  or der to s p l  i t  f l ows from t he  
sma l l up stream waters hed . T he  top s l opes  wou l d  be  crown ed i n  order to  
m i n i m i ze f l ow l en g t h s  an d th ereby reduce  req ui red  rock  s i zes  on t he  
s i de s l opes  an d i n  the  p er i meter d i tches . 

Exten s i v e h a u l  road i mp rovemen t s  an d m i t i g at i on efforts  wou l d  be re
q u i red  for  th i s  d i s p os a l  opt i on .  These  efforts  wou l d  be  concentrated 
a l on g  the  h a u l  route w i th i n  the  c i ty l i mi t s  of Gr an d J unct i on an d a l on g  
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B . 4 . 7  

u . s .  H i ghw ay 6 & 50 , and  wou l d  be ad dressed  i n  detai l d ur i n g  f i na l  de
s i g n . The  proposed route  was  determ i ned  i n  an  effor t to avo i d  con gest
ed areas  an d m i n i mi ze  l eft-hand  tur n s .  The proposed trai n route  wou l d  
ut i l i ze ex i st i n g  r ai l network s .  

LONG -TERM STAB I L I TY 

W ater eros i on 

As i n  the  other d i spo s a l  opt i on s ,  s e vere ra i nfa l l ev en t s ,  s u c h  as  
the PMP , have  the poten t i a l  to de ve l op r i l l s an d g u l l i e s  on the  steeper 
( 20 p ercen t )  s i de s l op e s  of the  s t ab i l i zed ta i l i n g s  p i l e  an d erode s ome 
or a l l of th e radon cover i n  sma l l ,  undefi n ab l e  areas . For t he  Two Road 
s i te ,  the  l oc a l  on e-hour  PMP storm was ca l c u l at ed to be 8 . 2  i n ches . 
B as ed on th i s  on e-hour  i n ten s i ty, a max i mum f i v e-mi n ute  i n ten s i ty was 
ca l c u l ated based on the t i rre  of concentrat i on for f l ow off t he p i l e . 
T he i n tens i ty was  then converted to an equi v a l ent one-hour  ra i nfa l l i n 
ten s i ty of 44 . 3  i n ches  p er hour . Thi s PMP wou l d  generat e  s heet f l ow 
r ates  r an g i ng  from 0 . 68 to 0 . 86 cfs/ft on the  p i l e . 

Rock s i zes  req u i r ed to w i th s t an d  s heet eros i on on the p i l e  top an d 
s i d es l op e s  d ur i n g a PMP event are s hown i n  Tab l e  B . 4 . 1 .  D i s c us s i on s  on 
the methodo l og i e s used to determ i n e  the PMP an d the eros i on protect i on 
req ui r ements  ar e prov i ded  i n  Sect i on B . 6 . 

Tab l e  B . 4 . 1  Eros i on p rotec t i on requ i rements  - Two Road 
a l ter nate d i s p o s a l  s i te 

Locat i on 

Top sl opes  
( 4% ) 

S i d e 
s l opes  
( 20%)  

Rock s i ze 
req ui r emen t s  

( i nches ) 

D50 � 1 . 5 i n ches  

D 100 � 3 . 0  i nches  

D50 � 4 . 0  i n ches  

D100 � 8 .0  i n ches  

a I n c l ud i n g f i l ter  l ayer s .  

Th i ck n e s s  
( i n c hes ) 

24 

24 

De s i g n f l ow 

0 . 68 cfs/ft 

0 . 86 cfs/ft 

To fur th er red uce the poten t i a l  for water ero s i on by s ur face r u n 
o f f ,  ad d i t i on a l  contr o l  features  were i n corporated i n to t h e  de s i gn to  re
d uce s urface runoff ve l oc i t i es .  The  s l opes  of  the  s t ab i l i zed ta i l i n g s  
p i l e  wo u l d  be l i mi ted  t o  5 hor i zon t al t o  1 ver t i c a l  ( 20 percen t ) . The 
top of the  p i l e  wou l d  be gen t l y  s l oped ( a  max i mum of four p ercen t )  to 
promote dra i n ag e .  
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I t  i s  an t i c i p ated that a f i l ter l ayer wou l d  be r eq u i red  on  t he  t op 
and  s i d es l op e s .  The grad at i on s  of the f i l ter l ayer wou l d  be d e term i n ed 
d ur i n g  f i na l  des i g n u s i n g  the cr i ter i a  de scr i bed  for the ot her d i spo s a l  
o pt i on s .  

W i nd eros i on 

H i gh w i n d  ve l oc i t i e s  cou l d  damage the r adon  cover of the  s t ab i l i z ed  
t a i l i n g s  p i l e  i f  l ef t  exposed . T he  s ame rock l ayer s u sed to  protect  t he  
p i l e  from water eros i on wou l d  pro v i d e  s uff i c i en t  protect i on of  the  p i l e  
from the  ef fects of poten t i a l l y  eros i v e w i n d  ve l oc i t i es . 

F l ood protect i on  

The  stab i l i zed ta i l i n g s  p i l e  wou l d  be s ur roun ded  by d r ai nage  d i t c h 
e s  de s i g n ed to  protect t he  con tami nated mater i a l s  from the  p e ak f l ows re
s u l t i n g from t he  occurrence of  a PMP over the 34- acre dr a i n ag e  ar e a  
above the Two Road s i te .  These  d i tches  wou l d  be l i n ed w i th eros i on r e 
s i stant  mater i a l a n d  wou l d  d i rect  f l ows from t h e  dr ai nage  ar ea  and  t he 
p i l e  around  the p i l e  an d i n to the  natu r a l  d r ai nage  p at ter n s  s ou t h  of  t he  
s i te .  

There ar e no maj or str eams , l akes , spr i n g s ,  or i rr i g at i on d i t c he s  
o n  or  w i th i n  two mi l es of the Two Road s i te .  Se ver al  cree k s  occur i n  
the  are a ;  howe ver , accord i n g to the U . S .  Geo l o g i c a l  Survey topograp h i c  
maps , a l l ar e ep hemeraL The s i te 1 i es  on a d r ai nage  d i  v i  d e  between two 
un named ep hemer al  creek s .  The se  creeks jo i n  B i t ter Creek abo u t  0 . 5  to  
on e m i l e  be l ow the  s i te .  B i t ter Creek , an ep hemer a l  tr i b ut ary, f l ows i n 
to the C o l or ado R i ver over 10 m i l es from the s i te .  

Beca us e of the h i gh e l evat i on of the s i te ( approx i mate l y  600 feet 
above the Co l or ado  R i ver ) an d i ts d i s tance from the Co l orado R i v er ( 10 
m i l e s ) ,  the  s i te wo u l d  n ot be affected by r i v er f l ood i n g .  

Add i t i ona l deta i l s  on s ur face-water  hydro l ogy for the Two Road s i te 
ar e p ro v i d ed i n  Appen d i x F ,  Hyd r o l ogy Repor t ,  Sect i on F . l .  

Geomorpho l ogy 

P resen t l y , s h eet and  r i l l  wash  occ ur on the  s i te .  However ,  the  
gr av e l  cap  ( p ed i ment  mater i a l ) h as effect i v e l y  preven ted  any se vere ero
s i on on  the s i te .  Beca use  the s i te l i e s  on  a d r ai nage  d i v i de ,  there  i s  
l i t t l e poten t i a l  for f l as h  f l ood i n g  on the  s i te .  Th e major  k nown geo l o g 
i c factor t h at affect s  t h e  l on g -term stab i  1 i ty o f  t h e  s i te re l  ate s to  
the  ar eas of er os i on poten t i a l  a l on g  the ep hemer a l  creek s ad j acen t to 
the  s i te ( DO E ,  1984 ) . The rate of eros i o n ,  however , i s  ca l c u l ated to  be 
a very s l ow proc e s s  an d s hou l d  not  pose  a ser i ou s  thre at to the  prop o s ed 
p i l e  d ur i n g t he  des i gn l i fe . 

An exten s i v e geomorp h i c  an a l ys i s  of the Two Road s i te h as be en p er -
forme d . Th i s  report  i s  i n c l uded  i n  App end i x E ,  So i l s ,  Geo l og i c ,  an d 
Se i sm i c  I n format i o n . 
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S l op e  stab i l i ty/se i sm i c  r i sk 

S l op e  fa i l ure d ue to i n stab i l i ty under s t at i c  an d s e i sm i c  l o ad i n g 
i s  an other p h en omena  th at cou l d  affe ct the i n tegr i ty of the s t ab i l i zed 
t a i l i n g s  p i l e . 

Stab i l i ty an a l yses  wer e performed for eac h  l o ad i n g con d i t i on to e s 
t i mate factors of  s afety ag a i n st s l ope  f a i l ur e .  I n  p art i c u l ar ,  t h e  se i s 
m i c  l o ad i n g con d i t i on s  were eva l uated by ap p l y i n g  the on - s i te ho r i zon ta l  
acce l er at i on res u l t i n g from an � E .  An MC E o f  mag n i tude 6 . 8  ( R i ch ter 
s ca l e )  wo u l d  gener ate an on - s i te effect i ve  peak hor i zon t a l  bed rock ac ce l 
er at i on of 0 . 1 8g . The s e i sm i c  an a l ys i s  i s  prov i ded  i n  App en d i x E ,  
So i l s ,  Geo l og i c ,  an d Se i sm i c  Informat i on .  A d i s c us s i on of the  me thodo l 
ogy i n v o l ved  i n  the s l ope stab i l i ty an a l ys i s  i s  pres ented i n  Sect i on 
8 . 6 .  

The factors of safe ty ag a i n s t s l ope fai  1 ure under both stat i c  an d 
se i sm i c  l o ad i n g for the de s i gned  s l op e  ex ceed gener al l y  ac cep ted l i m i ts 
of 1 . 5  an d 1 . 1 ,  respect i v e l y .  The stat i c  and se i sm i c  s afety factor s c a l 
c u l ated fo r d i s posa l  at the Two Road s i te are 3 . 8  and 1 . 8 ,  respec t i v e l y .  
The s hor t-term , i mmed i ate l y  fo l l ow i n g  con s truc t i o n , fac tor of s afety i s  
4 . 5 .  

A p r i n c i p a l s e i sm i c  h az ar d  to the stab i l i zed tai l i n g s  p i l e  i s  the  
poten t i a l  for  s l ope fa i l ure d ue to  se i sm i c a l l y  i n d uced l i q uefac t i on of  
s atur ated ta i l i ng s  or under l y i ng  s o i l s .  The  e ar then cover  and l ow perme
ab i l i ty l ayer comb i n ed w i th the fact  th at the re l oc ated con t am i n ated ma
ter i a l wo u l d  be mi xed an d comp acted wo u l d  prevent  satu r at i o n  of the 
p i l e ,  thereby e l i m i n at i n g the poten t i a l  fo r l i q uefac t i on of the ta i l 
i n g s . L i k ew i s e ,  the  potent i a l fo r l i q uefac t i on of the fo undat i on s o i l s  
i s  s l  i ght  be cause  of the ab sence  of a s atur ated zone  be l ow the proposed 
p i l e  l ocat i on . 

Sett l ement and  cover cr ack i ng 

D i fferen t i al  sett l ement of the s t ab i l i zed tai l i n g s  p i l e  h as the po
ten t i a l haz ar d  of crack i n g the cover d ue to hor i zonta l  s tra i n s  an d t h u s  
co  u 1 d a f f e c t t he  i n t e gr i t  y 0 f the p i 1 e • D i f  fer e n  t i a 1 s e tt  1 em e n t c 0 u 1 d 
a 1 so  i ncrease  the poten t i a 1 for g u l l y i  n g  act i on d ue to concentrat i on  s of 
s urface runoff .  

D ue to the d i ff i c u l ty i n  con tro l l i n g d i fferen t i a l  set t l ement of the  
r e s h ap ed ta i l i n g s  p i l e , sett l ement mo n i tor i n g  dev i ces wo u l d  be  i n s t a l l ed 
to me as ure the to ta l  sett l ement of the tai l i n g s  an d under l y i n g s o i l s  as 
i n  the other d i spo s a l  a l ternat i v e s . 

Frost  heave/so l i f l uct i o n 

The proces ses of fro st  heave and s o l i f l uc t i on ,  wh i c h ar e d i s c u s sed  
i n  deta i  1 i n  Sect i on 8 . 2 . 6 ,  pose  a h az ard  to  the l on g -term perfo rmance 
of any struc t ure con str ucted to  i s o l ate the ta i l i n g s .  

A s  i n  
h eave  ( i ce 

the other d i s p o s a l  a l ternat i v es , the  poten t i a l fo r fro s t  
l e n s  format i o n )  an d t h e  prereq u i s i te fo r s o l i f l uc t i on 
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( s aturat i on )  wo u l d  be e l i m i n ated by the use  of s uff i c i en t l y  i mp erme ab l e 
e arth  mater i a l s  to re str i c t  i ce l en s  form at i o n  and a s uff i c i en t l y  porous  
s urface  aggregate l ayer , i n  con j unc t i on w i th a cont i n uo u s  s l ope to a l l ow 
d r ai nage  ac ro s s  the emban kmen t  s urface th at wo u l d  res t r i ct water  b u i l d up 
o ver the e arth cover an d e l i m i n ate s atur at i on . 

P l ant  root ,  b urrow i ng  an i ma l s ,  a nd  h uman i ntr u s i o n  

The tai l i n g s  p i l e  at the Two Road s i te wo u l d  b e  covered w i th a f i v e
foot -th i ck l ayer of comp acted , l ow permeab i l i ty ear th mater i a l .  Th i s  
l ayer wo u l d  then be cov ered w i th a two - foot-th i ck l ayer of ro ck eros i on 
protect i on mater i a l ( i n c l ud i n g f i l te r  l ayer ) . As d i s c u s sed for the  oth
er d i s po s a l  a l ternat i ve s , th i s  seven -foot-th i ck l ayer of rock and com
p acted s o i l wo u l d  i n h i b i t  p l an t root i n trus i on and d i scourag e  i n tr u s i on 
by b ur row i n g  an i ma l s or human s .  

B . 4 . 8  GROUND -WATER P ROTECT ION 

There i s  no  ex i st i n g  s h a l l ow gro u nd  water be l ow t he  Two Road s i te .  
Uncon so l i d ated depos i t s at the s i te are under l ai n by app rox i mate l y  750 
feet of Mancos  Sha l e ,  effect i v e l y  protect i n g deep p oten t i a l  aqui fer s .  
Thus , the  pote n t i a l for contam i n at i on of ground water at the s i te i s  ex 
t reme l y  remote . Howe ver , the  des i g n features t h at wo u l d  be u s ed to m i n 
i m i ze the poten t i a l  for con tam i nant  m i g r at i on under the  Cheney Reservo i r  
d i spos a l  opt i on wo u l d  a l so  be used  for the ta i l i n g s  p i l e  at the Two Road 
s i te .  Th e two maj or  des i g n features wh i c h wo u l d  serve to mi t i g ate pote n 
t i a l gro und -water con tam i n at i on a t  t h e  Two Road s i te are the  comp ac ted 
l ow p erme ab i 1 i ty earth  cover abov e  the tai  1 i n g s  and the comp acted ear t h  
l ayer be l ow t h e  tai l i n g s . A l so , t h e  ta i l i n g s  wo u l d  be comp acted t o  be 
l ow the opt i mum mo i sture con ten t to mi n i mi ze d r a i n age  from the  stab i 
l i zed p i l e .  A detai l ed descr i p t i on of the  ground -water i n ve s t i gat i on 
and  an a lys i s  for the Two Ro ad s i te i s  con tai ned i n  App en d i x F ,  Hyd r o l ogy 
Report . 
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B . 5  CONSTRUC T I ON EST I MATES 

E st i mate s of eq u i pmen t an d per son ne l requ i remen t s ;  fue l , energy ,  an d water  
con s ump t i on s ;  major  earthwork vo l ume s ;  an d construc t i on costs  for  e ac h  remed i a l  
ac t i on a l ternat i ve are s ummar i z ed i n  Tab l e s  B . 5 . 1  throu gh B . 5 . 1 5 .  

B -8l  



Tdb l e  9 . � . 1  r q U l �nt: n t  u '> t;>  - s t db l l i z d l l o n  on - s 1 te 

T ol o l  
equ i >Joe nt 

Type of P i eces o f  egu i ement eer mon t h  of eroject t i me m n t h s  by 

equ i pme nt 8 9 10 I I  1 2  1 3 1 4  1 5 1 6  1 7  1 8 1 9  20 2 1  2 2  2 3  24 2� 26 27 28 29 3U 3 1  32 3 3  type 

Compac t or  a a 1 1 7  

Dozer -08 a a I I  I l  6 10 10 13  13  8 8 8 8 8 8 8 8 I I  2 3 1  

C rane a a a a a a 0 a a a a a a a 0 a a a a a a a a a a a a 

D r i  1 1  a 0 9 9 9 9 9 9 9 9 a a a a a a a a a u a a 1 7 1  

F ru"t  end 
1 odder> a a a a a a a 95 

Gr oder a a a a a a a a a 24 

P i  I e  dr i " er a a a a a a a 0 a a a a a a a a a a a a a a 0 a a 2 1  

Scrapers a a 8 1 8  1 8  18 18 1 8  1 8  10 10 1 0  10 10 10 10 10 10 10 10 10 10 10 10 10 10 1 0  1 0  1 0  1 1  3 30 

Hydr oIOu lcher a a a a a a a a a a a a a 0 a a a a a 0 a a a 0 a a a a 
Truck a a 44 44 33 54 54 70 70 49 49 49 49 56 56 S6 56 56 56 36 2" 25 2 5  25 25 2 5  2 5  2 S  2 5  5 7  40 3 3  33 1 3 2 5  

w a t e r  truck a a ] 72 

co Tot a l  pi ece> I 
CO of equ i p<oe n t  

N per IOo n t h  o f  
proJec t t i me  a a 78 91 75 103 104 1 2 7  1 2 7  89 88 88 88 96 96 96 96 96 96 76 58 49 49 49 49 49 49 49 49 91  5 5  44 44 2394 



Tdb l e  B . S . 2 Per sonne l r eq u i r dne n t s  - s t db i l i l d t i on on s i te d 

Tot d l  mdn 
mo n t h S  per 

Type 0 f Number of eer s on n e l eer mon t h  of  erojec t  sc hedu l e  type o f  
per sonne I 8 1 0  I I  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 2 1  2 2  2 3  24 25 26 27 28 29 30 3 1  32 3 3  per sonne I 

Truck dr i v er s  0 0 45 46 35 56 56 7 3  7 3  5 2  5 2  5 2  52 59 59 �4 59 59 59 39 2 7  n 2 1  2 7  2 7  2 7  2 7  2 7  2 7  6 0  4 1  34 J4 1 3 9 7  

E q u i p1ne n t  
oper d t or s 0 0 33 45 40 47 48 54 54 31  36 36 36 37  3 7  3 7  37  3 7  3 7  3 7  3 1  22 22 22 22 22 2 2  2 2  n 3 1  1 4  1 0  1 0  997 

Oper d t or s  
super v l so r s  0 0 8 10 B I I  I I  1 3  1 3  1 0  10 1 0  1 0  1 0  10 B 6 1 0  2�0 

L dborers 1 6 1  

Generd I 
super v i s  i on I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  I I  363 

F I e  l d  
ser v i ces 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 24 1 9  942 

Tot d I mdn -
mo n t  hs per 
loo n t h  of 
proje c t  t i rre 43 48 1 3 1  146 12B 1 59 160 I BS 1 8 5  1 43 1 42 1 42 1 42 1 5 1  1 5 1  I � I  I � I  1 5 1  1 5 1  1 2 9  1 0 9  9 9  9 9  9 9  9 9  9 9  99 99 99 1 46 1 06 8B 83 4 1 1 0  

CO 
I 

(Xl d per sonne l requ i r dll' n t s  b ds ed on one B-hour s h i f t  per d d Y .  f i v e  ddYS per �eek . W 
Pedk emp l oyment = I BS 
Aver dge ernp l oyrre n t  • 1 2 5  



T ab 1 e R .  5 . 3  E q u i l"le nt use - Cheney R e s e r v o i r ,  t r u c k  a l te r n a t i v e  

T ot a 1 
equ i pme n t  

Type o f  P i ec e s  o f  eguie<!lent Eer mo n t h  of  Eroject t i me mo n t h S  by 
e q u  i pme nt 8 10 I I  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 2 1  22 23 24 2 5  2 6  27 28 29 30 3 1  32 33 34 

type 

Compac t or 0 0 66 

C r ane 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

OOler 0-8 0 0 10 10 147  

F r o n t  end 
l oader s 0 0 99 

Gr ader s 0 0 32 

H iITlme r  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

S c r aper s 0 0 2 65 

Hydromu l c he r  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 

l O - cy t r u ck 
� i t h  8-cy 
pup 0 0 6 6 53  53 53  53  53  53  53 53 53 53 53 5 3  54 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 68 1858 

W a ter truck 0 0 54 

Tot a l  p i eces 
CO of eq u i pme n t  
I per mo n t h  of  

CO proje c t  t i lll! 0 0 31  31 66 66 67 6 7  6 7  66 65 65 65 65 65 65 67 85 85 84 84 84 82 82 82 82 82 82 82 82 82 86 86 86 2338 
+:> 



Tab l e  B . 5 .4 Personne l r eq u i r sne n t s  - C heney Reser vo i r ,  t r u ck a l te r n a t i v ea 

T ot a l  man 
roo n t h s  per 

Type o f  Number o f  �sonne l � e r  mo n t h  of �roJect sChedu l e  type o f  
per sonne I a 10 1 1  1 2  1 3  1 4  1 5  1 6  1 7  l B  19  20 21  22  23 24 2 5  26 2 7  28 2 9  30 31 32 3 3  34 

per sonne I 

Truck dr i v er s  0 0 8 5 5  5 5  5 5  5 5  5 5  5 5  5 5  55 5 5  55 55 5 5  56 7 1  7 1  70 70 70 69 69 69 69 69 69 69 69 69 69 69 69 1 9 1 2  

E q u i pme nt 
oper a tors 0 0 23 23  I I  I I  1 2  12  1 2  I I  10 10 10 10 10 10 I I  1 4  1 4  1 4  1 4  1 4  13 13 13 1 3  1 3  1 3  1 3  1 3  1 3  1 7  1 7  1 7  424 

Oper a t or 
super v i s o rs 258 

l abor ers 166 

Gener a I 
super 'J 1 s i on 12 12  12  12  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  4U8 

F i e l d  
ser v i ces 39 39 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 1 1 6 6  

CO 
I 

CO T ot a l  man -(J1 roon t h s  per 
roo nth of 
project t i me  56 58 86 86 1 2 4  1 2 4  1 2 5  125 125  1 2 4  1 2 3  1 2 3  1 2 3  1 2 3  1 2 3  1 2 3  1 2 7  1 45 1 4 5  1 44 1 4 4  144 1 42 1 4 2 1 42 1 42 1 4 2  1 42 1 42 1 4 2 1 42 1 46 1 46 1 46 4334 

a per sonne l requ i r sne n t s  based on one 10-hour s h if t ,  s i x  d a ys per week . 

Peak emp l oyme n t  = 1 46 
Aver age emp l oyme n t · 128 



T db 1 e g .  � .  � F q u i pne n t  u s e  - C h eney Reser v o i r �  t r a. i n  a.n d t r u d :  a. l ter n d t l 'w' e  

Tot d 1 
eQlJ l �l\.� nt 

Type 0 f P 1 ec e s  of e9uiement eer month of erojec t  t i me ml\t hs by 
equ l p1 re n t  8 9 1 0  I I  1 2  1 3  1 4  1 5  1 6  I I  1 8  1 9  20 2 1  2 2  2 3  24 l5 26 n 28 2 9  30 3 1  32 33 34 

ty�e 

Compac t or 0 0 66 

C r ane 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

OOLer 0-8 0 0 10 10 1 4 7  

Front  end 
l oader 5 0 0 99 

Gr ader 5 0 0 3l 

H<rn..,r 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

S c raper S 0 0 4 1 3 4  

Hydromu 1 c  her 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

l U - cy t r u ck 
� i  til 8-cy 
pu p 0 0 2 9  2 9  2 9  2 9  2 9  2 9  2 9  2 9  2 9  29 29 29 31 45  45 45 4 �  4� 45 45 45 45 4 5  45 45 45 45 45 45 4 5  1 1 56 

W a ter truck 0 0 54 
OJ 

I T r a i n  c ars 0 0 o 1 20 1 2 0  1 20 1 2 0  1 2 0  1 2 0  1 2 0  1 20 1 20 1 20 1 20 1 2 0  1 20 1 2 0  1 20 1 20 1 2 0  1 20 1 2 0  1 2 0  1 20 1 20 1 20 1 20 1 20 1 20 1 2 0 1 20 1 2 0  1 2 0  0 3600 CO 
(J) 

Tot a l p i ece 5 
of e q u i pme n t  
per mo n t h  o f  
proje c t  t i me  0 0 31 1 5 1  1 64 1 6 4  1 6 5  1 6 5  loS  1 6 4  1 6 3  1 63 1 0 3  1 63 1 63 1 63 1 6 6 1 84 1 84 1 83 1 83 1 8 3  1 82 1 82 1 82 1 82 1 82 1 82 1 82 1 82 1 82 1 85 1 85 1 85 5305 



OJ 
I 

CXl 
'-J 

Tab l e  B . 5 . 6 

Type 0 f 
per sonne 1 

Truck d r i llers 0 0 8 8 31 31 31 

E qu i pme nt 
oper a t or s  0 0 23 23 1 3  13  1 4  

Ope r a t or  
super \I i sors £ £ 

L abor er s 

Gener a 1 
super v i s i on 13 1 3  1 3  1 3  1 3  13  1 3  

F i e  I d  
ser v i c e s  42 4 2  37  3 7  3 7  37  3 7  

Tot a 1 mall -
mont hs per 
mo n t h  o f  

Per s o n ne l r eq u i r eme n t s  - Cheney Re�er ll o i r ,  t r a i n  and t ru c k.  a l te r n a t i v e d 

8 

31 

1 4  

1 3  

3 7  

Number of  eer sonne l eer mo n t h  of  eroJec t s c hedu l e  

1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 2 1  

31 31  31  31 31  31 31 31 33 48 48 47 47 

1 4  1 3  1 2  1 2  1 2  1 2  1 2  1 2  1 3  1 6  1 6  1 6  1 6  

1 3  1 3  1 3  1 3  13  1 3  13  1 3  1 3  1 3  1 3  1 3  1 3  

3 7  37  37  37 37  37  3 7  3 7  37  3 7  37  3 7  37  

22 23 24 25 

47 46 46 46 

1 6  1 6  1 6  1 6  

1 3  1 3  1 3  1 3  

3 7  3 1  3 7  37  

Tot d l  man 
mo l l t il S  per  
type 0 f 

26 27 28 29 30 3 1  32 3 J  34 per ,onne 1 

46 46 46 46 46 46 46 46 46 1 2 1 0  

1 6  1 6  1 6  1 6  1 6  1 6  1 9  19 19 493 

1�6 

1 6 6  

1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  442 

37 37  37  37  37  37  37  37  37  1 2 68 

projec t t i me 60 62 90 90 104 104 105 105 105 104 103 I O J  1 0 3  103 1 0 3  1 0 3  106 126 1 2 6  125 1 2 �  1 2 5  1 2 4  1 2 4  124 124 124 124 124 124 124 1 2 7  1 2 6  1 2 6  31 15 

aper sonne l requ i r OOle n t s  based on one lO-hour s h if t .  s i x  d a ys a week . 

Pedk emp l oyme n t · 1 2 7  
A ver age emp I oyme n t • 1 1 2  



Tab l e  � . 0 . 7  E q u i pne nt u s e  - T�o R o ad , t r u ck a l te r n a t i , e  

Tot a 1 
e qu i pme n t  

Type o f  P i ec es of  egu i eme n t  eer mon t h  of eroject t i me  mo n t h s  by 

e q u i p!l'e nt 8 10 I I  1 2  1 3  1 4  1 5  16  1 7  1 8  1 9  20 2 1  2 2  23 24 25 26 27 28 29 30 3 1  32 3 3  3 4  type 

DOler -D8 0 0 1 3 5  

F r o n t  -end 
l oader 0 0 99 

l O - cy truck 
� i t h 8-cy 
pu p 0 0 9 53  03 53  53  53 53 53 53 53 53 53 53  53  6 7  6 7  6 7  6 7 6 7  6 7  6 7  6 7  6 7  6 7  6 7  6 7  6 7  6 7  6 7  6 7  6 7  1 846 

lO-cy truck 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 72 

Compac t or  0 0 64 

S c ra per 0 0 6 6 63 

Water t r u c k  0 0 64 

Hydr omu l c her 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C r ane 0 0 0 0 0 0 0 0 0 0 0 0 0 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

H iWllme r  0 0 0 0 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

OJ 
I Gr ader 0 0 32 

CD 
CD 

T ot a l  p i eces 
of  equ i pme n t  
per mo n t h  o f  
proJec t t i me 0 0 27 27 66 66 6 7  6 7  6 7  66 65 6S 65 65 60 65 7U 87  87 87 87 87  86 86 86 86 86 86 86 86 86 89 89 89 2389 



Tab l e  8 . 5 . 8  Per so n ne l requ i r eore n t s  - Two Road , t r u c k  a l ter n a t i v e  a 

Tot a l  man 
oo n t h s  per 

Type o f  Number o f  eer s o n n e l  eer mo n t h  of eroject schedu l e  type o f  
per sonne 1 

8 9 1 0  1 1  12  1 3  1 4  1 5  1 6  1 7  1 8  19  20 21  22 23 24 25 26 27 28 29 JO 3 1  32 3 3  34 personne 1 

Truck d r i v e r s  0 0 1 1  1 1  55  55  55 55 55 55  55 55 55 55 55 55 59 73 73 73 73 7 3  7 3  7 3  7 3  7 3  73 7 3  7 3  7 3  7 3  7 3  73 7 3  1 9ti2 

E qu i pme n t  
oper a t ors 0 0 1 6  16  1 1  1 1  1 2  1 2  1 2  1 1  1 0  10  10  1 0  1 0  10 1 1  1 4  1 4  1 4  1 4  1 4  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 6  1 6  1 6  407 

Oper a t or  
su per v i sors 0 U 9 9 9 9 25U 

L aborers 0 0 96 
Gener a 1 

s u per v i s i o n  12  12  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  1 2  408 

F i e ld 
ser v i c es 3 9  3 9  34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 1 1 66 

CO 
I Tot a 1 man -

CO mo n t h s  per � 
loo n t h  of 
projec t 51 5 1  7 9  79 1 2 2  1 2 2 1 2 3  1 2 3  1 2 3  1 2 2  1 2 1  1 2 1  1 2 1  1 2 1  1 2 1  1 2 1  1 26 1 45 1 4 5  145 1 4 5  1 4 5  1 4 4  1 4 4  1 4 4  1 4 4  1 4 4  1 4 4  1 44 1 4 4  1 4 4  1 4 7  1 4 7  1 4 7  4309 

a Per sonne l r eq u i r eme n t s  based on one 1O-hour sh i f t ,  s i x  d a ys a week . 

Pedk emp l oy me n t · 1 4 7  
Average emp l oyment · 1 2 7  



T dO I e  '3 0 5 . 9  F. Qu 1 llne n t  u � e  - T \IIO ROdd , t r a I n  an d t r u L �  d l te r n d t l v e  

---�--

T ot d I 
e�u  I � ne n l  

T y p e  0 f P i e c es of egu i �nt Eer mon t h  of EroJe c t  t i me  1Ikl n t h s  b y  
eQu i pine n t  8 10 I I  1 2  1 3  1 4  1 5  1 6  1 7  1 8 1 9  2 0  2 1  2 2  2 3  2 4  2;'  26 2 7  2 8  2 9  30 3 1  32 3 3  34 

type 

Dozer -08 0 0 6 1 3 5  

Front -end 
l oader 0 0 99 

l O - c y  t r u c k  
w i t h  8 -cy 
pu p 0 0 9 35 35 35 35 35 35 35 35 35 35 35 35 35 49 49 49 49 49 49 49 49 49 49 4 9  49 49 49 49 49 49 1306 

lO-cy t r u ck 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 72  

C omp ac t or  0 0 64 

Scrdper 0 0 132 

Water t r u ck 0 0 64 

Hydr ainu I c her 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C r ane 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

H ammer 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CO 
I Gr ader 0 0 32 

'0 
0 T r a i n  c ar s  0 0 o 1 2 0  1 2 0  1 2 0  1 2 0  1 2 0  1 2 0  1 2 0  1 2 0  1 2 0  1 2 0  1 2 0  1 20 1 2 0  1 2 0  1 2 0  1 2 0  1 20 1 20 1 2 0  1 20 1 2 0  1 2 0  1 2 0  1 20 1 2 0  1 20 1 2 0  1 20 1 2 0  1 2 0  0 3600 

T ot a l  p i eces 
o f  eQu i �ne nt 
per mo n t h  o f  
projec t t i Ine 0 0 27 1 4 7  1 70 1 70 I I I I I I I I I 1 70 1 6 9  1 69 1 69 1 69 1 69 1 69 1 74 1 9 1  191  1 9 1  1 9 1  191  191  1 91 191  1 9 1  1 9 1  1 91 1 91 191  1 9 1  1 93 1 93 1 93 551 8 



T ab l e  � . 5 . IO Per sonne l r eq u i r eme n t s  - Two R oad , t r a i n  an d t ru ck a l te r n a t i y ea 

Tot a l  man 
roo n t h s  per 

Type o f  Number of  eerson n e l  Eer month of  Eroject sc hedu l e  type 0 f 
per sonne I 6 8 9 10 I I  12 13 14 1 5  1 6  1 7  1 8  1 9  20 2 1  2 2  2 3  2 4  2 5  26 27 28 29 30 3 1  3 2  3 3  3 4  

pe",o nne l 

Truck d r i v e r s  0 0 1 1  1 1  3 7  3 7  37 3 7  3 7  3 7  3 7  3 7  3 7  3 7  3 7  3 7  41  55  55  55  55  55 5 5  5 5  5 5  5 5  5 5  55 55 5 5  55 55 55 5 5  1 442 

E q u i JJOe n t  
oper a t ors 0 0 16 16  1 3  1 3  1 4  1 4  1 4  1 3  1 2  1 2  1 2  1 2  1 2  1 2  1 3  1 6  1 6  1 6  1 6  1 6  1 6  1 6  1 6  1 6  1 6  1 6  1 6  1 6  1 6  1 8  1 8  1 8  4 76 

Oper a t or  
super y i sors 6 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 2 1 5  

I. abor ers 
1 6 6  

Gener a l  
su per y i s t on 13 1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  13  13  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  442 

F i e l d  
ser y i ces 42 42 37 37 37 37 37 37 37 37 3 7  3 7  3 7  3 7  37 3 7  37 3 7  3 7  3 7  3 7  37 37 37 37 37 37 37 37 3 7  3 7  3 7  3 7  3 7  1268 

OJ 
I 

<.0 Tot a l  man -
>-' mont hs per 

mo n t h  of 
projec t t i me  60 60 85 85 1 1 0 1 1 0  1 1 2 1 1 2  1 1 2  1 1 0 1 0 9  1 0 9  1 0 9  1 0 9  109 1 0 9  l i S 1 3 4  1 3 4  1 3 4  1 3 4  1 3 4  1 3 4  1 3 4  1 3 4  1 3 4  1 3 4  1 34 1 3 4  1 3 4  1 3 4  1 3 6  1 3 5  1 3 5  4009 

a per 50nne l requ i r eme n t s  based on one IO-hour sh i f t ,  s i x  days a week . 

Peak emp l oyment · 1 3 6  
Average emp l oyment · 1 1 8  



Tab l e  B . 5 . 1 1  F ue l  co n su mp t i o n  

Fue l con s u mpt i on (ga l ) 

C h e ney Res er vo i r 
Typ e o f  Stab i l i zat i o n  Che ney Res er vo i r  t r a i n an d t r u c k  Two R o ad tru ck Two R o ad tr ai n  an d 

equ  i pme nt on s i te tru ck a l ternat i v e  a l te r n a  t i v e a l ternat i v e  tru ck  a l te r nat i v e  

D 8- Dozer 335 , 500 350 , 300 350 , 300 32 1 , 700 32 1 , 700 

Fro nt end  
l oader l l2 , 900 407 , 500 407 , 500 1 93 ,0 00 407 , 800 

Comp ac t or 216 , 200 200 , 100 200 , 100  1 94 , 200 1 94 , 200 

Crane 4 , 200 6 , 900 6 , 900 6 , 900 6 , 900 

Dr  i 1 1  180 , 600 

OJ Gr ad er 1 9 , 000 41 , 600 41 , 600 41 , 600 41 , 600 
I 

� 
N P i l e  d r i ver 2 2 , 10 0  1 2 , 200 12 , 200 1 2 , 200 12 , 200 

10-cy tr u ck 1 2 4 , 800 1 2 4 , 800 

Scraper 566 , 300 1 83 ,000 37 7 , 400 1 7 7 , 500 371 , 800 

Hydr omu l c her 3 , 200 7 , 800 7 , 800 3 , 900 3 , 900 

10-cy tr u ck w i th 
8-cy pu p 1 , 749 , 000 3 , 691 , 600 2 , 504 , 300 3 , 9 76 , 500 2 , 82 9 , 300 

Locomot i ve s  1 , 192 ,000 2 , 448 , 000 

Water truck  38 ,000 46 , 800 46 , 800 55 , 500 5 5 , 500 

Tot a 1 s 3 , 247 ,000 4 , 94 7 , 800 5 , 1 46 , 860 5 , 10 7 , 800 6 , 81 8 ,000 



Tab l e  B . 5 . 12  Ener gy co n sump t i on 

Kwh cons umed 

Che ney Re ser v o i r  
Stab i l i zat i on Che ney Res er vo i r  tr ai n an d truck  Two R oad tru c k  Two R o ad t r ai n  an d 

F ac i 1 i ty on s i te tru ck a l ter nat i v e  a Her n at i v e a He r n a  t i v e tru ck a l te r n at i v e  

F i e l d  o ff ice 1 9 7 , 000 302 , 0 00 302 , 0 00 312 , 0 00 31 2 , 000 

Ch an ge/shower 
tr ai l er ( s )  338 ,000 553 ,000 553 ,000 5 70 , 000 5 70 , 0 00 

'- aun dr y 225 ,000 276 ,000 276 ,000 285 , 0 00 28 5 , 000 

Dewater i n g  86 4 , 000 1 44 , 000 1 44 , 000 1 48 , 000 1 48 , 000 

Was te -wa ter 
tr ea tme nt p l an t 1 44 , 000 48 , 000 48 , 0 00 50 ,000 50 , 000 

CJj 
I 

<.0 
W Tot a 1 s 1 , 76 8 , 000 1 , 32 3 ,000 1 , 32 3 , 000 1 , 365 ,000 1 , 365 , 000 



Tab l e  q . 5 . 1 3  Water con sump t i o n  

Con s umpt i on ( ga l  x 1000 ) 

C heney Res er vo i  r 
Stab i l i z at i on Che ney Res er vo i r  tr a i n  an d tr u ck Two R o ad tru c k  Two R o ad t r a i n  an d 

F ac i 1 i ty on  s i te tru ck a l ter n at i v e  al ter n at i v e  a l te r n a  t i v e tru ck  a l te r n at i v e  

Comp act i on 

0 S i te prep ar at i on 434 2 ,082 2 ,082 1 , 940 1 , 940 
0 Tai l i n g s  p l  ace -

rne nt an d s u b base 
prep ar at i on 40 , 702 36 , 720 36 , 720 36 , 720 36 , 7 20 

0 Rad o n  co v er 12 , 71 0  1 1  , 300 11 , 300 1 1 , 300 1 1 , 300 
0 Ero s i on pro-

te ct i o n  6 , 7 72 
0 Res t or at i o n  2 , 348 �906 4 , 906 5 , 092 5 , 092 

co 
I 

C omp ac t i on Tot a 1 6 2 , 966  55 ,008 55 ,008 5 5 , 0 5 2  5 5 , 0 5 2  
\0 
.p, Pot ab l e  co n su mp t i on 1 ,089 1 , 886 1 , 650 1 , 8 7 1  1 , 7 38 

Decont am i n  at i on 1 7 7 5 , 25 4  6 , 04 7 5 , 2 54  6 ,0 4 7  

D ust  contr o l  2 , 1 78 10 , 400 10 , 400 6 , 99 7  6 , 9 9 7  

Tot a l Co n sump t i on 6 6 , 4 10  72 , 548 73 , 105  69 , 1 74 69 , 834 



Tab l e  B . 5 . 1 4 S ummary of maj or  ear thwork vo l umes - Gr an d J unct i on 
remed i a l  act i on a l terna t i v e s  

Act i v i ty i tem 

S i te pr eparat i on 

o S i te acce s s  road s 
1 .  Base  course  
2 .  Grav e l  

P i l e  s ubbase  pr eparat i on 

o Backf i l l  
o Low permeab i l i ty 

l ayer : excavat e ,  
p l ace ,  an d comp act 

o Cap i l l ary br eak 
1 ayer  

T a i l i ngs p i l e  

o Ex cavate , h au l , 
spread , an d comp act 

o Stockp i l e ,  s p read , 
an d comp act 

R adon cover 

o Excavate and stoc k 
p i  l e  for s i te 
restor at i on 

o Excavate , h au l , 
spr ead an d comp act 

Eros i on pr otect i on 

o Cover 
o Rock armor 

S i te re storat i on 

o Backf i l l  excavat i o n s  

E s t i mated i n -p l ace v o l ume ( cu b i c  yard s )  

Stab i l i zat i on 
on s i te 

982 , 000 

380 , 000 

126 , 000 

3 , 058 , 000 

782 , 000 

21 5 , 000 

540 , 000 

21 7 , 000 
269 , 000 

183 , 000 

Chen ey a Reservo i r  

45 , 000 
22 , 000 

183 , 000 

3 , 058 , 000 

471 , 000 

480 , 000 

1 98 , 000 

400 , 000 

a Two Road 

47 , 000 
24, 000 

183 , 000 

3 , 058 , 00 

47 1 , 000 

480 , 000 

1 98, 000 

400 , 000 

aE ar thwork vo l ume s ar e eq u i va l en t  for truck  and tr ai n and truck  opt i on s  under  
each a l ternat i v e .  
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Tab l e  B . 5 . 1 5 S ummary of con s tr uct i on costs  - Grand J unct i on remed i a l 
act i on a l terna t i v e s  

C o s t  ( $000 ) 
Cheney Two Road 

Stab i l i zat i on Ch eney tr a i n  an d trai  n an d Two Road 
Act i v i ty i tem on s i te truck tru ck truck Tr uck 

L i n er 9720 450 450 450 450 

S i t e prep ar at i on 550 2980 5720 5650 2900 

Decon tami nat i on 
fac i l i t i es  1 20 860 860 1050 1050 

Tai l i n g s  earthwork 
an d /or re l oc at i on 6 7 70 25 , 1 70 5 2 , 6 30 59 , 300 39 , 100 

Cover 2760 1 340 1340 1 340 1340 

Eros i on prot ec t i on 2970 3560 3560 3 720 3 720 

F l ood  protect i on 20 , 260 -0 - -0- -0- -0-

S i t e restorat i on 1350 2 740 2 740 3210  3210  

Fenc i n g  1 50 1 10 1 10 1 10 1 10 

S up er v i  s ory and  
f i e l d  s er v i ces  1 1 , 400 1 1 , 040 1 5 , 930 18 , 400 14 , 580 

Con struc t i on 
man agemen t 9 , 3 30 8 , 050 9 , 830 1 3 , 460 1 1 , 020 

TOTAL 65 , 380 56 , 300 93 , 1 70 106 , 690 7 7 , 480 

The s e  est i mates  do n ot i n c l ude the costs of : 

0 P roperty ac q ui s i t i on .  
0 Eng i n eer i n g de s i gn .  
0 Over a l l proj ect mana g emen t .  
0 V i c i n i ty proper t i es . 
0 Lon g -term s ur ve i l l ance  an d mai n tenan c e .  
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B . 6 . 1  

B . 6 CALC ULAT ION  SUMMAR I ES 

S I TE DRAI NAGE 

Th i s s ect i on prov i d e s  a d i s c u s s i on on t he  methodo l ogy used  to  d e te r 
mi ne  t he  PMP , the  t i mes o f  conce n tr at i o n ,  and  des i g n f l ows u s ed i n  d e te r 
mi n i n g s i te d r ai nage  fe atures f o r  e ach  o f  t h e  d i s p os a l  a l ternat i v e s .  
The res u l t s  wh i ch were u sed t o  e s t i mate the  s i ze of d r a i n ag e  d i tches  a nd  
a s  i n p ut i n  de term i n i ng rock  ero s i on protect i on mater i a l req ui reme n t s  
( Sect i on B . 6 . 2 ) , a r e  a l s o  prov i ded . 

B . 6 . 1 . 1 Method o l ogy 

The max i mum PMP ra i nfa l l i n te n s i ty was determ i n ed u s i n g  
charts  an d tab l es from Hyd rometeoro l og i ca l  Report  No . 4 9  ( DO C ,  
1 9 7 7 ) . A 72-hour  genera l  s torm PMP w a s  e s t i mated by c omb i n i n g 
the  convergence PMP w i th the orograp h i c  PMP . The max i mum i n 
ten s i ty de term i n ed by th i s  method was comp ared w i th t he  l o ca l 
s torm PMP max i mum i n ten s i ty i n  order to de term i n e  the  mo s t  
cr i t i c a l  PMP i n ten s i ty for  the  study area . 

D ra i n age  areas , c h an ne l  l en g th s ,  an d s l op e s  for t he  w ate r 
s h ed s  a t  e ach  s i te were t aken  from t h e  ap p ropr i ate  USGS topo
gr ap h i c map s . Ti me s  of con cen trat i on were found  us i n g  
over l an d f l ow an d bas i n  ch arac ter i st i cs an d eq uat i on s  p r e sen t
ed i n  De s i g n of Sma l l D ams ( DO l ,  1 9 7 7 ) . Ra i nfa l l i n te n s i ty 
var i at i on s  were de term i ned  us i n g  g u i d e l i n es  out l i n ed i n  HMR 
49; for t i me s  of concen tr at i on l es s  than f i v e m i n ute s  the p er 
cen t  o f  the on e-hour PMP w as extrap o l ated us i n g  recommenda
t i on s  p rov i ded by  the  N R C .  

A deta i l ed d i s c us s i on o f  the P M F  an a l ys i s  for t h e  
Co l o r ado R i v er a t  t h e  ta i l i n gs s i te i s  prov i ded  i n  App en d i x F ,  
Hydro l o gy Repo r t .  

Two me thod s were emp l oyed t o  determi n e  d e s  i g n  d i  s c h arges 
for the  three d i s po s a l  a l ternat i v es . The r at i o na l method Q = 

C i A  ( A I S I , 1 9 71 ) , was used  to determ i n e  the  d i s c h arge for r u n 
off from a l l p i l es an d t o  de s i gn t h e  p erm anent  d i tches  f o r  t h e  
s tab i l i z at i on o n  s i te opt i on . 

To des i gn the p ermanent  d i tches  for the  re l ocat i on a l ter 
nat i v es , run off hydrogr ap h s  were ca l c u l ated us i n g  t h e  L i n ear 
Reser vo i r  Ro ut i n g  techn i q ue ( St ub c h aer , 1 975 )  an d Green -Amp t 
i n f i l trat i o n parameter s ( R aw l s an d Brak en s i ek ,  1 983 ) . Un der 
t h i s  method r ai n fa l l i s  s ubjected to i n f i l tr at i on l o s s e s , t h e  
mag n i tude o f  wh i ch dep en d  o n  an tecedent r ai n fa l l .  The r e s u l t 
i n g  ra i n fa l l ex cess  i s  mu l t i p l i ed by t he  wate r s hed  area to  ob
ta i n  a n  i n st an taneou s hydro graph wh i c h i s  rout ed t hr o u gh an 
i mag i nary l i n ear reservo i r  w i th a ro ut i n g con st an t  eq ui va l en t  
to the t i me of concen tr at i o n to obta i n the  f i n a l  hyd r o gr ap h .  
A l l ra i nfa l l l os se s  are comp ared to prec i p i t at i o n  s uch  t h at 
l os se s  are l es s  than or equa l  to prec i p i t at i o n .  So i 1 i n f i  1 -
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B . 6 . 1 . 2  

tr at i on i s  ac c umu l ated after e ac h  spec i f i ed t i me s tep ; there
fore , the  Green -Amp t i n f i l tr at i on eq uat i on p er forms  a s o i l 
mo i st ur e  ac coun t i n g and the re s u l t i n g  i n f i l tr at i on r ate  i s  a 
f u n ct i on of the  ex i st i n g  s o i l mo i stu re  cond i t i on s .  I n  order 
to obt a i n con ser vat i v e  d i s c h arge  es t i mate s , i t  i s  a s s umed t h at 
t he  water s hed s o i l s  ar e i n i t i a l l y  c l o s e  to s at ur at i on .  

Re s u l t s  

Stab i l i zat i on on  s i te 

Re s u l t s  of t he  f l  ood an a lys  i s  performed  for the Co l or ado  
R i v er at  the s i te are conta i n ed i n  App end i x F ,  Hyd r o l ogy 
Report . F l ow depth s  and ve l oc i t i e s u s ed to de term i n e  rock er o
s i on protect i on req u i  r ements  for the rock armor w a l l ar e p ro
v i ded i n  Sect i on B . 6 . 2 .  

Typ i c a l l y ,  a remed i  a l  ac t i on wou l d  en s ur e  th at dr ai nage  
d i tc hes  wou l d  be  de s i g ned to  convey the r u noff  d ue to  a PMP 
off the s i te .  Th i s  i s  a requ i r emen t for en s ur i n g  ad e q uate ero
s i on p rotect i on .  However ,  t h i s  wou l d  be i mp r ac t i c a l  at t he  
Gr an d  J un ct i on s i te for  two reason s :  ( 1 )  the  en t i re s i te l i es  
w i t h i  n the  PMF f l  oodp 1 a i  n and con struct  i on of d i tches  to con 
tro l the  f l ow wou l d  be i mp r act i c a l , an d ( 2 ) t he  r ock armor 
w a l l wou l d  prov i de eros i on protect i on to the dep th of max i mum 
scour  ( see  Sect i on B . 2 . 7 ) . Theref ore ,  the p erm anen t dr ai n a g e  
d i tches  ad j acent to t h e  p i l e  wou l d  b e  des i gned  to convey t he  
r un off  res u l t i n g from a 100-year prec i p i t at i o n eve n t  i n  order 
to prov i de ade q uate d r ai nage  of the s i te are a .  The r ai n f a l l 
i n ten s i ty for the on e -hour , 100-year s torm ev en t ( 1 . 44 i n ches ) 
was  de term i ned  from the Preci p i t at i on -Fre q uency At l as of t he 
Un i ted States  ( M i l l er et a l . ,  1 9 7 3 ) . 

The l o ca l on e -hour PMP for the Gr an d J u n c t i on  s i te was  
ca l c u l ated to be  8 . 1  i n che s .  Th i s  va l ue was con verted  to a 
max i mum f i ve-mi n ute  i n ten s i ty based  on the  t i me of concen tr a
t i on for f l ow off the  p i l e . Th i s  i n ten s i ty was  then  con ver ted 
to an  eq u i v a l en t  one-hour ra i n fa l l i n ten s i ty of 43 . 7  i n c he s  
per hour . 

The d i tches  wo u l d  have  tr i an g u l ar cros s - sect i on s  w i th 5 : 1 
( hor i zon t a l  to ver t i ca l ) s i d es l op e s . Both  d i tches  wou l d  d i 
rect f l ows south  to the C o l orad o  R i v er . The top of the  p i l e  
wo u l d  be gen t ly s l oped to a l s o  d i rect f l ows toward the r i v e r .  
Tab l e  B . 6 . 1 s ummar i zes  s i te d r ai n age  ch ar acter i st i c s for the  
s t ab i l i z at i on on  s i te a l ternat i v e .  D i tch  l ocat i on s  ar e s hown 
i n  F i g ure  B . 6 . 1 .  
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Top s l opes 

S i des l opes  

D i tch A 

D i tch  B 

Tab l e B . 6 . 1  S i te  drai nage  - stab i l i zat i on on s i te 

C ontr i b ut i n g F l ow F l ow 
S l ope  are a  1 en g th depth  Ve  1 oc i ty De s i gn 

( ft/ft ) ( acres ) ( f t ) ( f t )  ( fp s )  d i s c h arge 

0 . 04 400 0 . 1  2 . 4  0 . 40 cfslf t  

0 . 20 690 0 . 1  3 . 6  0 . 70 cfslf t 

0 . 0045 104 1 340 2 . 7 3 . 5  1 35 cfs 

0 . 0023 59 3990 2 . 6  2 . 4  80 cfs 

D i spos a l  a t  the  C heney Reservo i r a l tern ate d i spo s a l  s i te 

The l oca l on e -hour PMP for the Chen ey Re s er vo i r  s i te w as 
ca l c u l ated to be 8 . 5  i n ches . Th i s  va l ue was con v er ted  to a 
max i mum f i ve-m i n ute i n tens i ty based on the  t i me of concen tr a
t i on for f l ow off the p i l e .  Th i s  i n te n s i ty was then con verted 
to an equ i v a l en t  one - hour ra i n fa l l i n ten s i ty of 45 . 9  i n c he s  
per hour . 

D i tches  ad j acen t to  the p i l e  wou l d  h ave  tr i an g u l ar cros s 
sect i on s  w i th 5 : 1 s i de s l opes . The d i ver s i on d i tch wou l d  h av e  
a t rapezo i d a  1 cros s - sect  i o n  w i th a n  e i  g h t-foot-w i de  bas e  a n d  
5 : 1  ( hor i zonta l  to vert i c a l ) s i de s l opes . Tab l e  B . 6 . 2  s umma
r i ze s  s i te d r ai nage  ch aracter i s t i c s  for th i s  d i spo s a l  a l terna
t i ve .  D i tch  l ocat i on s  are  s hown i n  F i g ur e  B . 6 . 2 .  

D i s po sa l  at the  Two Road a l tern ate d i spos a l  s i te 

The l o ca l o ne-hour PMP for t he  Two Road s i te was ca l c u l at
ed to be  8 . 2 i n ches . Th i s  va l ue was converted  to a max i mum 
f i ve-m i n ute  i n ten s i ty based  on the  t i me  of concen trat i on for 
f l ow off the  p i l e .  Th i s i n ten s i ty was  then con verte d  to an 
e q u i v a l en t  one-hour ra i n fa l l i n ten s i ty of 44 . 3  i n ches  per 
hour . 

A l l d i tches  wou l d  have tr i an g u l ar cros s - sect i on s  w i th 5 : 1 
s l opes . 

Tab l e  B . 6 . 3  s ummar i zes s i te d r ai nage  ch arac ter i st i cs f or 
t h i s d i s p o s a l  a l ternate . D i tch  l ocat i on s  are s hown i n  F i gure  
B . 6 . 3 .  

B -100 



Tab l e  8 . 6 . 2  S i te  dr ai nage  - Cheney Reser vo i r a l ter nate d i spos a l  s i te 

Contr i b ut i n g F l ow F l ow 
S l op e  area  l en g t h  dep th Ve 1 oc i ty De s i g n 

( ft/ft ) ( acres ) ( f t  ) ( f t  ) ( fp s ) d i s c h arge  

Top s l ope s  0 . 04 1 350  0 . 20 4 . 0  1 .  4 4  cfs/ft  

S i d e s l ope s  0 . 20 1 500 0 . 18 4 . 8  1 .  5 8  cfs/f t 

D i tch  A 0 . 003  8 . 2  2420 3 . 5  3 . 4  2 1 1  cf s 

D i tch  8 0 . 0 1 1  4 . 6  1 1 90 2 . 2  4 . 7 1 20 cfs  

D i tch  C 0 . 0 23 36 1 200 3 . 7  9 . 6  661  cf s 

D i tch D 0 . 0 1 3  3 6  1060 5 . 4 9 . 2  1 3 2 7  cf s 

D i v er s i on 
d i tch  0 . 006  240 2700 6 . 7  7 . 8  2 190 cfs  

Tab l e  8 . 6 . 3  S i te  d r ai nage  - Two Road  a l ternate d i spo s a l  s i te 

C ontr i b ut i ng F l ow F l ow 
S l ope are a  1 en g th depth Ve l oc i ty De s i g n 

( ft/ft ) ( acres ) ( f t )  ( f t  ) ( fp s )  d i sc h arge  

Top s l op es  0 . 04  650 0 . 2  2 . 4  0 . 68 cf s/ft  

S i des l ope s  0 . 20 850 0 . 2  3 . 3  0 . 86 cfs/ft  

D i tch  A1 , A2 0 . 0078 50 2820 4 . 7 6 . 6  743 cf s 

D i tch  8 1 ,  8 2  0 . 0092 50 2820 5 . 4 7 . 8  1 1 1 8  cfs  
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8 . 6 . 2  EROS ION  P ROTECT ION 

8 . 6 . 2 . 1  Met hodo l ogy 

The emb ankment des i g n s  for e ach  s i te mus t i n c l  ude l o n g 
term p rotect i on ag a i n s t  t h e  effect s o f  eros i on .  Speci f i c a l l y :  

o The rock l ayer s o n  the  embankment top an d s i d e s l opes 
wo u l d  be des i gned  to preven t eros i on d ue to runoff re
s u l t i n g  from a PMP on  the  emban kment .  

o The rock l ayer s on the  emban kment s i de s l op e s  and i n  
the  d i tches  wo u l d  be des i g n ed to preven t eros i on wh i ch 
wou l d  res u l t  from the  f l ow ad j acen t to the s t ab i l i zed  
p i l e  d ue to  the  occur rence of  a PMP . 

The rock s i ze on the  embankment top and s i des  l ope s  were 
de term i ned us i n g  the Safety Factors Method ( Si mons  an d 
Sen turk , 1976 ) t ak i n g i n to ac count  i n ter s t i t i a l  f l ow ( f l ow 
t hro u gh the  rock l ayer ) . The rock s i ze req ui red to res i s t t he  
exp ected s heet f l ow w as s et eq ua l  t o  t he  50 percen t f i n er rock 
di ameter . The ca l c u l at i on was i ter ated for var i o u s  rock s i z e s  
a n d  the  rock s i ze for a s afety factor greater t h an 1 . 0  was  
found . If  t he  c a l c u l ated  rock s i ze was  l es s  t h an 1 . 5  i n c hes , 
the  0 50 rock s i ze was  set  eq ua l to 1 . 5  i n ches  i n  or der to i n 
h i b i t  intr u s i on by b ur rowi ng a n i ma l s .  

F l ow hydr au l i cs for the  emba nkment  top s l op e s  an d 
s i d es l ope s  were ca l c u l ated us i n g  Man n i n g 1 s  equat i on and  U . S .  
Army Corps of Eng i n eers  ( CO E ,  1 970 )  method s wh i c h re l ate re l 
at i v e s u bmergence  of the  ro u gh n e s s  e l ement  and the hydr au l i c  
rad i us  to the  fr i c t i on coeff i c i en t  and boundary s he ar stres s . 

I n  order to ca l c u l ate rock s i zes  for the d i tche s ,  f l ow 
depth s  an d ve l oc i t i es at the d i tch  cen ter l i ne were deter
mi n ed . F l ow hyd r au 1 i c s  where the emban kment p er i meter d i  tches  
have  t he  greatest  s l op e  were fo u nd  us i n g the  method descr i bed  
i n  Sec t i on 8 . 6 . 1 .  The po i n t  s he ar stress  was fou n d  for t he 
bot tom of the  d i tch  an d for s ha l l ower po i n ts . The ca l c u l a
t i on s  were i ter ated to f i n d ro ck s i zes  w i th factors of s afety 
greater t han 1 . 0 .  D i tch  f l ow r ate s ,  dep th s ,  an d ve l oc i t i es 
ar e prov i ded i n  Tab l es 8 . 6 . 1 ,  8 . 6 . 2 ,  and  8 . 6 . 3 .  

Rock s i zes  at d i tch  j unct i o n s  an d bends  wou l d  be deter
mi n ed d ur i n g f i n a l  des i g n us i n g EM- 1 1 10- 2 - 1601 cr i ter i a  ( C OE ,  
1970 )  • 

A s ummary of the  PMF dep t h s  an d mean ch an n e  1 v e l  oc i t i es  
for the  Co l orado R i v er at Gr an d Junct i on i s  prov i ded  i n  
Appen d i x F ,  Hydro l o gy Repo rt . The res u l t s  of th i s  an a l ys i s  i n 
d i  cate that an ero s  i on protect i on barr i  er p l ac ed around  the  
base  of  the  p i l e  to  the  maxi mum expec ted  depth  of  s cour i s  r e
q ui red to prov i de s t ab i l i ty of the p i l e  for t he s t ab i l i zat i on 
on s i te d i spo s a l  a l tern at i v e  d ue to the poten t i a l  for 
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B . 6 . 3  

B . 6 . 2 . 2  

r i v er meander . The s afety factors  method descr i bed  abo v e  w a s  
us ed t o  c a l c u l ate  rock protec t i o n  req u i remen t s  f o r  t h i s rock  
armor w a l l .  

F i l ter l ayer s wou l d  be requ i r ed un der any of t he  d i spo s a l  
op t i on s .  The g rad at i o n s  o f  t h e  f i l ter l ayer wou l d  b e  d e ter
mi n ed d ur i n g  f i na l  d e s i g n  when the g rai n s i ze d i s tr i b ut i on of  
t he  r adon  bar r i er an d rock  er os i o n protect i o n  ar e f i n a l i zed . 
The f o l l ow i n g  cr i ter i a wo u l d  be u sed i n  the  f i na l  d e s i g n .  

0 1 5  f i  l ter 
< 5 

D85 base  

Res u l ts 

Stab i l i zat i on on  s i te 

As prev i ous l y  s t ated , the  res u l t s  of t he  PMF  an a l ys i s  for 
the Grand Junct i on s i te i n d i c ate t h at i n  ad d i t i on to  the ero
s i on protect i on requi red to protect aga i n st a PMP  occur r i n g  on  
t he  p i l e ,  a rock armor wa l l i s  requi red to protect aga i n st t h e  
PMF f l ows o f  t h e  Co l orado  R i v er . The rock armor i n g  wo u l d  e x 
tend from t h e  max i mum expected water e l evat i on t o  t h e  max i mum 
depth  of scour t h at wo u l d  occur d ur i n g  a PMF . The rock  armor 
w a l l wo u l d  be con s tructed w i th 5 : 1 s l opes  abo v e  t he ground  s ur 
f ace an d 2 : 1 s l opes  be l ow the s ur f ace , an d wou l d  be approx
i mate l y  s i x  feet  th i ck . 

A l l rock ero s i on requ i remen t s  for the  s t ab i l i zat i on on 
s i te a l terna t i v e  are prov i ded  i n  Tab l e B . 6 . 4 . 

D i spo s a l  a t  t he  C heney Reservo i r  a l tern ate d i s po sa l  s i te 

Rock er os i on protect i on requ i remen t s  for the  C h en ey 
Re s er vo i r  d i spos a l  a l ter na t i ve are s ummar i zed i n  Tab l e  B . 6 . 5 . 

D i spos a l  at the  Two Road a l tern ate d i spo s a l  s i te 

Rock er os i o n protec t i o n  requ i remen t s  fo r the  Two Ro ad d i s 
po s a l  a l terna t i v e  are s ummar i zed i n  Tab l e B . 6 . 6 . 

SLOPE  STAB I L I TY ANALY S I S  

B . 6 . 3 . 1  Method o l ogy 

Stab i  1 i ty 

An i de a l i zed cr i t i c a l  cros s - sect i on was  s e l ected through  
the  proposed  s t ab i l i zed ta i l i n g s  p i l e  at  the proce s s i n g s i te ,  
C heney Re s er vo i r ,  and  the  Two Road s i te .  Each  proposed emb an k 
men t  was an a l yzed t o  de term i ne the  factors o f  s afety un der  
bot h  s t at i c  an d dyn ami c ( e arth quak e )  l o ad i n g  over  the l i fe  of  
the proj ec t .  
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Tab l e  8 . 6 . 4  Eros i on protect i on req ui rement s  - s t ab i l i z at i on on  s i te 

Locat i on 

Top s l opes 

S i d e s l ope s  

Rock  armor i n g  
5 : 1  s l opes 
2 : 1 s l opes  

D i tc h  A
b 

D i tch  8 

Rock s i ze 
( i n ches ) 

� I n c l ud es  bedd i ng and  f i l ter l ayer s .  
See F i g ur e  8 . 6 . 1  for d i tch  l ocat i on s .  

Th i ck ne s s
a 

( i n c he s ) 

24 

24 

144 

12  

12  

Tab l e  8 . 6 . 5  Ero s i on  protec t i on req ui rements  - Cheney 
Res ervo i r  a l ternate d i s po s a l  s i te 

Rock s i ze 
Locat i on ( i n ches ) 

Top s l op es 050 .2. 2 . 0  
D lOO i 4 . 0  

S i d e s l op es 050 .2. 6 . 0  
D lOO i 1 2 . 0  

D i tch  Ab 050 .2. 2 . 0  
D lOO i 4 . 0  

D i tch  8 050 i 2 . 5  
0

lOO i 5 . 0  

D i tch  C 050 i 8 . 0  
D lOO i 16 . 0  

D i tch  ° 050 i 8 . 0  
D

lOO i 16 . 0  

D i v er s i on 050 i 6 . 0  
d i tch  D lOO i 1 2 . 0  

� I n c l ud e s  bed d i n g  an d f i l ter l ayer . 
See F i g ure  8 . 6 . 2  for d i tch  l o cat i on s .  

K - l O fi 

Th i ck n e s s
a 

( i n c hes ) 

24 

24 

12  

1 2  

24 

24 

18 

Des i g n 
f l ow r at e  

0 . 40 cfs/ft 

0 . 70 cfs/ft 

40 ft deep 
20 ft  p er s ec 

135  cfs  

80 cfs 

Des i g n 
f l ow r at e  

1 .  44 cfs/f t 

1 .  58 cfs/ft 

2 1 1  cfs 

1 20 cfs 

661 cfs 

1327  cfs 

2190 cfs 



Tab l e  B . 6 . 6  Eros i on prot ec t i o n  requ i remen t s  - Two 
Road a l ternate d i spos a l  s i te 

Locat i on 

Top s l opes 

S i des l opes 

D i tc h  AI , A2b 

D i tch  B 1 , B 2  

� I n c l udes  bedd i n g  
See F i g ur e  B . 6 . 3  

Rock s i ze 
( i n ches ) 

D50 � 1 . 5  
D100  i 3 . 0  

D50 � 4 . 0  
D100  i 8 . 0  

D50 � 4 . 0  
D 100  i 8 . 0  

D50 i 5 . 0  
D 100  i 10 . 0  

an d f i 1 ter 1 ayer • 

Th i c k ne s s  
a 

( i n c hes ) 

24 

24 

1 8  

18  

for d i tch l ocat i on s .  

Des i g n 
f l ow r ate  

0 . 68 cfs /ft  

0 . 86 cfs/ft 

743 cfs 

1 1 18  cfs 

The comp uter p ro gr am S TABL ( S i e ge l , 1 978)  was u s ed to  c a l 
c u l  ate the  factor of s afety of the  embankme n t s .  The p ro gr am 
ca l c u l ates over 100 fai l ur e  s ur face s  i n  eac h  s l ope an a l yzed ,  
and  r an k s  eac h  ac cordi n g  to the l owes t  s afety factor . Th e s t a
b i l i ty an a l yses  d i s c us sed  i n  the  fo l l ow i n g  p ar ag r ap h s ,  a n d  t he 
respect i v e f i g ure s  dep i ct i n g  the  res u l t s  of the  s t ab i l i ty ana
l ys e s , present on l y  the  mo s t  cr i t i ca l  s ur fac e ( l owe s t  factor 
of s afety)  of the  100 ca l c u l ated . 

The factor of s afety i s  def i n ed as t he r at i o  of t he  
stren g t h  av a i l ab 1 e a l on g  a g i  v en s urface  d i  v i  ded  by the  force 
nece s s ary to en s ur e  s t at i c  eq ui  1 i br i um of the mas s  abo v e  the  
s ur f ac e  be i n g  eva l uated . Th us i t  i s  pres umed t h at when t he  
f actor of  s afety i s  be l ow 1 . 0  the  s l op e  w i l l  fa i l .  The U . S .  
Army Corps o f  Eng i n eers  ( COE ,  1 970 )  has  estab l i s hed r ecommend
ed  m i n i mum f actors of  s a fety for s l op es  i mmed i ate l y  fo l l ow i n g  
con struct  i on ( s hort-term ana lyses ) t o  be 1 . 3  an d s l opes u nder  
dyn am i c l o ad i n g i n  the  l on g -term con d i t i on to be  1 . 1 .  The ac 
cepted m i n i mum s afety factor for s l opes  an a l yzed under l on g 
term s t at i c  cond i t i on s  i s  1 . 5 .  

As the  ta i  1 i n gs embankment i s  con s tr ucted , t he  s t ab i  1 i ty 
of the  embankment i tse l f  i s  g rad ua l l y  red uced d ue to l o ad i n g  
of the  foundat i on s o i l s  un t i l  i t  reac he s  a m i n i mum i mmed i ate l y  
fo l l ow i n g  i ts comp l et i on .  I n  order to de term i n e  t h e  factor of 
s afety aga i n st s l ope fai l ure for the  p er i od i mmed i ate l y fo l l ow
i n g  the con struct i on of the  embankme n t ,  i t  was a s s ume d th at 
t he  ta i l i n g s  an d evapor at i on pond  mater i a 1 s wou 1 d be p l aced at 
90 percent  of the max i mum dry den s i ty as de term i n ed by the 
s t andard  Proc tor tes t  at  abo ut two percent  be l ow opt i mum mo i s 
ture con ten t .  The cover w i  1 1  be p l ac ed at 95 percent of the 
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maxi mum dry den s i ty as determ i ned by t he  standard  Proctor test  
at  two to three percent  above  opt i mum mo i s ture  conten t .  S i n ce  
t he  ta i l i n g s  w i l l  b e  p l ac ed un satur ated , t he  effect i v e  stres s  
s t ate from the con so l i d ated-un dr ai ned  tr i ax i a l  te st  s t ate was  
as s ume d to  be  represen t at i v e of  v a l  i d  strength  parameter s for 
th i s  mater i a l i n  t h i s l o ad i n g s tate . For the  cohes i v e  founda
t i on s o i l s  an d the r adon cover mater i a l ,  a fr i ct i on an g l e 
( p h i ) and cohes i v e v a l ue based on uncon s o l i d ated -un dr a i n ed 
stren gth  p ar ameter s was  as s umed to represent  s o i l cond i t i on s  
un der t h i s l o ad i n g cond i t i on .  

I n  order to es t i mat e the factor of safety for l o n g -term 
con d i t i on s , i t  was  a s s umed th at the dry den s i ty remai ned the  
s ame wh i l e  the  mo i s ture conten t wo u l d  be  represen ted by t he 
l o n g -term mo i sture  conten t .  Effec t i v e  s he ar strengths  were e s 
t i mated from t h e  res u l t s  of t h e  I I Rap i d ll ( c o n so l  i d ated
undr ai n ed )  t r i ax i a l  te s t  w i th pore  pres s ur e  me as ur emen t s .  
These  t e s t  res u l t s  are con serv at i v e  i n  t h at they as s ume s atur a
t i on of the  tested mater i a l ,  a cond i t i on wh i ch w i l l  not be 
presen t i n  the  embankmen t .  Al s o ,  any cohes i o n me as ur ed d ur i n g  
t he  te st  was  a s s umed to be zer o i n  the  s t ab i l i ty an a l ys i s . 
The s e  strength  parameters  were us ed for bo th  t he st at i c  an a l 
ys i s  an d p s eudo - s t at i c  s e i sm i c  an a l ys i s .  The des i gn ac ce l er
at i on s  u sed i n  the  s e i sm i c  ana l ys i s  for e ac h  s i te are s t at ed 
i n  the  i n d i v i d ua l  s i te d i s c us s i o n s ect i on s  to fo l l ow .  A de
t a i l ed d i s c us s i on of  e ac h  s i te 1 s  s e i sm i c  r i s k  i s  pres en ted  i n  
Appen d i x E ,  So i l s ,  Geo l og i c ,  and  Se i sm i c  I n format i o n . Se c t i on 
B . 6 . 3 . 2  presen ts  the res u l t s  of e ac h  s i te 1 s  s t ab i l i ty an a l ys e s  
performed under t h e  var i ou s  l o ad i n g cond i t i on s  prev i ous l y  
de scr i bed . 

L i q uefact i on potent i a l 

L i q uefact i on an d /or cyc l i c  mob i l i ty can  on l y  occur i n  s at 
ur ated cohe s i on l e s s  s o i l s  ( s a nd s  a n d  s i l ts )  d ue to cyc l i c  l o ad 
i n g .  Th i s  i s  u s ua l l y  caus ed by e arth q uak e i n d uced pore water 
pres s ur e  b u i l d up as  the part i c l e s  mob i l i ze and  at temp t to  re
d uce the vo i d  rat i o  of the s o i l .  When t h i s occur s  t he s o i l s  
become es sen t i a l l y  a v i scous  f l u i d ,  l os e  t he i r  s he ar stren g t h ,  
a n d  t h u s  f a i l catastrop h i ca l ly .  Cyc l i c  mo b i l i ty ,  on  t he  ot her 
h an d , occur s i n  den s er s o i l s .  The pore pressure  b u i l d up 
caus es  a reduct i on i n  s he ar stren gth , b ut res u l t s  i n  a 1 i mi ted 
amount  of s he ar str a i n  ( gener a l ly  not greater t han 1 5  per cent ) 
befor e  pore pres s ur es ar e red uced an d s he ar strength  i s  
rega i n ed . 

There are severa l  factors  wh i c h are i mportan t i n  a s ses s 
i n g  t h e  potent i a l for l i q uefact i on an d /or cyc l i c  mobi l i ty .  Of 
t hes e the mos t  i mportan t are : ( 1 )  t he  r at i o  of e arth quak e i n 
d uced s hear stres s e s  i n  the  s o i l t o  the vert i ca l  effect i v e  
stres s ;  and ( 2 ) the  re l at i v e den s i ty ( 0  ) of the  s o i l .  r 

There i s  
max i mum s h e ar 
earthquak e s . 

a pr ac t i ca l  max i mum acce l er at i on an d ,  t h u s , a 
stre s s ,  t h at can  be prod uced by the 1 argest  

Th i s  mean s th at as the  s o i l i n  q ue st i on gets  
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deeper , t he  rat i o  of max i mum pos s i b l e  s he ar stres s  to  effec 
t i v e  stres s tend s  to be come sma l l er .  Th i s factor gener a l l y  
prec l udes  l i q uefact i on an d /or  cyc l i c  mob i l i ty at dep t h s  great
er  than approx i mate l y  50  feet be l ow the  ground  s ur fac e .  

A l s o ,  mos t  researc hers  agree t h at t here i s  a re l at i v e  d e n 
s i ty beyond  wh i c h l i quefact i on  cannot occur . L i q uefac t i on c a n  
gen er a l l y  on l y  oc cur i n  so i l s  wi th a r e l at i v e  de n s i ty ( 05 )  
l es s  t h an 40 percen t ( Se ed ,  1 9 76 ) . Gener a l l y ,  beyo n d  a r 
of 70 percen t n e i ther l i q uefac t i on nor  cyc l i c  mob i l i ty can oc 
cur ( C asag r an de , 1 9 75 ) . 

B as ed on the  s i mi l ar i ty of the emban kment  d e s i g n s ,  t he 
l i q ue f ac t i on potent i a l i s  n ot expected to vary s i g n i f i can t l y  
for  t h e  three d i sposa l a l ternat i ves . The s o i l s  i n  t h e  t a i l 
i n g s emban kmen t s  wou l d  be comp acted to 90 percen t of s t an da r d  
P roc tor den s i ty ( greater than 7 0  percen t re l at i v e  d en s i ty )  u p 
o n  p l acement . I n  ad d i t i on ,  t h e  s o i l s  wou l d  n o t  b e  s atur ated 
wh en pl  aced an d wou l d  not be exp ected to be s atur ated d ur i n g  
t he  l i fe of t he  structur e .  Th us , n o  l i quefac t i on o r  cyc l i c  mo 
b i l i ty wou l d  occur i n  the  embankmen t .  

The l i quefac t i on poten t i a l  for  the fou n dat i on mater i a l 
for  each  s i te i s  d i s c us sed i n  mo re deta i l i n  Sect i on B . 6 . 3 . 2 .  
N o  deta i  1 ed an a l ys e s  were requi  red  for any of the  three  s i tes  
s i nce the poten t i a l for l i q uefac t i on at  e ac h  s i te i s  l ow .  

Ground  s et t l ement 

When the  stres s  on a g i ven s o i l l ayer i s  i n cre as ed ( or d e 
cre ased ) d ue to a n  i n creased  ( or exca vated ) l o ad ,  t he s o i l l ay
er ten d s  to compress  ( or exp and )  ac cordi n g  to one  or bo th of 
the  me chan i sms  of e l as t i c  respon se  an d cons o l i d at i on ( re 
bo un d ) . E l ast i c  respon se occur s i n  a l l s o i l s  and  occur s  i mme 
d i ate l y  up on l o ad i n g . Con so l i d at i on gen er a l l y  oc curs  i n  
f i n e - gr ai n ed s atur ate d ,  or n ear l y  s atur ated s o i  l s .  When  t he  
l oad i s  f i r st ap p l i ed ,  t he  pore water t ak es the l o ad by  a n  i n 
crease i n  pore pres s ur e .  I n  f i ne-gr a i n ed s o i l s  i t  t ak e s t i me ,  
dep en d i n g  on s o i l permeab i l i ty an d the degree  of s a tur at i on ,  
for the l o ad generated pore pressures to d i  s s  i p ate . As t h  i s  
pre s s u re  d i s s i pate s ,  sett l emen t oc cur s .  Con so l i d at i on sett l e
men t  i s  thus  t i me  dep en dent  an d may or may not be i mmed i ate d e 
pen d i n g  o n  t h e  s o i l a s  we l l a s  t h e  con str uct i on sched u l e .  
Coar se-gr a i ned  mater i a l , for examp l e ,  i s  capab l e  of pore  pres 
s ure  d i s s i p at i on i mmed i ate l y  fo l l ow i n g  l o ad i n g .  I t  i s  there
fore as s umed that for foundat i on s  of un satur ated c l  ay , h i g h l y  
over c onso l i d ated cl ay , an d saturated or un satur ated coarse  
gr ai n ed ( no np l as t i c )  s o i l s ,  the  i mmed i ate e l as t i c  s ett l emen t 
con s t i tutes  the s i gn i f i cant  por t i on of the  tota l  sett l emen t .  

8ased o n  t h e  s i mi 1 ar i ty o f  the emban kmen t d e s  i g n s , t he  
sett l ement ch arac ter i s t i c s  of  the ta i l i n g s  a re  not expected to  
vary s i gn i f i c an t l y  for  the  three a l ternat i v e s .  The  en g i n eered 
p l ac emen t of the ta i l i n gs , cover mater i a l ,  and l ow perme ab i l 
i ty bas a l  l ayer wo u l d  bo t h  max i mi ze s t ab i l i ty an d mi n i mi ze 
sett l emen t .  
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B . 6 . 3 . 2 

Comp ac t i o n  of the ta i l i ng s ,  an d other contam i n ated f i l l ,  
wo u l d  be to 90 perce n t  of s t an d ard P roctor den s i ty .  The r ad o n  
barr i er ( c over mater i a l ) an d l ow permeab i l i ty bas a l  l ayer 
wou l d  be comp acted to 95 percent  of s t an dard  P roctor den s i ty .  
I n  ad d i t i on ,  t h e  un satu r ated , homogeneous  ch ar ac ter i s t i c s of 
the reworked ta i l i n g s  p i l e  wou l d  a l l ow t he  sma l l amou n t  of ex
pected sett l emen t to occur i mmed i ate l y  fo l l owi n g  con s tr uct i o n . 

Fo un dat i o n  sett l emen t at e ac h  s i te mus t be eva l u ated i n di 
v i d u a l l y  for  i n f l uence on the t ai l i n gs p i l e .  Sect i on B . 6 . 3 . 2  
s ummar i zes  sett l emen t for e ach  d i spo s a l  a l ternat i v e .  The to
t a l  sett l ement occur r i n g  i n  bo t h  the foundat i on mater i a l an d 
the  ta i l i n g s , may occur i n  e i ther a un i form or  a d i fferen t i a l  
f a s h i on ac ros s e ach  s i te .  However ,  b l end i n g  of t he  t ai l i n gs  
d ur i n g  p l ac ement  wou l d  m i n i mi ze d i ffer en t i a l  sett l emen t w i th i n  
t he  ta i l i n g s  p i l e .  A l t hough  a s i gn i f i c an t p or t i on of t he  set
t l emen t i s  exp ected to be  i mmedi  ate , the  emb an kment wou l d  be  
mo n i tored for sett l emen t before f i n a l  g r ad i n g of the  r ad o n  cov
er i n g  mater i a l  occur s .  Th i s mon i tor i n g  wo u l d  be done  i n  an  ef
fort to m i n i mi ze the p oten t i a l  for the r adon b ar r i er to c r ack  
as a re s u l t  of any de l ayed d i fferen t i a l  s ett l emen t i n duced ten 
s i l e  str ai n .  C a l c u l at i on s  were per formed to de term i n e  t he to
t a l  sett l ement expected i n  bo th  the foundat i on an d t ai l i n g s  
mater i a l for a l l t hree  d i spo s a l  a l ter nat i v e s .  

P i l e  s tab i l i ty an a l ys i s  and re s u l t s 

S t ab i l i z at i on on s i te 

F i g ur e  B . 6 . 4  i l l us tr ates  t he des i g n emb an kment prof i l e  
w i th  the  mos t cr i t i c a l  fa i l ur e  s ur f ace  i n  the  s hort -term s t at 
i c  con d i t i on .  The emb ankment  i s  expected  t o  extend  to t he 
edge  of the Co l or ado  R i ver , hence  the  presence  of the  w ater t a
b l e .  Add i t i on a l  d i scus s i on of the emb ankmen t de s i gn i s  pre
s en ted i n  S ect i on B . 2 .  

As noted i n  F i g ur e  B . 6 . 4 , the  m l n l mUm f actor of s afety i n  
the  s tat i c  s hort-term con d i t i on i s  4 . 2 .  Th i s far  exceed s t he 
prev i ou s l y  d i s c us sed recommended  m i n i mum factor of s afety of 
1 . 3 an d i s  therefore con s i dered to be s afe . The i n d i v i d ua l  ma
ter i a l proper t i e s  u sed in  th i s  an a l ys i s  are p resen ted  i n  
F i g ure  B . 6 . 4 . 

F i g ur e  B . 6 . 5  i s  the  s ame represen t at i on of the s l op e un 
der l on g -term s tat i c  cond i t i on s . Th i s mi n i mum f actor of s afe
ty i s  4 . 0  wh i c h we l l  exceed s the  recommended m i n i mum of 1 . 5 .  
The i n d i v i d ua l  mater i a l propert i es used i n  t h i s an a l ys i s  are 
a l s o  presented w i th the  s l op e  conf i g ur at i on i n  F i g ur e  B . 6 . 5 .  

F i g ur e  B . 6 . 6  presents  the s t ab i l i ty an a l y s i s  of the  em
b an kmen t  under  a hor i zonta l  acce l er at i o n  of 0 . 3 4g , wh i c h i s  
the  recommended  s e i sm i c  be drock acce l er at i o n  b a sed on an MC E 
ev en t ( se e  Appen d i x E ,  So i l s ,  Geo l og i c ,  an d Se i sm i c  
I nformat i on ) . The m i n i mum factor of s afety i s  red uced to  1 . 3 ,  
wh i c h i s  s t i  1 1  con s i dered s afe based  on the  recommended  COE 
m i n i mum of 1 . 1 .  
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I.t 

FR I CT I ON 
SO I L  1 . 0 .  COHES I ON ANGLE 

NO 

1 
2 
3 
4 
6 
6 
7 

4 

MATER I AL TYPE ( PSF ) ( DEGREES ) 

ARMrn . 0  
LOW PERMEAB I L I TY CLAYEY BARR I ER 790 . 0  
TA I L I NGS . 0  
ENG I NEERED ALLUV I AL BACKF I LL . 0  
ALLLN I UM . 0  
WEATt-£RED SHALE 2000 . 0  
MANCOS SHALE 1 0000 . 0  

MOST CR I T I CAL FACTOR OF SAFET Y  = 4 . 1 63 
RAD I US OF C I RCLE = 432 . 689 F T  
E . Q .  = . 000 G 

FIGURE B.6.4 

7 

40 . 0  
1 2 . 6  

36 . 0  
39 . 0  
39 . 0  

. 0  

. 0  

TOTAL 
UN I T  WT . 

( PCF ) 

1 20 . 0  
1 24 . 4  
1 1 1 .  4 
1 28 . 0  
1 28 . 0  
1 1 2 . 0  
1 46 . 0  

FEET tGUZONTAL SCALE 
I 

50 '  

ELEVAT I ON  
( I N FEET M5L J 

4670 

4620 

4670 

4620 

SHORT-TERM ANALYSIS - STABIUZED ON SITE, GRAND JUNCTION 



CJ:l 
I 

I--' 
I--' 
N 

SO I L  1 . 0 .  COt£SI ON  
FRI CT I �  

NO �TER I Rl TYPE ( PSF )  

1 ARMCR . 0  
2 LOW PERMEABI L I TY a....AYEY BARRI ER  . 0  
3 TA I L I NGS  . 0  
4 ENG I /'£EREll FLLUV I F'- fR:I<FI LL . 0  
6 FLLUV I Ut1  . 0  
6 WEAll£RED 6tR..E . 0  
7 I'1ANC06 6tR.E lCXXXl . O  

MOS T  CR I T I CRL F�CTOR OF S�FETY = 4 . 006 
RRD I US OF C I RCLE = 1 70 . 1 07 FT 
E . Q .  = . 000 G 

2 

7 

FIGURE B.6.S 

ANOLE 
( DECM:ES ) 

40 . 0  
36 . 0  
36 . 0  
39 . 0  
39 . 0  
30 . 0  

. 0  

TOT� 
� I T  WT . 

( PCF )  
1 20 . 0  
1 2 1 . 0  
l C1i . 4  
1 28 . 0  
1 28 . 0  
1 12 . 0  
1 -46 . 0  

FEET tGIza.trF'- 6CR..£ 

50 '  

E1..EVATI� 
[ IN FEET tB..J 

<4870 

4620 

..s?O 

<4620 

LONG-TERM ANALYSIS - STABIUZED ON SITE, GRAND JUNCTION 



o:J 
I 

f-' 
f-' 
W 

... 

4 

FR I CT I ON  
SO I L  1 . 0 .  COHES I ON 

NO MATER I AL T YPE ( PSF ) 

1 ARMOR . 0  
2 LOW PERMEAB I L I TY CLAYEY BARR I ER . 0  
3 TA I L I NGS . 0  
4 
5 
6 
7 

ENG I NEERED ALLUV I AL BACKF I LL . 0  
ALLlN I UM . 0  
WEATt-ERED SHALE . 0  
MANCOS SHALE 1 0000 . 0  

M OS T  CR I T I CRL FRCT OR OF SRFETY = 1 . 299 
RRD I US OF C I RCLE = 1 343 . 392 FT 
E . Q .  = . 3 40 0 

4 

7 

5 
6 

FIGURE B.6. 6 

ANGLE 
( DEGREES ) 

40 . 0  
36 . 0  
35 . 0  
39 . 0  
39 . 0  
30 . 0  

. 0  

TOTFt... 
UN I T  WI . 

( PQ=" )  

1 20 . 0  
l Z 1 . 0  
l 1E . -4  
1 28 . 0  
1 28 . 0  
l l Z . 0  
1 46 . 0  

FEET HOR l ZONT� SCALE 

2 

GO '  

ELEVAT I ON 

[ I N FEET MSL J 
4670 

4820 

4670 

4620 

DYNAMIC ANALYSIS - STABI LIZED ON SITE , GRAND JUNCTION 



B . 6 . 3 . 3  

D i s p o s a l  at the  C heney Reser vo i r  a l tern ate d i s p o s a l  s i te 

F i g ur e  B . 6 . 7  i l l us tr ates  the  des i g n emb ankment prof i l e  of  
the  C h en ey Res ervo i r s i te w i th the mo s t  cr i t i ca l  f a i l ur e  s ur 
f ace i n  a s hort-term s t at i c  con d i t i on .  As p resen ted , t he  m i n 
i mum f actor o f  s afety i n  t h i s  cond i t i on i s  3 . 5 ,  wh i c h exceed s  
t he  recommended  m i n i mum o f  1 . 3 .  The i n d i v i d ua l  mater i a l prop 
er t i e s  u sed i n  t h i s an a l ys i s  are presen ted i n  F i g ur e  B . 6 . 7 .  

F i g ur e  B . 6 . B  i l l us tr ates  the  mi n i mum factor of s afety of  
t he  emban kmen t  i n  the  l on g -term stat i c  cond i t i on .  The  ca l c u
l ated safety factor i n  th i s  s t ate i s  3 . 4 , wh i c h exceed s the  
recommended  mi n i mum of 1 . 5 .  The  mater i a l p rop er t i e s  u sed i n  
t h i s an a l ys i s  ar e a l s o  p resen ted i n  F i g ur e  B . 6 . B .  

F i g ur e  B . 6 . 9  presen ts  the  s ame emban kmen t under  a hor i zon
t a l  acce l er at i on of  0 . 34g , wh i ch i s  a l s o  th e s e i sm i c  bedrock 
acce l er at i on for th i s  s i te based on an MC E ev en t .  Th i s m i n 
i mum f actor of safety i s  1 . 2 .  The mat er i a l propert i es u s ed i n  
t h i s  an a l ys i s , wh i c h are the  s ame on es  u s ed i n  the  s t at i c  c o n 
d i t i on ,  ar e a l s o  p resen ted i n  F i g ur e  B . 6 . 9 .  

D i spo s a l  a t  t he  Two Road a l tern ate d i spo s a l  s i te 

F i g ur e  B . 6 . 10 i l l us tr ates  the d e s i gn emb an kmen t pro f i l e  
of the Two Road s i te w i th the  mos t  cr i t i c a l  f a i l ur e  s ur face i n  
t he  s hor t-term s t at i c  con d i t i on .  As presente d ,  the  m i n i mum 
f actor of s afety i n  th i s  cond i t i on i s  4 . 5 ,  wh i c h exc eed s t he 
recommended  m i n i mum of 1 . 3 .  The mater i a l  proper t i es us ed i n  
t h i s  an a l ys i s  are presen ted  i n  F i g ur e  B . 6 . 1 0 .  

F i g ur e  B . 6 . 1 1 dep i ct s  the m i n i mum f actor o f  s af ety of t he  
embankment an d the i n d i v i d ua l  mater i a l proper t i e s  u sed  i n  t he  
an a l ys i s  of the  l on g - term stat i c  con d i t i on .  The ca l c u l ated 
s afety factor i n  t h i s  s t ate i s  3 . B ,  wh i c h ex ceed s the rec om
me nded  m i n i mum of 1 . 5 .  

F i g ure  B . 6 . 1 2 presen ts  the s ame emban kment un der a hor
i zo n t a l  acce l er at i on of O . l B gr av i ty ,  wh i c h  i s  a l s o  the  d e s i g n 
s e i sm i c  bedrock acce l er at i on for th i s  s i te based  on an MC E 
even t .  Thi s mi n i mum factor of s afety i s  l o B ,  wh i c h exceed s  
t he  recommended  m i n i mum cr i ter i a  as d i s c us sed  p rev i ous l y .  
F i g ur e  B . 6 . 1 2 a l s o  pre sen ts the  i n d i v i d ua l  mater i a l proper t i es 
us ed i n  the  an a l ys i s .  

L i quefact i on p oten t i a l  

S tab i l i zat i on on  s i te 

L i q uefac t i on poten t i a l  i n  the  foundat i on mater i a l i s  ex 
pected to be l ow for the proces s i n g  s i te becau se  of the  d e n s e  
con d i t i on of the  s o i l .  The h i g h  b l ow counts  from the  s t an dard  
penetr at i on tes t s  ( SP T )  s ug ges t that the re l at i v e den s i ty of  
the  a l l uv i um i s  greater t h an 70 percen t .  The  f ew i s o l ated 

R ·- 1 1 4  
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zon e s  of we ak er mater i a l t hat may be s uscep t i b l e  to l i q ue f ac 
t i on wou l d  be removed  an d rep l aced w i th an a l l uv i a l  f i l l  corn
pacte d  to 95 percen t standard  Proctor den s i ty pr i or to 
p l acement  of the emb ankment . Theref or e ,  l i q ue f ac t i on i s  n ot 
expected to pose  a s i g n i f i cant  threat to  a prop e r l y  d e s i g ned  
embankment  at  the proce s s i n g  s i te .  

D i spo s a l  at the  C heney Reserv o i r a l tern ate d i spos a l  s i te 

L i q uefac t i on potent i a l i n  the  fou n dat i on mater i a l  i s  a l s o  
expected to be l ow for the C heney Re s er vo i r  s i te for two r e a
son s . F i r st ,  the  con s i stent l y  h i gh b l ow cou nt s  from the  SP T 
s uggest  t h at the  foundat i on s i l ts ,  s an d s ,  an d c l ays ar e v ery 
de n s e  an d h ar d  ( greater th an 70 percent  re l at i v e den s i ty ) . 
Secon d ,  ground  water was not encountered un t i  1 a dep th  of 30 
feet d ur i n g the s i te i n v es t i g at i on . S i n ce the  s o i l s  ar e p re 
dom i nant l y  h ar d ,  l ow permeab i l i ty, f i n e  g ra i ned  s i l t s an d 
cl ays , they are n ot exp ected to become s atur ated d ur i n g ,  o r  af
ter , con struct i on .  Al t hough  l i quefac t i on i s  po s s i b l e  at a 
dep t h  of 30 feet i n  a re l  at i v e l y  l oos e ,  coarse-gr a i n ed p ro
f i l e ,  l i q ue f act i on wou l d  not pos e  a threat to the C h e n ey 
Reservo i r  s i te d ue to the presen ce of the hard ,  f i n e-gra i n ed 
s i l ts and c l ays i n  the  s atur ated zon e .  I n  ad d i t i on ,  t h e  
ground  water i s  restr i c ted t o  t h e  port i on o f  t he  prof i l e  i mme 
d i  ate l y  abo v e  the  Mancos S h a l e ,  ther eby n ot satur at i n g  t he 
s h a l l ow sandy s i l ts an d s i l ty s an d s . 

D i s po sa l  at t he  Two Road a l ter n ate d i spos a l  s i te 

L i q uefact i on potent i a l i n  the  fou ndat i on mater i a l at t he  
Two Road s i t e i s  exp ected  to  be  l ow for  the  s ame two  reas ons  
men t i oned i n  the  C heney Reservo i r s i te d i scu s s i on .  F i r s t ,  t he  
so i l  i s  c har acter i zed a s  very dense  to h ard  b a sed on h i g h  b l ow 
co u nt s  from the  SP T .  Secon d ,  n o  g rou n d  water was encou n tered 
i n  t he  foundat i on prof i l e  d ur i n g  the  s i te i n v e st i g at i on an d 
the  dry s o i l s  are not exp ected to become s atur ated d ur i n g ,  o r  
after , con struct i on .  Therefore ,  l i quefact i on wo u l d  n o t  p o s e  a 
t hreat to the potent i a 1 st ab i 1 i ty of the emban kmen t of the  Two 
Road s i te e i ther . 

B . 6 . 3 . 4  Ground  s et t l ement res u l t s  

Stab i l i zat i on on s i t e 

The natur al  fou ndat i on mat er i a l at the  proces s i n g s i te i s  
ch ar acter i zed by up to 15  feet of den s e ,  s an dy ,  g r av e l l y  
a l l uv i um under l a i n  by t h e  Man cos  Sh a l e .  A mo re deta i l ed de 
sc r i pt i on of  the  s u b s ur f ace  con d i t i on s  w i l l  be presen ted i n  
t he  Remed i a l Act i o n P l an ( R AP )  for Gr an d  J unct i on an d Sect i on 
7 . 0 of the text of th i s  D E I S .  
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As d i s c u s sed i n  Sec t i on B . 2 , the  p i l e  foundat i on wou l d  be 
e l evated i n  order to keep the tai l i n gs abov e  the  Probab l e  
Max i mum F l ood ( PM F ) l e ve l  of the ad j ac en t  Co l orad o  R i ver .  The 
e l evated foundat i on wou l d  c on s i st of ap p rox i mate l y  e i g h t  feet 
of a l l u v i a l  f i l l  comp acted to 95 percen t of s t an dard  Proctor 
max i mum dry d en s i ty .  In ad d i t i on ,  the s et t l ement an a l ys i s f or 
the proces s i n g  s i te conservat i v e l y  as s umed a g ro u n d -w ater  l e v
e l  at  the  base  of  the  fou ndat i on foot i n g  when  ca l c u l at i n g  to
ta  1 sett 1 emen t .  

The s ett l emen t ana l ys i s  for the foundat i on mater i a l was  
made us i n g  e l as t i c  theory . The  proced ure used i s  for coarse
gr ai n ed mater i a l an d i s  out l i n ed i n  deta i l i n  NAV FAC OM 7 . 1 -
21 1 ( 1 982 ) . A re 1 at i v e  den s i ty of 7 0  percent  was conserva
t i ve l y  as s umed based  on the con s i s ten t l y  h i g h  b l ow c ou nt s  from 
t he  SPT  an d bor i n g  l o g descr i pt i o n s . The amou n t  of  s ett l emen t 
ca l c u l ated for the foun d at i on mater i a l i s  0 . 06 foot . Th i s  set
t l emen t i s  expected to occ ur i mmed i ate l y .  

The f i n a l  ta i l i n g s  p i l e  de s i g n for t h e  proces s i n g s i te i n 
cl  ud es an embankment he i g ht  of ap p rox i mate l y  5 5  feet . The ma
ter i a l wo u l d  be b l ended to a homogeneous  s an d -s l i me  m i xtur e 
and comp acted to 90 percent  s tan dard Proctor den s i ty ( gr e at er 
t h an 70 percen t re l at i v e  den s i ty )  up o n  p l acemen t .  The f i n a l  
t a i l i n g s  m i xture i s  expected to be nonp l as t i c ,  free d r a i n i n g ,  
and un s atur ated , thereby a l l ow i n g  sett l ement  t o  occur i mmed i 
ate l y  fo l l ow i n g con s tr uc t i o n . 

The sett l emen t ana l ys i s  for the ta i l i n g s  emban kmen t was 
mad e us i n g  conven t i on a l con so l i d at i on theory i n  conj unc t i on 
w i t h  the eq uat i on an d proced ur e descr i bed by L ambe and  W h i tm an 
( 1 969 ) . The v i rg i  n compres s i on i n dex ( C  ) of 0 . 1 3 ,  rebo u n d  
i n dex 2 ( Cr ) of 0 . 01 ,  an d con so l i d at i o nc pres sure  o f  2000 
l bs /ft  wer e  a l l determ i n ed by l abor atory ana l yses  of t he  
t a i l i n g s  from the  i n d i v i d ua l  s i te s  refer enced . The amou n t  of  
sett l ement  expected from the ta i l i n g s  mater i a l i s  app rox i mate
ly  1 . 3  feet , an d i s  expected to occ ur i mmed i  ate l y  fo l l ow i n g  
con s truc t i on . 

The tot a l  sett l ement for the s i te ,  t herefore , i s  expected 
to be approx i mate l y  1 . 4  feet . Th i s  sett l ement i n c l udes  bot h  
t h e  ta i l i n g s  an d the  foun dat i on mater i a l s ,  an d as pre v i ous l y  
d i s c us sed , i s  exp ected to occur i mmed i ate l y  fo l l ow i n g  con struc
t i on .  Add i t i ona l sett l emen t from the f i v e -foot r ad o n  bar r i er 
i s  n ot expected  to be s i gn i f i c an t  s i nce the  mater i a l  w i l l  be 
comp ac ted to 95 per cent of standard  P roctor den s i ty an d p l  ac ed 
i n  an un satur ated cond i t i on .  

D i spo s a l  a t  t he  Ch eney Reservo i r  a l ter n at i ve d i sp o s a l  s i te 

The foundat i on mat er i a l at the Cheney Re s er vo i r  s i te i s  
charac ter i zed by be tween 23 an d 42 feet of i n ter l ayer ed c l ay ,  
s i  I t , s an d , an d gr ave l . Ground  wate r w a s  encoun tered d ur i n g  
t he  s i te i n ves t i g at i on i mmed i  ate l y  abo v e  t h e  Manco s  S h a l e a t  a 
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depth  of 30 fee t .  A more deta i l ed desc r i pt i on of t he s u bs ur 
face cond i t i  on s w i l l  be pres en ted i n  the  D i  sposa  1 S i t e 
C haracter i zat i on  Report for Chen ey Re s ervo i r  an d i s  s ummar i zed 
i n  Sec t i on 7 . 0  of the tex t  of th i s  D E I S .  

The sett l ement an a l ys i s  for the fou ndat i on mater i a l  was 
made us i n g  e l ast i c th eory . Because  of the  l arge  amou n t  of 
cl ay mater i a l i n ter l ayer ed i n  the foundat i on prof i l e , the set
t l emen t an a l ys i s  con ser vat i v e l y  ass umed th e  s i te to be  un sat
ur ated , cohes i v e  ( f i n e -gra i n ed )  mater i a l to bedrock . Th e 
sett l ement an a l ys i s  for th i s  typ e of mater i a l  i s  o ut l i n ed i n  
NAVF AC DM 7 . 1 -20 9 .  The s i te mater i a l  was ch arac ter i zed a s  be
i n g  li v ery st i ff ll to II h ard ll based on  the h i g h b l ow cou n t s  from 
t he  st an dard  penetr at i on test  ( SP T )  and bor i n g  l o g descr i p
t i on s .  I n  ad d i t i on ,  the  ov er-con s o l i d at i on r at i o  ( O C R )  of  t he  
c l ay mater i a l  i s  e st i mated to be  app rox i mate l y  e i g h t ,  wh i c h 
wou l d  f ur ther red uce the  exp ected sett l emen t .  The ca l c u l ated 
amount  of sett l ement for the foundat i on mater i a l i s  0 . 1  f oot . 
D ue to th e u n saturated s t ate  of the c l ayey mater i a l , and t he  
h i gh OCR ,  the  sett l ement  i s  exp ected to occur i mmed i  ate l y  f o l 
l ow i n g  con struct i on .  

The tot a l  sett l emen t for the s i te ,  t herefor e ,  i s  exp ected 
to be approx i mate l y  0 . 5  foot . Th i s  sett l ement i n c l udes  bo th  
t he  ta i l i n g s  an d the foundat i on mater i a l ,  a nd  as prev i ou s l y  
d i s c u s sed , i s  exp ected to occ ur i mmed i ate l y  fo l l ow i n g  c on s tr uc 
t i on .  Add i t i on a l  sett l emen t from t h e  f i v e -foo t r ad o n  bar r i er 
i s  not  expected to be s i g n i f i  c an t  s i nce the mater i a 1 w i  1 1  be 
comp acted to 95 perc en t of st andard P roctor den s i ty and p l  aced 
i n  an u n satu r ated cond i t i on .  

D i s p o s a l  at t he  Two Road a l tern ate d i s p o s a l  s i te  

The  fou ndat i on mater i a l  at  the  Two Road s i te i s  ch arac ter
i zed by between 1 5  to  30  feet  of  sandy s i l t s an d c l ayey, 
gr av e l l y  sand s .  Th i s  mater i a l i s  under l ai n  by Man cos  Sh a l e .  
A more deta i l ed descr i p t i on of the s u b s ur f ace  cond i t i on s  w i l l  
be p resen ted i n  the  the  D i sposa l S i te Ch arac ter i z at i on Report 
for the Two Road s i te an d i s  s ummar i zed i n  Sect i on 7 . 0  of t he  
text of th i s  D E I S .  

The sett l emen t an a l ys i s  for the foundat i on mater i a l w as 
made us i n g  e l as t i c theory . The proced ur e u sed i s  out l i n ed i n  
deta i l i n  NAV FAC DM 7 . 1 - 2 1 1 .  Th i s  an a l ys i s  as s umed the  f ou n da
t i on prof i l e  t o  u n satur ated , c oars e-grai n ed , a n d  nonp l ast i c  ma
ter i a l to bedrock . A re l at i v e den s i ty of 70 percent was 
con s er vat i v e l y  as sumed based on the h i g h b l ow cou n t s  from t he  
SPT  a nd  bor i n g l o g de scr i p t i on s .  Th e amou n t  of sett l emen t ca l 
c u l ated for the  foundat i on mater i a l i s  0 . 0 2  foot . As p rev i o u s 
l y  s t ated for t h e  ot her two a l ternat i v e s ,  t h i s  sett l emen t i s  
exp ected to occ ur i mmed i ate l y  fo l l ow i n g  con str uc t i on .  
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The f i n a l  t ai l i n g s  p i l e  des i g n for the Two Road s i te i n 
c l ud es an emban kment he i g ht  of 35 feet . S i n ce the  ta i l i n g s  
ch ar acter i st i c s an d embankmen t  he i gh t  are i d ent i ca l  to t h e  
Cheney Re servo i r  s i te ,  t h e  amoun t  o f  s ett l emen t c a l c u l ated f or 
the  ta i l i n g s  mater i a l wou l d  a l s o  be approx i mate l y  0 . 4  foot . 
Th i s s ett l ement wo u l d  a l s o  be exp ected to occ ur i mmed i ate l y  
f o l l ow i n g  con struc t i on . 

The tot a l  sett l ement for the Two Road s i te ,  t her efore ,  i s  
expected to be approx i mate l y  0 . 42 foo t .  Th i s  sett l ement i n -
c l ud es  both the  ta i l i n gs  an d the f oundat i on mater i a l . 

8 - 1 2 4  



RE F ERENCES  FOR AP P E ND I X  B 

A I S I  ( Amer i c an  I ron and  Steel  I n s t i tut e ) , 1 9 71 . Handbook of Stee l D r a i n age  and  
H i ghway Product s . 

C as ag r an de ,  A . , 1975 . Il L i q uefac t i on and Cyc l i c  Deform at i on of S an d s  - A 
Cr i t i c a l  Rev i ew ,  II Harvard  So i  1 Mec h an i c s Ser i e s  No . 88,  p aper  p r esen te d at 
the F i fth  P an Amer i c an  Conference on S o i l Mec han i cs and  F o u ndat i on 
Eng i n eer i ng ,  B uenos  A i res , Argen t i n a . 

CGS ( Co l or ado Geo l og i c a l  Survey ) , 1 982 . II Pre l i mi n ary Report on Poten t i a l  S i t e s  
S u i t ab 1 e for R e  1 ocat i o n  an d /or Reproce s s  i n g  o f  t h e  Gran d J u n c t  i on  a n d  
R i f l e Uran i um Mi l l  Ta i l i n gs  P i l es , 1I prepared by Four Corners  Re search  
I n s t i tute for the Department of N atur a l  Resources , Den ver , C o l or ad o . 

COE  ( U . S .  Army of Eng i n eer s ) , 1982 . HEC-2  Water S urface Prof i l es ,  User 1 s  
Manu a l , Computer Pro g r am 723-X6-L 20 2A ,  Water Resou r ces  S up po r t  Cen ter , 
The Hydro l ogy Eng i n eer i n g  Cen ter , D av i s ,  C a l i forn i a .  

COE ( U . S .  Army Corps of Eng i n eer s ) ,  1 981 . HEC-l , F l ood Hydrograph P ack age , 
User 1 s  Man u a l , Comp uter P ro gram 723-X6-L 2010 ,  Water Re sources  Support  
Cen ter , The Hyd ro l og i c Eng i n eer i n g  Cen ter , D av i s ,  C a l i forni a .  

COE ( U . S .  Army Corps  o f  Eng i neers ) ,  1 970 . Eng i n eer i ng and Des i gn ,  Hydrau l i c  
Des i gn of F l ood Contro l  C h an ne l s ,  EM- I 1 10-2- 1601 , Off i ce of the  Ch i ef of  
Eng i neer s ,  Was h i n gton , D . C .  

DOA ( U . S .  Dep artmen t of th e Army ) , 1 970 . Stab i l i ty of E arth  and Rockf i l l  
D ams , EM- I I I0-2-190 2 ,  Was hi n g ton , D . C .  

DOC ( U . S .  Departmen t of Commerce ) ,  1 9 7 7 .  Probab l e  Max i mum P rec i p i tat i on 
E s t i mates , C o l orado  R i ver and Great B as i n  D r a i n ages , Hydrometeoro l og i c a l  
Report N o .  49 ,  prep ared by t h e  N at i ona l Weat her Serv i c e ,  Off i c e of 
Hyd r o l ogy , for the U . S .  Departmen t of Commerce an d U . S .  Departmen t of t he  
Army , S i l v er Spr i n g ,  Mary l an d .  

DO E ( U . S .  Departmen t of E ner gy ) ,  1 984 .  D i spos a l  S i te C har acter i zat i on Report 
for the  A l tern ate Uran i um M i l l  Tai l i ngs D i spos a l  S i te a t  Two Road n ear 
Grand J u nct i on C o l orado ( P re l i m i n ary Draft ) , UMTRA- DO E/AL- , p re
pared fo r the U . S .  Depar tmen t of Energy ,  UMTRA P roj ect Off i c e ,  A l b u que rq ue 
Oper at i on s  Off i ce ,  A l b u que r q ue , New Mex i co .  

00 1 ( U . S .  Depar tmen t of the I n ter i o r ) ,  1 9 7 7 .  Des i gn of Sma l l D ams , U . S . 
Bureau  of Rec l amat i on ,  Water Resources Techn i ca l  P ub l i cat i on ,  Was h i n g ton , 
D . C .  

D av i s ,  S . N . ,  and R . J . M .  DeW i e s t ,  1 966 .  Hydrogeo l ogy , John  W i l ey & Son s ,  New 
York , New York . 

L ambe , T . W . ,  and R . V .  Wh i tm an , 1 969 .  S o i l Mec han i c s ,  John  W i l ey & Son s ,  I n c . ,  
New York , N ew York . 

B - 1 2 5  



L i n e l l ,  K . A . , an d E . F .  Lobac z ,  1 980 . Des i gn and Con str u ct i on of Foundat i on s  i n  
Areas of Deep Season a l  Frost and Permafros t ,  U . S .  Army Corp s of 
E n g i neer s , Co l d  Re gi o n s  Re search an d En gi n eer i n g  Lab o r atory,  Han ov er , New 
Hamp s h i re ,  Spec i a l  Rep ort  80-34 .  

Lohman , S . W . ,  1965 . " Geo l o gy an d Artes i an Water S up p l y  Gr an d J u nc t i on Are a  
C o l or ado , "  U . S . Geo l o g i c a l  Survey P rofe s s i ona l P aper  45 1 ,  U . S . Governme n t  
P r i n t i n g  Off i c e ,  W as h i n gton , D . C .  

McC ai n ,  J . F . ,  an d R . D .  Jarrett , 1 97 6 .  Man ua l  for E st i mat i ng F l ood 
C h aracteri  st i c s  of N atura  l - F l  ow Streams i n  C o l orad o ,  Tech n i  ca  1 Man ua 1 No . 
1 of the  Co l or ad o  Water Con servat i on Boa rd , C o l orad o  Dep artment of N at u r a l  
Resources  i n  cooper at i on wi th t h e  U . S .  Geo l og i c a l  S ur vey,  Den ver , 
Co l or ado . 

M i l l er et a l . ( J . G .  Mi  l l er ,  R .  Freder i c k ,  an d R .  Tracey ) , 1 9 7 3 .  P rec i p i t at i on
Frequency At l as of t he  Western  Un i ted S tates , NOAA At l as 2 ,  p r ep ared by 
t he  U . S .  Dep ar tment of Commerc e ,  N at i on a l  Oce an i c  an d Atmos pher i c  
Admi n i s tr at i on , for the  U . S .  Dep artmen t of Agr i c u l tur e ,  So i  1 Con servat i on 
Serv i ce , E ng i n eer i n g  D i v i s i on ,  S i l v er Spr i n g ,  Mary l an d .  

NAV F AC ( U . S .  Department  of N avy , N av a l  Fac i l i t i es Comman d ) , 1 982 . DM- 7 . 1 ,  
A l exandr i a , V i r g i n i a .  

NRC  ( U . S .  N u c l ear Re g u l atory Commi s s i on ) , 1 984 . 
Uran i um M i l l  Ta i l i ngs Cover Des i gn ,  
Reg u l atory Commi s s i on ,  Was h i n gton , D . C .  

R adon Atten u at i on Handbook for  
N UR EG!CR-3533 ,  U . S . N uc l  ear 

P ember ton , E . L . , and J . M .  Lar a ,  1 984 . " Comp ut i n g  Degrad at i on an d Loc a l  Scour , "  
Tech n i c a l  G u i d e l i n es  for B ureau  of Recl amat i on ,  En g i n e er i n g  an d Research  
C en ter , Denver , C o l or ado . 

R aw l s ,  W . ,  an d D .  Brak en s i ek ,  1983 . "Green -Ampt I nf i l tr at i on P ar ameters from 
Soi l s  D at a , " Jo urna l  of Hyd rau l i c Eng i neer i ng ,  Amer i can Soc i ety o f  C i v i l 
Eng i n e er i n g P roceed i n g s , Vo l . 10 9 ,  N o . 1 .  

R i t ter , D . F . , 1 9 78 .  
D u b u que , I ow a .  

Proce s s  Geomorpho l ogy, W i l l i am C .  Brown P u b l i s he r s ,  

S eed , H . B . ,  1 9 7 6 .  " Some Aspects  o f  San d  L i q uefac t i on Under E arthquak e Load i n g , " 
i n  P roceed i ngs of the  I n ternat i on a l  C onference on Behav i or of Off-S hore 
Structures , Augus t 25 , 1976 , Thron dh e i m, Norw ay .  

S i e g e l , Ron a l d A . , 1 9 78 .  STABL User ' s  Man ua l , E ng i n eer i n g  Exper i ment  St at i on ,  
P urd ue Un i ver s i ty ,  West  Lafayette , I nd i an a . 

S i mon s ,  D . B . ,  an d F .  Sen t ur k , 1 9 76 .  S ed i ment  Tr an sport  Tec h n o l ogy ,  Water 
Res ources  P ub l i cat i on ,  Fort  Co l l i n s ,  C ol orado . 

Sowers , G . F . ,  1 9 79 .  I ntrod uctory So i l Mec han i cs and Foundat i on s : Geotec h n i ca l  
E ng i n eer i ng ,  4 t h  Ed . ,  MacMi l l an P u b l i s h i n g C omp any , N ew York , N ew York . 

S t u bch aer , J . , 1 9 7 5 .  The Santa  B arbara  Urb an Hydrogr aph Method , presen ted  at 
the N at i on a l  Sympos i um on Urban Hyd r o l ogy an d Sed i me n t  Contro l , Un i v er s i ty 
of Ken tucky , Lex i n gton , Kentucky . 

B - P '1  



APP E ND I X  C 

AL TERNAT I V ES EL I M I NATED 
FROM DETA I L E D  STUDY 





Sect i on 

C . 1  SUMMARY 

TABL E  OF CONTENTS 

. . . . . . . . . . . . . . . . . 

P age 

C -1 

C . 2  STATE OF  COLORADO ALTERNATE D I SPOSAL S I TE NOM INAT ION P ROC ESS .  • C -5 

C . 3  U . S .  D EPARTMENT  OF EN ERGY ALTERNATE D I SPOSAL 
S I TE S EL ECT ION PROC E S S  • . . . .  

C . 3 . 1  E va l u at i on cr i ter i a  . .  
C . 3 . 2  Eva l uat i on me thod • . •  

C . 3 . 3  Al terna t i v e s  se l ected 

C . 4  TRANSPORTAT ION METHOD S  . • . •  

C . 5  REPROC E S S I NG THE  TA I L I NGS  P R I O R  TO D I SPOSAL . 

C . 6  RETUR N I NG THE TA I L I NGS  TO THE M I N ES • .  

R E F ER EN C ES FOR APP END I X  C • .  

C - i  

· • • C -1 5 
• C -1 5  

. . . . • C -1 8  
· C -2 2  

• • • • C - 29  

• • • C -31 

· . • C -3 3  

• C -3 5  



L I ST OF F IG UR E S  

F i gure  

C . 1 . 1  The geogr ap h i c a l  l ocat i on of the t a i l i n g s  p i l e  
and  the  a l ternate d i spos a l  s i te s . . • • • . • . . • . . . .  C -2 

L I ST OF  TABL ES 

Tab l es 

C . 2 . 1  An ex amp l e  of the  geotec h n i ca l  r at i n g  matr i x  used  to  

C . 3 . 1  
C . 3 . 2  
C . 3 . 3  
C . 3 . 4  

C . 3 . 5  
C . 3 . 6  
C . 3 . 7  
C . 3 . 8  

compar at i v e l y  r ate poten t i a l  s i te s .  . . • . . •  · C -9 

C -1 6  En v i r onmenta l  cr i ter i a .  . • • • •  

Geo l og i c cr i ter i a . . • . • • . . • . • •  

Hydr o l og i c c r i ter i a  . • • .  . • • •  

• • C -1 7  
• C -1 9  

Cr i ter i a  r e l ated t o  l an d  own er s h i p  an d l an d - us e  
r e s tr i c t i on s . . • . . . . .  

An examp l e  of s i te scor i n g  • . . • . . • • . • • .  

Wei g h t i n g  factors  • • . . • • . • • . • • • .  

We i g h ted  s c ores  for s i te - su i tab i l i ty cr i ter i a  
Tota l  we i g h ted s c ores  for the  a l ternate s i te s  

C - i i 

• • • • • • C -20 
. • • • . • C -2 1  

· C -2 3  
• • • • C -24 

• • C -26 



C . l  SUMMARY 

The proces s by wh i c h the  a l ternate d i spo s a l  s i te s  were s e l ec ted i n vo l v ed 
t h e  p u b l i c ,  the St ate of Co l or ado , and the U . S . Department  of En ergy ( DO E ) . 
C o l orado searched the  Gran d  J unct i on area  for poten t i a l d i s p o s a l  s i te s  and  i d e n 
t i f i ed 30 areas  wh i c h appe ared t o  h av e  con d i t i on s  s u i tab l e for t a i l i n g s  d i spos
al . These  30 are as were eva l u ated ag a i n s t  a 13-poi n t  exc l u s i onary cr i ter i a  
wh i c h  re su l ted i n  the  s e l ect i on of n i n e  poten t i a l  d i s p o s a l  s i te s .  Th ese  n i n e  
s i te s  were then ar i thme t i ca l l y r ated w i th a tech n i c a l  g rad i n g matr i x .  P u b l i c  
hear i n g s  wer e he l d  to so l i c i t p u b l i c  p art i c i p at i on i n  t he  a l ternate d i spos a l  
s i te nomi n a t i on proc es s .  A Can d i d ate S j te Rev i ew Commi tte e ,  con s i s t i n g  of c i ty, 
c o u nty ,  an d s t ate off i c i a l s ,  met i n  p u b l i c  se s s i on an d nom i n ated four s i te s  for 
fur ther an a l ys i s  an d con s i derat i on by the  DO E .  These  four s i te s  were East  S a l t 
Creek , 6 & 50 Reservo i r , Cheney Reserv o i r ,  an d L ucas  Me s a  ( F i g ur e  C . l . l ) . Th e 
L uc as Mes a  s i te was i n c l uded as a poten t i a l  s i te o n l y  for the  co l ocat i on of t he  
Gran d  J un ct i on ta i l i n g s  a nd  t he  ta i l i n g s  l ocated at R i f l e ,  Co l orado . 

The DO E eva l u ated the  four s i te s  nom i nated by Co l or ad o  ag a i n st a t ech n i c a l  
s u i tab i l i ty cr i ter i a  con s i st i n g  of f i v e categor i es :  e n v i ronmen t al , geo l og i c ,  
hydro l og i c ,  l an d  own er s h i p  an d l an d  use  restr i ct i on s ,  an d eng i neer i n g  econ om i c s . 
Throu gh t h i s proc e s s  the  DO E ,  w i th  the  con c ur ren ce  of Co l orad o ,  s e l ected the  6 
& 50 Reservo i r , Cheney Reservo i r , an d Lucas  Mes a  s i te s . L ucas  Me s a  was i n c l u d 
ed on l y  i f  t he  Gran d J unct i on an d R i f l e  ta i l i n g s  s i te s  were  t o  b e  co l ocated . 
The S a l t Creek s i te was e l i mi nated from fur ther con s i d e r at i on be cause  i t  was 
near l y  i dent i ca l  to the 6 & 50 Re s ervo i r  s i te .  

Fo l l ow i n g  t he  co l l ect i on of en v i ronmen t al data  an d pre l i mi nary en g i n eer 
i n g ,  the  DO E ,  w i th the  conc urrence of Co l orado , e l i mi n ated from further  con s i d er 
at i on t h e  a l ter nat i v e o f  co l ocat i n g  the  Gran d  J un ct i on an d R i f l e  ta i l i n g s  at 
L uca s  Mesa  because  the  en v i ronmen t a l  i mp act s  an d costs  of t h i s a l terna t i v e wer e 
very h i g h .  I n  ad d i t i on ,  the  DO E ,  w i th the  con c ur ren c e  of C o l orad o ,  rep l aced the  
6 & 50  s i te w i th the  Two Road s i te becau se  the two s i te s  are  n e ar l y  i d e n t i c a l ; 
howe v er ,  the  Two Road s i te i s  l e s s  s us cept i b l e  to ero s i on an d i s  th erefore a bet
ter s i te for ta i l i n g s  d i spos a l . 

An add i t i on a l  s i te screen i n g  proces s was cond ucted to i dent i fy a s i te i n  
t he  Gran d  J unct i on area  th at was bot h t ech n i c a l ly  s u i tab l e  an d l e s s  c o s t ly  t h an 
t he  ot her a l ternat i v es . The 32 Ro ad s i te , l ocated one m i l e  sout hwest of Gran d  
J unct i on , was se l ected for deta i l ed study . Fo l l owi n g  the  prep arat i on of i n i t i a l 
co st  est i mates  an d d i s c u s s i on s  w i th l oc a l  offi c i a l s ,  t h i s  a l terna t i v e  was e l i m
i n ated from further c on s i derat i on .  

Therefo r e ,  the  Cheney Res er vo i r an d Two Road a 1 terna te d i  s posa  1 s i tes  ar e 
addressed i n  th i s  E n v i ronmenta l  I mp ac t  S t atement  ( E I S ) . 

S i n ce  ra i l road l i nes  run  between Grand J unct i on an d t he  gener al  v i c i n i ty of 
bot h  the Cheney Re s er vo i r  an d Two Road s i te s ,  bo t h  rai  1 t r an spor t at i on and  t ruck  
tran sportat i on of the  ta i l i ng s  to the a l ternate s i te s  are ad dres sed as sep ar ate 
a l ternat i v e s  i n  th i s  E I S .  

Rep roces s i n g the  ta i l i n g s  p r i or to stab i l i z at i on was rejec ted because  the  
co s t s  of  reproces s i n g great l y  exceeded  the  v a l ue of the  resources  prod uced . 
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Retur n i n g  the  ta i  1 i ng s  to the  mi n e s  from wh i c h the  ore  was m i n ed w as r e
jected bec au se  the  e n v i ronmen ta l  cond i t i on s  at  many of  the  m i n es a re  n ot c on d u 
c i ve  to tai l i n g s  d i s po s a l  a n d  bec a u s e  many o f  t h e  undergrou n d  m i n e s  h av e  
co l l apsed and  are i n acces s i b l e . 

The fo l l ow i n g sect i on s  of th i s  app en d i x cont a i n  add i t i on a l  d eta i l s  on  t h e  
a l ternat i v e s  s e l ected for i n c l us i on i n  th i s  E I S .  
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C . 2  STATE OF COLORADO ALTERNATE D I SPOSAL S I TE NOM INATION  P ROCESS 

The fo l l ow i n g  de scr i pt i on of Co l or ado · s  a l ternate d i spos a l  s i te nom i n at i on 
process  was obt ai ned  from the  repo r t  en t i t l ed Poten t i a l  S i te s  S u i t ab l e  for 
Rec l amat i on an d /or Reproce s s i n g of the Grand J u nct i o n  an d R i f l e  Ur an i um M i l l  
Tai l i n g s  P i l es ,  i s s ued  i n  1982 ( CGS , 1 982 ) . 

The S tat e  of Co l o r ado e stab l i s hed gener al  p l ac emen t ob ject i v e s ,  c on d ucted a 
reg i ona l s u r vey to i den t i fy poten t i a l  d i s po s a l  s i te s ,  an d ev a l u ated the poten 
t i a l s i te s  to se l ect t he  be s t  s i te s  for nomi nat i o n .  

To en sure  the  safe , l on g -term cont a i nme n t  of ur an i um t a i l i n g s  mater i a l ,  a 
n umber of gener a l  p l ac emen t object i v es  were  e s t ab l i s hed for ta i l i n g s  d i spo s a l  i n  
C o l or ado . Thes e  p l ac ement  ob ject i v e s ,  wh i c h are comp at i b l e  w i t h the  p refer red 
method of t a i l i n g s  d i s po sa l  ( be l ow gr ad e  and dewatered ) ,  were as fo l l ows : 

o Tai l i n g s  or waste d i spo s a l  are as s hou l d  be l ocated at a re l at i v e l y  re
mo te s i te so  as to red uce poten t i a l pop u l at i on expo s ures  and the  l i k e l i 
hood of human i n tr u s i on s  to the max i mum exte n t  reas onab l y  ac h i evab l e .  

o Tai l i ng s  or was te d i spo s a l  areas  sho u l d  be l ocated at a s i te where d i s 
r up t i on an d d i s per s i on by natur a l  forces  are e l i mi n ated or red uc ed t o  
t he  max i mum exten t reasonab ly  ac h i evab l e .  

o Tai l i n g s  an d was te s hou l d  be p l ac ed be l ow g r ad e ,  i n  t ren ches  or p i ts ex
cavated i n to re l at i v e l y  i mp er v i ous  s h a l e .  

o Tai l i n g s  an d was te s hou l d  be covered w i th a m l n l mum of three meters of 
earthen mater i a l s  t hat are de s i gned  to red uc e s ur face ex h a l at i on of r a
don from the  ta i l i n g s  or w aste to l es s  t h an two p i c ocur i e s  per  s q uare me
ter per second  abo v e  bac k ground  l e ve l s ,  are de s i gned  to red uce root or 
an i ma l  penetrat i on an d s a l t m i g r at i on ,  an d are constr ucted to m i n i mi ze 
eros i on .  

o Rec l amat i on of the  t a i l i n g s  or waste are as s hou l d  i n c l ude a f u l l ,  s e l f
s u s ta i n i n g vegetat i v e cov er or r i pr ap to m i n i mi ze w i nd  an d water ero
s i on .  The f i n a l  con tour s l op es  s hou l d  be as c l ose  as p o s s i b l e  to the 
natura l  s urfac e ,  but  not  s teep er t h an a r at i o  of f i v e hor i zo n t al to one  
ver t i c a l . 

o Seep age of tox i c  mater i a l s  to the  ground  or s urfac e  water s  s hou l d  be m i n 
i mi zed to the maxi mum exten t reasonab l y  ac h i evab l e  s o  th at grou n d  water 
and other natura l  sys tems w i  1 1  not be degraded . Seep age  con tro l me a
sur es shou l d  i n c l ude con s i de r at i on  of bo t h  p hys i c a l  an d geochem i c a l  
method s . 

o Tai l i n g s  an d waste s hou l d  not ad v erse l y  affect i mportan t m i n era l  re
sources  or  u n i q ue h i stor i c ,  arc h aeo l o g i c ,  w i l d l i fe ,  o r  eco l o g i c are as . 

o Tai l i ng s  or waste s hou l d  be conf i n ed to a s i n g l e are a  to prec l ude the  
pro l i fer at i on of n umerou s ,  sma l l d i spos a l  areas . 
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o The f i n a l  d i spos i t i on of the  ta i l i n g s  an d was te s hou l d  be s u c h  that  o n 
go i ng ac t i v e  ma i n tenance  i s  n ot  n ece s sary to preserve  i s o l at i on and  th at 
mo n i tor i ng w i l l  be m i n i m i zed to the max i mum exten t reasonab l y  
ac h i ev ab l e .  

The s e  object i v es  can  be ac h i eved an d cand i d ate s i te s  can be i d en ti f i ed an d 
comp ar ed throu g h  a two-phase  s e l ect i on proces s .  P h ase I of th i s  proces s c on s i st
ed of a s er i e s  of e l i mi nat i on or  f i l te r i n g  s tep s i n  wh i c h " poten t i a l  s i tes"  wer e  
de l i n eated w i th i n a spec i f i c  area  aro u nd  a p ar t i c u l ar ta i l i n g s  p i l e  o f  i n terest . 
For  th i s  i n vest i g at i o n ,  an ar ea w i th a I S-mi l e  rad i us around  eac h  ta i l i n g s  
p i l e , an d a 20-mi l e-w i d e  corr i d o r  a l ong  t h e  r a i l road from t h e  Ut ah-Co l or ado  l i n e  
to G l enwood Spr i n g s  an d from Grand  J unct i on south  to the Mes a-De l t a  Co un ty l i n e  
were i n ventor i e d . P h as e  I I  i n vo l ved  rev i ew an d ev a l uat i on o f  these  poten t i a l  
s i tes by an appropr i ate commi ttee th at was t o  s e l ect three t o  f i v e cand i d ate 
s i tes for further deta i l ed study by the DO E .  

P HASE  I :  The f i r s t  s tep i n  P h as e  I was to de term i ne the geo l og i c forma-
t i on s  that po s se s s  ac cep tab l e  p erme ab i l i ty ,  th i ck ne s s ,  and l atera l  l i tho l og i c 
con t i n u i ty .  The format i on s hou l d  hav e bed s of l ow o r  v ery l ow p erme ab i l i ty t h at 
ar e at l e as t 1 50 fe et th i ck and are l ater a l l y  per s i stent  for many s q uar e m i l es .  
Format i on s  w i th  these  ch ar ac ter i st i cs ar e her e i n  ca l l ed " s u i tab l e  format i on s . " 
Certa i n other geo l og i c  format i on s  i n  Co l orado  may i n  part  meet th i s  c r i ter i o n ,  
b u t  they gener a l l y  ar e not as th i ck and a s  l ate ra l l y  per s i ste n t ,  o r  may cont a i n 
aq u i fer s .  These format i on s  ar e not obv i  ous  hos t  form at i on s ,  but  are her e i  n 
c a l l ed "pos s i b l y s u i tab l e  form at i on s . "  I n  ar eas  where there  i s  i n s uf f i c i en t  ar
ea  u nder l ai n  by " s u i tab l e  format i o ns , " the  " pos s i b l y  s u i tab l e  format i on s "  may be 
come i mportan t an d i n  s u c h  cases  s hou l d  rece i v e thorough  eva l u at i on .  Det a i l ed 
s t ud i es may eventu a l l y  prove  t h at s ome areas under l ai n  by "po s s i b l y  s u i t ab l e  for
mat i on s "  d o  meet the  s pec i f i ed s i t i n g  requ i r emen t s . 

I n  t he  study area  on l y  one  format i on , the  Man cos  S h a l e ,  meets  the  c r i ter  i a 
for s u i tab l e  form at i on s . The Man cos  S h a l e ,  a th i ck ,  l ateral l y  per s i stent , 
Cretaceous  mar i n e s h a l e ,  i s  gen er a l l y  ac cep tab l e  as a h o st  format i on for a t a i l 
i n g s  repos i tory . The up permos t  part  of the  format i on ,  however , c omp l ex l y  i n ter
f i n g er s  wi th  sever al  s an d s tone  be ds . S i mi l ar l y ,  the  l ower part of the  Man cos  
con ta i n s  l i my bed s  an d tran s i t i ona l s i l ty an d sandy zon e s . No  s i te s  were  se
l ected i n  e i ther of these  parts  of the  Mancos  S h a l e .  

One format i on i n  t he  are a ,  the  Was atch Format i on ,  was  c l  as s i f i ed a s  a p o s 
s i b l y  s u i t ab l e  format i on .  Th e Was atch  Format i on con s i s t s  o f  con t i n en tal  depo s 
i ts o f  c l aystone  w i th occas i on a l  s an d s tone  an d l i rre s tone  bed s .  Th e m i d d l e p ar t  
o f  t h e  Wasatch  Format i on i n  t h e  v i c i n i ty o f  DeBe q ue i s  part i c u l ar l y  san dy .  No  
s i tes  were  s e l ected i n  the  m i d d l e  p ar t  of the Wasatch  Form at i on .  

The Green R i ver  Format i on was i n i t i a l l y con s i dered as a l i k e l y  can d i d ate 
for de s i g nat i o n as a pos s i b l y s u i tab l e  format i o n  be cause  i t  con ta i n s  th i ck se
q uen ces of s h a l e ,  muc h of wh i c h  i s  o i l - r i c h .  Add i t i ona l eva l uat i on ,  however , 
s howed th at t he  format i on s hou l d  not  be s o  des i gn ated . The r at i o na l e  for ex c l u d 
i n g th i s  fo rmat i on i n vo l ved  se ver a l  factor s ,  i n c l ud i n g ( 1 )  a s i te w i th i n  t h e  
G reen R i ver  Format i on cou l d  i n h i b i t f u t u r e  o i l s h a l e  m i n i n g ;  an d ( 2 ) t he  forma
t i on crops out on l y  i n  steep c l i ff areas  that are unaccep t ab l e  for a t a i l i n g s  
repos i tory . 
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The second  s tep of P h as e  I c on s  i sted  of de  1 i n e at i n g  areas of f av o r ab 1 e 
s l op e  th at ar e under l a i n  by s u i tab l e  form at i on s  o r ,  where  n eces s ary ,  by p os s i b l y  
s u i t ab l e  format i on s . The mo s t  favorab l e  s l opes  r an ge from two to  f i ve p er ce n t ,  
b ut s l opes  o f  f i v e  to  1 0  per ce n t  o r  l es s  th an two percent  wer e  a l s o  c on s i d er ed 
accep t ab l e .  Areas th at were under l a i n by s u i t ab l e  format i o n s  or  poten t i a l l y  
s u i t ab l e  format i on s  an d t h a t  h ad accep t ab l e  s l op es an d s i ze were con s i d e r ed t o  
b e  " target ar eas . "  A t arget are a  may con ta i n more  t h an one  poten t i a l  s i te .  

Th i r ty target  ar eas  were s e l ected for the  Gr an d  J un c t i o n -R i f l e  s t u dy ar e a .  
These  were t h e  State  L i n e ,  West  Sa l t Cr eek , Dry C anyo n ,  Camp Gu l c h ,  E a s t  S a l t 
Creek , Coyote Was h ,  Dry G u l c h ,  L i p an Was h ,  Mack Eas t ,  P er s i go Was h ,  L e ac h  Creek , 
I nd i an Was h ,  Ha l l s  Bas i n ,  W h i tew ater Creek , I nd i an Creek , W i n d ger F l at s ,  B l ac k 
Moun t a i n ,  P l ace  Mes a ,  Pyr am i d  Rock , Roan Creek , Mes a ,  Mon ument  Gu l c h ,  P ar ac h u t e ,  
North  R i f l e ,  F l at i ron Mes a ,  Mamm-D i v i de Creek , Cac tu s  V a l l ey ,  Gr as s V a l l ey ,  New 
C as t l e , an d Garf i e l d  Creek t arget  are as . 

The th i r d s tep of P h as e  I i n vo l ved  t he  eva l u at i on of t arget  are as w i th r e 
gard to the  fo l l ow i n g cr i ter i a  an d s e l ect i on o f  poten t i a l s i tes  by exc l ud i n g  ar 
eas  t h at d i d  not  meet the  cr i ter i a .  A l l of the  fo l l ow i n g  are as wer e d i s q ua l i f i ed 
as poten t i a l  s i te s : 

o Areas  of i n s uf f i c i en t  s i ze .  

o Areas s u b ject  t o  exten s i v e r i ve r  f l ood i n g .  

o Areas  of c r i t i ca l  gro u n d -water resources  or  recharg e .  

o Areas  of comp l ex geo l og i c str ucture  ( e . g . ,  ab undan t fau l t i n g ,  fo l d i n g ,  
an d jo i n t i n g ) . 

o Areas  s us cep t i b l e  to geo l og i c haz ards  th at cou l d  d i s r u p t  t he  r epos i tory 
( e . g . ,  ac t i v e fau l t i n g ,  s u bs i dence , and u n s t ab l e  s l op es ) . 

o Areas w i th severe  ero s i on poten t i a l o r  u n s t ab l e  l an dforms . 

o Areas  of Quaternary g l ac i a l o r  i g neous  ac t i v i ty .  

o Are as w i th  cr i t i c a l  m i nera l , geotherma l ,  arc haeo l o g i c ,  c u l t ur a l , h i s tor
i c ,  w i l d l i fe ,  o r  eco l og i c resource s . 

o Areas  of cr i t i c a l  s ur face water , s p r i n gs ,  an d prese n t  or  p l an ned l ar ge  
bod i e s  of  water . 

o Areas  of con centr ated human hab i t at i on or f uture  growth areas--town s ,  
s u bd i v i s i on s ,  an d den s e l y  pop u l ated rur a l  are as . 

o N at i ona l P ar k s , N at i on a l  Mon umen t s ,  W i l d l i fe Ref u ge s ,  w i l d erne s s  ar eas , 
an d w i l d  an d scen i c  r i ver  areas . 

o Areas  of pr i me ,  i r r i gated  agr i c u l t u r a l l an d s . 

o Areas w i th severe  tran sportat i on s afety as pec t s . 
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Co n s i der at i o n of these  cr i ter i a  i n  regard to the target  areas  res u l ted i n  
t he  s e l ect i on of "poten t i a l  s i te s . "  A n umber  of s i te s  w i th i n  target areas  re
ce i ved  further con s i der at i on d ur i n g th i s  study , b ut were not recommended as po
ten t i a l  s i te s . Th e poten t i a l s i te s  recommended  to the C an d i d ate S i te Re v i ew 
Comm i ttee fo r the re l ocat i o n an d /or reproces s i n g of the  Gran d J un c t i on an d R i f l e  
ur an i um m i l l  ta i l i n g s  p i l e s from we st  to eas t ,  were a s  fo l l ows : 

0 Two Road s i te .  
0 McDon a l d  Creek s i te .  
0 6 & 50 Re servo i r  s i te .  
0 Camp G u l  c h  s i te .  
0 East  S a l t Creek s i te .  
0 Ha l l s  B as i n  s i te .  
0 Cheney Reservo i r  s i te .  
0 L uca s  Mes a  s i te .  
0 F l at i ron Mes a  s i te .  

The fourth  an d f i na l  step of P h ase I was the  geote ch n i ca l  ev a l uat i on an d 
r an k i ng of the poten t i a l  s i te s  by use  of a g rad i n g matr i x .  To u se  the grad i n g 
matr i x ,  s hown i n  Tab l e  C . 2 . 1 ,  scores  were as s i g ned to a n umber  of geo l og i c ,  
hyd ro 1 o g i  c ,  and me teoro 1 o g i  c fac tors for eac h  s i te .  Each  factor was  as s i g ned a 
r an k  v a l ue from zero to four i n  the  matr i x  based on the  c h arac ter i s t i c s  of t he  
part i c u l ar s i te be i n g eva l uated . Some fac tors are mo re i mportan t t h an others , 
an d they are we i g h ted ac cord i n g l y .  The total s i te score was ca l c u l  ated by ad d i n g  
a l l factor scores . A ma x i mum s core o f  1 52 was po s s i b l e . 

P HASE  I I :  Poten t i a l  
P ha se  I I  by the C an d i d ate 
i n c l uded : 

s i tes  were revi ewed an d 
S i te Re v i ew Commi ttee . 

further  eva l u ated d ur i n g  
Members  o f  t h e  Commi ttee 

Rahe J un g e  - Co l or ado Geo l o g i c a l  S ur vey . 
R i c h ard  Gamewe l l  - Co l orad o  Dep artmen t of He a l th ,  R ad i at i on Con tro l 

D i v i s i on .  
Betsy Mo en - Un i ver s i ty of Co l or ado , I n s t i tute  of Beh av i ora l  S c i ences . 
J ame s E .  Mor r i s - Co l or ad o  D i v i s i on of W i l d l i fe .  
R i c h ar d  Le s s ner - C i ty Man ager , R i f l e .  
George Van S l yke  - Co l or ad o D i v i s i on of Water Re s ources , S t ate 

E ng i n e er 1 s  Off i c e .  
P at Gorm l ey - Remed i a l Act i o n Lay Adv i sory Comm i tte e ,  Gran d  J un c t i on .  
Ned Noack  - Co l or ado  Department of He a l th ,  Wa ste Man agement D i v i s i on .  
J i m  P e n d l eton - Co l orado  M i n ed Land  Rec l amat i on D i v i s i on .  
Tom S o u v i l l e - Mes a Co u n ty Hea l th Departmen t .  
Joh n B l a i r  - Co l or ado Dep artment o f  He a l th , Water Q ua l i ty Con tr o l  

D i v i s i on .  
B arbara  C h oco l - Co l or ado Dep artmen t of H i ghways . 
D ar re l l Lowder  - C i ty of Grand  J unct i on .  
D av i d  O u i me tte - Co l or ad o Dep artmen t of He al th - Ep i d em i o l ogy D i v i s i on .  
J ame s Or i n k ho u se  - Garf i e l d  County Commi s s i on er .  

The Comm i ttee  was req u i  red  to recommend  three to f i ve pote tl t �  2! 1 s i tes  to be 
cand i d ate s i te s  fo r furth er deta i l ed an a l ys i s  by the DOE . Re commendat i o n s  Uj 
t h e  Comm i ttee  were  based not on l y  on th e current l y  av a i l ab l e  geotec hn i ca l  d at a , 
b u t  a l s o on ot her i mpo rtan t addi t i on a l  factors  that mus t  be c on s i dered for an ac 
cep tab l e  d i s po sa l  s ite . These  factors  i n c l uded , b ut were not  l i mi ted  to ,  t r an s 
portat i on e l emen t s ,  l an d  us e ,  l an d  own er s h i p ,  w i l d l i fe ,  arc h aeo l o g i c ,  c u l -
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1 .  

2 .  

3 .  

n 4 .  
I 

'.D 

5 .  

6 .  

7 .  

Tab l e  C . 2 . 1  An ex amp l e  o f  the geotec h n i c a l  r a t i n g  matr i x  used t o  comp ar a t i v e l y  rate poten t i a l  s i tes : 
R an k  x we i gh t  = Fac tor S c o r e ;  0 = l ow rank ; 4 = h i gh e s t  r ank ; h i ghes t p os s i b l e  score = 1 5 2 .  

S i te de s i gn a t i on : S i te l oca t i on :  

R ank 

F ac tor 0 1 2 3 

Land s l ope >10% <2% or 
5% t o  10% 

Surf i c i a l mater i a l s  Grave 1 or Very f i ne S i  I t  S i  l ty c l  ay 
1 i t ho l ogy sand sand or san dy 

s i l t  

Surf i c i a l  mater i a l s  >20 f t  10 to 2 0  f t  5 t o  10 ft 2 to 5 ft 
t h i ckness ( i f c l ay or 
s i l ty c l ay ,  s i te 
ranks 4 )  

Hos t  r o c k  l i tho l ogy San d s tone , Very f i n e S i l ts tone S i l ty s h a l e  
l i mes to n e ,  or s a n d s tone or or c l ays ton e 
cong l omerate sandy si  l t s to n e  

Hos t r o c k  th i c k n e s s  < 5 0  f t  50 to 75 ft 75 to 100 f t  1 0 0  to 200 f t  
( i f  con g l ome r ate or 
s a n d s  ton e ,  s i te 
r a n k s  0 )  

P resence of frac t ur i n g 
( jo i n t s  and shear zon es ) 

Very h i gh H i gh Moder ate Low 

Sei sm i c  r i s k Very h i gh H i gh Moder ate Low 

4 We i gh t  

2% t o  5% 1 

C l ay 1 

o to 2 f t  2 

Sh a l e  or 2 
cl ays tone 

>200 ft 2 

Very l ow 1 

Very l ow 1 

Fac tor s c o re 



8 .  
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Tab l e  C . 2 . 1  An e x amp l e  of t h e  geotechn i c a l  rat i n g ma t r i x  used to comp arat i v e l y  r ate poten t i a l  s i tes : 
R an k  x we i g h t  = Factor Score;  0 = l ow ran k ; 4 = h i g h es t r an k ;  h i g h es t p o s s i b l e  score = 1 5 2  ( Co n t i n ue d )  

S i te des i gn a t i on :  S i te l o c a t i on :  

R an k  

F ac tor 0 1 2 3 

Suscep t i b i l i ty to n a t u r a l  Moderate to Low 
s l ope f a i l ures , subs i d ence , h i gh 
or hydro-compac t i on 

P resen t eros i ona l /  I n te n se Moder ate Mi nor Sheet or 
de pos i t i on a l  s e t t i n g  g u l l y i n g g u l l y i ng g u l l y i n g r i  1 1  wash 

Lon g - term geomo r p h i c  Very poor P oor Moder ate Good 
s t ab i l i ty 

Con f l i c t  w i th m i n e r a l  Ser i o us Moder ate 
resources con f l  i c t s  con f l  i c t s  

A q u i fer c h a r ac ter i s t i c s P rod uces Produces Produces P roduces 
of sur f i c i a l mater i a l l arge amo u n t s  mi nor-mod . l arge amou n t s  m i  nor -mod . 

of good qua 1 - amoun t s  of of poor amou n t s  of 
i ty water good qua 1 i ty qua l i ty water poor q u a l i ty 

water water 

A q u i fer c h a r ac ter i s t i c s P rod uces Produces P rod uces Produces 
of host rock l arge amo u n t s  m i n o r -mod . l arge amoun t s  mi nor -mod . 

of good qua 1 - amou n t s  of of poor amoun t s  of 
i ty water good qua 1 i ty q u a l i ty water poor q ua l i ty 

water water 

4 We i gh t  Factor score 

Very low 4 

No eros i on 4 
or un dergo i n g 
depos i t  i on 

E x ce l l en t  4 

No or m i nor 1 
con f l i ct s  

P rod uces 4 
l i t t l e  or 
no water 

P rod uces 4 
l i t t l e  or 
no water 
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Tab l e  C . 2 . 1  An examp l e  of the geotec h n i c a l  rat i n g  ma t r i x  used to c omp arat i ve l y  rate poten t i a l  s i te s :  
R an k  x we i g h t  = Factor S c o r e ;  0 = l o w  r an k ;  4 = h i gh e s t  r an k ;  h i g h e s t  pos s i b l e  score = 1 52 ( Co n c l uded) 

S i te de s i g n a t i o n : S i te l oc a t i o n : 

Factor o 

1 4 .  Dep t h  to 1 s t  unde r l y i n g <50 ft 
i mpor tan t bed rock 
a q u i fer 

1 5 .  D i s t ance to nearest On s i te 
maj o r  spr i n g ,  peren n i a l 
s t ream ,  peren n i a l  l ak e ,  
o r  major i r r i g a t i on d i t c h  

16 . S i z e of d r a i nage bas i n  >2 s q  m i l es 
abo v e  s i te 

1 7 .  Evapo r at i o n  to prec i 
p i tat i on rat i o  

< 1  

5 0  t o  75 ft 

o to 1 / 2  m i l e  

1 to 2 sq 
m i l es 

R an k  

2 

75 to 100 ft 

1/2 to 1 m i l e  

1 / 2  to 1 s q  
mi l e  

1 to 2 

3 

100 to 200 f t  

1 to 2 m i  1 e s  

o t o  1/2 s q  
mi l e  

4 

>200 f t  

>2 m i  l es 

at h e ad o f  
d r a i n ag e  

>2 

We i gh t  

2 

2 

2 

To t a l  S i te Score ____ _ 

Fac t o r  score 



t u ra l , and eco l og i c  i mp ac t s ,  l oc a l  att i tudes  tow ar d p ar t i c u l ar s i te s ,  
rec l amat i on poten t i a l , economi c s , and  s i te remotenes s .  The Commi t tee  i n corpo rat
ed  s u ch i mportan t factors  i n to the  f i n a l  s e l ect i on of cand i d ate s i te s . Th e f i n d 
i n g s  and recommend at i on s  of the  Commi t tee wer e then  s u bm i t ted to the Co l or ad o  
Dep ar tmen t  of He a l th for rev i ew an d s u bm i tta l  t o  t h e  DO E .  

I t  mus t be emp h as i zed t h at t h i s  r eport  was a recon n a i s sance eva l u at i on of 
t he  poten t i a l  s i tes . The types  of i n format i o n  needed to thoro u g h l y  ex am i n e  a l l 
t he  re l evan t geotec hn i c a l , en vi ronme n t a l , econom i c ,  po l i t i ca l , and  s oc i a l  p a ram
eters  can on l y  be obt a i ned by d e ta i l ed s t ud i e s .  The reconna i s s ance  d a t a  p rov i d 
ed a s u i tab l e  fou ndat i on for the  commi t tee membe r s  t o  s a t i s fac tor i l y  s e l ect  
three to f i v e cand i d ate  s i te s . 

The n i n e  s i tes  were r anked by the  C an d i d ate S i te Re v i ew Commi t tee as 
fo l l ows : 

S i te 

Two Road s i te 
McDon a l d  Creek s i te 
Camp G u l  c h  s i te 
E a st  S a l t Creek s i te 
Cheney Re ser vo i r  s i te 
F l at i ron Mes a  s i te 
6 & 50 Re s ervo i r  s i te 
L ucas  Mes a  s i te 
Ha l l s  Bas i n  s i te 

P o i n t  Score 

1 28 
1 2 1  
120 
1 1 7  
1 1 6  
1 1 2  
109 
108 
105 

The Can d i date S i te Re v i ew Commi t tee i d e n t i f i ed the fo l l ow i ng  pos i t i v e an d 
negat i v e  aspects  of these  s i tes . 

Two Road s i te 

Good l on g - term 00 , 000 ye ar s )  s tab i l i ty ;  exc e l l en t  geotec hn i ca l  ch arac ter
i s t i cs ,  b ut the  pos s i b i l i ty of  recent  s tructur a l  deformat i on need s fur ther eva l 
u at i on ;  r i pr ap may need t o  be hau l ed to the  s i te ;  very remote ; fa i r l y  l o ng  truck  
hau l  route , but the  road i s  not  heav i  l y  us ed ; pos s i b l e con f l  i ct w i th B ureau of  
Rec l amat i on d e sa l i n i zat i on proj ect ; moderate poten t i a l  for conf l i ct s  w i th  o i l 
and gas  dev e l opment . 

McDon a l d Creek s i te 

Good l o n g - term s tab i l i ty ;  good geotech n i ca l  c h ar ac ter i s t i cs , b ut the  po s s i 
b i l i ty of recen t s tructur al  deformat i on need s fur ther ev a l uat i on ; very remote ; 
r i prap may need to be hau l ed to the  s i te ;  f a i r l y  l ong  h au l  ro ut e ,  but  r oad s not  
heav i l y  us ed ; s l i gh t l y  over  one  mi l e  to a peren n i a l  creek wh i c h i s  i n  a d i ffer
en t d ra i nag e ;  pos s i b l e  conf l i ct w i th  B ur e au of  Rec l amat i on de s a l i n i z at i on pro
ject ; moder ate poten t i a l  for conf l i ct s  w i th  o i l an d gas  deve l opment . 

6 & 50 Reservo i r  s i te 

Moderate  l on g - term s t ab i l i ty ;  ac cep t ab l e geote chn i ca l  c harac ter i s t i cs ; mod 
er ate g u l l y i n g  on the  s i te ;  remote ; reservo i r  w i t h  good w i l d l i fe h ab i t at t h at i s  



u s ed for h u n t i n g  i s  l e s s  than one  m i l e  from the  s i te ;  mod erate poten t i a l  for c on 
f l i ct s  w i th o i l an d gas deve l opmen t ;  n e ar sma l l parce l  o f  pr i v ate l an d .  

C amp Gu l ch s i te 

Mod erate  l ong -term stab i l i ty ;  good geotech n i ca l c h ar acter i s t i c s ;  geo l o g i c 
structures i n  the  area may i n crease bedrock frac tur i n g ;  r i p rap may n eed to be 
h a u l ed to the  s i te ;  very rem ote ; c on s i d e r ab l e  road con struc t i on n eeded  to reac h  
t h e  s i te ;  truck  route through  Loma ar e a ;  n ear gas f i e l d  w i th moderate  pote n t i a l  
for  c onf l i ct s ;  pos s i b l e c onf l i ct s  w i th propo s ed Co l or ad o - Ute  power p l an t .  

E a s t  S a l t Creek s i t e 

Good l o n g -term stab i l i ty ;  good geotec hn i ca l  c h ar acter i st i c s ;  geo l o g i c s truc
ture s  i n  the  ar ea may i n crease bedrock  fr ac tur i n g ;  r i prap may n eed to be  h au l ed 
to t he  s i te ;  remote ; n ear gas f i e l d  w i th mod er ate poten t i a l  for c on f l i c t s ;  truck  
route  throu gh Lom a ar e a .  

H a l l s  B as i n  s i te 

Moderate l on g -term stab i l i ty ;  acceptab l e  geotechn i ca l  c h arac ter i st i cs ; i n 
te n s e  g u l l y i n g  on the  s i te b ut th i s  can be read i l y  m i t i gated through  proper en g i 
neer i n g  and construct i on ;  good r i prap sources ad j ac ent  to the s i te ;  i r r i g at i on 
d i tc h l e s s  t h an 0 . 5  mi l e  aw ay ; very remot e ;  c o n s i derab l e  road c on str u ct i on re
q u i red to reac h  the  s i te ;  mod er ate h i g hway safety h az ard  as soc i  ated  w i th truck 
h a u l  from Grand J unct i on ;  surrounded  by p r i v ate l an d  t h at may exper i ence  future  
s u b d i v i s i on deve l opment . 

C h eney Reservo i r  s i te 

G ood l on g - term stab i l i ty ;  good geotech n i ca l c h ar ac ter i st i c s ;  good r i p r ap 
s o urce  on the s i te ;  l e s s  than one m i l e  to the  reser vo i r  and  creek w i th exc e l l en t  
w i l d l i f e  h ab i t at ;  very remote ;  c o n s i der ab l e  road con struct i on req ui red ; moder at e 
h i  ghway s afety hazard  as soci  ated w i th truck hau l  from Gr and J un ct i o n ;  n ear p r i 
vate  1 and . 

L uc as Mesa  s i te 

Good l on g -term stab i l i ty ;  accep tab l e  geotechn i c a l  ch arac ter i s t i c s ,  b ut the  
eros i on rates  of the me s a  f l an k must  be caref u l l y eva l uated ; good r i p r ap on the  
s i te ;  j us t  over  one  m i l e  to  an  i r r i g at i o n  d i tch and  the  Co l or ad o  R i v er ;  very re
mo te ; v ery s teep hau l route ; po s s i b l e  to  u se  a c on v eyor ; n ear pr i vate l an d s .  

F l at i ron  Mes a  s i te 

Good to ex ce l l ent  l ong -term stab i l i ty ;  good geotechn i c a l  ch arac ter i st i c s ,  
b ut the  er o s i on rates  of the mes a  f l ank mus t b e  c arefu l l y ev a l u ated ; good r i p r ap 
on the  s i te ;  l es s  th an one m i l e  to Beaver Creek , a p u b l i c  water s up p l y  for 
R i f l e ; very remote ; very steep hau l route ; d i rect  tr uck  h a u l  from R i f l e i s  
feas i b l e ; pos s i b l e  to u s e  a conveyor ;  n ear p r i vate l an d s . 



None  of t he  s i tes  were comp l ete l y  i d e a l when a l l re l eva n t  factor s  are c on -· 
s i dered . The C an d i date  S i te Re v i ew Comm i t tee comp ared an d we i g h ed t h e  ad v a n 
t ag es an d d i s ad v an t ag es of e ac h  s i te to de term i n e  wh i c h  s i tes  were t he  mo s �  
favo r ab l e  for con t i n ued  ev a l u at i on for l on g - term c on t a i nmen t of t he  ur an i um t a i l 
i n g s . I t  mus t be emp h as i zed that t h i s  i n ves t i ga t i on was of a r eg i on a l n a tu r e .  
Deta i l ed eva l uat i on o f  a l l re l e vant  factors  wo u l d  b e  n ec es s ary d ur i n g  l ater s t u d 
i e s by t h e  DO E .  

The C an d i d ate  S i te Re v i ew Commi t tee he l d  p u b l i c  hear i n g s  to s o l i c i t  p u b l i c  
i mp ac t  i n to t he  nomi n a t i on of three to f i v e s i te s an d met i n  p u b l i c  s e s s i on t o  
nom i n a te t he  fo l l ow i n g  s i te s  for fur ther ev a l u at i on by t he  DO E .  

0 Eas  t S a l t Creek . 

0 Chen ey Re servo i r .  

0 6 & 50 Re s er vo i r .  

0 L uca s  Me sa  ( for  co l ocat i on of t he  Gran d J un c t i on and  R i f l e  t a i l i n g s  
o n  1 y )  • 
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C . 3  u . s .  DEPARTMENT  OF EN ERGY ALTERNATE D I SPOSAL S I TE SEL ECTION  P ROC ESS  

The  fo l l ow i n g  de scr i p t i on of the  DO E ' s  a l ternate d i spos a l  
proces s was obt a i ned from the  report  en t i t l ed Pre l i mi n a ry 
A l ternat i v e D i spo s a l  S i tes  for the  Gr an d J unct i on ,  O l d  R i f l e ,  
Uran i um M i l l  Tai l i n g s ,  i s s ued i n  Marc h ,  1 983 ( DO E ,  1983 ) . 

s i te se l ec t i on 
Eva l u at i on of 
an d New R i f l e  

C . 3 . 1  EVA L UAT I ON CR I TE R I A  

The D O E  eva 1 uated t he  s i te s  nom i  nated by t h e  State o f  C o  l or ado  
aga i n s t  a techn i ca l  eva l u at i o n cr i ter i a .  The  Departmen t of Energy recom
mended  25 eva l u at i on cr i ter i a  in f i v e catego r i e s . Th e eva l uat i on cr i te
r i a  were  based  on s i te c har ac ter i s t i c s  t h at affect s u i t ab i l i ty for a 
t a i l i n g s  repo s i tory .  The f i v e  catego r i e s  are ( 1 )  en v i ronmenta l  cr i te 
r i a ,  i n c l ud i n g l an d  u se  an d w i l d l i fe c h ar ac ter i s t i c s ;  ( 2 ) geo l og i c c har
acter i st i c s per t i nent  to the  l o n g -term s t ab i l i ty of the s i te ;  ( 3 ) 
hydro l og i c c har ac ter i s t i c s that  contro l  the  poten t i a l for contam i n a t i n g 
grou n d  and s ur face water ; ( 4 ) l an d  own ers h i p  an d l an d -use  restr i c t i on s ;  
and  ( 5 ) en g i neer i n g  econ om i c s . Th e two en g i n eer i n g -econom i c s  cr i ter i a  
were comb i n ed fo r th i s  eva l uat i on .  Therefor e ,  a tota l  of 24 cr i ter i a  
were us ed . 

The DO E def i n ed the  i de a l  and  t he  l e as t des i r ab l e  s i te c h arac ter i s 
t i cs for each cr i ter i on . The perfect  d i s p o s a l  s i te wou l d  be r ated 
" id e a l " fo r a l l of the 24 cr i ter i a .  The f i v e  categor i es of cr i ter i a  are 
d i s c u s sed  be l ow .  

E n v i ronment a l  cr i ter i a  

Th i s category i n c l uded s i x  ev a l u at i on cr i ter i a  ( Tab l e  C . 3 . 1 ) . Th e 
f i r st  three are re l ated to l an d  u ses  on and  arou n d  the  d i spo s a l  s i te .  
The s e  cr i ter i a  ar e i mportan t be caus e the  l ong - term i mp ac t s  of the  d i spos
a l  s i te depen d  on  how  peop l e  u se  t he  s ur ro und i ng l an d .  

The rema i n i n g  three  cr i ter i a  re l ate t o  t he  N at i o na l E n v i ronmen t a l  
Po l i cy Act a n d  t o  three en v i ronmenta l  rev i ew l aws : t h e  F i s h  and  
W i l d l i fe Coord i n a t i on Act , the  N at i ona l H i s tor i c  Preservat i on Act of 
1 96 6 ,  and  the  Endangered Spec i e s Act of 1973 . By u s i n g  these cr i ter i a , 
t h e  i n tent  of these  three l aws i s  i n c l uded i n  the  s i te - se l ec t i on 
proce s s . 

Geo l og i c  cr i ter i a  

A l l b ut one of the  s i x  geo l og i c  cr i ter i a  ( T ab l e  C . 3 . 2 )  re l ate to 
t h e  l on g - term s t ab i l i ty of the d i spos a l  s i te .  In order to  me et the re
q u i r emen t s  of t he  EP A for l on g - term s t ab i l i ty ,  the  d i sposa l s i te mus t 
not  be s u bje ct  to ero s i on by w i n d  or wate r ,  or d i s turban ces by l an d 
s l i de s ,  s ub s i dence , c a v i n g , or  earth q uak es . 
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Tab l e  C . 3 . 1  E nv i ronmen t a l  cr i ter i a  

C r i ter i on 

Pop u l at i on den s i ty 

Poten t i a l  for us e 
as f arm l  an d 

Poten t i a l  for us e as 
a t r an sportat i on 
co rr i  dor 

P re s ence  of an t i q u i t i e s  
and h i stor i c a l  s i tes  

Presence  of endan gered , 
thre aten ed , or r ar e  
spec i e s 

Scen i c  an d 
recreat i on a l  
va l ues 

Idea 1 

Low : c h ar acter i s 
t i  c of r an g e l  an d 
are a or w i l derne s s  
ar ea  

Non e :  n o  s o i  1 
presen t ,  or poor 
so i l  q u a l i ty 

Low : l oc at i on i n  
open terr a i n ,  
not  on l i n e  of 
s i g h t  be tween 
s e tt l emen t s  or 
i n  natur a l  cor r i d o r s  

N o n e  presen t : 
w i t h i n  1 m i l e  

None  presen t : 
no  cr i t i c a l  
h ab i t at s  

None  or l ow :  
barren , mo n oto
nou s l andsc ape 
s urrounds  s i te 
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Le  as t de s i r  ab 1 e 

�: l ocat i on i n  an 
ur b an area  

H i gh :  so i l s  we l l 
de v e l op ed 
an d s u i  t ab 1 e for f arm 
l ocat i on ,  i n  ex i s t i n g 
f arm l  an d s  

� :  l ocat i on i n  a 
cor r i dor  ( va l l eys , 
canyon s )  connect i n g  
ur b an ar eas 

Some presen t :  a t  the  s i te 

Some presen t : hab i t at 
cr i t i c a l  i n  s ur v i v a l  of 
w i l d l i fe spec i e s 

�: scen i c  an d 
recreat i ona l areas  
l ocated w i th i n  1 m i l e  



Cr  i ter i o n  

P re sence  of econom i c 
m i nera l  resources  

P oten t i a l  for eros i on 
by w i n d s  

P oten t i a l  for eros i on 
by w ater 

P oten t i a l  for  
l an d s l i d es  

Poten t i a l  for  
s u b s i d ence , ca v i n g  

Se i sm i c  r i s k 

Tab l e C . 3 . 2  Geo l og i c cr i ter i a  

Idea l 

Non e present :  
abs ence  of 
deve l opmen t an d 
i n terest  i n  
deve l opmen t ,  a s  
s hown by records  
of  own er s h i p ,  
m i n er al l e as i n g 
r i g ht s , and  the  
l i k e  

Negl i g i b l e :  
s h e l tered from 
w i nd  or  l ocat i on 
i n  depo s i t i on 
regi on for s o i l s  
sed i ment s  

Neg l i g i b l e :  as  
ev i denced by 
s l op e ,  dra i n age  
p atter n ,  a nd  
absence  of  ar royo 
cutt i n g  

Negl i gi b l e :  n earl y 
l ev e l  terrai n ;  
u nconso l i dated 
s o i l l ayer s we l l 
i n tegr ated w i th 
bedrock 

Negl i g i b l e :  abs ence  
of  n ear - s ur face 
mi nes  or  nat u r a l  
v o  i d s  ben eath 
s i te ;  water tab l e  
be l ow l eve l  of 
bedrock 

Low : l ocat i on i n  
zon e s  of no  e arth
q uak e damage or  
mi nor  damage of  
s urfac e  structures  

Le a s t  des i r ab l e  

Some presen t :  m i n era l  
de ve l opmen ts ex i s t or  are  
proposed for  s i te or  
l an d s  ad j acen t to s i te 

� : ev i d ence  of 
b l owout s ,  s a n db l a s t i n g ,  o r  
s cour i ng 

� : ev i dence of s heet 
ero s i on an d ar royo c ut 
t i n g ;  degrad i n g s l opes ; 
l ocat i on i n  f l ood p l ai n 

� : steep terrai n ;  
ev i dence  of roc k s l i d e s  
o r  mu d s l i des  

� : m i n es ,  cav ern s ,  
vo i d s  under  s i te ;  ev i dence  
of  s u bs i dence from under
ground  d r a i na g e  or  other 
caus e s  

� : l ocat i on i n  zone 
of major damage to 
surface s tr uc tur es  



C . 3 . 2 

The other geo l og i c cr i ter i o n i s  the  presence  of econom i c m i n er a l  r = 
sour ce s . I n  s ome c i r c ums t an ces , the  presence o f  t ai l i ng s  o n  t h e  s i t ::  
co u l d  h i nder the deve l opmen t  of m i nera l  re source s  under  the  s i te .  

Hydro l og i c c r i ter i a 

A l l of the  hyd ro l og i c cr i ter i a  are env i ronmenta l  c h ar ac ter i s t i c s 
t h at affect the  l i k e l i hood of grou n d  an d s urface w ater be i n g con t am i 
nated by the  tai l i n g s  rep os i tory . The s e  cr i ter i a  are prese n ted  i n  Tab l e 
C . 3 . 3 .  

C r i ter i a re l ated to l an d  owners h i p  and l an d - u se  restr i c t i o n s  

Two factor s th at cou l d  pre ven t t h e  d i spos a l  o f  ta i l i n g s  a t  a s i te 
ar e l an d  own er s h i p  an d l an d - us e  restr i c t i ons . These fac tor s are c o n 
s i dered  i n  the  s i te - se l e ct i o n  proce s s  by the  c r i ter i a  g i v en i n  Tab l e  
C . 3 . 4 .  

C r i ter i a r e l ated to eng i neer i ng econom i cs  

An i mportan t  con s i derat i on i n  s e l ect i n g  a d i spos a l  s i te i s  the  c o s t  
o f  ta i l i n g s  d i spos a l  i n  a man ner t h at i s  env i ronmenta l l y  s o u n d . The DO E 
s u g gested  two cr i ter i a t hat wou 1 d be i n d i  cators  of these  cos  t s : d i  s 
t ance  by ro ad or r ai l from the ex i st i n g  p i l e , an d d i stan ce  by r oad o r  
ra i l t o  sources  of cover , c ap ,  a n d  other construc t i on mater i a l s .  

The co sts  of d i s p o s a l  wer e  e st i mated  an d the  cost  e s t i mate s for 
f i ve categor i e s of construc t i on ac t i v i t i e s wer e u sed i n stead of the  DO E 
cr i ter i a  to eva l uate en g i neer i n g  econ omi c s .  The co sts  u sed  i n  t he  e va l 
u at i on wer e for the  fo l l ow i n g  act i v i t i e s : 

o D i spo s a l  s i te prep ar at i on .  
o The l o ad i n g of ta i l i n g s  from the  ex i st i n g  p i l e .  
o Hau l ag e to the d i spos a l  s i te .  
o The han d l i n g of ta i l i n g s  at the d i s p o s a l  s i te .  
o The construct i on of the cov er for t he  repo s i tory . 
o C ap i ta l  cos t s .  

EVAL UAT I ON ME THOD 

The cr i ter i a  presented i n  the  preced i n g  sect i on wer e u s ed to deter
m i n e  the  s u i t ab i l i ty of  the a l ternate s i te s  for the d i spo s a l  of ur an i ul1 
m i l l  ta i l i n g s . Th i s  sect i on descr i be s  the mathemat i ca l  method u s ed to 
ca l c u l ate a score  for each s i te .  

W e i gh ted- s core met hod 

Each  cr i ter i on was as s i g ned to an exp ert in  the r e l ated tec h n i ca l  
d i sc i p l i n e .  For i n st ance , a grou n d -w ater exp ert was a s s i gned  the  " depth  
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C r i ter i on 

P rec  i p i tat i on 

E vapotran sp i r at i on 

D i stance  to r i ver s ,  
l ak es , o r  peren n i a l 
streams 

Depth  of w ater tab l e  

Uns atur ated-zone  
mater i a l s  

Hor i zonta l  gro u nd
water s p eed ( ne ar 
water tab l e )  

Qua l i ty of uppermo s t  
groun d  water 

Satur  ated -zon e 
mater i a 1 s ( ne ar 
water tab l e )  

P oten t i a l  for f l ow
i n g arte s i an we l l s  

Tab l e C . 3 . 3  Hydro l og i c cr i ter i a  

I dea  1 

Low : l es s  th an 
�n ches  per ye ar 

� : exceed s 
prec i p i tat i o n  by 
more t h an 1 5  i n ches  
p er ye ar ( ar i d )  

iarge : more th an 
o m i l es  

§orge : more  th an 
o feet 

Unweathered an d 
unfractured c l ays , 
s h a l es , or  roc k s  
o f  l ow permeab i l i ty 
an d h i g h sorpt i v e 
cap ac i ty 

Low : l es s  th an 
� meter per ye ar 

P oor : more th an 
�OO parts  per 
mi l l i on tota l  d i s 
so l v ed s o l i d s  

Un fr ac tured s h a l es , 
cl ays , o r  mater i a l s  
conta i n i n g zeo l i te 
mi nera l s 

Non e :  hyd r au l i c 
head muc h l es s  th an 
s urfac e  e l ev at i on 
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Le ast  des i r ab l e  

� : more t h an 
20 i n ches  p er ye ar 

Low : prec i p i t at i on 
exceed s  ev apotr an sp i r a
t i on ( h um i d )  

Sma l l :  r i v er s ,  d i tches  
l ak e s ,  or  streams n ear 
the s i te 

Sma l l :  l es s  t h an 10 feet 

Gr av e l , s an d ,  or h i g h l y  
fractured rock  

�: more t h an 
1 meter per  ye ar 

Exce l l ent : pot ab l e water 
( 0  t o  1000 parts  p er 
m i l l i on tota l  d i s s o l v ed 
so l i d s )  

Grave l , s an d ,  o r  h i g h l y 
fractured rock s ,  c l ay 
mater i a l w i th h i g h 
organ i c  con ten t 

H i gh : hyd r au l  i c  head 
exceed s s urfac e  e l evat i on 



Tab l e  C . 3 . 4  Cr i ter i a  re l ated to l an d  own er s h i p  an d l an d - us e  restr i ct i on s  

C r i ter i on Idea  1 Le as t des i r ab l e  

Land  owner sh i p  Federa l  Government  P r i vate  own ers  (many 
own e r s  l es s  de s i r
ab l e  than a s i n g l e 
own er ) 

Leg a l  en c umb r ances  
a nd  covenant s  
regar d i n g  l an d  u se  

None  Many 

of water tab l e "  cr i ter i on . Before the  s cor i ng  be gan , t he se experts  c o l 
l ected a s  muc h i nformat i on a s  p o s s i b l e abo ut  the  s i te s .  

The scor i n g  be gan  by as s i gn i n g  a r an g e  of pos s i b l e  s cores  for e ac h  
cr i ter i on . The experts  were  a l l owed t o  s e l ect any r an g e ,  a n  ex amp l e  be 
i n g  on e to 10 . A s c ore w i th i n  the  s e l ected r an g e  w as then  as s i g ned  to  
each  s i te .  The h i g hest  s core w as g i v en to the be s t  s i te a s  de term i n ed 
by t h at cr i ter i on .  

For s ome cr i ter i a  the s i te scores  are s u bject i v e ;  t h ey were based  
on the  av a i l ab l e  dat a  an d i nformat i on obt ai n ed by v i s i t i n g  the s i te s . 
F or ex amp l e ,  t he  scores  for the  " scen i c  an d recreat i on a l  v a l ue s "  cr i ter i 
on wer e based  on f i r s t- han d ob s ervat i on .  

For most of the  cr i ter i a , howe ver , the  scores  were determ i n ed d i 
rect l y  from s ome q uan t i t  at i v e  me as ur e .  For ex amp 1 e ,  the  ground-w ater  
exper t bas ed the scores  for  the  " depth of water  t ab l e " cr i ter i on on  t h e  
expected dept h  o f  the  water t ab l e  a t  eac h  s i te .  I n  th i s  ex amp l e t h e  
r ange  o f  s cores wou l d  b e  30 t o  500 , w i th 30 fe et be i ng t he  m i n i mum dep th  
of the  water t ab l e .  The s i te s core wou l d  be  the  exp ected dep th of the  
water tab l e .  I n  th i s  cas e ,  t he  h i g he st  q uan t i t at i v e v a l ue ( i . e . , w ater 
t ab l e  at 500 feet ) wou l d  re s u l t  i n  the h i g he st  s c ore . 

For a few cr i ter i a , t he  s i te w i th t he  h i g h e s t  q uan t i tat i v e me as ur e 
rece i ved the  l owe s t  score , an ex amp l e be i n g  the  co st  of mo v i n g  t he  ta i l 
i n g s  from the s i te w i th the h i g hest  mov i n g  c o s t s  rec e i v i n g  the l owes t  
score . The ex amp l e  that fol l ows i l l us t r ates  the  s cor i n g  proces s for 
t h i s type of cr i ter i on an d exp l ai n s how the q uan t i t at i v e me as ur e s  wer e 
i n verted to obt ai n a s core . 

A meteoro l og i s t  se l ected a s ca l e  of one to 10 for s cor i ng t h e  p r e
ci p i tat i on cr i ter i on .  He t h en determ i n ed the  amoun t  of prec i p i t at i on ex
pected at eac h  of t he  four s i te s ,  as s hown i n  Tab l e C . 3 . 5 .  As i n di c ated 
i n  Tab l e  C . 3 . 5 ,  an i d e a l  s i te wo u l d  have  l e s s  t h an seven i n c hes  of p r e
ci p i t at i on per ye ar , wh ereas the l e ast  de s i r ab l e  s i te wou l d  hav e  more 
t h an 20 i nc hes  per ye ar .  
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Tab l e  C . 3 . 5 An ex amp l e  of s i te scor i n g  

I nches  of Norma  1 We i gh ted 
prec i p i tat i on Score score score 

S i te ( Q )  ( S )  ( NS )  (WS ) 

1 8 9 . 3  92 1 . 8  
2 12  6 . 5  6 1  1 . 2 
3 16 3 . 8  31  0 . 6  
4 18  2 . 4  16 0 . 3  

The s i te score s ,  a l s o  s hown i n  Tab l e  C . 3 . 5 ,  were ca l c u l ated by u s 
i n g  t he  fo l l ow i n g form u l a :  

wh ere 

S = ( LD - Q ) ( U - L )  + L ( LD - I )  

S = the s i te s c ore for a cr i ter i on .  

LD  = the l east  de s i r ab l e  q uan t i tat i v e me as ure for t he  cr i ter i on 
( i . e . ,  20 i n ches  of prec i p i tat i on per  year ) . 

I = the  i d e a l  q uan t i t at i v e  me asure  for t he  cr i ter i on at a s i te 
( i . e . ,  the  prec i p i tat i on expected at t he  s i te ) . 

U = the  upper  l i mi t of the  ran ge  of scores  ( i n t h i s  case  10 ) . 

L = the l ower l i mi t of t he  ran ge  of sc ores ( i n t h i s  case  on e ) . 

Th i s  i n i t i a l s c or i n g  p roces s yi e l ded  s c ores  for eac h  cr i ter i on but  
w i  t h  d i fferen t sca  1 es . The meteoro 1 o g i  s t  may have  u sed a s ca 1 e of  one  
to 10 , wher e as the  ground-w ater expert  u s ed one  to two .  I n  o rder to  c om
p i  l e  t he  var i ou s  sc ores , i t  was n eces s a ry to pl ac e them on a un i form 
s c a l e  of 10 to 100 . Th i s was done  by mean s of the  fo l l ow i n g  formu l a : 

wh ere 

NS  = 
S 

-
L 100 U - L 

N S  = i s  a norma l i zed s core for the  cr i ter i o n  at a s i te and  the  
other i tems are  as def i n ed prev i ou s l y . 

For each s i te ,  the  s cores for the  24 cr i ter i a  can  be s ummed and  t he  
tota l s for each  s i te c omp ared . For a perfect s i te ( i  . e . ,  a l l cr i ter i a 
score  100 ) t he  tota l  wou l d  be 2400 . Comp a r i n g  t h e  tota l s of these  
scores  g i v e s  equa l we i g ht  to e ac h  category :  prec i p i t at i on wou l d  be  as 
i mp or tan t as tran sportat i on c os t s .  
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We i gh t i ng f actors  

The scor i n g  proc e s s  was  then  t ak en on e s tep fur ther . We i g h t i n g  f a c 
tor s ,  wh i c h des cr i be t he  re l at i v e i mportan c e  o f  t h e  cr i ter i a , were  i n c or 
por ated by u s i n g the  fo l l ow i n g  eq uat i on : 

wh ere 

WS = NS  W F  
TW 

WS = the  we i g h ted score  for the  cr i ter i on at a s i te .  
W F  = the we i g h t i ng  factor for the  cr i ter i on .  
TW = the  s um of  a l l we i g h t i n g  factor s .  

I n  the  prec i p i tat i on ex amp l e ,  the  we i g h t i n g  factor i s  two , w i th t h e  
s um of a l l we i g ht i n g  factors  be i n g 100 . Th i s  mean s th at two p er cen t of 
t h e  tot a l  s core w i l l  be attr i b uted to prec i p i tat i o n . When the we i g h ted  
s c ores for  each s i te are s ummed , the  s ums w i  1 1  be be tween zero a nd  100 , 
w i th 100 be i n g an i d e a l  s i te .  Th e we i g h t i n g  fac tor s u sed i n  th i s  eva l u a
t i on ar e g i ven  i n  the  next sect i on .  

The we i g h t i n g  fac tors  us ed i n  th i s  an a lys i s  are g i ven  i n  Tab l e 
C . 3 . 6 .  Excep t  for the  en g i n eer i n g - econom i c s  cr i ter i a , t hey are ba s ed on 
the factors r ecommended by DO E .  I n  propo s i n g  these  factors , DOE  recog
n i zed that i t  wou l d  b e  i mp r ac t i ca l  t o  i mpo se  a un i form we i g ht i n g sys tem 
for a l l can d i date  s i te s  an d encour aged rat i on a l  mod i f i cat i on s to t he se  
f actor s .  After caref u l  c on s i d e r at i on ,  i t  was  dec i d ed th at t he  recommen d 
e d  we i g ht i n g  fac tor s d o  i ndeed app l y  t o  the  four s i tes be i n g c on s i d er ed 
for the  d i s p o s a l  of the Grand J un c t i on an d R i f l e ta i l i n g s . 

C . 3 . 3 ALTERNA T I V ES SELECTED 

The we i g h ted scores as s i g ned to the  a l ternat i v e s i te s  for s i te s u i t
ab i l i ty cr i ter i a are presen ted i n  Tab l e  C . 3 . 7 .  

The we i g h ted s cores for the  en v i ronmenta l  cr i ter i a  r an g e  from 3 . 2  
to 7 . 1  out  of a pos s i b l e  1 1  po i n t s .  None of the  s i te s  i s  i d e a l  i n  terms  
of thes e cr i ter i a .  Three of  t he  a l ternat i v e  s i te s--East  S a l t Creek , 6 & 
50 Res ervo i r ,  an d L ucas  Mes a--rece i v ed s i mi l ar s cores for t hese  cr i 
ter i a .  The score  for the  C hen ey Reservo i r  s i te i s  abo ut  three  po i n ts 
l ower th an thos e of t he  other s i te s ;  the  l ower s c ore i s  attr i b ut ab l e  
ma i n l y  to the  h i g her pop u l at i on of t he  ar ea an d the  s i te ' s  h i g her poten 
t i a l for use  as farm l an d . 

A l l fo ur s i te s  were s cored about  the  s ame for the  geo l o g i c cr i te r i a
abo ut 22 po i n t s  o ut  of a pos s i b l e  28 . A l t hough not  i d ea l , a l l of t hese  
s i tes are very s u i tab l e i n  terms of  geo l og i c con d i t i on s .  The i r  s c ores  
s upport  the  r es u l ts reported by the  Co l or ad o  Geo l o g i c a l  Sur v ey i n  i ts 
s i t i n g  repor t .  
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Tab l e  C . 3 . 6 Wei g h t i n g  factors  

Cr i ter i on We i ght  

E n v i r onmen t a l  c r i ter i a  
P op u l at i on den s i ty 
Poten t i a l  for  u se  as farm l an d  
Poten t i a l f o r  u se  a s  tran sportat i on corr i do r  
Presence  o f  an t i q u i t i e s ,  etc . 
Presence  of endan gered or threate ned speci e s  
Scen i c  an d recreat i ona l va l ue s  

Geo l og i c  cr i te r i a 
P resence  of ec on om i c  m i ner a l  resources  
Poten t i al  for  w i n d  eros i on 
Poten t i a l  for water eros i on 
Poten t i a l  for l an d s l i de s  
Poten t i al f o r  s u b s i dence  a n d  cav i n g  
S e i sm i c  r i s k 

Hydr o l ogi c cr i ter i a  

4 
2 
2 
1 
1 
1 

S ubtot al  11  

3 
8 
8 
3 
3 
3 

S ubtota l  28 

P rec i p i tat i on 2 
E vapotr an sp i rat i on 2 
D i stance to r i ver s ,  l ak e s , etc . 
Depth of water tab l e  4 
Unsaturated -zon e mater i a l s  4 
Hor i zonta l  grou n d -w ater speed 2 
Qua l i ty of uppermos t  grou n d  water 2 
S at u r ated-zone  mater i a l s  2 
Poten t i al  for ar te s i an we l l s  1 

C r i ter i on r e l ated to e ng i neer i n g  

S ubtot al  21 

economi c s :  d i spos a l  c o st  30 

Cr i ter i a  re l ated to l an d  own er s h i p  and u se  re str i c t i on s  
Land  owner s h i p  8 

2 Lega l  enc umbrances  
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Tab l e  C . 3 . 7  We i g h ted scores  for s i te-su i tab i l i ty cr i ter i a  

E a s t  Sa l t 6 & 50 
C r i ter i on Creek Res ervo i r  

E n v i ronmen ta l  cr i ter i a  
Pop u l at i on den s i ty 2 . 7 2 . 7  
Poten t i a l  for use  as farm l an d  1 . 1  1 . 3 
Poten t i a l  for use  as 

tran sportat i on corr i d o r  0 . 4  0 . 7  
Presence  of an t i q u i t i e s ,  etc . 0 . 7  0 . 9  
Presence  of endan gered an d 

threatened spec i es 0 . 8  0 . 8  
Scen i c an d recreat i ona l v a l ues  0 . 7 0 . 7  

S ubtot al  6 . 4  7 . 1  

Geo l o g i c cr i ter i a  
P resence  of econom i c  m i nera l  

res ources  
Poten t i a l  for w i n d  eros i on 
Poten t i a l  for water er os i on 
Poten t i a l for l an d s l i de s  
Poten t i a l f o r  s u bs i dence  an d 

2 . 1  
4 . 0  
7 . 9  
2 . 7  

cav i n g  3 . 0  
Se i sm i c  r i sk 2 . 4  

Hydro l og i c  cr i ter i a  

S ubtota l  22 . 1  

P rec i p i tat i on 1 . 8 
E vapotran s p i r at i on 1 . 7  
D i stance  to r i v er s ,  l ak e s , etc . 0 . 5  
Depth of water t ab l e  4 . 0  
Un s atur ated -zon e mater i a l s  3 . 6  
Hor i zonta l  gro u n d -w ater speed 1 . 8  
Qua l i ty of up permo st  ground  

water 1 . 0 
S at u r ated -zon e mater i a l s  1 . 8  
Poten t i a l for arte s i an we l l s  0 . 0  

S ubtot al  1 6 . 2 

Land owner s h i p  an d l an d  u s e  
restr i ct i on s  

L an d  owner s h i p  
Leg a l  enc umbrances  

S ubtot a 1 

8 . 0  
2 . 0  

10 . 0  
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2 . 4  
4 . 0  
7 . 5  
3 . 0  

3 . 0  
2 . 4  

22 . 3  

1 . 8 
1 . 7  
0 . 1  
1 . 5  
3 . 2  
1 . 6 

1 . 0 
1 . 4  
0 . 0  

1 2 . 3  

8 . 0  
2 . 0  

10 . 0  

Ch eney L ucas  
Reservo i r  Me s a  

0 . 9  1 . 8 
0 . 4  0 . 9  

0 . 4  1 . 6  
0 . 3  0 . 5  

0 . 8  0 . 7 
0 . 4  0 . 4  

3 . 2  5 . 9  

1 . 8  
4 . 0  
7 . 8  
3 . 0  

3 . 0  
2 . 4  

22 . 0  

1 . 8  
1 . 7  
0 . 2  
2 . 3  
3 . 6  
1 . 6  

1 . 0  
1 . 4  
0 . 0  

1 3 . 6  

4 . 8  
2 . 0  

6 . 8  

1 . 5  
7 . 0  
6 . 7 
1 . 5  

3 . 0  
2 . 7  

22 . 4 

3 . 6  
0 . 4  
0 . 3  
1 . 5  
3 . 6  
1 . 2  

1 . 0 
1 . 0 
0 . 5  

1 0 . 1 

3 . 2  
2 . 0  

5 . 2  



The we i gh ted  scores  for the  hydro l og i c cr i ter i a  r an g e  from 1 0 . 1  to 
1 6 . 2  po i n ts out of a pos s i b l e  21  po i n ts ,  w i th E a s t  S a l t  Creek rec e i v i n g  
t he  h i g hest  score o f  16 . 2  po i nt s .  The 6 & 5 0  Re s ervo i r an d Cheney 
Re servo i r s i tes  were r ated abo ut t he  same ,  w i th 1 2 . 3  an d 1 3 . 6  po i n t s ,  re
sp ect i ve l y ;  t hey rec e i ved  a l ower s core th an d i d East  S a l t Creek mai n l y  
beca u s e  the  water t ab l e  i s  c l oser  to the  s ur face at these  two s i te s .  
The l owest s core ,  10 . 1 ,  was  as s i g n ed t o  Lucas  Me s a ,  ma i n l y  because  th i s  
s i te h as a s h a l l ow water tab l e , more r a i n f a l l ,  and  a l ower 
evapotran sp i r at i on rate . 

The en vi ronmen ta l , geo l og i c ,  an d hydro l og i c cr i ter i a  are re l at ed to  
t h e  s t ab i l i ty of  the s i te an d the  degree  to wh i c h a t a i l i n g s  repos i tory 
at t he  s i te c ou l d  affect the human e n v i  ronmen t .  The s cores for th ese  
cr i ter i a  i n d i cate th at the Ea st  S a l t Creek an d the  6 & 50 Res ervo i r 
s i te s  wo u l d  be  t he  two be st  d i spos a l  s i te s . Howe ver , t h e  d i fference be
tween the  h i g he st  an d the l owes t  s c ores  for  t he se  cr i ter i a  i s  on l y  s even 
po i n t s  out  of a pos s i b l e  60 . 

The scores  i n d i c ate that a l l four s i te s  are s u i t ab l e  for ta i l i n g s  
repos i tor i e s .  

The s c or i n g for l an d  own er s h i p  an d l eg a l  restr i c t i on s  on l an d  u se  
re s u l ted i n  t he  s ame s i te r an k i n g  as the  f i r s t  three  catego r i es of s i te 
s u i t ab i l i ty cr i ter i a .  The Ea st  S a l t Creek an d the  6 & 50 Res ervo i r  
s i tes  rece i v ed a p er fect s core of 10 for these  cr i ter i a .  C heney 
Reservo i r an d Lucas  Mes a  rece i ved l ower scores  be cause  of pos s i b l e c on 
f l i c ts  w i th  ot her l an d  own ers . Therefore ,  i n  t erms of a l l cr i ter i a  ex 
cept cos t ,  E a st  S a l t Creek an d the 6 & 50 Re s ervo i r  wou l d  be  c on s i d er ed 
mo s t  s u i t ab l e  for a ta i l i n g s  repos i tory . The tot a l  po i n t  d i fferen ce be 
tw een t he  h i g he st  an d the l owes t  scores  for the s i te - s ui t ab i l i ty cr i te
r i a i s  1 1  po i n ts out of a pos s i b l e  70 . 

E ng i n eer i ng econom i c s  

The  scores  f o r  en g i n eer i n g  economi c s  were b a s e d  o n  re l ocat i n g ( 1 )  
on l y  the  Grand J unct i on ta i l i ng s ,  ( 2 )  on l y  the  R i f l e ta i l i n g s ,  and  ( 3 )  
t h e  comb i n ed tai l i n g s  by d i ffer en t  mod e s  of tran sportat i on .  
Con seq uen t l y ,  s i x  d i fferen t s cores  for  en g i n eer i n g  econ om i c s  were a s
s i gned  to Ea st  S a l t Creek , t he  6 & 50  Re s er vo i r ,  and  Cheney Res ervo i r , 
where  e i ther truck  t ran sport or ra i l an d truck  tran sport were c on s i d 
er ed , and  n i n e  scores  for L ucas  Mes a ,  where  a con veyo r sys tem was  con s i d 
er ed as we 1 1  • 

On t he  bas i s  of cos ts  a l on e ,  mov i n g  the  Grand J unct i on ta i l i n g s  to  
C heney Res er vo i r  an d the  R i f l e ta i l i n g s  to L uc a s  Me s a  wou l d  be p ref er
ab l e .  Cheney Re s ervo i r  an d Lucas  Mes a  ar e c l o s e st  to Gr an d J un ct i on a nd  
R i f l e ,  respect i v e l y ,  and  the  cost  of  tran sportat i on ,  w h i ch  i s  the  majo r 
componen t of the  tot a l  cos t ,  depen d s  on d i s t an ce . 

Three oth er con c l us i on s  can be d r awn from t he  ev a l u at i on of en g i 
neer i n g ec onomi c s :  

o Tr uck  tran sp ortat i on i s  l es s  ex pen s i v e t h an ot her mod e s  i n  a l l 
cases . 
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o Mov i n g a l l of the  tai  1 i n g s  to one s i te i s  mor e  expen s i v e t h an 
many of the ot her opt i on s . 

o If  r a i l tran sport  i s  u s ed at L uc a s  Mes a ,  convey i ng  the  t a i l i n g s  
up the  fron t of the me s a  i s  l es s  exp en s i v e th an truck i n g  t h e  
mater i a l .  

Tot a l  we i ghted s c ores 

The tot a l  we i g h ted  scores for a l l cr i ter i a  ar e presen ted i n  Tab l e  
C . 3 . 8 .  They i n d i c ate t h at Eas t S a l t Creek an d the  6 & 50 Re s ervo i r  
wou l d  be prefer ab l e  for a l l tr an spor tat i o n mod e s  regar d l es s of 
wh i c h ta i l i n g s  p i l es ar e re l ocated . However , the s i g n i f i c an c e  of t he  
d i ffer en ces  i n  s i te scores  dep en d s  on wh i c h t ai l i n g s  ar e moved and  on  
the  mod e of  tr an sportat i on .  

Tab l e  C . 3 . 8 Tot al we i gh ted scores  for the  a l ter nate s i te s  

Sour ce  of Tr an sportat i o n East  S a l t 6 & 50 Cheney L u c a s  
t a i l i n gs method Creek Reservo i r  Res er vo i r  Mes a  

Gran d  J un ct i on Tr uck  78 . 5  76 . 0  72 . 7  64 . 7 

R i f l  e 

Gran d  
and 

R a i l and truck  63 . 0  59 . 8  54 . 6  47 . 5  
R a  i 1 and conveyor 51 . 5 

Tr uck  72 . 9  70 . 3  66 . 0  69 . 3  
R a i l an d truck  60 . 4  5 7 . 2  5 2 . 0  54 . 7 
R a i l an d con veyor 

J un c t i  on Tr uck  7 7 . 3 74 . 8  71 . 8  7 1 . 2 
R i f l e R a i l an d truc k  60 . 5  5 7 . 2  52 . 4  51 . 9 

R a i l and con v eyo r 5 5 . 7 

I f  t he  Grand  J un c t i on ta i l i n g s  ar e to be mo v ed to a s eparate d i s 
po s a l  s i te ,  East  S a l t Cr eek , 6 & 5 0  Re s er vo i r , o r  Chen ey Reservo i r  wou l d  
be s u i t ab l e .  The tota l  s core of 6 & 50 Re s er vo i r  i s  about  three po i n ts 
( about  four percen t )  l ower t h an t h at for E as t  S a l t Creek . The s core  for 
the C hen ey Res ervo i r  s i te i s  abo ut  three po i n ts ( ag a i n st about  four p er 
cen t )  l ower than t h at for t h e  6 & 50 Re s er vo i r . The tota l  we i g h ted 
score  for Lucas  Mes a  i s  muc h l ower : f i v e to n i n e  po i n ts l ower th an t h e  
s c o r e  for t h e  next be s t  s i te --Cheney Re s er vo i r .  Therefore , the  L uc a s  
Mes a  s i te s hou l d  n o t  be chosen  f o r  the  d i s pos a l  o f  t h e  Grand  J un c t i on 
t a i l i n g s  a l on e .  

I f  the  R i f l e  t a i l i n g s  are to be mo v ed to a s ep arate  d i spos a l  s i te ,  
any of the four a l ternat i v e s  w i th the  po s s i b l e ex cep t i on of C heney 
Reser vo i r  s hou l d  be s e l ec ted . Th e max i mum d i ffer ence i n  s core  i s  e i gh t  
po i n t s . However , i n  v i ew of the  l arge  d i fferences  i n  c o st ,  L uc as Mes a 
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s h ou l d  be con s i d er ed the pr i me  s i te for the  d i spo s a l  of the  R i f l e ta i l 
i n g s . The Chen ey Res ervo i r  s i te i s  the  l owes t-ran k i ng  s i te for the  
R i f l e ta i l i n g s . I n  ad d i t i on ,  the  R i f l e ta i l i n gs wou l d  h av e  to be t r an s
ported thro ugh  Grand J un ct i on ( a  c i r c ums t an ce not con s i dered i n  the  s i te 
s cor i n g ) . On th i s  bas i s ,  Cheney Reservo i r  shou l d  not be con s i dered for 
the d i spos a l  of the R i f l e ta i l i n g s  a l on e .  

A l though  not econom i ca l ly  at tract i v e ,  jo i n t  d i spos a l  of t h e  tai l -
i n g s  at a s i n g l e s i te may be con s i dered . I n  th i s  c a se ,  the  East  Sa l t  
Creek an d the 6 & 50 Reservo i r  s i tes  wo u l d  be prefer ab l e .  

I n  s ummary , Lucas  Mes a  s hou l d  not be con s i d ered for the  d i  spos a l  of 
t he  Gran d  J unc t i on ta i  1 i n g s  a l one , an d Ch eney Res ervo i r  s hou l d  not be 
con s i dered for the d i spo s a l  of the  R i f l e ta i l i n g s  a l one . 

DOE i n i t i a l ly s e l ected , w i th the con c ur rence of the State of 
Co l or ado , t he  Cheney Reservo i r ,  6 & 50 Reservo i r ,  an d L ucas  Mes a ( fo r  co
d i spo s a l  of  the  Gran d J unct i on  an d R i f l e  ta i l i n g s  on l y )  for i n c l u s i o n i n  
t h i s  E I S .  Th e East  S a l t Creek s i te was e l  i m i n ated be cause  i t  w as c l o se  
to an d near l y  i de n t i c a l  to  the 6 & 50 Reservo i r  s i te an d the  i n c l u s i on 
of bot h s i tes  wo u l d  be red undan t .  

Fo l l ow i n g  i n i t i a l en g i neer i n g an d e n v i ronmenta l  data  c o l l ect i on an d 
i mp act as ses smen t ,  DO E con c l  uded an d the St ate of Co l or ado con c ur red , 
t h at the c o l ocat i on of the Grand J un c t i on an d R i f l e ta i l i n g s  at the  
L ucas  Me s a  s i te was  not a reasonab l e  a l ternat i v e  d ue to un accep t ab l y  
h i g h en v i r onmen ta l  i mp ac t s  an d cos t s .  Cod i spo s a l  was ther efor e  e l i mi n at 
e d  f r om  further con s i de r at i on .  

F o l l ow i n g  i n i t i a l eng i neer i n g ,  the  St ate of Co l or ado nom i n ated the  
Two Road s i te to  rep l ace the 6 & 50  Re servo i r  s i te be cau se  the  Two Road 
s i te had l e s s  r e l i ef an d was l es s  s u scept i b l e  to eros i on t h an the  6 & 50 
Reservo i r  s i te .  The Two Road s i te i s  very near the 6 & 50 Reservo i r  
s i te an d rece i v ed the h i g he st  r at i ng  by the Co l or ado Can d i d ate S i te 
Rev i ew Comm i ttee ( Sec t i on C . 2 ) . The DOE approv ed th i s  nom i n at i on an d 
rep l ac ed the 6 & 50 Reservo i r  s i te w i th the  Two Road s i te .  

I n  the fa l l  of 1985 , DOE cond ucted a fur ther s i te sc reen i n g process  
to i den t i fy an  a l ternate s i te i n  the  Grand  J unct i o n  area  th at was bo th 
techn i ca l l y  s u i t ab l e  an d l e s s  co s t ly t h an the ot her a l ternat i v e s . S i te s  
w i th i n  a 10-m i l e  r ad i us  of Gran d Junc t i on were i de n t i f i ed an d r ated 
ag a i n s t  a 30 po i n t  env i ronme n t a l  an d en g i neer i ng  eva l u at i on cr i ter i a .  
Two s i te s  were s e l ec ted for further an a l ys i s --Leac h  Creek a n d  32 Road . 
The  Leac h  Creek s i te i s  l ocated one  m i l e  north  of the Gran d J un c t i on a i r
port  on  l an d  adm i n i s tered by the  BLM  and  the 32  Ro ad s i te i s  l o cated one  
m i  l e  southeast  of  Grand  J unct i on on  pr i v ate l y  own ed l an d .  Th e 32  Ro ad 
s i te rece i v ed the h i g hest  r at i n g  an d was s e l ected for more  de t a i l ed con 
s i derat i on .  F o l l ow i n g  the  co l l ec t i on of s i te-spec i f i c  env i ronme n ta l  da
ta ,  preparat i on of  i n i t i a l cost  es t i mate s ,  an d d i s c u s s i on s  w i th l oc a l  
off i c i a l s ,  DO E de term i ned , an d the St ate of Co l or ado conc ur red , t h at re
l ocat i on of the ta i l i n g s  to  a s i te o n l y  one m i l e  from Gran d J un c t i on was 
not appropr i ate . Th i s  a l terna t i v e  was therefore e l i m i n ated from further  
con s i d erat i on .  

Therefore , the a l ternate d i spo s a l  s i te s  ad dres sed i n  the  E I S  are 
the Cheney Res ervo i r  an d Two Road s i te s .  
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C . 4  TRAN SPORTAT I ON ME THODS 

R a i l road l i ne s  run  from the Gran d  J unct i on s i te south  to w i th i n  approx 
i m ate l y  10 m i l e s of the Cheney Re servo i r  s i te an d we st  to w i th i n  ap prox i mate l y  
10 m i  1 es  o f  t h e  Two Ro ad s i te • Al though trucks  wou 1 d b e  req u i  r ed to t ran sport 
the t a i l i n g s  from an  approp r i ate po i n t on the r a i l l i ne ( l o ad -out po i n t ) to  the  
d i spos a l  s i te ,  the  t ran sport  of  the ta i l i n g s  by r a i l from the Grand  J unct i on 
s i te to the  l o ad -out p o i n t s  was determ i ned  to be a reasonab l e  a l terna t i v e .  
Therefore r a i  1 tran sport of the t a i  1 i n g s  t o  bo th  t h e  Cheney Re servo i  r an d the  
Two Road s i te ar e i nc l uded as  a l terna t i v e s  i n  t h i s  E I S .  
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C . 5  REPROCESS I N G  THE TAI L I NGS P R I OR TO D I SPOSAL 

The DO E i s  req u i r ed by the Uran i um Mi l l  Ta i l i n g s  Rad i at i o n Con tr o l  Act to 
determ i n e the p ract i c a l i ty of reproces s i n g  the Gran d J unct i on ur an i um m i l l  t a i l 
i n g s  for the recov ery of the i r r es i d ua l  mi n er al conten t .  A detai l ed econom i c  
ev a l uat i on o f  the  po s s i b i l i ty was  cond ucted for the  DO E ( DO E ,  1 982 ) . The eva l ua
t i on conc l ud ed t h at the  cost  of recover i n g  these  m i n er a l s wou l d  be abo ut $34  m i l 
l i on and wou l d  yi e l d on l y  abo ut $2 2 m i l l i on worth  of ur an i um and  vanad i um unde r  
pr esent  mark et con d i t i on s ;  t h e  n et reproces s i n g c o s t  wou l d  therefore b e  about  
$12  m i  1 1  i o n . The  report  fur ther conc l  udes t hat the  market v a l ue of  ur an i  um and  
vanad i  um  wo u l d  h ave  to i n crease  by a l mo st  60 percent  for  reproce s s i n g  to r eac h 
t h e  break -ev en po i n t .  S i nce  the prep ar at i o n  of th i s  r epo r t ,  t h e  mar k et v a l ue of 
ur an i um h a s  d ropped even l ower . 

I n  ad d i t i on ,  r ep roces s i n g  the ta i l i n gs wou l d  not r ed uce  the r ad i um con tent  
of the  ta i l i ng s . S i nce  th e r ad i o ac t i v e  decay of r ad i um i s  the  s ource  of r adon  
( th e  p r i n c i p a l  he a l th haz ard from the  ta i l i n g s ) t her e  wou l d  be n o  r ed uc t i on of  
t h e  h azard  from r adon  daughters . Therefore the  r eproces s ed t a i l i n g s  wou l d  s t i l l  
req u i  r e  remed i a 1 ac t i on to meet EPA standards . Reproces s i n g the ta i  1 i n g s  was  
th erefor e r ej ected as u nreasonab l e . 
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C . 6  RETUR N I NG THE TAI L I NGS TO THE M I N E S  

T h e  ur an i um o r e  proces sed a t  t h e  G r a n d  J unct i on s i te was  m i n ed from a l ar ge  
n umber of  s urf ace  a nd  underground  m i ne s  i n  the  wes tern  C o l o r ad o  a nd  e as tern  Ut ah  
ar e a .  Thes e m i n e s  h av e  been  abando n ed fo r many years  an d many h av e  co l l apsed 
an d are  not  ac ce s s i b l e .  

The pos s i b i l i ty of retur n i ng  the  Gran d  J unct i on t a i l i n g s  to t hese  m i nes  was  
con s i d ered b ut was  r ej ected as i n fe as i b l e and u n reasonab l e  beca u s e  many of t he  
m i nes  a re  i nacce s s i b l e  a n d  the  env i ronmenta l  c on d i t i on s  ( s uc h a s  the presence  of  
g round  w ater ) ar e not conduc i v e to  t a i l i n g s  d i s p o s a l . 
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0 . 1  I N TROD UC TION  

Th i s append i x  con ta i n s  e n v i ronme n ta l  i n format i o n  and  data  comp i l ed from the  
1 i te r ature and co l l ected d ur i n g i n ves t i gat i on s  of Gr and J unct i on and th e a l ter
nate  s i tes . The mater i a l s  i n  th i s  append i x  are refer red to i n  the  we ather , a i r  
q u a l i ty ,  and  n o i se  sect i on s  of the D E I S  tex t .  
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0 . 2 . 1  

0 . 2  WEATHER  

REGI ONAL TEMP ERATUR E S  AN D PR EC I P I TATION 

A s ummary of data on temperatures in  the  reg i on of Gran d J unct i on 
and the a l ternate s i tes  i s  presented  i n  Tab l e  0 . 2 . 1 .  These  dat a were 
co l l ected at we ather stat i on s  at Al tenbern , Co l o rado N at i on a l  Mon ume n t ,  
Fru i ta ,  Gran d Va l l ey ,  Gran d J unct i o n ,  P a l i s ade , a n d  R i f l e .  Prec i p i t a
t i on d at a  for the reg i o n are s ummar i zed i n  Tab l e  0 . 2 . 2 .  

0 . 2 . 2  W I N D S  

T h e  N at i o na l  Weather Ser v i ce s tat i on a t  t h e  Gran d J un c t i on a i rpo rt 
i s  the  on l y  source of l o ng -term dat a on w i n d  speed  an d w i n d d i rect i on .  
Howev er , for the Two Road s i te ,  dat a co l l ected by the Co l o r ad o - Ute 
E l ec tr i c  As soc i at i on from i ts me teoro l og i c a l  tower three m i l es east of 
the s i te were obt a i ned . To prov i de the i n format i on n eeded for th i s  E I S  
abo ut  the w i n d s  at the Cheney Re serv o i r s i te ,  a meteoro l o g i c a l  tower was 
i n s t a l l ed at the s i te ,  w i th temperatu r e ,  w i n d - speed , and  w i n d -di rect i on 
sen sors  at a he i gh t  of 35 fe et abo ve  the s urface of the ground . The da
ta  co l l ec t i on at  the Cheney Re s er vo i r  s i te began  i n  Sep tembe r ,  1 982 , a n d  
con t i n ued  through  Au gus t ,  1 983 . 

The w i n d  rose  for Gran d  J unct i on s hown i n  F i g ure  0 . 2 . 1 ,  ba sed on d a 
ta f o r  1960 to 1964,  s hows t h e  ap paren t topo grap h i c  effec ts o f  t h e  Gran d 
V a l l ey .  The dom i nant  w i n d  d i rec t i on s  are from the eas t - southeas t ,  south
e a s t ,  and no rthwe s t .  Th i s  d i s tr i b ut i on of w i nd d i rec t i on i s  qu i te con 
stan t throughout  the ye ar beca u s e  of the dom i n ance of va l l ey- i n d uced 
up s l ope an d down s l op e  f l ows . 

For the p er i od 1941 to 1970 ,  the  w i n d  s peed at the Gran d J un c t i on 
a i rport averaged 8 . 7 mi l es p er hour ( mp h ) . The p re va i l i ng w i n d  d i rec 
t i on was e as t - southeas t .  The h i g he st  s u s t a i n ed w i nd  sp eed on record was 
66 mp h ,  recorded i n  J une , 1 95 1 .  

I t  i s  e v i dent  from the w i n d  rose  for the Ch eney Re s er vo i r  s i te th at 
the  w i nds  ten d  to conform to the or i e ntat i on of the G u n n i son R i ver  va l 
l ey .  The ave r ag e  an n u a l  w i n d  sp eed was me as ured at the s i te for the pe
ti od Sep tembe r ,  1 982 , through  Aug us t ,  1 983 . 

The w i nd rose  fo r the Two Ro ad s i te ,  der i v ed from dat a obt a i ned  
from the ne arby Co l or ad o - Ute tower for the per i od Febru ary 1 ,  1 98 1 ,  
through  Jan u ary 1 ,  1 982 , s hows a preva l ence o f  w i nds  from the we s t
northwe s t  an d no rthwe s t .  The h i g h freq ue n c i es of nor thwe s te r l y  w i n d s  
c a n  b e  attr i b uted t o  dra i nage  f l ows that or i g i n ate i n  t h e  h i g h terra i n 
northwe s t  of the tower d ur i n g  s t ab l e  atmos p her i c  cond i t i on s .  

The ave r ag e  an n u a l  w i n d  speed me asured at the Co l or ad o - Ute tower 
was 5 . 8 mp h .  Th i s  w i nd sp eed i s  l ower than th at me as ured at th e Gran d  
J un c t i o n  a i rport d ur i n g  the s ame per i od ( 8 . 7 mp h ) , probab l y  becau se  the 
ter ra i n  in  the  area of th e Two Ro ad s i te i s  more s h e l tered th an th at at  
the a i rpor t .  
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Tab l e  0 . 2 . 1  Summary of reg i ona l temperature d ata  

No . o f  days  No . o f  days  
Temp erature ( O F )  per ye ar per ye ar 

Aver age Average  An n ua 1 w i th ma x i mum w i th  m i  n i mum 
Sta t i on E l ev at i on ma x i mum mi n i mum average  90° or abo ve  0° or  be l ow 

A l te n bern  
a 5690 62 . 6  30 . 1  46 . 4  34 15  

Co l o r ado  
N at i on a l b 5780 63 . 6  40 . 1  5 1 . 9 47 2 
Mon umen t 

Fru i t ab 4510 66 . 7  34 .0  50 . 4  66 9 

Grand c 
V a l l ey 50 90 66 . 0  33 . 1  49 . 6  6 7  1 3  

Grand d 
J unct i on 4843 65 . 1  40 . 2  52 . 7  66 6 

P a l i sade b 4800 67 . 6  41 . 1  54 . 4  72 2 

R i f l eb 
53 20 63 . 6  30 . 1  46 . 9  37  17  

�Based  on  the per i od 1959- 1 981 . 
Based  on the per i od 1 95 1 - 1 981 . 

� Based  on  the  per i od 1 965-1981 . 
Based  on  the per i od 1 94 1 - 19 70 . 

Ref . Co l orado C l i mato l og i c a l  O ff i c e ,  1 982 . 
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Tab l e  0 . 2 . 2 Summary of reg i on a l  prec i p i tat i on data  

An n u a l  
preci  p i t  a t  i on 

Stat i on ( i n c he s )  

A l tenbern  
a 1 5 . 42 

Co l o r ado Nat i o n a l  10 . 60 
Mon ume n t  

Fru i taa 8. 23  

Gran d  V a l l ey 
b 1 2 . 25 

Grand  J unct i on  8 . 41c 

P a l  i s ade a 9 . 1 5  

R i f l e
a 

1 1 . 47 

�B ased on the per i od 1 95 1 - 1 981 . 

cBased  on the  per i od 1 965-1981 . 

d Based  on the per i od 1941 - 1 9 70 .  

Mean n o .  of 
An n ua l  days per ye ar 

s nowf a l l w i t h  prec i p i tat i on 
( i nc he s ) >0 . 1  i n ch  

62 . 9  49 

41 . 6  39 

18 . 0  30 

35 . 7  41  

26 . 5d 
( e )  

1 7 . 9  34 

50 . 9  42 

B as ed on the  per i od 1 942-1 981 . eTh i s  record not reported  i n  Loc a l  C l i mato l og i ca l  D at a  ( LC D )  for 
Gran d  J un ct i on . 

Ref . Co l orado  C l i mato l og i c a l  Off i c e ,  1 982 . 
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0 . 3  EX I ST I NG A I R  QUAL I TY 

Grand J unc t i on an d the a l ternate s i te s  are i n  the Gr an d Me s a  Ai r Qua l i ty 
Con tro l  Reg i on ( AQCR ) .  E stab l i s hed by the EPA,  the  Grand Mes a  AQC R cons i s ts of 
the Co l or ado coun t i e s  of De l ta ,  Eag l e ,  Garf i e l d ,  G u n n i son , H i n sda l e , Me s a ,  
Mon tros e ,  O ur ay ,  P i tk i n ,  San Mi g ue l , an d S umm i t .  Except for t h e  concentrat i on s  
of TSP , the  res u l t s of ai r-qua l i ty mon i tor i n g  s how th at the reg i on h as ac 
ceptab l e  ( i . e . ,  at ta i nme n t )  a i r q ua l i ty .  

Bes i de s  tota l  s us pended p ar t i c u l ate s ,  the  "cr i ter i a  po l l u tan t s "  are s u l fur 
d i ox i de , ozon e ,  n i trogen d i ox i de , carbon monox i d e , an d l e ad .  For any cr i ter i a  
po l l utant ,  an are a  can be c l a s s i f i ed as  at ta i nme n t ,  u nc l as s i f i ed ,  o r  nonatta i n 
men t .  Atta i nment  o r  un c l as s i f i ed i mp l i es t h at the a i r qua l i ty i s  gener a l ly  ac 
cep t ab l e ;  nonatta i nment  me an s that ai r - q ua l i ty s t andards  ar e be i n g exceeded . 
The atta i nment  status  for the cr i ter i a  po l l u tan t s  i n  Me s a  Co un ty i s  a s  fo l l ows : 

o Tota l  s u spended p art i c u l ates : the ur ban i zed are a  around  Gr an d 
J unct i o n  i s  c l as s i f i ed as nonatta i nmen t .  Th i s  are a  extends  from Fru i ta 
east  to P a l i s ade . The Grand J unc t i on ta i l i ng s  s i te i s  w i t h i n  the  
nonatta i nment  are a ;  howe ver , the  a l ternate s i te s  are not . 

o S u l f ur  d i ox i de :  the  concentrat i on s  i n  Me s a  County are l ower th an the  
nat i on a l  an d state s t andar d s . 

o Ozone : the  concentrat i o n s i n  Me s a  Co u n ty are l ower th an the na t i on a l  
an d s t ate standard s .  

o N i trogen d i ox i de :  the concen tr at i o n s  i n  Me s a  Co u n ty are l ower th an 
the  n at i on a l  an d state standard s . 

o C arbon monox i d e : the concentr at i on s  i n  Me s a  Cou n ty are l ower th an the 
nat i ona l an d st ate s t andard s . 

o Lead : the  concen trat i on s  i n  Me s a  Co u n ty are l ower t h an the na t i o n a l  
an d s t ate standard s .  

Tab l e  0 . 3 . 1  prese n t s  an an n u a l  s ummary of the me as ured concentr at i o n s  of to
tal s u s pended p ar t i c u l ate s i n  Mes a  Co u n ty .  

The nat i ona l an d Co l or ado a i r-qua l i ty s t an dards  are s ummar i zed i n  Tab l e  
0 . 3 . 2 .  The major  sources  of em i s s i on s  i n  the  Grand J un c t i on  reg i on  are l i s ted  
i n  Tab l e  0 . 3 . 3 .  

A major source  i s  def i ned as em i tt i n g  more than 50 ton s per ye ar of a p ar
t i c u l ar po l l u tan t .  As  s hown in  Tab l e  0 . 3 . 3 ,  the  two l arges t sources  are the 
Gary Ref i n i n g Comp any an d th e P u b l i c  Ser v i ce Comp any of Co l o rad o . These  sources  
are more th an 10 m i l es from the ta i l i n g s  p i l e  i n  Gran d  J unc t i on . The  Gary 
Ref i n i n g Company i s  approx i mate l y  12  m i l es southeast  of the Two Road s i te .  No 
major  sources  of a i r po l l ut i on are k n own to ex i st near  the Cheney Re servo i r  
s i te .  

The a i r -qua l i ty reg u l at i on s  of the State of Co l or ad o  req u i re th at str i c t  
con tr o l  me as ures  be used  for any con s tr uc t i on or  tran spor tat i on ac t i v i t i es i n  
nonatta i nment  are as for TSP . These  con tro l me as ures app l y  to the fol l ow i ng : 
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Tab l e  0 . 3 . 1  Ann u a l  s ummary o f  av a i l ab l e  da ta  o n  t ot a l s u s pended par t i c u l ate c o n cen tr a t i on s  i n  Mes a Co u ntya 

Addres s of  
mon i t or i n g  s t at i o n  

5 t h  an d Rood S t s .  
Gr an d Junct i on 

12th  an d N or t h  Ave . 
Gr an d Jun c t  i on 

S t a t i on type 

C i ty center
comme rc i al 

C i ty cen ter 
comnErc i al 

N umber o f  
ob s .  ( days )  

84 
1 4  
5 7  

7 8  

An n u a  1 
ge OnE tr i c �e an 

(m i c rog/m ) 

nC 
64d 

45e 

79c 

24-hour 
co ncentr  at�o n  N umbe� o fb (m i crog/m ) exc ur S l on s  

Se cond  Pr  i mary Se condary 
H i  ghes  t h i g h e s t  s t an dard  s t an dard  

243 232 0 2 
194 1 13 0 1 
144 137  0 0 

225 1 86 0 6 

� 10 0 W .  Pabor S t . C i ty center 
r es i de n t  i a 1 

80 
1 4  
6 6  

87
c 

5 7
d 

48e 

192 
124  
129  

1 78  
12 1 
1 2 1  

o 
o 
o 

5 
o 
o 

Fru i t a  

I s l an d  L akes  P ark  
U .S .  H i g hw ay 6 an d 
I - 7 0 P a l  i s ad e 

S u bur b an 
r es i d e n t i al 

78 48c 
130 1 13 o o 

�Al l data  c o l l ec ted i n  1981 . 
N umber o f  t i me s  t he 24-hour co n ce n tr at i on exceeded pr imary or secondary s t an dards for t ot a l  s u s pe nded  part i c u l ates . �samp l es c o l l ec ted at  E P A  SLAMS s t at i on ( g r av i me tr i c ) . 
S S I s amp l er oper ated by t he Mes a Co u n ty Departme n t  of He a l t h . eS S I  s amp l er co l oc ated wi t h  the TSP  SLAMS s t a t i on .  

Ref . DOE , 1 983 . 



Tab l e  0 . 3 . 2  Nat i o na l an d Co l orado stan dards for amb i en t  a i r q ua l i tya 

P o l l utan t 

S u l f u r  d i ox i de ,  
nat i ona l  

s t ate 

Tot a l  
s us pended P8r
t i c u l atesC , 

C arbon c d mo nox i de ' 

O zone 

N i t ro gen c d d i ox i d e ' 

Lead c 

P r i mary 
Aver ag i n g t i me s tan dard 

An n u a l  Ar i thme t i c  me an 80 
24- h ou6 365 
3 - hour 

An n ua l  ar i t hmet�c me an 
24-hour max i mu� 
3 - hour max i mum 

Ann ua l  Qeometr i c  me an 
24- hour 

b 8-hour b I - hour 

1 - hour� 
I - hour 

An n ua l  ar i thme t i c  
mean 

C a l endar q uar ter ave r ag e  

Category 
I 

( i nc re
menta l )  

2 
5 

25 

P r i mary 
s tand ard 

75 
260 

10 , 000 
40 , 000 

235 
160 

100 

1 . 5  

�Al l concen trat i on s  are i n  mi cro g r ams per c u b i c meter . 
Not to be exceeded mo re th an once per ye ar . 

� N at i on a l  Amb i en t  A i r Qua l i ty Standard . 

Cate go ry 
I I 

( i n cre
men ta 1 ) 

10 
50 

300 

Secondary 
s tan dard 

1 300 

Category 
I I I 

( i n cre
menta 1 ) 

1 5  
100 
700 

Secondary 
s tandard 

60e 
1 50 

10 , 000 
40 , 000 

235 

100 

1 . 5  

Co l o rado  Amb i en t  Ai r Qua l i ty Standard .  eAn an n ua l  geometr i c  me an o f  60 mi crogr ams per c u b i c meter has been 
e s t ab l i s hed by the State of Co l or ado as a g u i de to be used i n  asses s i ng 

f i mp l emen tat i on p l an s  to ac h i e ve comp l i ance w i th t h e  24- hour s t andar d .  
Ave r ag i n g t i me 6 a . m .  to 9 a . m .  
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Tab l e 0 . 3 . 3  Maj or sources of a i r p o l l u tan t s  i n  t he Gr an d  J unct i on reg i on a 

D i s t ance and 
d i r ec t i on from the Es t i mated r ate 

Gr an d  J unct i on of em i s s i on 
Source ta i l  i n  gs s i te P o l l utant ( to n s  per ye ar ) 

Gary Ref i n i n g 16 mi l es northwe s t  Total s us p en ded 2647  
Company par t i c u l ate s 

S u l fur d i  ox i d e  2929  
Hydrocarbo n s  424 
Carbon monox i d e  492 

P ub l i c  Ser v i ce 1 3  mi l es eas t-north east Su l fur d i ox i de 1805 
Comp any of Hydrocarbo n s  55 
Co l o rado Carbon mon ox i d e  1 4 5  

L o u i s i ana- 1 4  mi l es northwe s t  Tot al s us p ended 1 5 5  
P ac i f i c  par t i c u l ate s 
Corpo r at i on 

Corn Cons truc - 7 mi l e s eas t-northeast Tota l  s us pended 89 
t i on Comp any par t i c u l  ate s  

E l am Con struc - 1 4  mi l e s northwe s t  Tota  1 s us pen ded 61 
t i on Comp any par t i c u l  ate s  

aData from t he  Co l or ado Dep artment of  He a l th ( 1 983 ) . 
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o Unpaved roadways . These are roadways used by more th an 15  veh i c l  e s  
per  day .  Con tro l s  can i n c l ude wate r i n g ,  chem i ca l  stab i l i zat i o n ,  and 
speed l i mi ts . 

o P aved roadways . Con tro l s  can i n c l ude cover i n g  h au l veh i c l e s ,  was h i n g 
exter i or s ,  l i mi t i n g  l o ad s ,  l i mi t i n g  veh i c u l ar speed , t reat i n g the l o ad s ,  
an d keep i ng the ro adway free of debr i s .  

o Hau l road s . The s e  are ro ad s used by more  th an 40 hau l ve h i c l es per 
day or more t h an 200 tota l veh i c l es per day .  Con tro l s can i n c l ude s peed 
l i mi t s ,  wate r i n g , c hem i c a l  stab i l i z at i on ,  and road carpet i n g . 

o Hau l truck s .  Con tro l s  can i n c l ude cover i n g ,  was h i n g the exter i o r ,  l i m
i t i ng l o ad s ,  reduc i n g speed s , an d wett i n g the l o ad .  

o Con struct i on ac t i v i t i e s . Con tro l s are app l  i ed when more th an one acre  
i s  c l e ared or l e ve l ed ; t hey can i n c l ude ve getat i on ,  syn thet i c  covers , wa
ter i n g ,  chem i ca l  stab i l i z at i on ,  furrows , comp ac t i n g ,  mi n i mi z at i on of the 
d i sturbed  area ,  and w i n d  break s .  

o Storage and h and l i n g of mater i a l s .  
covers , s t ab i l i z at i on ,  comp ac t i on , 
part i c u l ates . 

Contro l s  can i n c l ude en c l os ures , 
water i n g , an d 1 i mi t i n g of f i n e  

o Tai l i ngs p i l es and ponds . Con tro l s  can i n c l ude water i n g  and /or c hem-
i ca l  stab i l i z at i on ,  covers , w i n d  br eak s , mi n i mi zat i on of the d i s turbed 
area ,  and speed l i mi t s . 

o Demo l i t i on act i v i t i e s .  Con tro l s  can i n c l ude wett i n g down surfaces ; re-
mo v i n g d i r t  from streets ; an d wett i n g ,  was h i ng ,  and cover i n g  h au l ag e 
equ i pmen t .  Spec i a l reg u l at i on s  app l y  i f  as be s tos ex i s t s  i n  the 
b u i l d i n g . 
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0 . 4 AS SESSMENT  OF A I R  QUAL I TY I MP AC TS 

Th i s  sec t i on des c r i b e s  the  me thod s used  for ca l c u l at i n g  a i r po l l u t i on re
s u l t i n g from w i n d  eros i on an d the  oper at i on of trucks  an d other equ i pment  for 
each  t a i l i ng s  d i s pos a l  a l ternat i ve .  

W i n d  eros i on of t a i l i n g s  an d other mater i a l for e ach  a l terna t i ve was e s t i 
ma ted by us i n g  a ver s i on of the  un i vers a l  s o i l - l o s s  equat i on rec omme nded by t he 
Co l or ado  Dep artmen t of He a l th ( 1 981 ) . The fol l ow i n g  factors were  used  i n  the  
eq uat i o n : 

o Por t i on of tota l  w i n d -eros i on l o s s e s  s u s p en de d : 2 . 5  percen t .  

o So i l  erod i b i l i ty :  220 ton s per ac re  p er ye ar for t a i l i ng s ; 1 60 to n s  p er 
ac re  per  ye ar fo r s o i l .  

o C l i mat i c  fac tor : 69 . 

o Un s he l tered f i e l d  w i d th : 1 .  ( Th i s  i s  the  f i e l d -w i d t h fac to r  for a 
f i e l d  w i th a w i d t h greater t han 2000 fe et . )  

o Vegetat i ve cover : 1 .  ( Th i s  f i g ur e  denote s no  vegetat i ve cover . ) 

o Surf ace roughne s s :  1 .  ( Th i s f i g ur e  s t an d s  for a smo o th s u r f ace . )  

The amoun t  of d u s t  generated by w i n d depends  on the  typ e of mater i a l  on t he  
gr ou n d . F or  e ach of  the  a l ternate d i spos a l  s i te s , i t  wa s  as s umed t h at 50 per-
ce n t  of the  ar e a  exposed to w i n d  eros i on was t a i l i n g s  an d 50  perce n t  s o i l .  

F u g i t i ve -d u s t em i s s i on s  of a l l e q u i pment  an d hau l t r uc k s  ( Tab l e  0 . 4 . 1 )  were 
ca l c u l ated by us i n g  em i s s i on factors  deve l oped by the Co l o r ad o  Dep artmen t  of 
Hea l th ( 1 981 ) . 

Con tro l of fug i t i ve-dus t em i s s i on s  d ur i n g con s truc t i on was  a s s umed . Th e 
s p ec i f i c  as s ump t i on s  concern i n g the  con tro l of d u s t  generated  by eq u i pmen t an d 
h a u l  t r uck s  were t h at water wo u l d  be app l  i ed tw i ce a day to a l l h a u l  road s an d 
to areas  be i n g con t i n uo u s l y  d i s turbe d  by s crapers an d other  con s truc t i on e q u i p 
me n t ,  a n d  t h at t h e  con tro l eff i c i ency wou l d  be 50 percen t .  

Exh aus t em i s s i on s  from construct i on e q u i pmen t ,  off-road t r uck s ,  a n d  l ocomo
t i ves  were ca l c u l ated w i th em i s s i on factors recommended  by the EPA ( 1 982 ) . 
Exh aus t em i s s i on rates  of on -road h a u l  t r uck s  ( 1 5- an d 25-ton ) ,  were ca l c u l ated 
by us i n g em i s s i on factors deve l oped by the EPA ( 1 9 78 ) . The em i s s i on  factors  
u sed  are pre sen ted in  Tab l e  0 . 4 . 1 .  

The con s tr u c t i on sched u l es es tab l i s hed for the  remed i a l  ac t i on were u s ed to  
def i n e  wh en  an d wh ere e ac h  p i ec e  of eq u i pme n t  an d truck  i s  oper ated .  Em i s s i on 
t o t a l s  were  ca l c u l ated by ad d i n g up the  to t a l  pou n d s  em i tted for e ach p i ec e  of 
e q u i pmen t and e ach  ac t i v i ty . 

The con tro l l ed ( 50 percen t )  s hort-te rm f ugi t i ve part i c u l ate em i s s i on r at e s  
u s ed i n  the  mode l i n g  an a l ys i s  rep resented  those occur r i n g  i n  t h e  p e ak mo nth  of 
ac t i v i ty .  I t  was con servat i ve l y  as s umed t h at a l l equ i pmen t d ur i n g  the peak 
mon th  wo u l d  be op erat i n g  concur ren t l y .  W i n d  eros i o n em i s s i o n s  a l on g  w i t h truck  
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Tab l e  0 . 4 . 1  Ai r pol l u t an t  em i s s i on f ac t or s U 

Exh au s t-em i s s i on f ac t or s  b 

D u s  t -em i s s  i o n  N i tr ogen Su l fu r  C arbon  Hyd r o-
E q u i  pme nt f ac t or ox i d e s  d i ox i d e  monox i d e  carbo n s  Part i c u l ates 

Scraper 16 . 0  1 b /h r 6 . 6 2  0 . 49 1 . 5 5 0 . 6 8  0 . 43 
Front -en d l oad er 

3 . 5-cy bucket  0 . 0 34 l b /cy 1 . 88 0 . 1 4  0 . 44 0 . 1 5  0 . 1 3  
4 . 5-cy buck e t  0 . 033  l b /cy 2 . 53 0 . 1 9  0 . 5 9  0 . 20 0 . 1 8  
6 . 0- cy bucke t 0 . 033  l b /cy 3 . 47 0 . 2 7  0 . 81 0 . 2 7 0 . 2 5 
7 . 0-cy bu ck e t  0 . 033  l b /cy 5 . 3 9  0 . 41 1 . 26 0 . 43 0 . 3 9  

Gr ader 32 . 0  1 b /h r 2 . 09  0 . 1 7  0 . 44 0 . 10 0 . 1 2 
Dozer 32 . 0  1 b /h r 3 . 5 9  0 . 34 0 . 95 0 . 2 7  0 . 2 7 
Comp act or 32 . 0  1 b /h r 4 . 6 8  0 . 44 1 . 2 3 0 . 3 5 0 . 3 6  
Gr i z z l y ( se p ar at or )  0 . 2  1 b it on 

0 Conveyor 0 . 2  1 b it on I 

-P> Con v eyor tr an sfer 0 . 023  l b /t on 
1 5 -ton h au l  truck  

On -s i te h au l  7 . 34 l b /m i l e  14 . 32 2 . 8  1 7 . 9 2 . 7  1 . 3  
Gr av e l -road h au l  1 5 . 10  l b /m i l e  
P aved -road h au 1 1 . 99 l b /mi l e  
D ump i n g  0 . 0 34 l b /cy 

25 -ton tr u ck 
On -s i te h au l  13 . 2 1 l b /mi l e  1 4 . 32 2 . 8  1 7 . 9 2 . 7  1 . 3  
Gr ave l - road h au l  27 . 1 8  l b /m i l e  
P aved -road h au l  2 . 85 1 b /dump 
D ump i n g 0 . 037  l b /cy 

35-ton truck  
On-s i te h au l  4 . 40 l b /h r 3 . 41 0 . 20 0 . 60 0 . 20 0 . 1 2  
D ump i n g  0 . 041 l b /cy 

Water truck ( on -s i te )  2 . 94 1 b /h r 6 . 6 2  0 . 49 1 . 5 5 0 . 6 8  0 . 43 
L ocomot i ve 

I d l e  1 . 85 0 . 2 9  0 . 6 5  0 . 47 0 . 1 3 
R un n i n g  14 . 4 2 . 2 1  5 . 04 3 . 6 4  0 . 9 7  

�Ref . EPA ,
.
19 ?8 ,  1 982 ; Co l or a� o Dep artme nt o f  He a l t h ,  1 981 . 

Exh aus t  em l S S l on f ac t or s  ar e l n  pou nds  per hour  except  fo r tho s e  for t h e  1 5 - an d 25-t on tru ck s ,  w h i c h  ar e 
i n  gr aID s per m i  l e . 



hau l i n g  an d d ump i ng em i s s i on s  were ass umed to be con stan t  throu ghout the per i od 
of  act i v i ty .  Tab l es 0 . 4 . 2  and  0 . 4 . 3  s how the breakdown of f u g i t i ve part i c u l ate 
em i s s i on s  for eac h  a l terna t i v e . 

A i r qua l  i ty i mp ac t s  were determ i ned  by us i n g  the EPA I n d us tr i a l Source 
Comp l ex Short Term ( I SCST )  d i s per s i on mode l  ( EPA ,  1983 ) . G i ven i n format i on con 
cern i n g em i s s i on rate s , source l ocat i on s ,  an d meteor o l o gy ,  the  mode l  pred i cts  
co ncentrat i on s  of chem i c a l ly  i n ert po l l utan ts downw i n d from the s ource . The mod 
e l  w i l l  a l so  tak e  i n to ac count  the effects  of the grav i t at i o na l sett l i n g  of l arg
er p art i c u l ates . 

For mode l i n g purposes , em i s s i on s  were as s umed to be em i tted from a s i n g l e 
area source . The s pec i f i c  i n puts  used  i n  t he  mode l  an d the area over  wh i c h em i s 
s i on s  were d i s tr i b uted are presented  i n  Tab l e  0 . 4 . 4 . 

Rec eptors  were pl aced downw i n d of the sources  at 250-me ter i n terva l s  out to 
a d i s t ance of 1 500 me ter s .  Receptors were l ocated downw i n d of truck  hau l road s  
at 100 , 300 , 500 , and  700 me ters . 

Ass umed worst -case  me teoro l og i c a l  cond i t i on s  were used  to es t i mate peak 24-
hour  aver ages  of parti c u l ate concentrat i o n s . L i g ht  w i nds  ( 2 . 5  me ters per sec
on d )  were as s umed to b l ow per s i s ten t l y  from a s i n g l e d i rec t i on un der  s t ab l e  
me teoro l og i ca l  cond i t i on s .  These  cond i t i on s  were a l l owed to pers i s t for on l y  
t he  f i r st  s i x  ho urs  of the 24- hour mode l i n g  per i od . The rem a i n i n g ho u r s  were a s 
s umed to have no  i mp ac t .  Th i s approach i s  con servat i v e  a n d  i s  con s i stent  w i th 
other  sc reen i ng me thodo l og i e s . 

A s i te - sp ec i f i c  parti c l e s i ze d i s tr i b ut i on was not av a i l ab l e .  A s i ze d i s 
tr i b ut i on der i ved from me as urements  made  at s urface m i n i n g operat i on s  throu ghout  
t he  Rocky Mo u n t a i n reg i on was  s u bs t i tuted . The  part i c l e s i ze d i s tr i b ut i on an d 
depo s i t i on parameters u s ed i n  the  an a l ys i s  are presen ted  i n  Tab l e  0 . 4 . 5 .  

I n  order to as s e s s  the i mp ac t s  of po 1 1  utant s  on a i  r q ua 1 i ty, t he  I n d us tr i a 1 
Source Comp l ex Sh ort Term ( I SC S T )  d i sper s i on mod e l  was used  to es t i mate part i c 
u l ate concen tr at i on s  becau se  i t  has EP A appro va l for the req u i red purpose  ( E PA ,  
1 983 ) . Th i s  mode l a l l ows for the mod e l i n g  of mu l t i p l e source s ,  mu l t i p l e  meteoro
l o g i c a l  cond i t i on s ,  g rav i tat i on a l  sett l i n g ,  and dry d i s pos i t i on .  The I SCST mod 
e l  requ i res  i np ut dat a  on em i s s i on rate s ,  s o urce l ocat i on s ,  and  meteoro l o gy .  

The I SCST mod e l  output  con s i st s  of a t ab l e  1 i s t i n g  the 24- hour av erag e  con -
centrat i on at eac h  of the receptors . The ma x i mum 24- hour average concen tr at i on 
occur r i n g  over  the g r i d  for each  a l terna t i v e i s  s ummar i zed  i n  Tab l e  0 . 4 . 6 .  

The part i c u l ate em i s s i on s  an d concen tr at i on s  from remed i a l  ac t i on at V 1 C l n 
i ty proper t i e s  were not mode l ed .  P art i c u l ate em i s s i o n s  from the v i c i n i ty proper
t i e s are expected to be very l ow be caus e mo s t  of the ac t i v i ty wo u l d  be performed 
w i th h an d  he l d  too l s  an d sma l l e ar th-mov i n g  equ i pmen t an d be cause  t he av erag e 
amo u n t  of mater i a l to be remov ed from each  v i c i n i ty proper ty ( l05 c u b i c yard s )  
i s  very sma l l .  There wou l d  be very l i t t l e  c umu l at i ve  effect be tween the var i ou s  
v i c i n i ty property s i te s  th at wou l d  b e  c l ean ed u p  at t h e  s ame t i me ,  s i n c e  t h e  v i 
c i n i ty p roper t i e s  are w i d e l y  scattered throu ghout  the are a .  
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Tab l e 0 . 4 . 2 S ummary o f  wor s t -month  ho ur l y  fu g i t i v e  p art i c u l ate emi s s i on s  at t he Gr an d J unc t i on s i te 

D i s po s a l  a l te r n at i v e  

Cheney Reservo i r  Two R o ad 
No  Gr an d By By By By 

ac t i o n  Junct i on tru ck tr ai n tru ck tr ai n 

Wor s t-cas e  mont h 9 3/4 3/4 3/4 3/4 
Emi s s i on s  ( l b /h r ) 

Scraper s 288 1 12 1 12 96 96 
B u  l l do zer s 41 6 320 320 128 128 
Gr ader s 32 32 32 32 32 
Comp act ors  1 60 
Water tru ck s 9 6 6 6 6 

Tru ck dump i n g ,  t ot a l a ( t on s )  51  6 . 2  6 . 2  6 . 2  6 . 2  
( 1 b /h r )  28 2 2 2 2 

Tru ck l oad i n g ,  t ot a l a ( t ons ) 50 . 5  5 50 . 5 5 
( 1 b /h r )  1 6  2 1 6  2 

Tr ai n l oad i n g ,  t ot a l a ( t on s )  5 74 5 75 
( 1 b /h r )  1 7 7  1 7 7  

W i n d  er os i on ,  t ot a l a ( t on s )  320b 850 944 944 944 944 
( 1 b /h r )  73  86 86 86 86 86 

Tot a l , uncontro l l ed ( l b /h r ) 73 10 1 9  5 73 736 582 745 
Tot a l , contro l l ed ( l b /h r )  510 287 368 291 37 3 
Tot a l , contro l l ed ( gr ams /sec ) 64. 2 36 . 1  46 . 4  36 . 7  46 . 9  

�Tot a 1 emi  s s  i on s  ar e for the 1 i fe o f  the pr oje ct . 
Ton s per year . 



Tab l e  0 . 4 . 3  Summary o f  wor s t -month  ho ur l y  fu g i t i v e  p art i c u l ate em i s s i ons  at t he al ter nate d i s po s a l  s i te s  

D i s po s a l  a l ternat i v e  

Che ney Res er vo i r Two R o ad 

Wor s t -case  mont h 3/4 3/4  
Emi s s i on s  ( l b /h r )  

Scraper s  1 1 2  96 
Bu  l l d ozer s 320 128 
Gr aders  32 32 
Comp ac t or s  64 64 
Water tr uck s 6 6 

Truck dump i n g ,  t ot a l  emi s s i on s a ( t ons ) 65 . 3  65 . 3  ( 1  b /h r )  20 20 

Truck h au l i n g ,  t ot a l  em i s s i on s
a

( t on s ) 686 . 9  686 . 9  0 
( l b /h r )  2 1 1  21 1 I 

....... 
'" 

W i n d  er os i on ,  t ot a l  em i s s i o n sa ( t ons ) 504 504 ( 1  b /h r )  46 46 

Tot a l , u nco ntr o l l ed ( l b /h r )  81 1 603 
Tot a l , contro l l ed ( l b /h r )  406 302 
Tot a l , co ntro l l ed ( gr ams / sec ) 51 . 1  3 8. 0  

aTot a l  em i s s io n s  ar e for the l i fe of  t he project . 
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Tab l e  0 . 4 . 4  ISCST  mod e l  TS P em i ss i on i n pu t s  

Em i s s i on r ate
a Are a  o f  Act i v i ty 

A l te r n at i ve  Loc at i o n  ( g r ams / s ec ) ( sq uare  me ter s ) 

N o  act i on Gr and Jun ct i on 9 . 2  469 , 000 

Stab i l i z at i on  
On s i te Gr an d Junct i on 64. 2 469 , 000 

C heney Res er v o i r btr u ck , 
Two Road tr u ck Gr an d Junct i on 36 . 1  469 , 000 

C he ney Res er vo i r  tr ai n 
an d tr u ck � Two R o ad tr a i  n 
an d tr u ck Gr an d Junct i on 46 . 4  469 , 000 

Cheney Res er v o i r  Cheney Reser vo i r  
( bot h o p t i o n s ) d i s po s a l  s i te 51 . 1  324 , 000 

Two R o ad ( bot h opt i on s ) Two R o ad d i s po s a l  s i te 38. 0 324 , 000 

a 
bContro l l ed .  
Res u l t s fo r the Two R o ad a l ternat i ve s  at Gr and Junct i on wer e  propor t i o ned bas ed on  em i ss i on s  r e l at i v e  to  mod e l  
r es u l ts fo r t he  Cheney a l ter n at i v es ; t h i s  i s  why the em i s s i on rate s  fo r the C heney a l ter n at i v es ar e g i v en i n  t h i s  
tab l e  for t he Gr and Junct i o n  s i te for the  Cheney an d Two R o ad a l ternat i v es .  
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Tab l e  0 . 4 . 5  P ar t i c l e s i ze d i str i b u t i on an d depo s i t i on parame ter s  u sed i n  t he ai r q u a l i ty i mp ac t  an a l ys i s  

P art i c 1 e 
s i ze c l as s  

1 

2 

3 

4 

5 

O i  ame ter 
r an ge 

( mi c ron s )  

o - 2 . 5  

2 . 5  - 5 

5 - 1 0  

10 - 1 5  

>1 5  

Mas s Ch aracter i s t i c  
d i str i b u t i on d i  arne ter 

( % ) ( m i  c r on s )  

3 1 . 1  

4 3 . 3  

9 7 . 0  

5 1 2 . 0  

79 25 . 0  

i'l Based on  a par t i c l e d en s i ty o f  2 gr ams per c u b i c  me ter . 

Gr av i tat i on a l  
sett 1 i n � Sur f ac e 

ve 1 oc i ty r ef l  ec t i o n  
(meter s/s econd ) coe ff i c i en t 

7 . 20 x 1 0  
- 5  

1 . 0 

6 . 48 x 1 0  
-4 1 . 0  

2 . 92 x 1 0  -3  0 . 9 

8 . 5 7 x l -3  0 . 78 

3 . 7 2  x 1 0  -2 0 . 6 5  



Tab l e  0 . 4 . 6  Max i mum 24- hour concen trat i o ns  of p art i c u l ates  d ur i n g  
cons truc t i on ( i n m i crog r ams p e r  c u b i c me ter ) 

D i spos a l  a l terna t i ve  

Cheney 
Reservo i r  Two Road 

No Grand By By By By 
act i on J unct  i on truck tra i  n truck tra i  n 

Grand  J unct i on s i te 60 425 239 30 7 243 310 

D i spos a l  s i te 445 445 331 331  

Tr uck tran sportat i o n 
ro ute 1 7 1  344 353 
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0 . 5 . 1  

0 . 5 . 2  

0 . 5  N O I SE 

REGULAT I ONS  

Co l o r ad o  no i se reg u l at i o n s  ( Co l orado  Gener a l  As semb l y ,  1 973 )  s p ec 
i fy the  max i mum perm i s s i b l e  n o i se  l e v e l  for e ach  zon i ng c l as s i f i cat i on 
an d for the t i me  of day .  Con struc t i on ac t i v i t i e s  an d r a i l t ran sport ar e 
restr i cted to a max i mum of  80 dec i be l s  d ur i n g  the  d ay at a d i s t ance  o f  
25 feet  beyond  t h e  con s truct i on property o r  r i gh t-of-way .  A n  add i t i on a l  
1 0  dec i b e l s i s  perm i tted  for n o  mo re th an 1 5  m i n ut e s  i n  any one  hour . 

The EPA ( 1 9 74 )  h as i s sued  a g u i de l i n e  exp osure  l e ve l , ba sed on aver
age sound  energy ,  th at can be  u sed  for as se s s i n g n o i se  i mp ac t s . I n  a 
res i dent i a l en v i ronme n t ,  the t i me -we i g h ted  day-n i g h t  outdoor av er ag e  
sound  l e ve l  be l ow wh i ch n o  effect s  o n  p u b l  i c  hea l th an d we l fare are ex 
pec ted to occ ur i s  55  dec i be l s .  

The EP A ( l 9 76 a , b )  an d the St ate of Co l orad o  ( Co l or ad o  Gen era l  
As semb l y ,  1 9 7 3 )  h ave  a l s o  i s sued  no i se-emi s s i on s t an dards  for  con s tr u c 
t i on e q u i pmen t an d truck s ; however , these  reg u l at i on s  ap p l y  on l y  to i n d i 
v i d u a l  i tems of e q ui pmen t .  They do not l i mi t the comb i ned  n o i se  
i n ten s i ty from se ver a l  p i eces  of  eq u i pment  operat i n g  s i mu l t an eou s l y .  

SO UND-LEVEL SUR VEY  I N  GRAN O  J UNCT ION 

A background  s ou n d - l eve l  s ur vey was con d ucted on Sep tember 1 2  
through  1 4 ,  1 982 , t o  e stab l i s h c ur rent s ou n d  l e ve l s aro u n d  the Gr an d 
J un c t i on s i te .  The s ur vey was des i gned  to prov i d e  a represen tat i ve s am
p l e of  n o i se  l e ve l s an d s ources  n ear the s i te .  Two sets  of dayt i rn:  an d 
n i g h t t i me  me as urements  were  t ak en at e ach  s amp l i n g  l ocat i on --the  f i r st  
for  the weekend per i od an d th e second  for  the  weekday per i od . D ayt i me 
me asurements  were made between 7 a . m .  an d 10 p . m . ; n i  g h tt i me me as ure
men t s  were  made be tween 10 p . m .  an d 7 a . m .  

The i n strument s  used  d ur i n g the s ou n d - l e ve l  s u r vey i nc l uded  a Brue l 
an d K j aer ( B&K)  type 2209 prec i s i on sound - l e ve l  me ter , a B&K type 4145  
on e - i n c h  con d en s er m i crop hone , a B&K type 4166 0 . 5 - i n ch conden ser m i cro
phon e ,  a B&K type 4420 p i s tonphon e ,  and  acce s sory equ i pmen t .  Th i s  eq u i p 
men t  conforms to the stan dards  o f  the Amer i can N at i on a l  St an da r d s  
I n s t i tute ( AN S I )  f o r  prec i s i on s ou nd -l e ve l  meters ( AN S I ,  1 9 76 ) . The o ne
i n ch  d i ame ter conden s er m i crophone  was used  for  mo s t  s amp l es to  en s ur e  
ac c ur ate me asurement s  o f  l ow amb i en t  so und  l e ve l s .  An open -ce l l ed p o l y
ur ethan e -foam w i n d  screen was used  i n  a l l me as uremen t s  to m i n i mi ze w i n d 
gen er ate d m i crophone n o i se . 

The s ur vey was cond ucted i n  accordan ce w i th g u i de l i n e s  e s t ab l i s hed  
by the  Amer i c an N at i ona l Stan d ard s  I n s t i tute ( AN S I , 1 969 ,  1 9 71 ) . Sou n d 
l ev e l  me as uremen t s  were made w i th t h e  prec i s i on s ou n d - l e ve l  meter operat
i n g i n  the A-we i g hted  s l ow-response  mode . The dat a were co l l ected by 
ob ser v i n g  an d record i n g  th e me ter read i n g s  ap prox i mate l y  e very f i v e s e c 
on d s  over a 10-m i n ute per i od a t  e ac h  s amp l i n g  l ocat i o n . The me as ur e-
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men t  approac h  of tak i n g a s amp l e e very f i v e s econ d s  res u l t s  i n  a s t at i s 
t i c a l l y  i ndependent  s amp l e  be caus e the i n terva l i s  cons i d e r ab l y  gre ate r' 
t h an the meter aver agi n g  t i me .  Me as uremen ts  were not tak en when  t h e  
w i  nd  speed exceeded 12  mp h .  He ad p hones  were used to determ i n e  wh eth er 
d i s tort i on ,  amp l i f i er over l o ad i n g ,  or i n term i tte n t  e l ectr i c a l  c o n n e c 
t i on s  ex i sted an d t o  e l i mi n ate these  from t h e  samp l e .  The m i crophone  
was  mou n ted on  a tr i pod an d l oc ated a s uf f i c i en t  d i stance from ver t i c a l  
s ur f aces  to m i n i m i ze ref l ec t i o n effect s .  The sou n d - l eve l me ter w as 
acous t i ca l l y  c a l i br ated w i th the B&K p i stonphone  per i od i c a l l y  throu g h o u t  
the  s ur vey t o  e n s ure  acc ur acy o f  me as uremen t .  

To prov i de corre l at i on s  w i th me as ureme n t s ,  i n fo rmat i on on other  p a
r ame ters was a l s o  recorded d ur i n g the s ur vey . Atmos pher i c  cond i t i o n s - 
w i nd sp eed , w i n d  d i rec t i on , temperature , an d re l at i v e hum i d i ty- -were  
recorded at  e ach  s amp l i n g  l ocat i on .  These  me as uremen ts  were  mad e w i t h  
hand -he l d  i n s tr ume n t s  that i n c l  u ded  a Dwyer w i n d  me ter an d a Ben d i  x 
Mod e l  556 bat tery-powered p sychrome ter . Me as ureme n t s  obt a i ned  near  ro ad 
ways were ac comp an i ed by a traff i c  cou n t  over a 10-m i n ute per i od . 
Sound - source obser vat i on s  were recorded d ur i n g  e ach  s arrP;J l e ; a not at i on 
of  the predomi n an t  so und  sources  w as i n cl uded . Barome tr i c -pre s s u r e  read 
i n g s were obt a i ned from the  N at i ona l Weather Ser v i ce Stat i on at t he  
Gran d  J un ct i on a i rport . 

Sound  l e ve l s were  me as ured at four s amp l i n g po i n ts aro u n d  the  Gr an d  
J un ct i on s i te .  The ap p rox i mate s amp l i n g  po i n ts are s hown i n  F i g ur e  
0 . 5 . 1  and desc r i bed  i n  Tab l e  0 . 5 . 1 .  

Sound  l eve l s aro u n d  the Gr an d  J unct i on  s i te are ch arac ter i st i c  o f  a 
town sett i n g . The res i d ua l  back ground  sound  l e ve l s  ( L g ) exc e ed 35 
de c i be l s at n i g h t  an d 45 dec i be l s  d ur i n g  the day .  Traff i c  �o i s e  p redom
i n ates  throu ghout  the s i te are a .  Tab l e 0 . 5 . 2  presen t s  the ob servat i on s  
of  n o i se  sources  an d atmos p her i c  cond i t i on s  for e ach  s amp l i n g  per i od ,  
and  Tab l e  0 . 5 . 3  presents  the s ummar i zed data  i n  A-we i g h ted  L HI. ' L S8 ! 
an d L 0 sound  l e ve l s -- th at i s ,  th e sound  l e ve l s th at are ex c eeae d  I , 

50 , a�d gO percent  of the t i me ,  respect i v e l y .  Al s o  g i ven  i n  Tab l e  0 . 5 . 3  
are the energy - eq u i v a l en t  s ou n d  l e ve l s ( L  ) and  th e t i me -we i g h te d  day
n i g h t  L l e ve l s  ( Ld ) .  The L 1 sou�8 l e ve l s i n d i c ate th at the  
present  e�ound  l e vel s n are be l ow �h e  max i mum l e ve l s a l l owed by t he  
Co l o rado  n o i se  reg u l at i o n s  ( Sect i o n  0 . 5 . 1 ) . The Lei s o und  l e ve l s me a
s ured d ur i n g  th i s  br i ef s ur vey i n d i cate th at then res i den t i a l  areas  
ar ou nd s amp l i n g  po i n t s  1 an d 3 may approac h ,  or pos s i b l y  exc eed , the  
EPA- recommended L expos ure  l i m i t  of  55  dec i be l s .  I n  ad d i t i on ,  re s 
i dences  near s amp9� n g  po i n t  2 are prob ab l y  ex posed  t o  Lei s o u n d  l e ve l s  
greater than 55  dec i be l s becaus e of the  heavy traff i c  a R  U . S .  H i g hway 
50 . 

AL TERNATE D I SPOSAL S I TES 

No  me as urements  of amb i en t  so und  l e ve l s have  been made at the a l te r 
n a t e  d i spo s a l  s i te s .  Howe ver , amb i en t  s o u n d  l e ve l s a t  t h e  s i te s  c a n  be 
es t i mated by con s i d er i n g  the rura l , unde ve l op ed nature  of the s i te s . 
So u nd  l eve l s i n  rur a l  l oc at i o n s  removed from h uman ac t i v i ty are p r i mar
i l y a f un c t i on of the w i n d  speed wh i c h  var i e s  seasona l ly an d d a i l y .  W i n d  
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Tab l e  0 . 5 . 1 Descr i p t i on of s amp l i n g  po i n ts  for back ground  so und  
l e ve l s n ear the Grand J unct i on s i te 

Loca t i on a 
Descr i p t i on 

1 At the we s tern  entran ce to the ta i l i n g s  are a at the end  of  
Struther s Aven ue , j us t  e as t  of So uth  9th Street .  

2 On the south  s i de of No l an d  Aven ue , 1 50 feet wes t  of the 
cen ter l i n e  of U . S .  H i ghway 50 , ad j acen t to a j un kyard . 

3 I n  a n ew res i de n t i a l  area at th e de ad end  of San t a  C l ara  
Aven ue , at  the ed ge of  the b l uf f over l ook i n g  the  Co l or ado 
R i ver . 

4 I n  th e i n d u s tr i a l area to the north of the ta i l i n g s  are a  
and  the aban doned f i l tr at i o n  p l an t ,  o n  the south  s i d e  of  
W i n ter s  Aven ue at i ts i n tersect i on w i th So uth  1 5th Street .  

aSee F i g ur e  0 . 5 . 1  for  l ocat i on s . 
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Tab l e  0 . 5 . 2  No i se s ources  an d atmos pher i c  cond i t i on s  recorded 
at the Grand J unct i on s i te d ur i n g s ur vey of 
back ground  sound  l e ve l s 

Date 

9/12/82 

9/12/82 

9/1 3/82 

9/1 3/82 

9/12/82 

Ti me Per i od b 

1 734-1 744 3 

2352-000 7 4 

01 30-01 40 2 

1 1 54- 1204 1 

1843- 1854 3 

0 -25  

Observat i o n sc 

WS , l es s  th an 2 mp h ;  WO , 
n orth ; R H ,  54% ; B P ,  634 mm Hg 

Traff i c :  6 cars  

Source s : traff i c  on h i g hway ,  
jet ,  do gs , b i rds , i n sects , mu
s i c  concert 

WS , l es s  th an 2 mp h ;  WO , 
south ; R H ,  72%;  B P ,  636 mm Hg 

Source s :  
tr aff i c  

i n sects  an d d i s t an t  

WS , l es s  than 2 mp h ;  WO , 
south ; R H ,  61% ; B P ,  637  mm Hg 

Sources : i n sec t s ,  w i n d  i n  
trees , pos s i b l e l ocomot i ve ,  
do g ,  d i stant  traff i c ,  bat s 

WS , 4-6 mp h ;  WO , south  to 
southeas t ;  R H ,  62% ;  BP , 635 mm 
Hg 

Tr aff i c :  1 car ,  5 l i g h t  
truc k s , 2 he avy truck s ,  1 j e t  

Sources : w i n d  i n  t rees , c h i l 
dr en , i n sect s ,  p ower saw 

WS , l e s s  th an 2 mp h ;  WO , wes t ;  
R H ,  39%; B P ,  634 mm Hg 

Tr aff i c :  1 54 ca rs , 78 l i g h t  
truck s , 2 he avy truck s ,  1 1  mo
torcyc l e s ,  1 jet p l an e 

Source s : traff i c on U . S .  Hwy 
50 , do g ,  i n sects  



Locat i on 
a 

2 

2 

2 

3 

Tab l e  0 . 5 . 2  No i se sources  and atmos p her i c  con d i t i on s  recorded 
at the Gr an d J unct i on s i te d ur i n g s ur vey of 
back ground  s o u nd l e ve l s ( Con t i n ue d )  

Date Ti me Per i od b Obs ervat i on sc 

9/1 2/82 2257-2309 4 WS , l es s  th an 2 mp h ;  WO , 
south ; R H ,  7 1% ;  B P ,  6 3 6  mm Hg 

Traff i c :  40 ca r s ,  1 9  1 i g h t  
truc k s , 2 motorcyc l e s 

Sources : traff i c  on U . S .  Hwy 
50,  bat s ,  and  i n sects  

9/1 3/82 0102-0 1 1 2  2 WS ,  l es s  th an 2 mp h ;  WO , var  i -
ab l e ; R H ,  62% ; B P ,  6 3 7  mm Hg 

Traff i c :  9 cars  

Sources : i n sect s ,  t raf f i c ,  
s treet sweep er on U . S .  Hwy 50 

9/1 3/82 1 2 1 1 - 1 222  1 WS ,  4-6 mp h ;  WO , south  to 
so utheas t ;  RH , 62% ;  B P ,  635  mm 
Hg 

Traff i c :  185 car s ,  1 25 l i g h t  
tr uck s ,  3 he avy truc k s , 2 
motorcyc l e s 

So urce s : traff i c  

9/1 2/82 1 7 14- 1 7 2 4  3 WS ,  6-10 mp h ;  WO , n or th ; R H ,  
41% ; BP , 634 mm Hg 

Tr aff i c :  1 jet  p l an e ,  1 he 1 i -
copter 

Sources : traff i c  on U . S .  Hwy 
50 , a i rcr aft ,  concer t ,  do g ,  
ch i l d ren 

0 -26  



Locat i on 
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3 

3 

4 

4 

Tab l e  0 . 5 . 2  No i se s ources  an d atmos pher i c  cond i t i on s  rec orded 
at the Gr an d  J unct i o n s i te d ur i n g  s ur vey of 
back ground  so und  l e ve l s ( Co n t i n ue d )  

Date Ti me Per i od
b 

Observat i on s  
c 

9/1 2/82 2320-2329 4 WS , l es s  th an 2 mp h ;  WD , 
sou th ; R H ,  6 7% ;  B P ,  636 mm Hg 

Traff i c :  1 a i  rp 1 an e 

So urce s :  w i n d ,  r i v er ,  i n  -
sects , d i stant  tr aff i c ,  bat s ,  
d o g  

9/13/82 1252- 1302 1 WS , 6 mp h ;  WD , south  to south-
eas t ;  R H ,  66% ; B P ,  635  mm Hg 

Tr aff i c : 2 
jet  p l ane 

l i g h t  truck s ,  1 

So urces : w i  n d ,  d i s tan t traf-
f i c ,  do gs  

9/1 4/82 034 7-0354 2 WS , l es s  th an 2 mp h ;  WD , s outh-
we s t ;  R H ,  88% ; B P ,  640 mm Hg 

Sources : traff i c  on U . S .  Hwy 
50,  geese , r i v er ,  do gs  

9/1 2/82 1805-1815  3 WS , 2-5 mp h ;  WD , north ; R H ,  
35% ;  B P ,  634 mm Hg 

Traff i c : 1 he l i copter 

Source s : traff i c  on n e i ghbo r -
hood street s ,  ban d ,  w i  n d ,  an d 
i n sects  

9/1 3/82 01 56-0205 2 WS , 3-6 mp h ;  WD , s outheas t ;  
R H ,  69% ; B P ,  637  mm H g  

Sour ces : i n sect s ,  d i  s t an t traf-
f i c ,  and w i n d  

0 - 2 7  



Locat i on a 
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Tab l e 0 . 5 . 2  No i se  sources  an d atmos p her i c  cond i t i on s  recorded 
at the  Gran d J unct i o n s i te d ur i ng  s ur vey of 
back gro und  s ou nd  l e ve l s ( Conc l ude d )  

Date T i me Per i od
b 

9/1 3/82 1 1 30- 1 140 1 

Obs erva t i on s c 

WS ,  6-8 mp h ;  WO , sou th ; RH , 
66% ;  BP , 636 mm Hg 

Traff i c :  1 car ,  4 l i g h t  trucks  

Sources : w i n d , 
n o i se n earby ,  do g ,  
t i on ,  horn  

i n d us tr i a l 
con s t ruc -

�see F i g ure  0 . 5 . 1  for l oca t i o n s  of s amp l i n g  po i n ts .  
Key to per i od s : 1 = week day dayt i me ( 0700-2 200 h r ) ; 2 = we ek day 
n i g h t t i me ( 2 200-0700 hr ) ;  3 = week en d dayt i me  ( 0 700-2 200 h r ) ; 4 = week end 
n i gh tt i me ( 2 200-0700 hr ) .  cAbbr ev i at i on s :  WS = w i n d sp eed ; WO = w i n d d i rec t i on ;  RH  = re l at i v e hum i d i ty ; 
BP = barometr i c  pres s ur e .  



Tab l e  0 . 5 . 3  Gran d J unct i o n A-we i g Hted sound  l eve l s ,  
Sep tember 1 2 - 14 ,  1 982 

Sound  l e ve l  

Locat i on b Date Ti me Per i od c 

1 9/1 2/82 1 7 34- 1 744 3 52 . 0  48 . 7  46 . 1  
1 9/1 2/82 2352-000 7 4 40 . 2  36 . 6  35 . 2  
1 9/1 3/82 0 130-0 1 40 2 44 . 8  41 . 4  38 . 7  
1 9/1 3/82 1 1 54- 1 204 1 78 . 4  48 . 4  44 . 8  

2 9/12/82 1843- 1854 3 68 . 8  63 . 2  5 7 . 5  
2 9/1 2/82 2257-2309 4 61 . 0  53 . 9  46 . 6  
2 9/1 3/82 0102-0 1 1 2  2 68 . 8  51 . 2  40 . 1  
2 9/1 3/82 1 2 1 1 - 1222  1 70 . 0  65 . 1  60 . 0  

3 9/12/82 1 7 1 4- 1 72 4  3 49 . 8  46 . 6  45 . 1  
3 9/1 2/82 2320-2329  4 48 . 3  40 . 6  39 . 0  
3 9/1 3/82 1252- 1302 1 56. 1 51 . 4  49 . 3  
3 9/1 4/82 0347-0354 2 43 . 6  40 . 8  39 . 4  

4 9/ 12/82 1805-181 5  3 54 . 5  48 . 5  45 . 1  
4 9/1 3/82 01 56-0205 2 40 . 0  37 . 5  35 . 5  
4 9/1 3/82 1 1 30-1 140 1 55 . 1  50 . 7  49 . 1  

a 
. 2 10-5 

bReference  s o u n d  press ure  1 S  x newton s per s q uare me ter . 

49 . 5  
3 7 . 6  
44 . 2  
60 . 5  

65 . 7  
59 . 1  
65 . 0  
66 . 8  

47 . 7  
44 . 1  
56 . 8  
41 . 5 

53 . 3  
38 . 0  
52 . 9 

48 . 9  

59 . 0  

6 7 . 3  

7 1 .  7 

51 . 2 

55 . 5  

51 . 6  

See F i g ur e  0 . 5 . 1  for l o cat i on s  o f  samp l i n g  po i n ts .  cK ey to per i od s :  1 = week day d ayt i me  ( 0 700-2 200 hour s ) ; 2 = weekday n i g htt i me 
( 2200 -0 700 hours ) ;  3 = we eken d  dayt i me ( 0 700- 2 200 hour s ) ; 4 = weekend n i g htt i me  
( 2200-0700 hour s ) . 

n ? I)  
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0 . 5 . 5  

0 . 5 . 6  

speeds  abo ve  1 2  mi l e s per hour norma l l y  produce enou gh l oca l tur b u l e n c l '  
i n  trees and b u s he s  to dom i na te  o t her natur al soun d s .  I n  per i od s  O f  
ca l m , the  n o i ses  made by b i r d s  and  i n se c t s  predom i n ate . D i s tan t  traf f i c  
may a l so  be he ard at the Cheney Re ser vo i r  an d Two Road s i te s . The p e r 
cep t i b i l i ty of n o i se  from tr aff i c  i s  governed by d i s t an ce from t h e  road , 
ro ad con d i t i on s ,  the  speed at wh i c h veh i c l es  are trave l i n g ,  an d �ve at h e \' 
co n d i t i on s . Day- n i g h t  sound  l e ve l s at bo th s i te s  are expected to be ap 
prox i mate l y  equ i v a l ent  to the l e ve l  l i sted for " rur a l , u ndeve l oped "  i n  
Tab l e 0 . 5 . 4 .  

V I C I N I TY P ROP E RT I ES 

The 3465 proper t i es in  Gr an d J u nc t i on expected  to be can d i d a tes  for 
cl e an up w i l l  i n c l ude ma i n l y  re s i d ent i a l an d commerc i a l p ropert i e s ,  a s  
we l l as some open l an d s . No  me as ures of  amb i en t  sou n d  l e ve l s h av e  been  
made at any v i c i n i ty propert i e s . Amb i ent  sound l e vel s at  these proper
t i es undo u bted l y  vary great l y  depend i n g  on  as soc i ated l an d  u s e s . 
Day- n i g h t  so und  l e ve l s wo u l d  be expected to ran g e  from ap prox i mate l y  40 
dec i be l s  i n  rur al , part i a l l y  deve l oped areas  to 60 de c i be l s  or more i n  
the  mos t urban i zed  por t i o n s  of Grand  J unct i o n . 

BO R ROW S I  TES 

The bor row s i tes th at are not l ocated at the a l terna te di sp o s a l  
s i te s  i n c l ude the 3 2  an d 0 s i te ,  the  Un aweep s i te ,  an d t h e  Fr u i t a  
s i te .  No so und  me asuremen ts  have been tak en at any of t he se bo r rovJ  
s i te s . The  32 an d C�  s i te an d Fru i t a s i te are bo th l ocate d  i n  rur a l , 
part i a l ly  deve l oped areas that wo u l d  probab l y  be ch arac ter i zed by day
n i g h t  sound  l e ve l s of 40 to 45 dec i be l s .  The Unaweep s i te i s  i n  a r u 
ra l , un deve l op ed area that wo u l d  probab l y  have  a day-n i g h t  s ou n d  l e ve l  
under  40 dec i be l s .  None  of  the  bo rrow s i tes have  res i d ences  w i t h i n  0 . 2 5  
mi  1 e .  

NO I S E  I MPACTS ANALY S I S  

No i s e i mp ac t s  were e s t i mated for the proposed  remed i a l ac t i on a l te r 
nat i ves . For the ac t i o n a l terna t i v e s ,  the  major no i se -prod uc i n g  s ou rce s  
wo u l d  b e  t he  heavy-duty con struc t i on eq u i pment  u s ed  a t  t he  ta i l i n g s ,  d i s 
pos a l , an d bor row s i te s , an d the tr ucks  used  to hau l t a i  1 i n g s  an d bor row 
mater i a l s .  Typ i c a l  sou n d  l e ve l s an d as s umed u sage  rates  for the  typ e o f  
e q u i pmen t u sed i n  the  ac t i on a l terna t i ves  are presented i n  Tab l e  0 . 5 . 5 .  

A n o i se  pred i c t i on mod e l  ( Ke s s l er et al . ,  1 9 78)  was u s ed to es t i 
mate the max i mum A-we i g h ted s ou nd  l e ve l  em i tted from the ta i  1 i n g s ,  d i  s 
po s a l , an d bor row s i tes d ur i n g  the remed i a l act i on for each proje c t  
a l terna t i v e . The mod e l  i s  based on the n umbe rs  an d types  of eq u i pmen � 
oper at i n g  on the s i te ,  u s age  factors for oper at i on i n  the n o i s i e s t 
modes , an d the d i s t ance from the acti v i ty to the n earest  n o i se -sen s i t i v e 
recep tors . The mod e l  ten d s  to overpred i c t n o i se l e ve l s  s i nce i t  a s s ume s 
a c l us ter i n g  of e q u i pmen t .  I n  re al i ty ,  the  eq u i pment wou l d  be l o ca t e d  
over a n umbe r of  ac res . The mode l i s  b a sed  o n  ac t ua l  f i e l d  me as uremen t :;  
of construc t i on eq u i pment  an d i s  der i v ed from the eq uat i on : 



Tab l e  0 . 5 . 4  Typ i c a l  va l ues  of day-n i ght  s ou n d  l e ve l s ,  L dn
a 

Pop u l at i on 
den s  i ty 

Land  us e desc r i p t i on ( peop l e/sq  m i ) Ldn  ( d BA )  

R ur a  1 ,  unde ve l oped 20 35 

R ur a 1 ,  part i  a l l y  de ve l oped 60 40 

Qu i et  s u bur ban 200 45 

Norm a l  s u b urban 600 50 

Urban 2 , 000 55 

No i  sy urban 6 , 000 60 

Very n o i sy ur ban 20 , 000 65 

a
Oay-n i g h t  s o u n d  l e v e l  ( Ld ) i s  an EPA desc r i pt i on of en v i ronme n t a l  sou n d . 
I t  i s  th e average  of daye i1ne and n i gh t t i me A-we i gh ted ener gy-eq u i va l en t  sou n d  
l eve l s  w i th n i gh tt i me sound  g i ven a p ena l ty o f  1 0  dec i be l s .  

Ref . N at i ona l Academy of Sci ences , 1 9 7 7 .  
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Tab l e  0 . 5 . 5  So u nd  l e ve l s for equ i pment th at wo u l d  be used  at the  
ta i l i n g s , d i spo s a l , and  bo r row s i tes 

Maxi mum s o u n d  l e vel  Use  
Equ i  pmen t at 50 feet ( dec i be l s )  fac to r 

0 -8 b u l l do zer  88 0 . 5  

Front -en d  l o ader  85 0 . 5  

Scrap er 87 0 . 6  

Water truck  89 0 . 5 

Hau l truck  86 0 . 5  

Compactor 87 0 . 6  

Grader 83 0 . 4  

Ref . Kes s l er e t  a l . ,  1 9 78 .  



where 

0 . 5 . 6 . 1  

0 . 5 . 6 . 2  

L = 10  * l o g 
eq 

n 
I ( UF . ) ( n . ) ( 10LP i /10 ) 1 1 

Leq  = ave r age  n o i se l eve l  of a l l e q ui pmen t 

UF o = us age  factor of e q u i pmen t type i 
1 

n . = n umber of u n i t s of equ i pmen t type 1 

LP . = max i mum s ou n d  l e ve l  of e q ui pment  type 1 

Stab i l i zat i on at the Grand J un c t i on  s i te 

Al l a l ter na t i ve s  except no ac t i o n wou l d  i n vo l v e exc ava
t i on at  the  Gran d  J un c t i on s i te .  The  ma x i mum poten t i a l  e q ui v 
al en t sound  l e ve l  at the Grand J unct i o n  s i te for the 
s tab i l i zat i on on s i te a l ter nat i ve wo u l d  be ap prox i mate l y  95 
de c i be l s  at a l ocat i on 100 feet from the cen ter of ac t i v i ty. 
Th i s wo u l d  res u l t in max i mum outdoor n o i se  l e ve l s of  ap prox
i mate l y  74  an d 73 dec i be l s  i n  the  c l o sest  res i d en t i a l  areas  to 
the  we s t  an d southeast  of the s i te ,  respect i ve  l y .  ( These  res
i de n t i a l  areas are  at  d i s t ances  of  app rox i mate l y  1400 an d 1 500 
feet , respec t i v e l y . ) These poten t i a l  n o i se l e ve l s wo u l d  occ ur 
on l y  d ur i n g  dayt i me ho u r s  and rep resent  a wo rst-case  s i tuat i on 
i n  equ i pment  ut i l i zat i o n ;  average  dayt i me  n o i se l e ve l s thro u g h  
the  d ur at i on  of  t h e  proj ect  wo u l d  probab l y  b e  u p  to three dec i 
be l s  l es s .  The a l ternat i ves  i n vo l v i n g t a i l i n g s  d i spo s a l  at e i 
ther the Cheney Re servo i r  or Two Road s i te s  wou l d  res u l t  i n  
no i se l e ve l s abo ut three to four dec i be l s  l ower at the Gran d  
J unc t i on s i te .  Howe ver , under any o f  t h e  a l terna t i ve s  except 
the  no  ac t i on a l ternat i v e ,  dayt i me n o i se  l e ve l s  for n earby r e s 
i de n t s  wou l d  be e l ev ated over 1 0  dec i be l s  abo ve  ex i st i n g  n o i s e  
l e vel s .  

Al tern ate d i s po sa l  s i te s  

The no i s e  l e vel s as soc i ated w i th ta i l i n g s  d i spo s a l  a t  t h e  
C heney Re serv o i r an d Two Road s i te s  wou l d  b e  a l mo st  a s  g re at 
a s  for exca v at i on and d i spo s a l  at the Gran d J unct i on s i te .  
The ne arest  res i dences  t h at cou l d  be affec ted by n o i se em i s 
s i on s  at these s i te s  are abo ut  1 . 5  mi l es aw ay at the Chen ey 
Re s er vo i r  s i te an d three m i l es away at the Two Ro ad s i te .  
No i se  l e ve l s from the d i s po s a l  s i te s  wou l d  probab l y  be i n  the  
50  to  55  dec i be l  r an ge  at  these  n eare s t  res i d ence s ,  e v en under  
wo rst -case  con d i t i on s .  As  at  the Gran d J unc t i on s i te ,  i mpac ts  
wou l d  occ ur on l y  d ur i n g d ay l i g h t  hours . D ayt i me  n o i se l e ve l s  
for th e nearest  res i dences  wo u 1 d be e l e vated abo ut  1 5  to 20 
dec i be l s  for these  a l ternat i ve s . 



0 . 5 . 6 . 3  

The r a i l t r an sport  a l te rna t i ve s  wou l d  re s u l t i n  muc h  1 0 '/1 -
er n o i se em i s s i on s  i n  G ran d  J unct i on and  i n  the  affected corr i 
dors  s i n ce the  tr a i n s  wo u l d  on l y  trav e l  these cor r i d o r s  tw i c  
a d ay .  Howe ver , un  l o ad i n g  op er at i o n s  i n  Wh i tew ate r o r  Mac �  
and i n creased  tr uck ac t i v i t i e s  wo u l d  res u l t  i n  s u bs t an t i a l l y  
i n creased  no i se l e ve l s i n  Wh i tewate r and the c o r r i d o r  s o u t h 
e as t  o f  W h i tewater for the Cheney tra i n an d truck  a l te r na t i v e ,  
and  i n  Mack an d the corr i do r  northwe s t  of Mack for the  Tw : 
Road t ra i n  an d truck a l ternat i ve .  

V i c i n i ty p ropert i es 

Mos t  remed i a l ac t i o n  ac t i v i t i es for v i c i n i ty propert i e s  
wou l d  i n vo l ve h an d  he l d  too l s  an d the occa s i on a l  us e o f  sm a l l 
front-en d  l o aders , bac khoe s ,  a nd  d ump truck s .  The n o i se l e v 
e l s as soc i ated wi th these  ac t i v i t i e s  wou l d  b e  s i mi l ar t o  sma l l 
s ca  1 e street rep a i r wo rk that i s  common i n  res  i d e n t  i a 1 areas . 
Typ i c a l  d ayt i me eq u i v a l ent no i se l e ve l s as s oc i ate d  w i th t he se  
ac t i v i t i e s  ar e exp ected  to b e  i n  t he  7 9  to 8 1  dec i be l  r an g e  at 
a d i s t ance of  100 fe et . Remed i a l ac t i on at s ome of the l arger  
and mo re comp l ex v i c i n i ty propert i es may i n vo l ve  l arger  e q u i p 
men t  s uch  a s  do zer s ,  s c rap er s ,  an d l arge  front -en d l o ad e r s  an d 
truc k s . The n o i se l e ve l s a s soc i ated w i th these  ac t i v i t i e s  are  
expected to be  i n  the  87 to  89  de c i be l  r an ge at  100 feet .  Al l 
v i c i n i ty property remed i a l ac t i on wo u l d  oc c ur d ur i n g  n o rm a l  
work i n g ho u r s  an d wo u l d  l as t  an aver ag e of one  mon th p er p rop 
er ty .  Therefo re ,  the no i se from remed i a l ac t i o n at v i c i n i ty 
p rop er t i e s  i s  exp ected to us ua l l y  re s u l t i n  s hort-te rm a n d  m i 
nor  an noyances  to n e i ghbors . 

0 . 5 . 6 . 4  Borrow s i tes  

The  ma x i mum eq u i v a l en t  n o i se  l e ve l s  as soc i ated w i th e q u i p 
men t  ac t i v i t i e s at the 32 an d C i  bor row s i te an d at the  
Unaweep C anyo n bo r row s i te ( fo r  the s t ab i l i z at i on on s i te a l 
ternat i ve ) ,  and  at the Fru i t a bo r row s i te ( fo r  bo t h  of the Two 
Road d i s pos a l  a l ternat i ves ) wo u l d  be ap p rox i mate l y  92 , 89 ,  a n d  
87  dec i be l s ,  respec t i ve l y ,  100 feet away from t h e  centers  of 
ac t i v i ty .  The ne arest  res i d ence  to the 32 an d ct bo r row s i te 
wou l d  be s u bjected to d ayt i me n o i se l e ve l s up to 63 dec i be l s .  
The ne arest  res i dence  to the Fru i t a bo r row s i te wou l d  be s u b 
j ected to d ayt i me n o i se l e ve l s up to ap p rox i mate l y  66 de c i 
be l s .  Dayt i me n o i se  l ev e l s at the res i dences  n ear  these  
bo r row s i te s  wo u l d  be e l ev ated by abo ut  20 dec i be l s .  No i s e  i m
pacts  at the Unaweep s i te an d at other poten t i a l  bo rrow s i t e s  
wo u l d  be  m i n or be c a us e  of  the  i s o l at i on of the  s i tes  from s e n 
s i t i ve recep tors  or be caus e of re l at i ve l y  l i mi ted  req u i r emen t s  
for  eq u i pment  ac t i v i ty .  
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D . 5 . 6 . 5  Transportat i on routes  

A l l of the propo sed  a l ternat i v e s  wou l d  i n v o l v e  s u bs tan 
t i a l  truck  u s e  on p u b l i c  road s an d h i ghways . Tab l e  D . 5 . 6  pre s 
en t s  d at a  on ex i st i n g  n o i se  l e ve l s an d projected truck  us ag e  
for route s egmen ts  rec e i v i n g  s u bstan t i a l  use  for exte nded  p er i 
od s of t i me  ( as d i s c u s sed  i n  the tran sportat i on i mp ac ts s e c 
t i on o f  th i s  doc ument ) .  Trucks  can be expected t o  prod uce 
no i se l e ve l s of approx i mate l y  79 dec i be l s  at a d i s t ance  of 100 
feet an d up to 73  dec i be l s  at  200 fee t .  For the s t ab i l i z at i on 
on  s i te a l ternat i v e ,  h i gh l eve l s of truck  ac t i v i ty on D Ro ad 
may cause  s u bs tan t  i a 1 an n oyance to some res  i d e n t  i a 1 ar e as . 
For th e Cheney Re s er vo i r  t r uck a l ter na t i v e ,  D Ro ad wou l d  g e t  
s ub stan t i a l l y  l ower us e ;  howe ver ,  some areas a l on g  U . S .  
H i ghway 50 southeast  of Grand  J unct i on may be ad v e r se l y  affect
ed . The Two Road truck a l ternat i ve wou l d  i n vo l v e h i gh l e v e l s 
of truck  ac t i v i ty an d d i s turbance i n  the down town are a o f  
Grand J unc t i on a n d  a l on g  s ome parts  o f  U . S .  H i ghway 5 0  north
we s t  of  Grand  J un c t i o n .  

The ra i l tran sport  a l terna t i v e s  wou l d  res u l t i n  muc h l ow
er n o i se  em i s s i on s  in  Grand  J unct i o n and  i n  the  affected corr i 
dor s  s i nce the tra i n s  wou l d  on l y  trav e l  these cor r ido r s  tw i c e  
a day . Howe ver ,  un l o ad i n g  oper at i on s  i n  W h i tewater  o r  Mack 
and i n creased tr uck  ac t i v i t i e s  wo u l d  res u l t  i n  s u bs t an t i a l l y  
i n creased  no i se l e ve l s i n  Wh i tewate r an d t h e  cor r ido r s ou t h 
e a s t  of  W h i tewater for t h e  Chen ey Re servo i r tra i n an d t r u c k  a l 
terna t i v e ,  and  i n  Mack an d the cor r i dor  northwes t  of Mack for  
the Two Road  t r ai n an d truck  a l ternat i v e .  
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Tab l e  0 . 5 . 6 t x i st i n g  no i se l e ve l s  an d proje ct-truck  pas s - byes  fo r s e l ected  rou te s e gme n t s  

E x i st i n g  d a i ly E x i s t i n g Tru ck pas s - bye s , w i th n o � s e  up  t o  
A 1 ter n at i v e /s e gne nt  tr af f i c  ( v eh i c l e s )  no i se l e v e l s a 79  d B  at 100 feet 

Stab i l i zat i on on  s i te 
o Road ( 1 5th St . t o  32 Rd . )  3700-6900 55-60 74 per/hou r 

C he ney-tru c k  
o R o ad ( 15th  St . t o  3 2  Rd . )  3700- 6900 55-60 26 per/hour  
U .S .  H i g hway 50  (N  o f  32 Rd . )  4600-2 1 500 60- 7 0  2 6  per/hour  
U .S .  H i g hway 50 (S  o f  32 Rd . )  3800- 4600 5 5-60 5 2  per/hour  

C he ney-tr a i n  an d tr u ck 
U • S .  H i  g hw ay 50 
( S  of  Wh  i te w ater ) 3000 50-60 52 per/hou r 

Two R oad -truck 
ute / P�t k i n  ( 1 st St . to  9t h 

St . ) 1 7 300-24800 60-65  42 per/hour  

1 -70 an d U . S . H i g hway 50 
( Fru i t a t o  Two R oad ) 1 100- 3400 50-60 49 per/hou r 

Two R o ad -tr ai n an d tru ck 
U . S .  H i  g hw ay 50 
( Mack  to Two R o ad ) 1 1 10 50- 5 5  60 per/hour  

a
E st imated d ay- n i ght  e q u i v a l ent  l eve l s Ld in  dec i b e l s  at a d i stan c e  of  100 feet , bas ed on  t r aff i c  l e ve l s ;  

bRef • Swi n g ,  1 9 75 . n 

Based o n  max imum d a i ly p roje cted tr uck  tr i ps an d n o i se em i s s i o n s  o f  85  d e c i b e l s  ( dB )  at 50 feet for p as s i n g  
truck s .  c Becaus e Ute an d P i t k i n  Ave n ue s  ar e one-way s t r eets  i n  c l o se  pr ox i m ity t o  e ac h  ot her , f i g ur es for d a i l y  tr aff i c  
an d tr u c k  tr i ps ar e comb i n ed . 
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E . 1  SO I LS I N FORMAT ION  

So i l  co nd i t i on s  at  the Gr an d Junct i on ,  Ch eney Res er v oi r ,  an d Two Ro ad 
s i tes  wer e  i n v es t i g ated us i n g  va r i ou s  s tan dard  tec hn i ques . F i e l d  proced ur es , 
wh i ch co n s i ste d  of  d r i l l i n g  an d tes t p i t t i n g ,  wer e  s u p p l eme nted by l abor ator y  
an a l ys i s  t o  de te rm i ne  t h e  phys i c a l ch ar acter i st i c s  of t h e  s o i l s . 

L ab tes ts  wer e  per forme d  i n  ac co r dan ce wi th the s t an dard  me thod s an d s pec 
i f i c a t i o n s  of  the Ame r i c an So c i ety fo r Tes t i n g  an d Mate r i  a l s  ( ASTM ) or ac cep te d  
p r ac t i ce .  Add i t i on a l  i n format i on o n  so i l s o f  t h e  s i te can b e  fou n d  i n  Append i x  
B ,  Eng i neer i n g  Des i g n s .  The r e g i o n a l  ge o l o g i c a l  co nd i t i on s  are s hown on F i g ur e  
E . 1 . 1 .  

E . 1 . 1 GRAN D JUNCT ION  S I TE 

At the Gran d  Junct i on s i te ,  130 bo r i n g s  an d f i v e  tes t  p i ts 
cated  i n  a gr i d  p attern  on ap prox i m ate l y  100-fo ot cente r s  ac ros s  
s ent p i l e .  Most  of  t he  bor i n g s  wer e  u sed  to ch ar ac ter i ze t he  
thems e l ves . Al l but  1 4  bor i n g s  wer e  ad van ced un t i l r efu s a l . 
t i o na l 2 3  bor i n g s  wer e  l oc ated arou nd  the per i me ter of  the  s i te .  

we r e  1 0-
t he p r e
ta i l i n g s  
An ad d i -

The s o i l s  be ne ath the ta i l i n g s  con s i sts  of a th in l ayer o f  brown 
s an dy s i l t  from zer o  to  f i v e  fe et i n  th ick nes s .  Th i s  s o i l l a yer over
l i es t hree to  e i ght  fe et of  r i ver a l l u v i um ,  wh i c h  co n s i sts  of  grave l ,  
cob b l es , an d bou l d er s .  Beneath  the al l u v i u m i s  M an co s  Sh a l e . 

The gr ave l s  an d s an ds under the p i l e  wer e  very mo i s t t o  s atur ated 
in  mo s t  of the bo r i n g s .  In  i so l ated  i n stan ce s  t her e ap peared to be 
zo nes of cl ays an d s i l ts immed i ate l y  be l ow the tai l i n g s wh i c h  exh ib i te d  
l ow b l ow coun ts . 

E . 1 . 2 CHENEY  RESERVO I R  S I TE 

E i g ht bor i n g s  wer e  d r i l l ed an d fou r  te s t  p i ts we r e  excavated at the  
Cheney Res er v o i r  s i te to dete rm i n e the  s o i l ch arac ter i s t i c s .  Dep th of  
the so i l  at t he  s i te r an ged  from 1 6  to  39  fe et . The s o i l on the  s i te 
co n s i s t s  of  l i g ht gr ayi sh-tan to br own s an dy s i l t  an d c l ay wi th gr av e l ,  
co b b l e ,  an d bou l d er - s i zed rounded  bas a l t  fr agme n t s .  Th e per centag e  of  
co arse mater i a l s  var i es great l y ,  w i th sorre zo nes r e l a t i v e l y  free an d oth
er s contai n i n g  fr om 25 to  50  perc ent . The s o i l s at  t he  s i te are  der i v ed  
fr om ped i ment  mater i al s from Gr an d  Mes a an d are  un der l a i n  by  M an co s 
S h a l e .  The s e  so i l s ar e of the Ut a l i n e -Ne l man -L aze a r  As so c i at i on wh i c h  
are warm , we l l  dra i ned  s t oney s o i l s ( SC S ,  1 9 78) . Tab l e  E . 1 . 1 i s  a s umma
ry of l abor atory te s t  res u l ts of the so i l s at Ch eney Res er vo i r ,  an d 
F i g ur e  E . 1 . 2 i n d i c ates the l ocat i on of the bo reho l es .  

E . 1 . 3 TWO ROAD S I TE 

Sev ente en bor i n g s an d s i  x te s t  p i t s we r e  used to determ i ne  the s o i  1 
ch ar ac ter i s t i c s  of the Two Road s i te .  The so i 1 ,  wh i c h  r an ge d  i n  dep th 
fr om 20 to 33 fe et , co n s i sts  of t hree  to e i g ht fe et of tan , s an dy ,  c l ay
ey s i l t  an d s i l ty cl ay. Under l y i n g  the  s i l t  an d cl ay ar e up t o  25 fe et  

E -1 
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S amp 1 e 
dep t h  a Boreho 1 e ( fe et ) 

GC H- 1 0 . 2 -2 . 8  

GCH- 1  33- 34 

GC H-2 0 . 2 - 1 . 5 

GCH-2  8 . 5 - 10 

GCH-4 0 . 5 -2 . 5  

GCH-4 13-15  

GCH-4 43-44 

GCH-6 0-1 . 8  

GCH-6 23-24 

Tab l e  E . 1 . 1  Summary of  l abor atory resu l t s for u n d i s turbed s o i l  s amp l es 
from t he Che ney Res er vo i r  s i te 

Per cent 
pas s in g 

USCS  Mo i s ture Wet un i t  throu g h  
c 1 as s i - b content we i g h3 No . 200 

Oes c r i  pt i o n  f i c at i on ( % )  ( l b /ft ) s i eve  

S i  l ty c 1  ay CL  10 . 2  86 . 3 78 

S i l ty c l ay CL 10 . 3  

San dy s i l t  CL -ML 1 4 . 5 9 7 . 7 61 

San dy s i l t  CL -ML 5 . 3 

S i  l ty c 1  ay CL 9 . 6  93 . 0  49 

San dy s i  I t  CL -ML 6 . 0 

C l ay s h a l e  CL 10 . 4  

San dy s i  I t  CL -ML 1 4 . 5 9 7 . 4 6 7  

San dy s i l t  CL -ML 5 . 0 

�see F i g ure  E . 1 . 1  for l ocat i on .  

Atterber g 
1 i m i t sc ( %) 

LL PL P I  

41 22  19  

32 1 5  1 7  

37 23 14 

22 14 8 

40 22 18 

22 18 4 

34 1 8  1 6 

24 1 6 8 

2 3  1 8  5 

Key : SM ,  s i l ty s an d s , s an d - s i l t  m i xt u r es ; CL , i nor gan i c  c l ays C l as s  i n  t he Un i f i ed So i l  C l as s i f i c at i on Sys tem . 
of l ow t o  me d i um p l a s t i c i ty ,  an d gr ave l l y , s an dy , s i l ty ,  an d l e an cl ays ; ML ,  i n or gan i c  s i l ts an d very f i ne s an ds ,  
rock f l our , s i l ty or cl ayey f i ne s and s ,  or  cl ayey s i l ts w i t h  s l i ght p l as t i c i ty .  

C Atterberg l i m i t s : L L  = l i q u i d  l i m i t ;  PL = p l ast i c  l i m i t ;  P I  = p l as t i c  i n dex . 
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of gr aded  s an d . The top f i ve to 10 fe et i s  a de n s e  s i  l ty f in e  s an d ,  
wh ich  gr ades  i n t o  a den s e  f in e  to  rre d i um gr ave l ly s an d .  The s o i l s  ar e 
warm , we l l  dr a i n ed  s t oney so i l s of the Hap l arg i d s -Cambo r t h id s  
As soc i at i o n ( SCS , 1 9 78) . The f i r s t  bed r ock  un i t  at t he  s i te i s  mod er a te 
t o  h i g h l y we ather ed Man co s S h a l e .  Tab l e  E . 1 . 2 i n d i c ates data  from l ab 
an a lyses of t h e  Two Road s i te s o i l s .  F i g ur e  E . 1 . 3 s hows l oc a t i o n s  o f  
t h e  s o i l  s amp l es .  
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Tab l e  E . 1 . 2 Summary of  l aboratory res u l ts for u n d i s turbed s o i l  s amp l es fr om t he Two R o ad s i te 

Percent  
pas s in g At terbe r g  

S amp 1 e USCS  M o i s ture Wet un i t  throu g h  l i m i t sc ( %) 

Bor eho 1 ea de p t h  c l as s i - b content  we i g hj No . 200 
(feet ) Des c r i pt i o n  f i c at i o n  ( %)  ( l b jft  ) s i eve  LL  PL P I  

C -4 7-22  S i  l ty c l  ay CL -ML 5 5  20 1 3  7 

C -13 4-6 S an dy s i l t  CL -ML 5 . 7  82 . 4  64  2 6  1 9  7 
an d c l  ay 

C -1 7  3 . 5 -5  S i l ty c l ay CL 8 . 1  89 . 4  79 2 7  1 5  12  

EP -1  1 - 10 S an d  SC -SM 4 . 4  41 2 1  1 6  5 

EP -2  8 . 5  C l ay CL 8 . 6  6 7  30 2 2  8 

fTl �See F i g ure  E . 1 . 2 for l ocat i o ns . I 
m 

C l a s s  i n  t he Un i f i ed So i l  C l as s i f i c at i on Sys tem . Key : SM , s i l ty s an d s , s an d -s i l t  m i xt ur es ; CL , i nor gan i c  c l ays 
of l ow t o  me d i um p l as t i c i ty ,  an d gr ave l ly ,  s an dy , s i l ty ,  an d l ean c l ays ; M.. , i nor gan i c  s i l ts an d very f i ne s an d s ,  
rock f l our , s i l ty or c l ayey f i ne  s an d s , o r  c l ayey s i l ts w i t h  s l i ght p l as t i c i ty ;  S C  c l ayey s an d s , s an d -cl ay 
m i xt ur e s .  

C Atterber g l i m i t s :  LL = l i q u i d  l i m i t ;  PL = p l as t i c  l i m i t ;  P I  = p l as t i c  i ndex . 
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E . 2 . 1  GE OL OGY 

E . 2 . 1 . 1 

E . 2  GEOL OG I CAL AN D S E I SM I C  IN FORMAT ION  

P hys i ogr aphy an d topogr aphy 

A l l the d i s po sa l  s i tes  ar e l ocated i n  the Co l or ad o 
P l ate au Phys i ogr aph i c  Prov i n ce .  Th i s  prov i n ce i s  ch ar ac te r -
i zed by deep l y  i n c i sed r i v er ch an ne l s p r i mar i ly f l ow i n g  
th rou gh  sed i me ntary rock s ,  ex pos i n g  l ar ge c l i f fs an d f l at me 
s as .  The Gr an d Jun ct i on area i s  i n  the Gr an d Va l l ey be twe en 
t he Uncomp ah gr e Upl  ift t o  t he sou t hwe st  an d the P i cean ce Bas i n  
t o  t he north . The Book C l i f fs  fo rm t he norther n boun dary o f  
Gran d Va l l ey wi th Gran d  Mes a t o  t he e ast . 

The topogr aphy an d str u ctu r e  i n  the Gr an d Junc t i o n area  
ar e dom i n ated by the  Un comp ah g r e  Ar c h ,  wh i c h  i s  a nor t hwe s t
t r en d i n g  asymme tr i c a l  b l ock , l ocated 12  m i l es sou t hwe s t  o f  
Gr an d  Junct i o n .  E l e va t i o n s  i n  the  v i c in i ty r an ge f r om  abo u t  
4600 feet  at Gr an d  Junct i on to  mor e th an 10 , 000 fe et  o n  Gr an d  
Mes a .  The ar ea i s  d ra i ned  by t he Gu n n i son an d Co l or ad o  
R i vers . 

The Gr an d Jun ct i on s i te i s  l ocated  ad j acent  t o  t he n o r t h  
s i de  of  the Co l or ad o  R i ve r  an d i s  on a you n g  a l l u v i a l  te r r ac e  
abo u t  three t o  s i x  feet  h i g her th  an t he c u r rent r i v er . I t  i s  
abo u t  a m i l e  ups tr eam from the j unct i on of  the Gu n n i son an d 
Co l or ad o R i ver s .  The s i te e l e vat i o n  i s  about  4560 fe et  abo ve  
s ea  1 e ve 1 • 

The Cheney Res er vo i r  s i te i s  domin ated by Gr an d Mes a an d 
i s  l ocated on a ped i me n t  s u r fac e  on t he we s tern  f l an k  o f  the  
me s a . The d r ai n age  from the s i te i s  t o  t he sou t hwe s t  t owa rd  a 
r i d ge of res i s tan t Bur ro Canyon Format i o n  an d Dak ot a 
S an d s tone , t hen toward  t he no r thwes t t o  t h e Gu n n i so n  R i v er .  
So u t hwes t of the s i te ,  the  Gu n n i son cut s t h rou gh an 800-fo ot
deep canyon . E l e vat i o n of the Cheney Res er vo i r  s i te r an ge s  
from 5 3 20  feet  o n  t h e  east  s id e  o f  t he s i te to  5 200 on  t he 
we s t s i d e . 

The Two Road s i te i s  l ocated  on two br oad , r e l at i v e l y  
f l at ped i ment  depos i t s d i s sected by se ver a l  i n te rm i t te n t  
str eams wh i c h  pr i m ar i l y  r u n n o r t h  to  sout h .  Th e eas te r n  
ped i ments  appear o l d er t h Cll tho s e  t o  t he we s t .  D i s t i n c t  
b l  u f f s  over 100 fe et  h ig h  bo r der the eas tern  ped i me n t o n  t he  
nor t h ,  e as t ,  an d wes t .  The Book C l i ffs  ar e to  t he n orth  of  
t he  s i te wi t h  u p  t o  2000 feet  of re l i ef .  T he  s i te e l e vat i o n 
r an ges f rom 4960 feet to  abo u t  4900 fee t .  

Topo gr aphy o f  the  v i c i n i ty proper t i es i s  ch ar ac ter i s t i c  
o f  l ocat i ons  w i th in t he Gr an d  Va l l ey .  
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The bo r row s i tes , w i th the  excep t i o n of the Un awe ep 
C anyon s i te ,  ar e l ocated i n  the Co l or ad o R i v er a l l u v i um .  
Unawe ep Canyon , a s pec tac u l ar U - s h aped va l l ey exh ib i t i n g  2500 
fe et  of  re l i ef ,  i s  t hou ght  to  be an an ces tr a l  Gu n n i son  R i ver  
ch an ne l .  

Str at i gr aphy 

The fo l l owi n g  d i scu s s i on i s  fr om lohman ( 1 965 ) . As i d e  
from t h e  Q u atern ary depos i t s ,  t he ex posed s tr ata i n  t he Gr an d 
Jun ct i o n area ran ge i n  age from Precamb r i  an to  Up per Cr eta
ceou s . The gener al s tr at i g r aphy of t h e  d i s po s a l l ocat i on s  i s  
s h own i n  F i g ur e  E . 2 . 1 .  

The Pr ec ambr i an baseme n t  comp l ex i s  composed of  me tamor
ph i c  i n tr u s i v e r oc k s . Th e over l y i n g  s ed i me n tary r ock s ar e a l l 
of Mes ozo i c  age . Ther e i s  a l ar ge u nconform i ty be tween t he 
Precambr i an an d t he Upper Cre taceou s ,  r ep r es ent i n g  a l os s  of  
more  t h an one  b i  1 1  i o n  years from t he ge o l  og i  c r ecor d .  In  ad d i 
t i o n ' t h er e  i s  an er os i o n a l  u nconform i ty at the bas e of t he 
E n tr ad a  San d s tone . Her e ,  mos t  to  a l l of the K ayen ta  Fo rm a
t i o n ,  al l t he  Nav ajo San d s tone an d Carme l Format i on ,  an d pa r t  
o f  the  E n tr ad a  S an ds tone ar e ab s en t .  

The P recambr i  an rock s i n  the Gr an d Junct i o n  ar ea ar e of  
two ge ner al types : sch i st an d g ne i s s ,  an d you n ger  i n tr u s i v e 
r ock s an d d i kes . Ther e are many  l oca l var i at i on s  i n  compos i 
t i o n  an d te xtur e .  Mo st  o f  t h e  l a r ge s t  ou tcrops o f  Precambr i an 
r ock s occur  sou t hwe s t  of t he Red l an ds F au l t . Some ex po s u r es 
oc cur  i n  the sou t he as t  of Gr an d Junct i on i n  canyon s s u c h  as 
Una we ep • 

The Tr i as s i c  seque n ce i n  t he area be gi n s  w i t h t he Ch i n l e  
Format i on wh i c h  l i es u nconformab l y  on t he P r ec ambr i an comp l ex .  
The Ch i n l e  i s  a s o ft r ed s i l ts t one w i th s ome l i n es an d be d s  
of red s i l ts t one , l i mes tone , an d cong l omer ate an d th in  l ayer s 
of gr ee n i s h s i l ts t one . Th i s  format i on fo rms gen t l e  t o  s teep  
s l opes be tween ne ar l y  ve r t i c a l  c l  i f f s  of t he W i n gate S an ds tone 
above  an d t he r e l at i v e l y  smoot h e r o s i on a l  s u r f ace  on t he u n der 
l y i n g  Pr ecambr i an .  The C h  i n  1 e i s  exposed i n  many  o f  t he d eep
er canyons  i n  t he area.  

The Wi n gate S an d s tone  i s  one of t he mos t  s tr i k i n g  forma
t i o n s  i n  t he Gr an d Junct i on area.  It  i s  a very f in e  gr ai n ed 
s an d  w i th l es ser amou n t s  o f  s an d  an d s i  l t , sm a l l er amou n t s  of  
c l ay,  an d s an d  i n  va r i ou s  l ocat i on s .  In  t he we s te r n  an d cen 
tr al p ar ts o f  t he r e gi o n ,  t he Wi n gate i s  b uff  t o  r ed d i s h  b uff  
w i th some s a l mo n  co l or ed be ds . I n  an d eas t  of  Un awe ep C anyon , 
i t  i s  more s i  l ty an d red . M an y  s hear c l  i f f f aces ar e co ated 
w i th  de ser t v arn i s h wh i ch  d i s t i n g u i s he s  t he W i n gate from other  
s an d s  t ones in  the  r e gi on . 
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GENERALIZED SECTION OF ROCK FORMATIONS IN THE 
GRAND JUNCTION AREA, COLORADO, EXCLUDING 

QUATERNARY DEPOSITS 
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The K ayenta  i s  a f i ne  to me d i um gr ai n e d  s an ds t one wi t h  i r
r egu l ar l en s es  of  s i l ts t one an d s h al e  an d cong l omer ate or co n 
g l omer at i c  s an d s t one . Th i s  fo rmat i o n  i s  h arder an d co ars er 
gr ai ned  t h an  the Wi n gate . I t  i s  buff , wh i te ,  or gr ay wi t h  
some l aven der , gr ay ,  o r  r ed . Th e s i l ts t one an d s h a l e  a r e  r ed 
an d l oca l ly  pu rp l e  or gr ee n .  The K ayenta  i s  typ i c a l ly  a ben ch  
former be tween c l  i f f s  of W i n gate an d En tr ad a  San d s t ones . The 
K ayent a  i s  ab sent  i n  sorre l ocat i on s  w i t h in the Gr an d Junct i o n  
ar ea.  

The up per Jur as s i c  i s  f i r s t  rep res ented by the  Entrad a  
San ds tone wh i ch  fo rms a co l orfu l s er i es o f  c l i f fs  s l i g h t l y 
sma l l er i n  s t ature t h an  t he Wi n gate . The S l i ck Rock  Member o f  
t he E n t r ad a ,  wh i c h  i s  s a l mo n  t o  p i n k  i n  co l o r ,  forms ge nera l ly 
un jo i n ted smoot h  c l i f f f aces . The Moab Member over l i es t he 
t h icker S l i ck Rock Member .  Th i s  member i s  e ven l y  be d ded  wh i te 
t o  l i g ht buff s an ds t one , w i t h sm a l l amou n t s  of  l ow an g l e cros s 
bedd i n g .  The Entr ad a  i s  t he ma i n artes i an aqu i fer i n  t he 
ar ea . 

Gener al l y ,  the Summe r v i l l e Format i on i s  t h in bedded , w i t h  
a l ternat i n g  beds  o f  s i l ts t one an d s an ds tone . The format i o n  a l 
so co nt ai n s  some s h a l e  an d muds tone an d near the top cont ai n s  
some l i me s tone . The s i l ts t one an d muds tone are va r i ou s  s h ad es  
o f  gr ay an d br own w i t h s ome r ed . The gr ay an d r edd i  sh  g ray 
s an d s t one i n terbeds  ar e f ine  to me d i um grai ned  an d very h ar d .  
The Sumrre r vi l l e i s  t he  l e as t exposed un i t  i n  t he Gr an d 
Jun ct i on ar ea.  Th i s  i s  bec au s e  i t  forms s l opes t h at ar e cov 
er ed by s l ump i n g of  the Sumrre r v i l l e an d the ov er l y i n g  Mor r i son  
Format i on .  

The Mor r i so n  Format i on i s  a va r i ed an d co l orfu l as s em
b l age of  s i l t s t one , mud s tone , s an d s t one , an d some congl omerate 
an d l i me s tone . Th i s  u n i t  i s  l es s  r e s i stan t  t o  eros i on ,  as 
t her e are many l an ds l i des  i n  t h e  Mor r i so n .  The S a l t Was h  Mem
ber comp r i ses  t h e  l ower one-th i r d to  one-h a l f o f  t he Mor r i son . 
The S a l t Wa s h  co n s i sts  o f  a l te r n a t i n g  beds or l en s es of s i  I t
s t one or muds tone an d sorre l en s es of  s an ds tone an d l i me s tone . 
The s an d s t one i s  f i n e  to  co ar s e  gr ai ned  an d i s  l oca l ly cong l om
er at i c .  The we l l  known van ad i um an d ur an i um ore d epos i ts of 
t he Sa l t Was h Member ar e ab se nt  in t he Gran d Junct i on ar ea .  
The Bru shy Bas i n  Member i s  p r i mar i ly  s i l ts t one an d mu d s tone  
w i th a few beds  of s an d s t one , l i me s t one , an d ben ton i t i c  
muds tone . 

The Lower Cretaceou s Bur ro  Canyon Format i o n i s  ma i n l y  a 
gr een  s h a l e ,  but co n t a i n s  a me d i um gr ai ned  mas s i v e  cros s bed
ded  bas a l  s an d s tone . The  s an d s tone i s  gener a l l y  i r on sta i n ed . 
I n  the wes tern h a l f  of  t he ar ea , t he fo rmat i on i s  p r i mar i  ly 
s h al e .  The Bur ro Canyon  an d o v er l y i n g  Dak o t a  form caps on 
s ome of t h e  me s as i n  t he ar ea . 
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I n  the Gr an d Junct i on ar ea , ther e  i s  an er os i o n a ; 
un co nform i ty at the base of  t he Upper Cr etaceou s  Dak o t a  
S an d s tone . Th i s  fo rmat i on i s  on l y  comp l e te ly  expos ed i n  
G un n i son  Canyon .  The Dak o t a  co ns i sts  o f  a wh i te ba s a l  
co n g l ome r ate or co n g l ome r at i c  s an ds tone over l a i n  by 
carbo naceou s  or l i g n i t i c s h a l e ,  l i g n i te ,  an d a me d i um  gr a i n e d  
buff  co l or ed s an d s t one . The format i on becomes s an d i er i n  t he 
e a s tern  part  of the v i c i n i ty .  L i g n i te co a l  was  fo rmer l y  m i ned  
i n  the Dak o t a  i n  t he  Gu nn i son R i ver Va l l ey .  Due t o  i t s  h i g h  
as h content , t h e co a l  h as not been m in e d  fo r many years . Mo s t  
o f  the co a 1 bed s  ar e s i x  i n ches or l e s s  i n  t h  ick  ne s s w i t h  some 
be d s  u p  to  20 i n che s .  

The M an co s  Sh a l e  under l i es  t he ent i re Gr an d Va l l ey an d 
forms t he Book C l i ff s  an d t he base  o f  Gr an d  Mes a .  Th i s  forma
t i o n  1 i es co nformab l y on t he Dak ota  an d cons  i s t s  of  a th  ick  
gr ay s eq ue n ce of mo s t l y  f i ss i l e  s h a l e  wi th  a few s an dy s an d 
s t one bed s .  

Over l y i n g  t he M an co s  i n  t he area ar e var i ou s  type s  o f  
Quatern ary depos i ts s u c h  as a l l u v i  a l  an d ped i me n t  depos i t s .  
The natur e ,  or i g i n ,  an d extent  of  t hes e depos i ts vary by 
1 oc a 1 i ty .  

A t  the  Gr an d Junct i o n s i te ,  a l l u v i um i s  pres en t be ne at h 
t he ta i l i n g s  an d var i e s  in  t h ick nes s from f i v e  to 1 5  fe e t .  
Beneath  th i s  Quatern ary a l l u v i  a l  mate r i a l  i s  M an co s  S h a l e ,  
wh i ch  i s  abo u t  150 fe et t h ick  on t he e as t  s i d e  o f  t he s i te an d 
50 fee t  t h ic k  on t he wes t .  F i g ur e  E . 2 . 2  i s  a ge ner a l i ze d  
c r oss -sect i o n  of  t he ge o l o g i c structu r e  i n  t he Gr an d J u nc t i o n  
ar ea.  Sout h of  t he s i te ,  on  t h e  sou t h  s i d e  of  t he Co l or ad o  
R i ver , t he Man co s  i s  exposed . I n  t h i s  area , t he M an co s  d i ps 
t hree degr ee s  to  t he northeas t .  Beneath t he M an co s  i s  t he 
Dak o ta  S an d s tone wh i c h  cont a i n s  beds  s i x  i n c hes  or l e s s  i n  
t h ick nes s of  co a l , approx i mate l y  l lO fe et be ne at h  t he ta i l i n g s  
p i  l e o  Ther e was a l s o  a very sm a l l amou nt  of o i  1 i n  one o f  t he 
tes t bor i n g s .  

Ther e i s  no bedr ock exposed a t  t he C heney Res er vo i r  s i te .  
The th ick nes s o f  t he a l l u v i a l  depos i ts on  t he s i te r an ge s  fr om 
23 t o  42 fe et  t h ick . The up permo st  bed r ock  un i t  at t he s i te 
i s  t he Man co s  S h a l e . The t h i c k nes s of  t he s h a l e  i n c reas es 
from sout hwes t to  northe as t an d ran ges from 300 to 700 fe e t .  
The s h a l e  i s  repor ted  to  d i  p no rthe as t a t  abo u t  200 fe et  per 
m i l e .  In format i o n  fr om boreho l es in d i c ates t h at t he f i r s t  
f i ve fe et  o f  Man co s ar e extr eme ly  we ather ed . Bene ath t h i s  
zo ne , the M an co s  becomes frac tur ed .  W i t h  i n c reas i n g  dep t h ,  
t h e  fractures d i m i n i s h an d t he s h a l e  be comes  r e l at i v e l y  
imperme ab 1 e .  

At the Two Road s i te ,  sh al l ow pedi me n t depos i t s fr om two 
to 31  fe et  t h i c k  over l i e the  Man co s  Sh a l e .  The Man cos d i ps 
two to  f i ve  de gr ees north  to  nor t hwes t at the d i s pos a l  s i te . 
The th ick nes s of the s h a l e  r an ge s  from l e s s  t h an 500 fe et  i n  
t he sout her n area t o  1 400 feet i n  t he no rthern  par t .  Bas ed o n  
dr i l l i n g , t he zo ne of  we ather i n g  o f  t he s h a l e  appe ars t o  be be
tween 20  an d 60 feet  i n  dep t h  ( URS , 1983 ) . 

E -1 3  



[Tl 
I 

1---' 

w 

WINGAT E SANDSTONE ���
O
�HINLE FORM�:L2S

, 
iiQa:� 

.p. I P R E C A M B RIAN COMPLEX .,., 

ENTRADA SANDSTONE 

. .  N. 
MONUMENT 

' COLORADO NATIONAL 

R EDLANDS AND JACOBS 
LADDER F AUL T COMPLEX 

MANCOS SHALE 
\GRAND JUNCTION 

SITE 

=--
�

/ ALLUVIUM 

E 

. �  ENTRADA SANDSTONE 

SOURCE: L O H M A N  ( 1 98 1 )  

WINGATE SAND STONE 
AND CHINLE FORMATION 

F I G U R E  E. 2 . 2  

GENERALIZED CROSS-SECTION OF THE GEOLOGIC STRUCTURE 
I N  THE GRAND JUNCTION AREA. 

MORRISON AND 
SUMMER VILLE 
FOR MATIONS 



S i te s pec i f i c ge o l ogy of  t he v i c i n  i ty p roper t i es i s  n ot 
k n own . The ge o l ogy of t he var i ou s  proper t i es i s  ex pected t o  
be s i m i l ar t o  t h at d i scu s sed  for t h e  Gr an d Junct i on s i te .  

The bor row s i te s , wi t h  t he except i on of Un awe ep Canyon , 
ar e l ocated i n  Co l or ad o R i ver a l l u v i um .  At thes e  l ocat i o n s , 
var i ou s t h i ck nes ses  of  s an ds , g rave l s ,  an d c l ays are under l a i n  
by var i ou s  t h i c k nes ses o f  Man cos  S h a l e .  

The Un awe ep C anyon s i te i s  l ocated i n  Prec cJTlbr i an gr an i te 
wh i ch  fo rms t he prom i nent  l ower be n ch t h at ar i ses 240 t o  360 
fe et above  the a l l u v i al cover ed va l l ey f l oor . The ba se  o f  the  
s econd  be nch  in t he canyon co n s i st s  of  t h e  Tr i as s i c  Ch i n l e .  

E . 2 . 1 . 3  Str ucture 

Re g i on a l l y , t he Co l or ado P l ate au co n s i s t s  of  a s e i sm i c a l 
l y  s t ab l e  i n ter i or port i on t h at i s  bo unded o n  t h r ee s id e s  by 
mor e ac t i v e  bor der zo nes ( F i g ur e  E . 2 . 3 ) . Thes e bor der zo nes  
ar e tr an s i t i o n a l  t o  major s tr u ctu r a l  zo nes t h at h ave  exper i 
enced h i g h  l e ve l s  o f  s e i sm i c i ty .  

The structu r e  o f  the  Gr an d Junct i o n  ar ea w h  i c h  1 i e s  i n  
t he nor t hwes ter n  part of t he p l ateau i s  contr o l l ed by  t he 
Un comp ah g r e  Arc h ,  wh ic h i s  a no rthwe s t  p l un g i n g  an t i c l i n e  
sout hwes t o f  Gran d Junct i o n ,  an d t he P i c ean ce Bas i n ,  a br oad 
deep syn c l i n e nor t h  an d northeas t  of Gr an d  Junct i o n .  E v i d ence  
i n d i c ates t he up l i ft i s  as  r ecent as  t hree m i l l i o n  years  ag o 
( Lohman , 1 981 ) .  

The u p l  i ft i s  one of  the few fe atu r e s  l y i n g wi t h in the  
s t ab l e i n ter i or po rt i on o f  t h e  Co l or ad o  P l ate au t h at i s  i d ent i 
f i ed a s  pote nt i a l l y  ac t i v e . The major f au l ts i n  t he area i n 
c l ude the  Red l an d s  F au l t  an d t he J acobs  Lad der Fau l t  comp l ex .  
F i g ur e  E . 2 . 4  s hows pote n t i a l ly ac t i v e  f au l t s i n  t he r eg i o n .  

The Gran d Junct i on s i te i s  l ocated on  a l ow a l l u v i a l  te r 
race  o f  t h e  Co l or ado R i ver . The s i te i s  w i th in 1 2  m i l es o f  
the Un comp ah g re  Upl  i f t , wh i c h  domin ates t h e  s tructu r e  i n  t he 
ar ea .  

The  Cheney Res er vo i r  v i c i n i ty i s  a broad homoc l i n e  wh i ch  
s eparates t he Un compah g r e  Upl  i f t  from t h e  Book C l  i f f s  mono 
c l i ne .  The s i te i s  on a ge nt l y  s l op i n g  a l l u v i a l  ter r ac e  be t
we en Gr an d  Mes a to t h e  no rthe as t an d t he Gu n n i son R i ver can 
yon t o  t he s ou t hwes t .  

The ax i s  of a l ar ge r e g i ona l an t i c l  in e ru n s  t hrou gh t he 
Two Ro ad s i te .  The s i te i s  l ocated on  ped i me nt depo s i ts 
formed  f r om t he Book C l i ff s  s e ver a l  m i l es t o  t he nor t h .  

Add i t i ona l s tructur a l  ge o l og i c  i n format i on can b e  fou n d  
in  the s e i sm i c i ty s ect i on of  t h i s  appe n d i x an d i n  At tac hme nt 
E4,  Se i sm i c  R i s k E va l u at i on .  
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: . 2 . 2  M I N ERAL RE SOURCES 

E . 2 . 2 . 1  Gr an d Jun c t i on s i te 

Two-t h i rds of  t he prod uc i n g gas f i e l d s  i n  Mes a Cou n ty ar e 
i n  t he Mes a Ver de grou p .  The r emai n der o f  t he gas f i e l d s  ar e 
l ocated i n  t he Man co s ,  Dak ot a ,  Mor r i so n ,  an d Entr ad a  Format i o n s  
wh i c h  l i e  be ne ath a l l the  d i s po s a l s i tes . I n  r ec ent  years , o i l  
h as been prod uced i n  very sm a l l quan t i t i es from ne arby gas 
f i e l d s . 

Co a l  occu r s  be n e at h  t he s i te i n  t he Dak ota  S an d s tone . The 
t h ick nes s of t he co a l  i s  l e s s  t h an s i x i n c he s  an d i s  a h i gh l y  
vo l at i l e  D type b i t um i n ou s  co a l . Dep th t o  t he co a l  at t h e  s i te 
i s  ab out  1 1 0  fe et . The r e  i s  an outcrop o f  Dak ot a  co a l  about  
one  m i l e  s ou t hwes t of t he s i te .  

I n  ad d i t i on ,  three to  e i g ht fe et of gr ave l an d s an d  ex i s t 
at t he s i te be ne ath t he tai  l i n g s .  S i n ce th i s  depos i t  i s  t h in ,  
an d l a rger , mor e su i t ab l e  depos i ts occur e l s ewher e ,  i t  i s  not  
of  comrrerc i a l i n ter es t .  

E . 2 . 2 . 2  C heney Reser vo i r s i te 

The Cheney Res er vo i r s i te h as s i m i l a r  po ten t i a l s  fo r 
m i n er a l  res ourc e d e ve l opme n t  as t ho s e  d i scu s s ed f o r  the  Gr an d 
Jun c t i on s i te .  Ther e i s  an ad d i t i on a l  potent i a l for o i l an d 
gas de ve l opme n t . The neares t  gas f i e l d  i s  20 mi l es t o  t he 
n o r t h  an d nor t heas t .  The ne ares t  p rod uc i n g  gas we l l  i s  
ap prox imate l y  four  m i l es eas t of the  d i s po s a l  s i te .  The area 
h as one ac t i v e  o i l an d gas l e ase  wh i c h  i n c l u de s  t he d i s po s a l  
s i te . The area i s  not  i n  a Kn own Geo l og i c Str uctur e ( K G S ) , 
t her efore  the pote n t i a l for t h e  pr es ence  of gas or o i l  at t he 
s i te i s  not  gr eat . 

Bor row mate r i a l s  fo r d i s po s a l  at Cheney Res er vo i r  wou l d  be 
ob ta i n e d  from t he s i te i t s e l f .  Approx i m ate ly  80 1 , 000 cy o f  
s an d  an d gr ave l wou l d  be con su rre d  for t he r eme d i  a l  ac t i on .  
S i n c e  th i s  s i te i s  not  ne ar any p l an ne d  d e ve l opme n t s , an d more 
adeq uate s u p p l  i e s occur e l s ewher e ,  t hes e depos i ts are not of 
corrrnerc i a l i n te r es t .  

E . 2 . 2 . 3  Two Road  s i te 

The Two Road s i te h as s i m i l ar poten t i a l for m i n e r a l  
deve l opme nt as t h at d i scu s sed fo r Cheney Res er vo i r .  Ther e are 
s e ver a l  ac t i v e  o i  1 an d gas l e ases in an d ne ar the Two Road 
s i te .  Ther e i s  a prod uc i n g  gas we l l  abo u t  fou r m i l es n o r t h  o f  
t he s i te .  The v i c i n i ty i s  not  i n  a KG S .  The poten t i a l for  
s an d  an d gr ave l de ve l opme n t  i s  q ue s t i o n ab l e  due  to  t he d i s 
tan ce from deve l opme nt s  an d t h e  u n cer t ai n  qua l i ty ( URS , 1 983 ) . 
The d i s pos a l  o f  ta i l i n g s at t he Two Road s i te wou l d  cons ume 
564 , 700 cy o f  s an dy s i l t  from t h e  s i te i t s e l f .  
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E . 2 . 2 . 4  V i c i n i ty proper t i e s 

The v i c i n i ty p roper t i es h ave  no m i n e r a l  r esourc es .  

E . 2 . 2 . 5  8orrow s i tes  

The  bor row s i tes , except  t he Un awe ep s i te ,  ar e l ocated at  
ex i s t i n g  comme rc i a l s and  an d gr av e l  oper at i ons . Thes e are the  
on l y  known m i n er a l  r es ources at t hes e s i tes an d the  vo l ume of  
t hes e mater i a l s  i s  un k nown . 

The Un awe ep C anyon s i te ,  a s ourc e of quarry r ock , i s  n ear  
t he i n act i v e  Un aweep copper d i s tr i ct . The copper depos i ts ar e 
r epor ted to be t h in an d not co nt in uo u s  as desc r i bed by 
Schwochow ( 1 9 78) . Ther e are some ongo i n g  comme r c i  al q uarry 
oper at i ons  in  the v i c i n i ty wh i c h  us e Pr ec ambr i an gr an i te . 
Prod u ct i on quant i t i es are not known . 

E . 2 . 3  SE I SM I C ITY 

Th i s  s e i sm i c i ty d i sc u s s i on i s  a s ummary o f  t he s e i sm i c r i sk  e va l u a
t i on cont a i ned  i n  Attachment  E 4 . 

Rec u r r ence i n ter va l s  o f  s e i sm i c  ac t i v i ty i n  t he Gr an d Junct i o n v i 
c i n i ty are not k n own due to t he l ack o f  h i st or i c  data .  The p robab i  l i ty 
t h at ac t i ve or potent i a l l y  ac t i v e f au l ts w i l l  move  d u r i n g  the d i s po s a l  
s i te de s i gn l i fe can not b e  es t i mated w i th  a h i gh  de gr ee o f  conf i d ence . 
The mag n i tu de of  t he Max i mum Cr ed i b l e  E art hquake  ( MC E )  potent i a l at e ac h  
of the d i s pos a l  s i tes i s  bas ed o n  cur r ent ly  av a i l ab l e  l i ter atur e an d 
data .  

The tec t on i c  sett i n g  of  the Co l or ad o P l ate au i s  comp os ed of  a s e i s 
m i c a l l y  stab l e  i n ter i o r  bounded by tr an s i t i o n a l  zo nes t o  majo r s e i sm i c 
an d s tr u ctur a l  zo nes . Th es e major zo nes ar e the In termou n t a i n  Se i sm i c 
B e l t wes t  of  the ar ea , t he R i o  Gr an de  R i ft wh i ch  bo r ders  t he eas tern  
ed ge of  t he p l ateau i n  Co l or ad o an d New  Mex i c o ,  an d the  Co l or ad o 
P l ate au /Bas i n  an d Ran ge tr an s i t i on zo ne i n  nor th-cen t r a l  Ar i zo n a .  

The d i s po s a l  s i tes  ar e n e a r  t h e  Un comp ah g r e  U p l  i ft wh i ch  cont ai n s  
poten t i a l l y  ac t i v e  f au l ts .  In ad d i t i o n ,  t h e  s tu dy ar ea i s  l ocated  120 
to 160 m i l es east  of t he I n termou n t a i n  Se i sm i c  Be l t an d 100 t o  1 40 m i l es 
we s t  of the R i o  Gr an de R i f t . Thes e ar e a l l po s s i b l e  sourc es of l ar ge 
earthq uakes  wh i ch  cou l d  i mp act  the Gr an d Junct i on area.  

The h i s t or i c a l  s e i sm i c i ty of the  prov i n ce h as been c l as s i f i ed as 
very l ow an d the l ar ge s t  i n strume n t a l l y  r ecor ded earthquak e s  r an ged  i n  
mag n i tu de from 4 . 5  to 5 . 5 .  Magn i tu de s  an d ac ce l er at i ons  cou l d  be 
gr eater i n  t he s tu dy area due to t he pres ence o f  t he Un comp ah g r e  Upl i f t . 

The Up l i ft exper i en ced cons i d e rab l e  mov eme nt dur i n g  t he P l e i stocene 
an d the Qu atern ary al on g bou nd i n g  fau l t s an d mono cl i n es . It  i s  po s s i 
b l e  t hat movement  h as co nt in ued t hr ou gh t he P l e i st ocene t o  t he p res ent  
t i me .  Ther e ar e numerou s  po s s i b l y  ac t i v e  Ce nozo i c  f au l t s ,  f i ve  to  25  
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m i  l es i n  l eng t h ,  t h at f l  an k t he Upl  i ft on bot h t he northeas t  an d 
s o u t hwes t .  Tho s e  on t he nor theas t ar e w i th i n  f i v e  to 20 m i l es from t he 
Gr an d Jun ct i o n an d Che ney Res er vo i r  s i tes an d from 1 5  t o  45 m i l es from 
t he Two Road s i te .  Moveme n t s  as soc i  ated w i t h  the Upl  i f t , i n  t he  Gr an d 
J un ct i o n  area , wou l d  prod uce grou n d  ac ce l erat i ons  l arger t h an t ho se  
ac ce l er at i o n s  from movement s  from ot her s e i sm i c  zo nes i n  t he r egi o n .  

The MC E o n  known f au l t s wi th i n  t he ar ea cou l d  prod u ce ac ce l er at i o ns 
as h i g h  as 0 . 34g at t he C h eney Res er vo i r  an d Gran d Junct i o n s i tes an d up 
t o  ap prox i m ate ly  0 . 1 8g at t he Two Road s i te .  H i g her ac ce l er a t i o n s  cou l d  
r es u l t  fr om t he  occurrence  of eart hquake s  w i th magn i t u de s  as h i g h  as 6 . 6  
o n  prev i ou s l y  u n detected f au l ts wi t h i n l es s  t h an f i v e  m i l es o f  t h e  s i te .  

For the  Two R oad an d Cheney Res er vo i r  s i tes , t he  potent i al for s e i s
m i c a l l y- i n d u ced s o i l l i que f act i o n i s  very remote . Th i s  i s  due  t o  t he 
compo s i t i o n of mate r i  al s pres ent at eac h  s i te an d t he  l ack of  s atu rated 
zo nes near the s u rf ace . The Gran d Junct i o n  s i te h as a r e l a t i v e l y  l ow po
te nt i a l for s o i l  l i q ue f act i o n .  Th i s  i s  due  to t he po s s i b i l i ty of  un de
tected fau l ts near the  s i te an d prob ab l e  va r i at i on s  i n  t he water tab l e .  
Ther e i s  al s o  a pos s i b i l i ty of  l an d s l i d e  f ai l u r e  of  t h e  r i verban k s  at 
an d n e ar the  p i 1 e • 

Ther e i s  no d i rec t e v i dence of  any pote nt i a l fo r o n -s i te ru p tur e at 
any of t he s i tes . Howe ver , t he po s s i b i l i ty can not  be ru l ed out comp l e te
l y ,  p r i m ar i ly  at  t he  Gr an d J u n ct i o n  s i te .  
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ATTAC HME NT E 1  

GE OMOR PH I C  E VALUAT I O N  

GR AN D JUNCT ION  TA I L I NGS  S I TE 
GR AN D JU NCT ION  COL ffi ADO 

URAN I UM M I L L  TA I L I N GS  REME D I AL ACT ION  PROJECT 

AUGUST,  1 985 





PREFACE  

The  Ur an i um M i l l  Ta i  l i n g s Rad i at i on Co ntro l  Ac t of  1 9 78,  Pu b l i c  L aw 95-
604 , 42  USC  790 1 , autho r i ze s  t he U . S .  Dep artme nt  of  Ener gy ( DOE ) t o  un der t ak e  r e
med i a l ac t i o n s  at 24 DOE -de s i g n ated p roces s i n g  s i te s . The Ur an i u m M i l l  Ta i  l i n g s 
Reme d i a l  Act i o n  ( UMTRA ) Proje ct Off i ce  o f  the DOE i s sued a P l an for 
Imp l emen t i ng E PA St an d ards  for UMTRA S i tes  i n  Jan uary,  1 984. In  t h i s  r epor t ,  
under  a sect i o n  on l on g -term s t ab i l i ty ,  t h e  DOE s t ated t h a t  a de s i g n ob je ct i v e  
o f  1000 years was e s t ab l i shed t o  be s at i s f i ed whene ver r easo nab l y  ac h i e vab l e ,  
b ut  i n  an y c a s e  w i th a m i n i mum performan ce per iod  o f  200 years . 

For t he  s u bje c t  p roces s i n g  s i te ,  a r eme d i a l  ac t i o n p l an i s  be i n g  d e ve l oped  
to  en s ure the l ong -term stab i l i ty of  the pr opo sed rec l am at i o n .  Th i s  ge omor ph i c  
ev a l u at i on  r ep o r t  r ep res ent s a por t i on o f  t h e  s i te c h arac ter i za t i on effo r ts be 
i n g comp l eted . The major ob je ct i v e  of  t h i s  e va l u at i o n  i s  t o  fu l l y r ec o gn i ze 
wh i c h  ge omor p h ic proces ses may c au se  l ong -term c h an ge s  at t he ex i st i n g  d i s po s a l 
s i te or at a l ter n ate d i s po s a l  ar eas . Th i s  r epor t i s  p rov i d ed as a r efer ence  d o c 
u me n t  for u s e  d u r i n g  the s i te s e l ect i on p roces s an d /o r  des i g n  deve l opme nt o f  t he 
r emed i a l ac t i o n  p l an .  

Th i s  r epor t was prepared by the  Phoen i x  off i ce s t aff o f  Ser ge nt , H au s k i n s  
& Beck wi t h  Ge otechn i c a l  E n g i n eer s ,  I n c . , a p art  o f  the  Jac ob s -Wes t on Te am , t he 
UMTRA Project  Tec hn i c a l  Ass i s tan ce Contr ac t or t o  t he DOE . 
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E 1 . 1  E XE C UT I V E  SUMMARY 

Ge omor ph i c  s tu d i es wer e  perfo rmed t o  c h arac ter i ze the l ong -te rm s t ab i l i ty 
of  ex i s t i n g  ur an i um  m i l l  t ai l in g s  p i l es l ocated on  t he n or t h  ban k of t he  
C o l or ad o R i ver i n  Gr an d Junct i on ,  Co l or ad o .  

The s i te i s  on a you ng a l l u v i a l te r r ac e  f i v e  t o  s i x  fe e t  above  t he l ow f l ow 
l e ve l o f  the  r i ver . I t  i s  prote cted from f l ood f l ows by a con crete b l o ck berm 
pl ac ed on  t he a l l u v i  al te r r ac e  mate r i  a l s . 

C a l c u l ated  100- an d 500-year f l ood l e ve l s  wou l d  cau s e  s i g n i f i c an t  eros i o n 
o f  the s i te ar ea . The p r i n c i pa l t hreat  i s  at the  sout he as t  corner o f  the s i te 
wher e er os i on of  t he  ban k  an d un derc ut t i n g  of  the berm ar e o ccu r r in g .  Av u l s i o n 
or c h an ne l  m i g r at i on i n  t he ar ea upstr eam from t he  s i te cou l d  a l s o  i n cr ease t he  
er o s i on pote nt i a l at the  s i te by di r ect in g t he  f l ow o f  t he r i v er ag ai n s t t he  
eas te r n  bound ary . 

The deve l opme nt of  a l ar ge  s i nk ho l e  of  un k nown cau s e  i s  t he mo s t  s i g n i f
i c an t  as pec t o f  s i te er os i on h azard . 
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E 1 . 2  I NTR OD UCT I ON 

E l . 2 . l  PURPOSE  AN D SCO P E  OF I N V E ST IGAT ION  

Th i s  r epor t pres ents  the  f i n d i n g s  of ge omorph i c  s tu d i es per forme d  
i n  t h e  area o f  ex i st i n g  ur an i um  m i l l  t a i l i n g s  p i l es i n  Gr an d Junct i on ,  
Co l or ad o . The purpo se  o f  the  i n v es t i g at i on was t o  ch arac ter i ze t he geo
morph i c  cond i t i o n s  c u r rent ly act i n g  on the s i te ar ea an d t o  e v a l u ate the 
potent i a l for l on g -term s t ab i l i ty o f  d i s po s a l  f ac i l i t i es at t he s i te .  

The ex i s t i n g  p i l es ar e l oc ated at  t he s i te o f  t he forme r  C l i m ax 
Uran i um Comp an y m i l l  s i te on the  nor ther n bank of t he Co l or ad o  R i v er 
( F  i g ur e E L 2 . 1 )  . 

The e v a l u at i on i s  r es tr i c ted  t o  t h e as s e s sment  of  n a tu r a l  pr oces s 
es , p ar t i c u l ar l y  f l u v i a l  e ros i on ,  w h i c h  cou l d  comp rom i se the i n t e gr i ty 
of  d i s po s a l  f ac i l i t i e s  du r i n g  t he  s pec i f i ed des i g n  l i fe . The U . S . 
E nv i ronme nt a l  Protect i on Age n cy ' s  ( E P A )  des i g n  l i fe s t an dard  wh i c h  r e g
u l a tes  t he de s i g n  of d i s po s a l  f ac i l i t i e s i n v o l v ed in the Ur an i u m M i l l  
Ta i l i n g s  Reme d i a l  Act i on ( UMTRA ) Pr oje ct  s t ates  t h at e n g i n e er ed d e s i g n  
an d s i te s e l ect i on p roces ses d e ve l oped du r i n g  t he p roje ct  s hou l d  r es u l t 
i n  cont ai n ment  s tr u c t u r es wh i c h  are capab l e  of  r es i st i n g  n atu r a l  i n tr u 
s i on for a per i od o f  at l e as t  1000 years whene ver r easonab ly  ac h i evab l e  
( DOE , 1984a ) .  A m in i mum l onge v i ty s t an dard  o f  200 ye ars i s  i mp os ed whe n 
ever t he 1000-year des i g n  l i fe i s  found  t o  be i mp rac t i c a l . 

E l . 2 . 2  F I ELD  I N VEST IGAT I ON AN D RE SEARC H 

Th i s  i n v es t i g at i on i n v o l ved  f i e ld wor k an d r es earch  i n t o  t he per t i 
n e nt as pect s o f  the ge o l og i c  h i s t ory o f  t he s i te r e gi o n ,  ge omorph i c  co n 
d i t i on s  at the  s i te area , an d es t i mat i o n s o f  t he pote nt i a l i mp ac t  of 
ge omor ph i c  p roces ses  on t he p l an ned  f ac i l i ty d ur i n g  t he E P A-s pec i f i ed de
s i g n  l i fe .  T he  progr am o f  f i e l d wor k an d res earc h  c a rr i ed out  for  t h i s  
s t u dy i n c l uded  t he fo l l ow i n g :  

o Ac q u i s i t i o n  an d rev i ew o f  aer i a l phot ogr aphy,  p u b l i s h ed geo l og i c 
mapp i n g ,  an d per t i ne nt  l i ter atu r e  an d d a ta ,  i n c l u d i n g  
ge ot e c hn i c a l  dat a an d prev i ou s  r epor ts  deve l oped dur i n g  t he 
UMTRA Project  i n v es t i g at i on .  

o Geo l og i c  an d ge omorph i c  f i e l d  r econ na i s s an ce i n  t h e  s i te r e gi on . 

0- 3 



I 
I 

( 

I f I 
HORSE "0" ) "" A.,,,, I

I 
_ _ _ �+, � ___ GA RFI E LD  COU NT Y  

__ 

; M E S A  COU NTY ?\O G£' "'\.£. 
TWO � ' '</,(- SO\.l\ � S� � " ---.. . -

R OA D  S ITE } 
Je'U" -.... • • \ i 

5 0  
MACK 

COLOR AD O 
NAT MONUMENT 

• GRAND J U NCTION � .  
-.,-, ----

*,GR�U NCTION S ITE . (0 
CH E N E Y  

• R E S E RVOI R 

GR At-I.J MESA D 
. .  ,.)S ITE . . . "/", 

7", / ( ) .. 

( / I 
NAT FOREST 

.' 

/ 

5 o 5 1 0 
if. GR AND J UNCTION 

• ALTER NATE S ITES 
S CALE I N  M ILES 

FI G U R E E1. 2 . 1 
LOCAT ION  OF D ISP OSA L S ITES 

E l - 4 



E 1 . 3  RE G IO NAL SETT I NG  

E 1 . 3 . 1  PHYS I C AL SETT I NG  

The  s i te s t u dy a r ea i s  i n  wes tern  Co l or ad o ,  i n  t he Canyon L an ds s ec 
t i o n  o f  the  Co l or ad o P l ate au phys i ogr aph i c  p rov i n ce ( Hunt , 1 96 7) ( F i g ur e  
E 1 . 3 . 1 ) . Str u ct u r a l ly , t he  r e gi o n  i s  c h arac ter i zed  by l ar ge upwarps an d 
i n ter ve n i n g  bas i n s forme d  mo s t l y  i n  u p per P a l e ozo i c  an d l ower Mes ozo i c  
s an d s t ones an d s h a l es . Th e mos t  p rom i ne n t  l an dforms ar e b road mes as an d 
ped i me nt s u rf ac es , narrow rock -wa l l ed g u l l i e s ,  an d deep l y  i n c i s ed c an 
yon s of  the  Co l or ad o R i ver  an d i ts t r i b u t ar i es .  The s i te i s  i n  t he  
Gran d Va l l ey ne ar t he  co nf l ue n ce o f  t he Co l or ad o  an d Gu nn i son  R i v er s .  

E l e vat i on at the  s i te i s  abo ut  45 75 feet . To t h e  sout hwes t ,  t he 
Un comp ah gr e Upl i ft ,  a l a r ge nor thwes t-tr end i n g  s tru ct u r a l  u pwarp , r eac h
es e l e vat i o n s  of 9000 t o  10 ,000 fe e t . To the  no rtheas t ,  t he Co l or ad o 
R i ver f l ows t h rou gh  De Beque C an yon , f l an ke d  by the  Book C l i ffs  on t he 
we s t  an d Gran d Mes a on t h e  e as t .  E l evat i ons  i n  t h i s ar ea r eac h a max
i mum of abou t  1 1 ,000 fe e t .  

An n u a l  p r ec i p i tat i o� a t  Gr an d Junct i on i s  e i g ht t o  n i n e  i n c hes  
( NOAA, 1982 )  an d i s  ge ner a l l y  e ve n l y  d i s tr i b uted  t hr ou ghout  t he ye ar .  
P rec i p i tat i on i n  t he  h ig her  e l e va t i ons  w h i c h  form t he he adwate r s  of  the  
Co l or ad o R i ver sys tem i s  sorre wh at h ig her , r an g i n g  fr om 10  to  25  i n c hes 
per ye ar . C l i matol og i c a l data for wes te r n  Co l or ad o  ar e s ummar i zed  i n  
Tab 1 e E L 3 . 1 .  

The l ower v a l l ey ar eas , s u c h  as t he Gr an d Va l l ey ,  are  protected by 
s u r r ou nd i n g  h ig her te r r a i n .  Th ey exper i en ce h ig her  sumrrer an d w i n ter 
temp er atur es t h an t he h ig her te r r ai n . A s p r i n g  f l ood pote n t i a l r es u l t s  
from t he me l t in g of t h e  snowp ack at  h ig h er e l eva t i on s . 

N atur a 1 vegetat i on i n  t he l owe r e 1 evat  i on s  c o n s  i sts  of  cot t onwood , 
w i l l ow ,  des er t shru b ,  an d gr as s .  Jun i per , s ag eb ru s h ,  p i n e , o ak ,  an d 
D ou g l as f i r ar e prom i n e n t  at e l eva t i o n s  of  5000 t o  8000 fe e t .  From 8000 
fe et to t he  t i mber l i n e , ve ge tat i on co n s i s t s  of as pen , s pru ce , s u b-a l p i n e  
f i r ,  l od gepo l e  p i n e , gr as s es , an d s h ru bs . Al p i n e  w i l l ow ,  gr as ses , an d 
s ed ges  ar e fou n d  above  t he t i mber l i n e . 

E 1 . 3 . 2 BEDROCK GE OL OGY 

The Gran d Junct i on r eg i o n  i s  in t h e  n o r t he as te r n  por t i on of t h e  
Co l or ad o P l ate au , a major te ct on i c  b l ock comp o s ed of  Pr ec ambr i an r ock 
ov er l a i n  by Pa l e ozo i c ,  Mes ozo i c ,  an d Ter t i ary s ed i me nt ary rock s . Th e 
P a l eozo i c sect i on i s  ab sent  i n  t he Gr an d Junct i on area due t o  up l i ft of  
t h e  Un comp ah g r e  Arc h  i n  M i d d l e Pen n syl v an i an t i rre , an d Mes ozo i c  un i t s 
r es t  d i r ect ly  on t h e  Pr ec ambr i an .  Th e t ot a l  t h ick nes s o f  the  Me sozo i c  
sect i o n  i n  t he Gr an d Jun ct i on area i s  abo ut  8000 fe e t  ( lo hman , 1965 ;  
Yee nd , 1969 ) . Th i ck Ter t i ary s ect i on s  l i e  to  t h e  nor t hwes t  an d n or th
eas t i n  t he  Ui n t a  an d P i c ean ce  Bas in s ,  an d bas a l t fl ows o f  P l i o cene age 
cap  Gran d Mes a .  Sed i me n t ary un i ts i n  t he Gran d Junct i on a rea d i p t o  t he 
nor t he as t at abou t  250 fe et per m i l e  ( C as h i on , 1 9 73) . 
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Tab l e  E 1 . 3 . 1  C l i m at ol og i c a l  data  for wes tern  Co l or ad o  

Me an Pr ec i pi t a t i o n 
Mo nt h temp . of  ( i n c hes ) 

S t a t i on :  Gr an d Junct i on Jan uar y 26 . 6  0 . 6 4  
E l eva t i on :  4843 Feb ruary 3 3 . 6  0 . 61 
Per i od : 1 9 75 March  41 . 2  O . 7�  

Ap r i l 51 . 7 0 . 79 
May 62 . 2 0 . 6 3  
J u ne 71 . 3  0. 55  
J u l y  78. 7 0 . 46 
August  75 . 4  1 . 05 
Sep tember 6 7. 2  0. 84 
Oct oo er 54. 9 0. 93 
November 3 9 . 8  0 . 6 1  
December 29 . 5  0 . 5 5  

An n u a  1 52. 7 8. 41 

Sta t i on : Ced a r ed ge J an uar y 27 . 5  0. 81 
E l e vat i o n : 61 80 Febru ary 32 . 3  0 . 7 7  
Per i od : 1 951 - 1 973  Marc h 38. 5 0 . 86 

Ap r i l 4 7 . 1  0 . 90 
May 5 7. 0  0 . 96 
June 65 . 6  0 . 81 
J u l y 71 . 9 0 . 89 
August  69 . 5  1 . 3 6 
Sep tember 61 . 6  1 . 20 
Oct oo er 50 . 9  1 . 40 
N ov ember 37 . 5  0. 94 
December 28 . 5  1 . 02 

An n ua  1 49 . 0  1 1 .  92 

S tat i on :  Cor te z Jan uar y 27 . 7 0 . 9 7  
E l e va t i on :  61 7 7  I="ebr u ary 32 . 4  0 . 7 3 
Per i od :  1 9 51 - 1 973  Marc h 38. 3 0 . 93 

Ap r i l 46 . 7 0 . 9 7  
May 56 . 2  0. 94 
June  65 . 2  0. 45 
J u l y  72 . 1 1 . 1 3 
August  69 . 8  1 . 66  
Sep tember 62 . 0  1 . 1 4  
Oct oo er 51 . 1  1 . 5 4  
November 38. 1 0 . 89 
December 28. 5 1 . 2 3  

An n u a l  4 9 . 0  1 2 . 58  
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Tab l e  E 1 . 3 . 1 C l i mat ol og i c a l  data  for we s te r n  Co l or ad o  ( Co n c l u ded ) 

Me an Pr ec i p i tat i o n  
Mont h temp . of ( i n c he s )  

S ta t i on :  Gu n n i so n Jan uary 10 . 3  0 . 9 9 
E l e vat i on :  7664 Febru ary 1 5 . 1  0 . 88 
Per i od :  1 951 - 1 973  Marc h 25 . 5  0 . 81 

Ap r i l 3 7 . 9 0 . 7 1  
May 4 7 . 6 0 . 61 
June 56 .0  0. 5 4  
J u ly 61 . 9 1 . 56 
Au gu s t  59 . 7  1 . 5 7  
Sep tember 51 . 9 1 . 1 1  
Oct oo er 42 . 2  0 . 90 
N ov ember 27 . 8  0 . 7 5  
December 1 3 . 8  0 . 9 7  

An n u a l  3 7 . 5 1 1 .  40 

Stat i on :  Te l l u r i d e  J an uary 21 . 9  1 . 3 7 
E l e vat i on : 8800 Feb ru ary 2 3 . 6  1 . 4 7  
Per i od :  1 9 51 - 1 9 73 March 27 . 8  1 . 62  

Apr i  1 36 . 7 1 . 95 
May 46 . 1  1 . 66  
June  54. 1 1 . 08 
J u ly 59 . 5  2 . 5 4 
Au gust  5 7. 7  2 . 85 
Sep tember 51 . 4  2 . 0 6 
Oct ooer 43 . 0  2 . 0 7  
November 30 . 7  1 . 46 
December 22 . 8 1 . 6 6  

An n u a l  3 9 . 6  2 1 .  79 

Ref . NOAA , 1 982 . 
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The m ajor structur a l  fe ature  o f  the r eg i o n  i s  t he Un comp ahgre  
Up l i ft ,  wh i c h  extends from the San Juan Mou n t a i n s  northwes tward i n t o  
Utah . The u p l i f t i s  a nor the as t-t i l ted  b l ock bo un ded o n  t he sout hwe s t  
an d on  t he nor theas tern  f l an k  near  Gr an d Jun ct i on by ab r u pt , l oca l l y  
f au l ted mono c l i n es  ( Lohm an ,  1 96 5 ;  C ater , 1966 , 1 9 70) . 

To t h e  nor th  of  t he Gr an d Junct i on ar ea , t he u p l i ft i s  f l an k ed by 
the  U i n t a  an d P i c ean ce Bas i n s wh i c h  cont a i n  Pa l eocene an d Eo cene s h a l e , 
s an ds t one , s i l ts t one , an d l i me s t one , r eac h in g  t h ick ne s se s  of abo ut  
1 0 , 000 fee t .  The s e  rock s  ar e p r i mar i ly  l ac u s tr i n e  i n  or i g i n  an d we r e  
for me d  from the er os i on o f  s u r rou n d i n g  u p l i ft s  o f  Laram id e  age .  
Permanent  fres h  water or ne ar f r es h  w ate r l ak e s  formed i n  t he r eg i o n  dur 
i n g  the E o cene . Dep os i t i on o f  s ed i me n t s  appar ent ly  ended at t he end  of  
E ocene t ime an d er os i on h as been  the dom i n an t  proce s s  s i n ce then w i th 
t he  excep t i on of  t he  extr u s i on of  bas a l t  f l ows d u r i n g  P l i o ce ne t i me  
( C as h i on ,  1 9 7 3 ) . 

The ex i s t i n g  t a i l i n g s  s i te i s  on t he  mod er n f l ood p l a i n  of  t he 
C o l or ad o R i ver on a l ow te r r ac e  ab out  f i v e  to  s i x  fe et  above  t he r i v er . 
Ge o l og i c  un i t s under l y i n g  t he s i te are f l ood p l a i n  depos i ts of  t he 
Co l or ad o R i ver , Man co s S h a l e  of  Cr etac e ou s  age ,  an d o l der  s ed i me nt ary 
un i t s .  The d i p o f  t h e  Man co s an d o l d er r ock s i s  t o  t he n orthe as t .  

E 1 . 3 . 3 SUR F IC IAL  GE OL OGY AN D GE OMOR PHOL OGY 

E 1 . 3 . 3 . 1  Reg i on a l  geomorph i c  h i s t ory 

A n umber of geo l og i s t s  h av e  i n ves t i g ated t he  d e ve l opme nt  
o f  dr ai n age pat ter n s ,  ter r ac es , sed i me nt s ,  an d g l ac i a l  
mor ai nes  i n  the  Gran d Va l l ey r e g i on . The fo l l ow i n g  d i sc u s s i o n 
i s  excerpte d  f r om ar t i c l es by Hunt  ( 1 956 ) , lo hman ( 1 965 , 
1 981 ) , Yeend  ( 1 969 ) , an d S i n no ck ( 1 981 a ,  b ) .  

Unt i l  perh aps P l i ocene t i me , the Gr an d Junct i o n area an d 
ad jac ent  parts  o f  the  Co l or ad o P l ate au we r e  un der go i n g  e r os i on 
by dr ai n age o f  the an ces tr a l  Co l or ad o  R i v er .  The cou r s e  o f  
the  Co l or ad o  R i ve r  m ay h av e  been  e s t ab l i s hed by t he end  o f  t he 
M i ocene . D i f fer ent i a l up l i ft of the Un comp ahgre  Arc h  was r e
newed  d ur i n g  the P l i ocene , cau s i n g  majo r ch an ge s  i n  t he d r a i n 
age p at tern s  of  t he Co l or ad o  an d Gunn i so n  R i ver s .  

Some d i s ag r eeme nt ex i s t s  be tween  var i ou s  i n v es t i g at or s  o n  
t he que s t i o n  of whe ther te ct on i c  ac t i v i ty es sent i a l l y s t op ped 
be fore or shor t l y  after t h e  end  o f  t he Ter t i ary , or h as cont i n 
ued up  t o  t he pres en t t i me .  The e vo l ut i on o f  t h e  modern  dr a i n 
age sys tems i s  a l s o  co ntr over s i a l .  For ex amp l e ,  l o hm an ( 1 965 , 
1 981 ) pres ented e v i dence t h at t he an ces tr a l  Co l or ad o an d 
Gun n i  son  R i vers  o nce f l owe d  t hrou gh  Un aweep  Can yon an d t h at 
t he pres ent pat tern  evo l ve d  f r om su cces s i v e  s t ag es of str eam 
p i racy by tr i b u t ary streams cut t i n g  Man co s S h a l e  n orth  an d 
we s t  of t he Un comp ah g r e  Arc h .  The more r a p i d  r ate o f  s tr eam 
down c u t t i n g  i n  t he Man co s t h an  i n  t he P rec ambr i an  gr an i t i c ter
r a i n  of  the  Un comp ah g r e  U p l  i ft  was  t he d e term i n  in g 
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f ac t or . S i n nock ( 1 981 b ) , on  t he  o t her h an d ,  be l i e ves t h at 
Un awe ep C an yon was forme r l y  occu p i ed by t he Gu n n i  son a l one , 
an d t h at t he Co l or ad o R i ver h as been i n  es s en t i a l l y t h e  s ame 
pos i t i on r e l a t i v e  t o  t he Un corrp ah g r e  Up l  i f t  s in ce t h e  M i o ce ne . 
He at tr i b ute s  t he d i ve r s i on of t he Gu n n i son away fr om Un aweep  
C anyon t o  s u c ce s s i v e  s t ages  of  u p l i ft of t h e  Unc omp ah gre  Arc h .  

The deve l opme nt o f  the  pres ent  l an dforms o f  t h e r i v er va l 
l eys wa s s tr ong l y  i n f l u e nced by P l e i s t ocene g l ac i at i on s .  
S i n n ock ( 1 981 a )  i d e nt i f i ed  four  s e ts o f  g l ac i a l mora i n es of  
B u l l L ak e  ( ? )  an d P i neda l e  ( ? )  ag e i n  t he R i d gw ay ar ea . He 
cor r el ated t hes e w i t h  gl ac i a l e p i sod es in t he San Juan 
Mou nt ai n s  t o  t he sout h .  Ev i d e n ce for  s u c ces s i v e  per i od s  of  
P l e i s t ocene g l ac i at i on w as al s o  r eco gn i ze d  on Gr an d Mes a an d 
B at t l eme nt  Mes a by Yeend ( 1 969) . Th e g l ac i a l s t ages  c an be 
cor r el ated wi th  a l l u v i  a l  ter r ac es al ong  t he Un comp ahg r e ,  
Gun n i so n ,  an d Co l or ad o  R i ve r s . Epi sod es o f  s i g n i f i c an t ero
s i on an d i n c i s i on of  the  r i v ers  occur red dur i n g  m ajo r 
r ead van ces of t he i c e . Dur i n g  i n ter gl ac i a l per i od s ,  a ge ner al  
e q u i l i b r i u m ex i st s . Hen ce , i t  appears t h at the l e ve l  of  t h e  
C o l or ad o R i ver ne ar  Gr an d Ju n ct i on may h av e  been f ai r l y  con
s t an t  s i n ce t h e  e nd  o f  t he P l e i s t ocene . 

Pot as s i um-argon  dat i n g  of t he bas a l t  fl ows c ap p i n g  Gr an d 
Mes a ,  abo ut  5000 fe e t  above  t h e  Co l or ad o  R i v er , g i v es a 
P l i o ce ne ag e of  9 . 7  p l u s  or m in us 0 . 485 m i l l i o n  years ( Yeen d ,  
1 969 ) . As s um i n g t h at t he bas a l t  former l y cover ed t h e  ar ea n ow 
occup i ed by t he  r i v er ,  an aver age r ate of down cut t i n g  by t he 
C o l or ad o  R i v er o f  s i x i n ches per t hou s an d  years i s  obt a i n e d . 
Th i s  aver age  r ate i n c l udes  down cut t i n g  dur i n g  bot h g l ac i a l an d 
i n ter gl ac i al s t ages , an d t he greater part  of t he down cut t i n g  
prob ab l y occu r r ed d ur i n g  t he g l ac i al i n ter va l s . Ther e i s  s ome 
un cer t a i n ty r e l ated t o  t he p r es ent  r ate o f  u p l  i ft of  t he 
Un comp ah g r e  Arc h ,  wh i c h  may a l s o  affect  r ates of  down cut t in g  
or cau s e  ag gr ad at i o n .  Howe ver , i t  i s  r easonab l e  t o  as sume 
t h at t h i s  v a l u e w i l l  no t be great ly  exc eeded i n  t he Gr an d 
Junct i on area dur i n g  t he des i g n  l i fe o f  t h e  propo s ed f ac i l i ty .  

E 1 . 3 . 3 . 2  S ur f i c i a l ge o l ogy of the  Gr an d V a l l ey ar e a  

A s urf i c i al ge ol og i c  map o f  t he Gr an d V a l l ey area was pre
pared by Wh i t ney ( 1 981 ) . A por t i on of  t h at map i s  pres ented 
as F i g ur e  E 1 . 3 . 2 .  Surf i c i a l  depos i ts i n  t h e r e g i on  r an ge from 
Late P l i ocene t o  Ho l ocene i n  ag e .  

G l ac i a l t i l l s of  Bu l l  L ak e  ( ? )  an d P i n eda l e  ( ? )  ag e ( L a te 
P l e i s t ocene ) cover t he s urf ac e  o f  Gr an d Mes a ( Yeend , 1 969) . 
Thes e are composed o f  un sor ted  mater i a l  r an g i n g  fr om c l  ay t o  
bou l d ers  depos i ted  by at l e as t fou r ep i sod es o f  P l e i s t ocene 
g l ac i at i on .  The t h i ck nes ses  of  t h es e  m ate r i al s  r an ge f r om 
about  f i v e  fe et  t o  75 fee t .  
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F i g ur e  E 1 . 3 . 2  Surf i c i al m ap o f  Gr an d Junct i on area 
( Co n c l uded ) 

L E  GE ND  

Al l u v i um ( Ho l ocene ) .  C l ay ,  s i l t , s an d ,  an d g r av e l  depo s 
i ts under l y i n g  mod ern  f l ood p l a i n s . 

loc a l ly  depos i ted s an d  an d s i l t  ( Ho l oce ne t o  Late  
P l e i s t ocene ) . Lo ca l l y  der i v ed an d r ewor ked by eo l i an  
an d f l u v i  al p roces s e s .  

Rewor ked gr ave l ( Ho l o ce ne t o  L ate P l e i stocene ) .  

You n g  gr ave l ( L ate P l e i s t ocene ) .  Ter r ac e  gr av e l s  of 
P i n  e d a l e  ( ? )  an d Bu l l  l ak e ( ? )  ag e • 

Ol der  gr av e l  ( M i d d l e  t o  Ear l y  P l e i s t ocene ) . Ter r ac es 
an d te rrac e  r emn an t s  of p re- Bu l l Lak e age . 

Ped i ment  depos i t s ( Ho l o cene t o  P l e i stocene ) .  

Co l l u v i a l depos i t s on ped i me nt s  ( P l e i s t ocene t o  L a te 
P l i o cene ) . 

We at her ed s h a l e  ( Ho l ocene t o  late P l e i s t ocene ) . 
Res i d u a l  so i l  formed  o n  M an co s  S h a l e .  

L an ds l id e  depos i t s ( Ho l oce ne an d P l e i s t ocene ) .  

Ti l l  of P i n ed a l e  ( ? )  age ( L ate P l e i s t ocene ) .  

Ti l l  of Bu l l  Lak e  ( ? )  age ( L ate P l e i s t ocene ) .  
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E xten s i v e  l an d s l i d e  depos i t s of P l e i s t ocene an d Ho l ocene  
age occ ur  on  the  f l an k s  of  Gr an d an d Bat t l eme nt  Mes as an d i n  
t he area wes t  of De Beque . Thes e depos i t s are the r es u l t of  
s l ump i n g , rock an d deb r i s  f a l l s , rock s l i d es , an d s o l i f l u ct i o n 
mov eme n t s .  Thes e moveme nt s  occu r r ed t hrou ghout t he P l e i s t o
cene an d are cont i n u i n g  t od ay. 

Res i d u a l  dep os i ts (we ather ed s h a l e )  of Late P l e i s t ocene 
t o  Ho l ocene age , d e ve l oped from i n -p l ac e  we ather i n g  of  t h e  
M an co s S h a l e ,  f l oor mu c h  o f  the Gran d Va l l ey .  The t h i c k nes s 
of the cl ayey r es id u um gener al ly r an ge s  fr om one t o  s i x  fe e t .  
Th i s  mater i al under l i e s  mu c h  of  t he town of  Gran d  Junct i o n .  

S u rfaces  ad j ac ent t o  Gr an d  an d Bat t l eme nt Mes as ar e man 
t 1 ed by depos  i t s of Late P l  i ocene to  P 1 e i  st ocene ag e .  Thes e 
ar e co arse  depos i t s  of po or ly  sorted  peb bl es , cob b l es ,  an d 
bou l d ers , commo n l y  15  t o  30 fe et  t h ick . The gr av e l  i s  com
posed l arge ly  of bas a l t .  Thes e depos i ts are ma i n l y  fo rme d by 
co l l u v i a l p roces ses an d deb r i s  f l ows as so c i ated w i th  
P l e i s t ocene g l ac i at i on .  Ped i me n t  depos i t s  t h at are  d i s t i n c t 
fr om t hose  desc r ib ed ab ove  are th  in , d i scont  in  uou s  d ep os i t s  of  
c l ayey s i l t , s an d ,  an d gr av e l , wh i c h  resu l te d from l oca l f l ood 
in g an d s l ope  was h .  They r an ge i n  age from P l e i s t oce ne t o  
Ho l ocene  an d are mo s t  common i n  areas un der l a i n  by M an co s  
S h a l e .  The s e  s u r f ac es ar e freque nt ly  man t l ed by a t h in ( t h r ee 
t o  s i x  fe e t )  cov er of  eol i an  s i l t  an d f in e  s an d  an d m ay be  
s trong ly  ceme nted by  ca l i c he .  Ca l i c he c ru s t s on gr av e l  an d 
bou l d e r s  ar e commo n .  

Ter r ac e  remn an t s  occu r  a t  va r i ou s  e l evat i o n s  ab ove  t he 
Co l or ad o  an d G u n n i son R i ver s  an d P l ate au Cr eek . They are  un 
der l a i n  by gr ave l s  wh i c h  r an ge i n  ag e from Ear l y  t o  Late 
P l e i st ocene . The o l d es t gr ave l s  ar e from 30 t o  450 rre te r s  
above  mod er n s tr eam l e ve l s ,  an d m ay b e  of p re- Bu l l Lak e age . 
The s u rf ac es of  thes e depos i ts ar e often  cover ed by e o l  i an or 
a l l u v i a l s an d  up to  1 5  fe e t  t h ic k , an d t hey may cont a i n  c a l i 
c h e  depos i t s  as mu c h  as four  fe et  t h ic k . The t h i c k nes s of 
t hese  gr ave l s  r an ges  from s i x to  45 fee t .  Ter r ac e  r emn an t s  o f  
sma l l ar ea l extent  ex i st about  300 fe e t  ab ove  t he Co l or ad o  
R i ver  i n  the  Red l an ds an d Orc h ar d  Mes a ar eas sou t h of Gr an d 
Jun ct i on ( H ar t ,  1 9 76 ;  Wh i t ney , 1 981 ) . 

You n ge r  te r r ac es cor re l ated w i t h P i neda l e  ( ? )  an d 8u l l  
Lak e  ( ? )  g l ac i at i o n s  ( Yeend , 1 969 ;  Wh i t ney , 1 981 ; S i n n o ck .  
1 981 a )  ge ner a l ly  occur  be tween  1 5  an d 65 fe e t  abo v e  t h e moder n  
ch an ne l s .  Gr av e l s  under ly i n g  t hes e ter r ac es r an ge from 1 0  t o  
4 5  fee t i n  t h i c k nes s .  Gr av e l s  of  t h i s  age a re  wi d e l y d i s tr ib 
uted i n  t he Red l an ds an d Orc h ar d  Mes a ar eas . They m ay be  ove  
l a i n  by a s  much  a s  10 to  1 5  fe e t  of  a l l u v i al or eo l i an s an d .  

The mod ern fl ood p l a i n s  ar e un der l a i n  by un co n s o l i d a te d  
c l ay , s i l t , s an d ,  an d gr av e l  depos i ts .  Thes e may r eac h t h ick 
nes ses  of 20 fe et  or mor e  a l ong  t he Co l orad o  R i v er . 
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E 1 . 4  GE OMORPH IC E VALUAT I ON OF GRAN D JUNCT ION  S I TE 

E 1 . 4 . 1  GE OL OG ICAL  DESCR I PT I ON 

The s i te i s  on a you n g  a l l u v i a l  te r r ac e  a fe w fe et  above  t he p r es -
ent  l e ve l of  the  Co l or ad o  R i ver . Bed r ock  be neath  t he s i te co n s i s t s  of  
t he Cretac eou s Man co s S h a l e , Dak ot a  S an d s t one , an d Bur ro C an yon 
Format i on ,  wh i c h  d i p to t he nor t he a s t  under t h e  s i te at a g r ad i en t  of 
about  250 fe e t  per m i l e  ( C as h i o n , 1 9 73) . 

The s u r f i c i a l  mater i al s un der l y i n g  t h i s ter r ac e  occur  at  s e ver a l  l o
c a t i o n s  a l on g t he f l ood pl a i n  i n  gr av e l  p i ts ,  ban k s ,  bars , an d i s l an d s .  
They are  s i m i l ar t o  mod er n f l ood p l a i n  m ater i a l s , an d cons i st o f  un co n so l 
i d ated c l ay ,  s i l t , s an d ,  an d gr ave l .  A ge ner al i zed  prof i l e  cons i s ts o f  
two t o  s i x  fee t  o f  c l ay ,  s i l t , an d f i n e  s an d  over l y i n g  coarse  s an d  an d 
gr av e l  w i th n ume r ou s  we l l - rou nded cob bl es an d bo u l d er s .  Th ick nes s of 
t he gr ave l s  may r an ge from abo u t  f i ve  to 15 fe e t .  Exp l or atory bor in g s  
ad van ced for t h i s  s t udy ( DOE , 1 983a ) r epor ted  t h at t he t a i l i n g s  p i l es 
ar e under l ai n  by zer o  to  f i v e  fe et  of s an dy s i l t un der l a i n  by f iv e  t o  
f i ftee n fe e t  o f  s an dy gr ave l ,  cob bl es , an d occas i o na l bou l d e r s .  Th i s  
al l u v i a l te r r ac e  i s  apparent l y  o f  Late Ho l o cene age . So i l  pr of i l es o f  
ter r ac es wh i c h  ap par ent l y  cor r es pond t o  t he ter r ac e  un der ly i n  g t he s i te 
exh i b i t  a ver y  we ak l y  de ve l oped so i l  pro f i l e  co n s i s te n t  wi t h  very r ecent 
depos i t i o n , prob ab l y  l es s  t h an 1000 ye ars . The growth of vege ta t i o n  on 
t he te r r aces  an d i s l an d s  at the s ame e l evat i on i s  co n s i stent  wi t h  an age 
at l e as t o l der  t h an 50 to 100 ye ars . The ter r ac e  un der ly i n g  t he s i te i s  
prob ab l y 100 t o  1000 ye ars o l d . 

E 1 . 4 . 2  GE OMORP HOL OGY OF S I TE AREA 

A s ke tch map ( F i g ur e  E 1 . 4 . 1 ) s howi n g  t he e x i st i n g ch an ne l s  of t h e  
Co l or ad o an d Gu n n i so n R i ve r s  an d e v i dence for r ec ent  ch an ne l  s h if t s  w as 
p r epared from topo gr aph ic  maps . I n  t he s i te area ,  t h e  r i v er f l ows al ong 
t he sou t h  ban k  ag a i n s t  s teep b l uffs  cut  i n t o  t he Man cos S h a l e .  On the 
nor t h  ban k , t he r i ver i s  bou nded by s l i p-off s l opes cut  i n t o  t he Man co s . 

The c h an ne l  mo rpho l ogy i s  f ai r l y  s tr a i g ht t o  i s l an d  br a i d ed over 
abou t  a t h r ee-m i l e  reac h  exte nd i n g  from t he j u nct i o n  of  the Co l or ad o  an d 
Gun n i son  R i vers  to  a po i n t  abo u t  one m i l e  ups tr eam of t he s i te .  
E l s ewher e i t  d i s pl ays a me an der i n g  patte r n .  The ch an ge i n  c h an ne l  
mor p ho l ogy near  t h e  s i te does not appear to  r es u l t fr om an y s i g n i f i c an t  
c h ange  i n  ch an ne l  gr ad i en t s .  Gr ad i en t s  ar e f ai r l y  un i f orm ,  r an g i n g  fr om 
s i x  to  e i g ht fe et  per m i l e  i n  t he Gr an d Junct i o n area .  The i mp ac t  o f  h u 
m an ac t i v i t i es ,  s u c h  as d i k i n g  an d f i l l i n g  a l ong  t he ban k ,  may be one  
caus e .  Bac k water effec ts fr om the  Gu n n i  son R i ver may be t he cau s e  of  
t he i s l an d  br a i d ed p atte r n  e v i d ent  near  t he conf l ue n ce o f  t he two 
r i ve r s . 

The f ai r l y  s tr a i g ht  ch an ne l  morpho l ogy di r ec t l y  oppos i te the s i te 
i s  ch ar acter i st i c  of a r e l a t i v e l y s t ab l e  c h an ne l .  A comp ar i so n of  t he 
1882 Gener a l  Lan d  Off i ce  Sur vey map  an d 1 980 aer i a l phot ogr aph s  ( DOE , 
1 983 b )  i n d i c ates t h at t he r i v er h as been very s t ab l e  at t h i s l o ca t i o n  
an d appar ent ly  t her e h as been n o  major s h  ift i n  t he po s i t  i on  of  t h e  
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ch an ne l  for the  past  1 00  years . Howe ver , t h e  me an d er i n g  p at te r n s  d i s 
p l ayed bot h  ups tr eam an d down s tr eam o f  t he s i te ar e ch arac ter i s t i c  o f  
l es s  s t ab l e  r i v er s .  A c l as s i f i c at i on of c h an ne l  types  b y  Sc humm an d 
Chor l ey ( 1 983 ) i n d i c ates t h at t he me an der i n g  ch an ne l  morph o l ogy i s  ch ar 
ac ter i st i c of l ow s t ab i l i ty .  Ch an ne l s  of t h i s  type h av e  a te ndency for  
me an der  s h ift , chute  cutoff ,  t h a l v.e g s h i f t , an d av u l s i o n .  The r e  i s  e v 
i d e nc e  t h at s i g n i f i c an t  sh ifts  h ave r ecent l y  occur r ed i n  t he r eac h u p 
s tr eam o f  t h e  s i te ( F i g ur e  E 1 . 4 . 1 ) . Ch an ges  i n  ch an ne l s  an d i s l an d s 
t h at occu r r ed be tween  19 62 an d 1 9 7 3  as r ecor ded by USG S aer i a l t opogr aph 
i c  s u r veys ar e on  t he  rev i s ed 1 9 73 C l i ft on 7 . 5  m in ute quad r an g l e . 
Cut off rre an d er l oops , ab an doned  c h an ne l s , an d oxbow l ak es are e v i d en t  on  
t opogr aph i c  maps  an d aer i a l phot ogr aph s .  S i m i l a r  fe atur es are e v i d en t  
i n  t h e  r eac h sou t h  of the co nf l uence  of  t he Co l or ad o  an d Gun n i son  
R i ver s . Su c h  fe atu r es are  not  e v i d ent  i n  t he i mrre d i  ate s i te a rea .  
Howe ver , the  mu c h  gr eate r  den s i ty o f  constr uct i on ,  p l ac eme nt o f  t h e  t a i  l 
i n g s  p i  l es , an d ot her human ac t i v i t i es i n  t h i s  area may h av e  ob l i te r a te d  
n a t  u r a 1 c o n  t ou r s • 

E 1 . 4 . 2 . 1  E v i dence  for eros i on of s i te area by the  Co l or ado R i ve r  

A s i n g l e me an der l oop w i th l ow cu r vatu r e  f l ows ag a i n s t  
t he sou t heast  corner o f  the  s i te ( F i g ur e  E 1 . 4 . 1 ) .  Th i s  l oop 
i s  d i r ec t i n g  t he f l ow of the r i v er t oward  t he s i te area an d i s  
c au s i n g  sorre underc ut t in g  of t he ban k  at t he p res ent  t i rre . 
The gr ave l bar  near  the  s i te i s  al s o  apparent l y  be i n g  e r od ed .  
At the pres ent  t i me ,  t he t a i l i n g s  p i l e  i s  p rote cted by a 30-
foot berm cOfll) o sed of concrete b l ock s an d ot her debr i s . Th i s  
mater i a l was p l ac ed on  t he  a l l u v i a l  terrac e  mate r i a l s  an d 
cou l d  be underc ut by er os i on of the  te r r ac e . A na rrow w i d t h  
o f  the o r i g i n a l  r i verban k  ran g i n g  from ze r o  t o  1 5  o r  2 0  fe e t  
p res ent  l y  s ep arate s  t he base  of t he berm from t he r i v er . T h  i s  
b an k  s hows e v i dence  of  recent  eros i on ,  s u c h  as t he d e ve l opme n t  
o f  tr an s ver s e  crac k s n e a r  t h e  wate r ' s  ed ge an d s l u mp in g of t h e 
ban k . Remov a l  of  the  r emai n i n g  w i d t h  of r i verbank  w i l l  r esu l t  
i n  er os i o na l underc ut t in g  of  t he berm an d t a i l i n g s p i l e .  

M i n i n g  o f  gr ave l i s  occurr i n g  at t he pres ent  t i rre  i n  a 
l ar ge  area of t he nor t h  ban k ,  eas t of t he s i te .  Thes e oper
at i o n s  cou l d  i n crease the po s s i b i l i ty of av u l s i on or  me an der  
sh ift  i mrred i ate ly  ups tream of t he s i te .  The t a i l i n g s  p i l e  i s  
bo u n ded on the  eas t  by an exte n s i on of t he  l ow te r r ac e  upon  
wh i c h  t he s i te s i t s .  Th i s  s u rf ac e  wi l l  not  offer an y s i g n i f 
i c an t  eros i o n  p rotect i o n  t o  t he s i te area .  

Aer i a l phot ogr aph s ob t a i n ed for t h i s  s tu dy from N i c ho l s  
E n g i neer i n g  As soc i ates o f  Gran d Junct i o n  we r e  t ak e n  d u r i n g  
fl ood i n g  o f  t he  Co l orad o  R i ver  i n  June o f  1 983 an d 1 984. 
The s e  phot ogr aph s show t h at an area of  t h e  nor t h  ban k from t wo 
t o  2 . 5  mi l es ups tr eam of t he s i te was fl ood ed bot h ye ars . 
They al so  c l ear l y  show f l ood f l ows d i rec ted  ag a i n s t  t he ban k  
un der ne ath the  sou t heast  cor ner o f  t he s i te .  

Tai  1 i n g s  are p r es ent ly  be i n g  d ump ed i n  an area at t h e  
e a s tern  end of  t h e  s i te wh i c h  i s  s ep arated from t he o l d er 
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ta i l i n g s  p i l e  by a 30- t o  40-fo ot - deep dra i n age  d i t ch t h at i s  
not  armor ed ag a i n s t er os i o n .  F l ash  f l ood i n g  i n  t he area 
dr ai n e d  by t h i s  d i t ch cou l d  c au s e  eros i on of t he s i te area .  

The new ta i  1 i n g s  ar ea i s  s et bac k fu r ther from t he r i v er 
( 50 t o  60 fee t )  an d protec ted by a 1 5- t o  20-fo ot berm . The 
e a s t  end of  t he new p i l e  i s  bo u n ded by a 20-foot - deep d i t c h . 
A l ow gr ave l  berm extends s ome d i s t an ce to  t he e as t  al ong t h e 
b an k . Th i s ar ea i s  not we 1 1  protected from ban k  er os i on or 
ov erban k  f l ood i n g  a t  t he pres en t  t i me . 

I t  i s  apparent fr om t h e  above  d i sc u s s i on t h at t he po ten 
t i a l for er os i on of  the Gr an d Junct i o n s i te by the  Co l or ad o 
R i ver i s  s i g n i f i c an t  dur i n g  t he next 1 000 years . The pr i n c i 
pa l t h reat  occurs  at the  sou t he as t  corner o f  t he s i te where  
eros i o n  i s  occu r r i n g at t he pres en t  t i rrE . Co n st an t  mai n te n 
an ce  an d rep a i r of  t he  e x i st i n g berm ar e neces s ary t o  p rotect  
the  t a i l i n g s  p i l e  from undercu t t i n g  an d er os i o n dur i n g  norm a l  
f l ows , an d may n o t  b e  suff ic i ent t o  contro l  er os i on dur i n g  fu 
tu r e  f l ood s .  Avu l s i on s  or m ajo r ch an ne l  m i g r at i on i n  t he ar ea 
ups tr eam o f  the s i te cou l d  a l s o  i n creas e t he  eros i on pote n t i al  
at t he s i te by d i r ect i n g  t he r i v er ag a i n s t  t he e as t  bou n d ary. 

E l . 4 . 2 . 2  F l ood  poten t i a l  

F l ood f l ows fo r t he Gr an d Junct i on ar ea have  been  c a l c u 
l ated by t h e  U . S .  Army Cor ps  of  E n g i n e er s  ( COE , 1 9 76 ) an d a s  a 
part  of the UMTRA Projec t s t udy ( DOE , 1 984b ) . Thes e s tu d i es  
i n d i c ate th at a major port i on of t he area s u r rou n d i n g  t he s i te 
w i l l  be i n un d ated d ur i n g  t he 1 00-year f l ood . Sheet  f l ows i n  
ov er b an k  ar eas wou l d  h av e  ve l oc i t i es r an g i n g from o ne t o  t hr ee 
or four f ps , an d c h an ne l  f l ows wou l d  r an ge from s even to  n i n e  
fps . leve l s  of  the  50 0-ye ar f l ood wou l d  i n undate t he bas e o f  
t he p i l e .  The p i l e  wou l d  b e  comp l ete l y  i n und a ted an d su bje c t  
t o  ch an ne l  f l ows o n  a l l s i d es d ur i n g  a Prob ab l e  Max i mum  F l ood 
( PM F )  event . 

Thes e res u l ts in d i c ate t h at sever e er os i on ( as so c i ated 
w i t h  100- an d 500-year f l ood l e ve l s ) may affect t he ban k s  of  
t he r i ver  an d t he te r r ac e  depos i t s u n der l y i n g  t he p i  l e  d ur i n g  
t he 10 00-year des i g n  l i fe . 

E r os i on wh i c h  i s  pres en t ly  occu r r in g at t he sout he as t cor
ner  o f  t he  p i  le  wou l d  be  ac ce l er ated dur i n g  majo r f l ood f l ows . 
The area t o  t h e  ea st  of the s i te i s  un protected , exc ept  by 
the  f l ood p l ai n .  Ther e i s  s i g n i f i c an t  e v i d en ce t h at c h an ne l  
s h ifts  h ave recent ly  occu r r ed i n  t h i s  ar ea , as d i s c u s s ed 
abo ve . H i g h  c h an ne l  an d over b an k  f l ows c ou l d  r e su l t i n  s i g n i f 
i c an t  er os i on of  the s u rf ic i a l mater i a l s  i n  t h i s  ar ea an d re
su l t  in  nor t hward ch an ne l  s h if t s .  Th i s  wou l d  red i r ec t  t he 
f l ow o f  t he r i ver ag a i n s t t h e  e a s t  bo un dary of  t he p i l e .  
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E 1 . 4 . 2 . 3  Eros i on by other proces ses  

The  s u rfac e  o f  t he t a i l i n g s p i l e  i s  gen t l y ro l l i n g  an d 
r e l a t i v e l y  smoot h .  Por t i on s  o f  t h e  s u r f ac e  are  v e ge tated  w i t h  
gr as s es an d s h ru bs ;  howe ver , l arge bare  s pot s  a r e  commo n an d 
may be  s u bje c t  to  er os i on by w i n d  an d r a i n .  E l e va t i o n r e l i ef 
of ab out  20 fe et  occurs  ac ross  t he s i te s u r f ac e .  

The  mos t  s i g n i f i c an t  on - s i te eros i on a l  fe atu r e  i s  a l arge 
s i n k ho 1 e ,  abo u t  25 fee t  wi de by 35 fe e t  l ong  an d four to f iv e  
fe e t  deep , wh i c h  h as e v i d ent ly  deve l oped w i t h i n  t he l as t  fe w 
years near  t h e  nor th  ed ge of t he p i l e . The s i n k ho l e  occu r s  
ne ar t h e  s i te of two forme r  s ett l in g  ponds  s h own o n  t he 1 962 
t opogr aph ic map.  

The cau s e  of th  is  fe a tu r e  i s  ap parent l y  not  k n own ; howe v 
er , an under grou nd  c av i ty may e x i s t  d ue to  prev i ou s  c o n stru c 
t i o n .  Me t a l  t an k s  o r  mac h in ery fr om t he fo rme r m i l l  may h av e  
been b u r i ed at  t h e  s i te o f  t he forme r s e tt l in g ponds  d ur i n g  
c o n str u c t i o n  or gr ad i n g  of t h e  p i  l e  ( R u s h ,  1 9 84) . The s i n k 
ho l e s h owed e v i dence o f  recent  expan s i o n  dur i n g  on-s i te r ec o n 
n a i s s ance  i n  Oct oo er an d Nov ember o f  1984 .  Fr e s h  gr as s on 
hummocky p i l es l y i n g  w i th i n t h e  s i n k ho l e  appeared to h av e  f a l l 
en  i n  very r ecent l y .  Se ver a l  sm a l l er s i n k s ,  w i t h  d i  arre ter s  of  
t h r ee to  f i ve  fe et  an d t h r ee fe e t  or  more i n  dep t h , o c cur  w i t h
i n  50 fee t  to  t he e a s t  of t h e l ar ger  fe atu r e . Ra i n w ater ap
pears to  d rai n i n t o  a cav i ty at t he bot tom of  the ho l e ,  
prob ab ly  i n t o ter r ac e  m ate r i  a l s  be neat h t h e  ta i  l i n g s .  Th e p ro
c e s s  of  co l l aps e of t h i s  fe atur e ,  an d er os i on by w ater d r a i n 
i n g  i n t o  i t ,  w i l l  r es u l t  i n  s er i ou s  er os i on of t he p i l e  un t i l  
cor r ec t  i v e  me as ures ar e t ak e n .  

Gu l l yi n g  i s  occur r i n g  a l ong t h e  ac ces s road a t  t he n o rth
we s t  corner of t he s i te an d at  sever a l  s pot s al ong t he n o rth
er n per ime te r .  Dep th s of t he s e  g u l l i e s  r an ge from s i x i n c hes  
to  two t o  t hree fe e t .  N umerou s  r i  l l s an d g u l l ies  ar e p res ent 
al ong t he sout hwe s t  edge of t he p i l e .  

Bur rowi n g by p r ai ri e do g co l on i es i s  w i d es p read , e s p ec i a l 
l y  ne ar the  nor t hwes t cor ner of t h e s i te . Th i s  c au s es d i s ru p
t i o n  an d d i s per s i o n  of t he cl ay cap  an d contr i b utes  t o  eros i on 
of t he ar ea . Wi n d  g us t s  wer e  ob s er ved d i s per s in g  mater i a l s  
br ou ght  to  t he s u r f ac e  i n  b u rrows d ur i n g  t h e  on-s i te i n v es t i 
g at i on .  

L arge - sc a l e  s l ump fe atures ar e p res ent at po in t s  al ong 
the s teep b l uffs  on t he sou t h  s i d e  of  t he r i v er . A l arge 
s l ump ar ea l i es d i rect ly  ac ro s s  t he r i ver from t he s i te .  
S l ump i n g of l a rge vo l ume s  of mate r i a l i n t o  t h e r i v er cou l d  be 
a h azard  to t he s i te as i t  may r es u l t i n  r ed i rect in g f l ows t o
ward t he nor t h .  

Fro s t  heave an d so l i f l u ct i on ar e proces ses wh i c h  pose  a 
h azard to t he l on g -term performan ce of any s tr u ctu r e  c o n s tr u ct
ed to  i so l ate the t a i l i n g s  at  t he s i te .  C l i m at i c  cond i t i o ns  
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at t he s i te f avor t he occurrence  of  t hese  p roces s es i n  w i n ter . 
Fro s t  heave  i s  the  ver t i  ca  1 d i  s pl ac ement  of matter  i n  
r es po n s e  to fr eez i n g .  Th e proce s s  r eq u i r es t h at ad equ ate 
mo i s tu re be p r esent  to form i c e  l en s es w i th i n  a f in e - gr a i n ed 
so i l .  Growth of the  i ce l en s es c au s es upward exp an s i on ,  d i s 
p l ac i n g  the  s u r f ac e .  I n  t h e  ta i l i n g s  imp oundme nt , i ce  l en s es 
cou l d  form i n  t he up per part  of t he  r ad o n  atten uat i o n  l ayer . 
Th i s  p roces s c an be m i t i g a ted by u s i n g  a r ad o n  atten ua t i o n  l ay
er t hat  i s  suff ic i ent l y  imp erme ab l e  to p revent s i g n i f i c an t wa
ter pene tr at i on an d an ag gregate cover t h at i s  suff ic i en t l y  
por ou s to  res tr i c t  water bu i ld up over t he cl ay. So l i f l u ct i o n  
i s  t he s l ow f l owag e of  s atur ated so i l s abo v e  fr oze n su bso i l s .  
The s aturat i o n  p r er eq u i s i te for t h i s  proce s s  can a l s o  be m i t
i g ated by u s i n g  perme ab l e  ag gr egate an d i mp erme ab l e  r ad o n  at
te n u at i o n  mater i a l s . 

The aver age w i n d  s p eed of about  e i g ht mp h ( N OAA , 1 982) i n  
t he Gr an d J u nct i on ar ea wou l d  n o t  p o s e  a hazard  to t he s i te ;  
ho we ver , g us t i n g  w i n ds at s peed s of 45 t o  70 mp h o ccur t hrou gh
out  t he year .  Pro per s e l ec t i on of ag gr egate cover t o  m i t i g ate 
g u l ly i n g  an d so l i f l u ct i on h aza rds w i l l  a l s o  m i t i g ate t h i s  
prob l em .  
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ATTAC HME NT E2  

GE OMOR PH I C  E VALUATION 

CHENEY  RES ERVO IR  AL TERNATE S I TE FOR D I S PO SAL OF 
GRAN D JUNCT ION  URAN I UM M I L L  TA I L I N G S  

URAN I U M  M I LL  TA I L I N G S  REME D I AL ACT ION  PROJECT 

AU GUST , 1 985 





PRE FACE 

The Uran i um M i l l  Tai l i n g s Rad i at i on Co ntr ol Act of 1 9 78,  Pu b l i c  L aw 95-60 4 ,  
42 USC 790 1 ,  aut hor i ze s  t he U . S .  Dep artme n t  o f  Ener gy ( DOE ) t o  under t ak e  r emed i 
al ac t i on s  at 24 DOE -des i g n ated pr oces s i n g  s i tes . The Ur an i u m M i l l  Ta i l i n g s  
Reme d i a l  Act i o n  ( UMTRA ) Project  Off ice  o f  the DOE i s sued  a P l an for 
Imp l emen t i n g  E PA S t an d ards  for UMTRA S i tes  i n  Jan uary , 1 984 . In t h i s  r ep or t ,  
un der a sect i on o n  l on g -term stab i l i ty ,  t he DOE s t ated t h at a des i g n ob je c t i v e  
o f  1000 ye ars was e s t ab l i s hed  t o  be s at i sf i ed whene ver r easonab l y  ac h i evab l e ,  
b u t  i n  an y ca se  w i th a m i n i mum performan ce per i od of  200 ye ars . 

For t h e  s u bject  p roces s in g  s i te ,  a r emed i a l ac t i on p l an i s  be i n g d e v e l oped 
to en su r e  the l on g -term s t ab i l i ty of t he propo s ed rec l am at i on .  Th i s  ge omor p h i c  
eva l u at i on  repor t  rep res en t s  a por t i o n  of the s i te ch ar ac ter i z at i o n  effor ts  be 
i n g comp l eted . The major objec t i ve of t h i s  ev a l u at i on i s  t o  fu l l y r ec o g n i ze 
wh i c h  ge omor p h ic proces ses may cau s e  l on g -term ch an ges at t he ex i st in g  d i s po s a l  
s i te or at a l te r n ate d i s po s a l  ar eas . Th i s  r epor t i s  prov i d ed a s  a r efer ence d o c
u rn: n t  for u s e  dur i n g  the s i te s e l ect i on proces s an d /o r  des i g n  deve l opme n t  of  t h e 
r emed i a l ac t i on p l an .  

Th i s  r ep or t was prep ar ed by t he  Phoe n i x  off i ce  of Ser ge nt ,  H au s k i n s  & 
Beck w i t h Ge ote c hn i c a l  E n g i n e er s ,  I n c . , a part  of the  J ac ob s -Wes t on Te am , t he  
UMTRA Project  Techn i c a l  As s i s t an ce Contr ac t or t o  t he DOE . 
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E 2 . 1 EXECUT I V E  SUMMARY 

Geomor p h i c  stu d i es wer e  per forme d  to ch arac te r i ze t he l on g -term s t ab i  l i ty 
of a p ropos ed a l tern ate s i te for t he  s t ab i l i z at i on of  ur an i u m m i l l  t a i l i n g s  p res 
ent ly  l oc ated i n  Gr an d  J u nct i on , Co l orad o . The proposed al te rnate s i te i s  n e a r  
C heney Res er vo i r , about  16  m i l es sout heas t o f  Gr an d  Junct i on .  

The s i te i s  o n  s u rf i c i a l depos i t s t h at rest  o n  a p ed i me n t  e r od ed i n t o  
Cr etac e ou s  M an cos S h a l e  on the  wes t  f l an k  of Gran d  Mes a.  Thes e depo s i t s c o n s i s t 
of m i xed  a l l u v i a l an d eo l i an s ed i me n t s .  

The s i te ar ea appears t o  be re l a t i v e l y  s t ab l e  i n  ge omor p h i c  te rms . 
S t r u ct ures pl ac ed on  t he s i te shou l d  be s e t  back a m l n l mum of 0 . 1  t o  0 . 2  m i l e  
from ac t i v e l y  erod i n g  g u l ly  sys tems t o  avo id p rob l ems of eros i on .  

Pot en t i al eros i on or d i s tu r b an ce by fr os t heav e , so l i f l u ct i o n ,  w i n d ,  an d 
s heet f l ow w i l l  be m i t i g a ted by p roper des i g n  an d s e l ec t i o n of  proper mate r i a l s . 

Ther e i s  no e v i d e nce of  mu df l ow or l an ds l id e  ac t i v i ty i n  t he s i te area .  

E 2- 1  





E 2 . 2 I NTR OD UCT ION  

E 2 . 2 . 1  PUR POSE  AN D SCO P E  O F  I N V ES T IGATION 

Th i s report  pres ents  t he f in di  n g s  of ge omor ph i c  s tu d i  es per fo rme d 
i n  an area p ropo s ed as an a l tern ate s i te for s t ab i l i z a t i on of ur an i u m  
m i l l  t a i l i n g s  pres en t l y  l ocated i n  Gr an d Junct i on ,  Co l orad o . The p ur
pos e of t he i n v es t i g a t i o n  was t o  ch ar acter i ze the  ge omor ph i c  cond i t i on s  
c u r ren t l y  ac t i n g  on  t he s i te area an d to  e va l u ate the po te n t i a l for l on g 
term s t ab i l i ty o f  d i s po s a l  f ac i l i t i e s  a t  t h e  s i te .  The s i te area i s  i n  
T3S ,  R2E , Sec t i on s  l l , 12 , 13 , an d 1 4 ,  about 1 6  m i l es sout heas t o f  Gran d  
Jun ct i on ( F i g ur e  E 2 . 2 . 1 ) . 

l 

The e va l u at i o n  i s  res tr i cted to  t he as ses sme nt of n atu r a l  pr oces s 
es , s u c h  as eo l i an an d f l u v i a l  eros i on ,  an d t h e  po ten t i a l  fo r mu ds l i d es 
an d l an d s l i d es wh ich  cou l d  comp r om i s e the i n te gr i ty of d i s po s a l  f ac i l 
i t i es d ur i n g  t he s pec i f i ed  des i g n  l i fe . Th e U . S .  En v i ronme n t a l  
Protect i o n  Age n cy ' s  ( E P A )  des i g n  l i fe s t an da rd wh i c h  regu l ates t he d e
s i g n  of  d i s po s a l  f ac i l i t i es i n v o l ved i n  t he Ur an i u m M i l l  Tai l i n g s  
Reme d i al  Act i on ( UMTR A )  Proje ct st ates t h at eng i n e er ed des i g n  an d s i te 
s e l ect i on proces ses  deve l oped du r i n g  t he  p rogram shou l d  res u l t i n  co n 
t a i nme nt  stru ct u r es wh ich  are capab l e  of r es i st i n g  n a tu r a l  i n trus i on for 
a per i od of  at l eas t 1000 years whene ver reaso nab l y  ac h i evab l e  ( DOE , 
1 984 ) . A m i n i mum l onge v i ty s t an da rd of  200 years i s  imp o s ed whene ver 
the 1000-year  des i g n  l i fe i s  fo u nd  to  be i mp rac t i c a l .  

E 2 . 2 . 2  F I ELD I N V EST IGATION  AN D RES EARC H 

Th i s  i n v es t i g a t i o n  i n v o l ved f i e l d work  an d research  i n t o  t he per t i 
nent as pect s o f  the ge o l og i c  h i s t ory of  t h e  s i te r e gi o n ,  ge omor ph i c  con
d i t i o n s  at  t he  s i te area , an d es t i mat i on s  of t h e  po tent i a l i mp ac t of  
ge omorph i c  p roces s es on t he p l an ne d f ac i l i ty d ur i n g  t he d es i g n  l i fe .  
The program of f i e l d wor k an d resea rch carr i ed out  for t h i s  s tu dy i n c l u d 
ed the fo 1 1  ow i n g :  

o Acq u i s i t i o n  an d rev i ew of  aer i a l phot ogr aph y ,  p u b l i shed geo l og i c 
mapp i n g ,  an d per t i n e n t  l i te r ature  an d da t a ,  i n c l u d i n g  
ge ote c hn i c a l  dat a an d prev i o u s  r ep or ts deve l oped d ur i n g  t he 
UMTR A Proje c t  i n v es t ig at i on s .  

o Geo l og i c  an d ge omor ph i c  f i e l d  reco n n a i s s an ce i n  t h e  s i te r e gi o n .  

E 2- 3  
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E 2 . 3  REG IO NAL SETT I N G  

E 2 . 3 . 1  P H YS I C AL SETT ING  

The  s tu dy area i s  i n  we s tern  Co l or ad o ,  i n  t he Canyon L an d s  s ec t i o n  
of the Co l or ad o P l ate au phys i o gr aph i c  prov i n ce ( H unt , 1 96 7) ( F i g ur e  
E 2 . 3 . 1 ) . Str u c t ur a l l y ,  the  r eg i on  i s  c h arac ter i zed  by l ar ge upwarps  an d 
i n te r ve n i n g  b as i n s af fec t i n g  up per Pa l eozo i c  an d l ower Mes ozo i c  s an d 
s t ones an d s h a l es .  The most  prom i n ent  l an dforms are b road me s as an d p e d 
i me nt su r f ac es , narrow rock -wa l l ed g u l l i es ,  an d d eep l y  i n c i s ed c anyons  
of the Co l or ad o  R i v er an d i ts tr i b u t ar i es .  Th e s i te i s  s i tu a ted o n  t h e 
we s tern  s l ope o f  Gr an d Mes a ,  abo u t  f iv e  m i l es n o r t h  of t h e  Gu n n i so n 
R i ver . 

E l evat i on i n  the  s i te area r an ge s  from about  5200  t o  5 400 fe e t .  
Nor the ast  of the s i te ,  t he e l evat i o n of Gr an d Mes a r eac hes a m a x i mum  o f  
mor e t h an 1 1 , 0 00 fee t .  To t he sout hwe s t ,  ac ros s  t he Gu n n i son  R i v er ,  t he 
Un comp ah gr e Upl i f t ,  a l a r ge nor thwes t-tr end i n g  s tr u ctu r a l  u pwarp , r e ac h
es  e l evat i on s  of 9000 t o  10 , 000 fe et . 

An n u a l  prec i p i t at i on at Gran d Ju n ct i o n i s  e i g ht t o  n i n e i n c h es 
( N OAA ,  1 982)  an d i s  even l y  d i s tr i b uted throu ghout  t he ye ar .  
Prec i pi t at i on i n  t he h ig her e l evat i o n s  wh ic h form t he headwaters  o f  t h e 
Co l or ad o  R i ver sys tem i s  sorrewh at h ig her , r an g i n g  fr om 10  t o  25 i n c h es 
per year . C l i matol og i c a l  dat a for we s tern Co l or ad o  are s ummar i ze d  i n  
Tab 1 e E 2 . 3 . 1 . 

The l owe r va l l ey areas , s uch  as t he Gr an d Va l l ey ,  are p rote cted by 
s urround i n g  h i g her te r r a i n . They exper i e nce h ig h er sumrre r  an d w in ter 
temp er atu r es t h an t he h ig her te rra i n .  A s p r i n g  f l ood po te n t i a l  r es u l t s  
from t he me l t i n g  of  t he snowp ack a t  h ig h er e l evat i o n s . 

N at u r a l  vege tat i o n  i n  t he l ower e l evat i on s  co n s i s t s  o f  cot t onw ood , 
w i l l ow ,  des er t s h ru b , an d gr as s .  J u n i per , s ageb ru s h ,  p i n e , o ak ,  an d 
D ou g l as f i r are prom i n ent  at e l evat i o ns  of 5000 t o  8000 fe et . Fr om 8000 
fe e t to  t he t i mber l i n e , ve ge t at i on co n s i st s  of  as pen , s pru ce , s u b -a l p i n e  
f i r ,  l od ge po l e  p i n e , gr as ses , an d s h ru bs . A l p i ne  wi l l ow ,  gr as ses , an d 
s ed ges  are fo u n d  above t he t i mber l i n e . 

E 2 . 3 . 2  8EDR OCK GE OL OGY 

The Gr an d Junct i o n  reg i  on i s  in  the  nort heas  te r n  por t  i on of t h e  
Co l or ad o  P l ate au , a major te cton i c  b l ock comp osed of  a c o re o f  
Prec ambr i an rock over l a i n  by P a l eozo i c ,  Mes ozo i c ,  an d Ter t i ary s ed i me nt a
ry rock s . The P a l e ozo i c  s ec t i o n i s  ab s ent i n  the  Gr an d Junct i o n  area  
due  to  u p l i ft of the Un comp ah gre  Arc h  i n  M i d d l e Pe n n sy l v an i an t i rre ,  an d 
Mes o zo i c  un i t s  res t d i rec t l y  on t he Pr ecambr i an .  The t ot a l  t h i ck nes s o f  
t he Mes ozo i c  sec t i on i n  t h e  Gr an d Junct i o n area i s  abo u t  8000 fe e t  
( lohman , 1 965 ; Yee nd , 1 969 ) . Th i ck Ter t i ary s ect i o n s  l i e  t o  t h e  n or t h
we s t  an d nor t he as t i n  t he Ui n t a  an d P i c ean ce Bas i n s ,  an d bas al t f l ows o f  
P l i o cene age cap  Gr an d Mes a .  Sed i me n t ary un i ts i n  t he Gr an d J u n ct i o n  ar
ea  d i  p to t he nor t he a s t  at about  250 fe et  per mi  le  ( Cas h i o n ,  1 9 73) . 
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Tab l e  E 2 . 3 . 1  C l i m atol og i c a l  data  for wes tern  Co l or ad o  

Me an Pr ec i p i t  a t i o n  
Mo nt h temp . of  ( i n ches ) 

S tat i on :  Gr an d Junct  i on Jan uary 2 6 . 6  0 . 6 4  
E l evat i o n :  4843 Feb ru ary 3 3 . 6  0 . 6 1 
Per i od : 1 9 75 Marc h 41 . 2  0 . 7 5  

Ap r i l 51 . 7 0 . 79 
May 6 2 . 2 0 . 6 3 
June  7 1 . 3 0 . 5 5  
J u l y  78 . 7 0 . 46 
Au gus t 75 . 4  1 . 0 5  
Sep tember 6 7 . 2 0 . 84 
Oct ob er 5 4 . 9 0 . 9 3 
November 3 9 . 8 0 . 6 1 
December 2 9 . 5  0 . 5 5  

An n u a l  5 2 . 7 8 . 4 1  

Stat i o n :  Ced ared ge J an uary 2 7 . 5  0 . 8 1 
E l e vat i o n :  6 1 80 Feb ru ary 32 . 3  0 . 7 7  
Per i od : 1 95 1 - 1 9 7 3  Marc h 38. 5 0 . 86 

Apr i  1 4 7 . 1 0 . 90 
M ay 5 7. 0  0 . 9 6 
J un e  65 . 6  0 . 81 
J u l y  71 . 9 0 . 89 
Au g u s t  6 9 . 5  1 . 3 6 
Sep tember 6 1 . 6  1 . 20 
Oct ob er 5 0 . 9  1 .  40 
November 3 7 . 5  0 . 9 4  
December 2 8 . 5 1 . 0 2  

An n ua l  4 9 . 0  1 1 .  9 2  

Sta t i on : Cor te z Jan uary 2 7 . 7 0 . 9 7  
E l e vat i on :  6 1 7 7  Feb ru ary 32 . 4  0 . 7 3  
Per i od : 1 95 1 - 1 9 7 3  Marc h 38. 3 0 . 9 3 

Apri l 46 . 7  0 . 9 7  
M ay 56 . 2  0 . 94 
J un e  65 . 2  0 . 45 
Ju ly  7 2 . 1 1 . 1 3 
August  6 9 . 8  1 . 6 6 
Sep tember 6 2 . 0  1 . 1 4  
Oct ob er 5 1 . 1  1 . 5 4  
Nov ember 38. 1 0 . 89 
December 28. 5 1 . 2 3  

An n ua 1 4 9 . 0  1 2 . 5 8  

E 2 - 7  



Ta b l e E 2 . 3 . 1  C l i m a t o l og i c a l  d a t a  for we s te r n  Co l or ad o ( Co n c l u de d ) 

Me an Pr ec i p i t  a t i o n 
Mo n t h temp . OF ( i n c h e s ) 

S t a t i o n :  G u n n i  so n Jan u a ry 1 0 . 3  0 . 9 9 
E l e va t i o n :  7 6 6 4  Feb r u a ry 1 5 . 1  0 . 8 8 
P er i od :  1 9 51 - 1 9 7 3  Marc h 2 5 . 5  0 . 81 

A p r i  1 3 7 . 9 0 . 7 1  
M ay 47 . 6  0 . 6 1  
J u n e  56 . 0  0 . 5 4  
J u l y  61 . 9 1 .  56  
Aug us t 59 . 7  1 . 5 7  
Sep tember 51 . 9  1 . 1 1  
Oct ob er 4 2 . 2  0 . 90 
N o v em b e r  2 7 . 8 0 . 7 5 
December l 3 . 8  0 . 9 7 

An n u a  1 3 7 . 5 1 1 . 40 

S t a t i on :  Te l l u r i d e  J an u a r y  2 1 . 9  1 . 3 7  
E l e v a t i o n :  880 0 Feb r u a ry 2 3 . 6  1 . 4 7  
P er i od :  1 95 1 - 1 9 7 3  Marc h 2 7 . 8  1 . 6 2 

Ap r i l 36 . 7  1 .  9 5  
M ay 46 . 1  1 . 6 6  
J u n e  54. 1 1 . 0 8  
J u l y  59 . 5  2 . 5 4  
Au g u s t  5 7. 7  2 . 8 5  
Sep tember 5 1 . 4  2 . 0 6  
Oct ob er 43 . 0  2 . 0 7  
N o v ember  30 . 7  1 . 46 
December 2 2 . 8 1 . 6 6 

An n u a l  3 9 . 6  2 1 .  7 9  

Ref . N O A A ,  1 9 82 . 
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T h e  m ajor  s t r u ct u r a l  fe at u r e  o f  t he r eg i o n i s  t h e Un c omp ah g r e  
U p l i f t ,  a nor t h e as t - t i l te d  b l ock bo u n d ed o n  t h e s o u t hwes t an d o n  t h e 
n o r t he as te r n  f l an k  n e a r  Gr an d Ju n ct i o n  by ab r u p t ,  l oc a l l y  f au l t e cj  
mo n o c l i n e s  ( L o h m an , 1 9 6 5 ; C at e r , 1 96 6 ,  1 9 70) . 

Gr an d Mes a an d B at t l eme n t  Mes a ,  w h i c h  l i e  f u r t h e r  t o  t he n o r t h ,  a r e 
er o s i o n a l  r emn an t s  o f  a l a r ge P l i o ce ne b a s a l t p l a i n  ( Ye e n d ,  1 9 6 9 ) . Th i s  
fe a tu r e  forme r l y  e x t e n d ed o v e r  a mu c h  br o ad e r  ar ea . U p l  i f t  i n  t h e  L a te 
Ter t i ary c au s ed  s tr e ams t o  c u t  d o wn t hr ou g h  t he b as a l t  p l a i n  i n t o  u n d e r 
l y i n g ,  l es s  r e s i s t an t  sed i me n t ary r o ck s  o f  E a r l y  Ter t i ary t o  L a te 
C r e t ac e ou s ag e . M o r e  t h an 5 0 00 fe e t  o f  d o wn cu t t i n g  h as o c c u r r ed s i n c e 
t he up l i f t be gan , p r od u c i n g  l on g , s te ep s l op e s ,  o v er s te ep e n e d  c l  i f f s ,  
an d n a r r o w  c an y on s .  

The Che n ey Re s er vo i r  s i te i s  u n d er l a i n  by s ed i me nt s  t h at r es t  o n  a 
pecli me n t  s l ope p r od u ced  by er o s i o n  o f  t he C r e t ac e ou s  M an co s  S h a l e  o n  t h e 
l ower s l ope o f  G r an d  Mes a .  

E 2 . 3 . 3  SUR F IC I A L  GE OL OG Y  AN D GE OM OR PHOL OGY 

E 2 . 3 . 3 . 1  R e g i o n a l  ge omor p h i c  h i s t ory 

A n umber of ge o l og i s t s  h av e  i n ves t i g ated  t h e  d e ve l opme n t  
o f  dr ai n ag e  p at te r n s ,  ter r ac es ,  s ed i me n t s ,  an d g l ac i a l 
mo r a i n e s  i n  t he Gr an d Va l l ey r e g i o n .  The fo l l ow in g  d i s c u s s i o n  
i s  e x c e r p ted f r om ar t i c l es by H u n t  ( 1 9 56 ) , '_o hm an ( 1 9 6 5 , 
1 981 ) , Ye e n d  ( 1 96 9 ) , an d S i n n o ck ( 1 9 8 1 a , b ) . 

Un t i l  p e r h aps P l i o ce n e  t i me , t he Gr an d J u n c t i o n a r ea an d 
ad j ac e n t  p a r t s  o f  t h e  Co l or ad o  P l ate au we r e  un der go i n g  e r os i o n 
by t h e  an c es tr a l  Co l or ad o  R i v e r .  The cou r s e  o f  t he Co l o r ad o  
R i v e r  may h av e  been  es t ab l i s he d  by t h e  e n d  o f  t h e  M i o ce ne . 
D i f fe r ent i a l u p l i ft o f  t he Un comp ah g r e  Arc h was  r e n e wed d u r i n g  
t he P l i o ce n e , c au s i n g  m a jo r  c h an ge s  i n  t h e  d r a i n ag e  p at te r n s  
o f  t he Co l or ad o an d G u n n i s o n  R i v er s .  

Some d i s ag r eeme n t  e x i s t s  be twe e n v a r i ou s  i n v e s t i g a t or s  o n  
t he q u e s t i o n o f  wh e t h er te c t on i c  ac t i v i ty e s s e n t i a l l y s t op p ed 
b e f o r e  o r  s h o r t l y after t h e  e n d  of t he Ter t i ary , or h as c o n t i n 
u e d  u p  t o  t he p r es e n t  t i me . Th e e vo l u t i o n o f  t h e mod e r n  d r a i n 
ag e sys tems i s  a l s o  co n t r ov er s i a l .  For e x amp l e ,  L o hm an ( 1 9 65 , 
1 981 ) p r es e n t e d  e v i d e n ce t h at t he an ces tr a l  Co l or ad o an d 
G u n n i s o n  R i v e r s  o n ce f l owe d t hr ou g h  Un a we e p  Can y o n  an d t h at 
t h e  p r es e n t  p at te r n  e v o l v e d  f r om s u c ces s i v e  s t ag e s  o f  s tr eam 
p i r ac y  by tr i b u t a ry s tr e ams c ut t i n g  M an co s S h a l e  n o r t h  an d 
we s t  o f  t he U n c o mp ah gr e  Arc h .  The m o r e  r a p i d  r ate o f  s tr e am 
down c u t t i n g  i n  t he M an co s t h an  i n  t he P r ec ambr i an g r an i t i c  t e r 
r a i n  o f  t h e  Un comp ah gr e  Upl i f t  was t he d e te rm i n i n g  f ac t or .  
S i n no ck ( 1 98 1 b ) ,  o n  t he ot her h an d , be l i e ve s  t h at Un a we e p  
C an y o n  w as forme r l y  o c cu p i ed by t h e  Gu n n i s o n  a l o ne ,  an d t h a t 
t he Co l or ad o R i v e r h as b e e n  i n  es s en t i a l l y t he s ame po s i t i o n 
r e l a t i v e  t o  t he Un c omp ah g r e  Up l i f t  s i n ce t he M i o ce ne . T h e  d i 
ve r s i o n o f  t he G u n n i s o n  away fr om U n a we ep C an y o n  i s  a t tr i b u t e d  
t o  s u c ce s s i v e s t ag e s  o f  u p l i ft o f  t he U n c o mp ah g r e  Arc h .  
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The d e ve l opme nt  of t he p r es ent l an dforms of  t h e  r i v er v a l 
l eys was s tr ong l y i n f l ue n ced by P l e i s tocene gl ac i at i on s .  
S i n no ck ( 1 981 a )  i d ent if i ed four s ets o f  g l ac i a l mora in es o f  
Bu l l  Lake  ( ? )  an d P i neda l e  ( ? )  age i n  t he R i d geway ar ea . He 
co r r el a ted t hese  w i t h  gl ac i a l ep i sod es in t he San Juan 
Mou n t a i n s  t o  t he sou t h .  t: v i dence  for s u cces s i v e  per i od s  of 
P l e i s tocene g l ac i at i on w as al s o  r eco g n i zed on  Gr an d an d B a t t l e
me nt  Mes as by Yeen d  ( 1 969) . Th e gl ac i a l s t ag es c an be co rre
l ated wi th  al l u v i a l  te r r ac es al ong t he Un comp ah g r e ,  Gu n n i s on ,  
an d Co l or ad o R i vers . E p i sod es of s i g n i f i c an t  eros i o n an d i n 
c i s i o n  of t he r i v er s  occur red d ur i n g  majo r  r ead van ces of t he 
i c e . A ge ner a l  e q u i  1 i b r i um ex i sts  d ur i n g  i n te r gl ac i a l  p er -
i od s .  Hen ce , i t  appe ars t h at t h e  l e ve l o f  t he Co l or ad o R i ver  
n e ar Gr an d  Junct i on m ay h ave  been  f ai r l y  co n s t an t  s in ce t he 
end  of t he P l e i s tocene . 

Pot as s i um-argon  dat i n g  of t he bas a l t  fl ows c ap p i n g  Gr an d 
Mes a ,  abo ut  5000 fe e t  above  t he  Co l or ad o R i v er ,  g i v es a 
P l i o cene age of 9 . 7  p l u s  or m i n us 0 . 485 m i l l i o n years  ( Yeend , 
1 969) . As s u m i n g  t h at t he bas a l t forme r l y  cover ed t h e  area n ow 
occu p i ed by the  r i ver , an av er ag e  r ate of down cut t i n g  by t he 
C o l or ad o R i ver  of s i x i n ches per t hou s an d  ye ars i s  obt a i n ed . 
Th i s  aver age r ate i n c l u des  down cut t i n g  dur i n g  bot h gl ac i a l an d 
in ter gl ac i al s t ages , an d t h e  greater  part  of t he down cut t i n g  
w i l l  h ave  occu r r ed du r i n g  t he g l ac i a l i n ter va l s . Ther e i s  
some u ncer t a i n ty r e l ated to t he pres ent  r ate of u p l  i ft of t he  
Un comp ah g r e  Arc h ,  w h i ch may a l s o  af fec t r ates of  down cut t i n g  
or cau s e  ag gr ad at i o n .  Howe ver , i t  i s  r easo nab l e  t o  as sume 
t h at t h i s  va l u e w i l l  not be gr eat ly  exceeded i n  t he Gr an d 
Jun ct i o n area du r i n g  t he des i g n l i fe of t he propo s ed f ac i l i ty .  

L an ds l i d es , s l ump s , an d mudf l ows h av e  great l y  i n f l uen ced 
the topogr aphy in t he area f l an k i n g  Gr an d  Mes a .  The pres en ce 
of rap i d l y  er od i n g  s ed i ment ary u n i ts bene at h t he d u r ab l e  ba
s a l ts h as been r es po n s i b l e  for wi d es p read m as s  was t i n g , p art i c 
u l ar l y  s l ump i n g .  Exte n s i v e s l ump i n g  o f  l ar ge b l ock s o f  bas al t 
h as great ly  r ed uced t he aer i a l extent  of Gr an d  Mes a t hrou ghout  
t he Quate r n a ry .  Br eak up of the bas a l t f l ows f ac i l i t ated r ap i d  
r emov a l  of t he h ig h ,  o r i g i n a l ly  more exte n s i v e  s urf ac e  o f  
Gran d  Mes a by gl ac i al an d co l l u v i al p roces s es .  So l i f l u ct i on , 
s l ump i n g ,  fros t br eak up of bas a l t ,  l an d s l i d es , an d m ud s l i d es 
moved deb r i s from t h e h ig h  parts  of t he me s a ont o t he s u r rou n d 
i n g  s l opes an d str eam va l l eys ( Yeend , 1 969) . 

Str eam down c ut t i n g  h as been t he dom in an t  p roces s s i n c e  
t he d i s appearan ce of  t he l as t  g l ac i er a t  t he cl ose  of  t he 
P i n ed a l e  ( ? )  t i me .  

E 2 . 3 . 3 . 2 S u rf i c i a l ge o l ogy of t he Gr an d  V a l l ey are a  

A s urf i c i a l  ge ol ogi c map of  t h e  Gr an d Mes a  area af ter 
Wh i t ney ( 1 981 ) an d W i  l l i CJTlS ( 1 964) i s  pres ente d  as F i g ur e  
E 2 . 3 . 2 .  Su r f i c i a l dep o s i ts  i n  t he r eg i on r an ge from L ate 
P l i o cene  to  Ho l ocene i n  age . 
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G l ac i a l t i l l s of  Bu l l  I_ ak e ( ? )  an d P i n ed a l e  ( ? )  age ( L ate 
P l e i s t ocene ) cover t he s u r f ace  of Gr an d Me s a  ( Yeen d ,  1 969) . 
The s e  are  comp o s ed o f  u n sor te d  mater i a l  r an g i n g  from cl ay t o  
bou l d ers  depo s i ted  by a t  l e as t fou r ep i sod es o f  P l e i s t ocene 
g l ac i at i o n .  The th i ck nes s of t hes e m ater i a l s  r an ge s  from f iv e  
to  s i x  fe e t  t o  7 5  fee t .  

E xte n s i ve l an ds l  i d e  depos i t s o f  P l e i s t ocene an d Ho l o cene 
age occur  on  t he f l an k s  of Gr an d  an d Batt l eme nt  me s as an d i n  
t he area wes t  of OeBeq ue . The s e  dep o s i t s  are the  r es u l t of 
s l ump i n g ,  rock an d debr i s  f a l l s , rock s l i d es , an d s o l i f l u ct i on 
moveme n t s .  Thes e moveme nt s  occu r r ed t hrou ghout  t he P l e i sto
cene an d are  co nt i n u i n g  t od ay.  A dom in an t f ac t or i n  t h e  fo rm a
t i on of t he l an ds l i d es arou nd  Gr an d an d Batt l eme nt  Mes as i s  
t he pr es ence of rap i d l y  erod i n g  c l ays t ones s tr a t i g r aph i c a l l y 
u n der l y i n g  du r ab l e  bas al t f l ows . The ext r eme jo in t i n g , 
ab u n d an t  water , an d commo n fr eez i n g  temp er atu r es are ot her 
i mp or t an t  f ac t ors . E l s ewher e ,  t he pres ence of r ap i d l y  e r od i n g  
e a r l y  Ter t i ary s an d s t ones , s i l t stones , an d s h a l es are m ajo r 
fac t or s .  

Res i d u a l  depos i ts ,  deve l oped from Late P l e i s t ocene t o  
Ho l ocene we ather i n g  o f  t he Man co s Sh a l e ,  f l oor mu c h  o f  t he 
Gran d Va l l ey .  Th i s  mater i a l u nder l i es you n ge r  al l u v i al , 
co l l u v i al , an d eo l i an depos i ts of t he s i te area .  

Surf i c i a l  depos i ts of  L ate P l i ocene t o  P l e i s t ocene age oc
cur  ad j acent  to  Gran d  an d Bat t l eme nt Mes as . Thes e are  co ars e 
depos i t s of po or ly  sor te d  peb b l es , cob bl es , an d bou l d er s ,  com
mo nl y 15 to 30 fee t  t h ick ( l oca l l y t h icker ) . The gr av e l  i s  
comp o s ed l ar ge l y of bas a l t .  Thes e depo s i t s  ar e prob ab l y  de
br i s  f l ows as soc i ated wi th  P l e i stocene gl ac i at i o n .  Ped i me nt 
depos i ts d i s t i n ct from t ho se descr i bed  above  ar e t h in ,  d i sco n 
t i n uo u s  depos i t s o f  cl ayey s i l ts ,  s an d ,  an d gr av e l , res u l t i n g  
fr om l oca l  f l ood i n g  an d s l opewas h .  They r an ge i n  age fr om 
P l e i s t ocene to  Ho l ocene an d are  most  commo n i n  areas  u n d er l ai n  
by M an co s  S h a l e .  The s e  depos i ts are freq ue n t ly  m an t l ed by a 
t h in ( t h r ee to s i x  fe e t )  cover of eol i an s i l t an d f in e  s an d  
wh i c h  may b e  s tr ongl y ceme nted by c a l i c he . C a l i c he cru s t s o n  
gr ave l an d bou l ders  ar e common .  

Ter r aces occu r a t  v ar i o u s  e l evat i o n s  above  t h e  Co l or ad o 
an d G u n n i so n R i vers  an d P l ate au Cr eek .  They are  u n der l a i n  by 
gr ave l s  wh i c h  r an ge i n  age from E ar l y  t o  L a te P l e i s tocene . 
The o l d es t  gr av e l s ar e from 30 t o  450 fe e t  above mod ern  s tr eam 
l e ve l s ,  an d m ay be of  pre-Bu l l Lake age . 
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F i g ur e  E 2 . 3 . 2  Sur f i c i a l  map  o f  t he Gr an d Mes a area ( Co n cl u ded ) 

LE  GE N D  

Q a  A l l u v i um ( Ho l ocene ) .  C l ay ,  s i l t ,  s an d ,  an d gr ave l  depo s i t s u n der l y
i n g  mod er n f l  ood p l  a i n s .  

Qae Lo ca l ly depos i ted s an d  an d s i l t  ( Ho l o cene t o  L a te P l e i s t ocene ) . 
Loca l ly der i ved an d rewor ked by e o l i an  an d f l u v i a l  p roces s es .  

Qrg Rewor ke d gr ave l ( Ho l o cene to L ate P l e i s t ocene ) .  

Qyg Young  gr ave l ( L ate P l e i s t ocene ) . Ter r ac e  gr av e l s  of  P i n e d a l e  ( ? )  
an d Bu l l  L ak e  ( ? )  age . 

Qo g Ol der gr ave l ( M i d d l e to  Ear l y  P l e i s tocene ) .  Ter r aces  an d te r r ac e  
r emn an ts o f  pre-Bu l l L ak e  age . 

Q g  Gr ave l ( u n d i ffer en t i ated ; L a t e  P l e i s t ocene to  Ear l y  P l e i s t ocene ) . 
Ter r ac es an d te r r ac e  r emn an t s . 

Qp Ped i me n t  depos i t s  ( Ho l ocene  t o  P l e i s tocene ) .  

Qpc Co l l u v i a l  depo s i ts on  ped i me nt s  ( P l e i s t ocene t o  L a te P l i o ce ne ) . 

Qr We ather ed s h a l e  ( Ho l ocene t o  Late P l e i s tocene ) .  Res i d u a l  s o i l  
formed  on  Man co s S h a l e . 

Q l  L an ds l i d e  depos i t s ( Ho l ocene an d P l e i s t ocene ) . 

Qpt T i l l  of P i neda l e  ( ? )  age ( L ate P l e i s t ocene ) . 

Qbt T i l l  of Bu l l  L ak e  ( ? )  age ( L ate P l e i s tocene ) .  
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Yo u n ge r  te rrac es 
L ak e  ( ? ) gl ac i at i o n s  
1 981 ) ge ner al l y  oc cur  
c h  an ne  1 s .  

cor re l ated wi th  P i neda l e  ( ? )  an d Bu l l  
( Yeen d ,  1 969 ;  Wh i t ney , 1 9 81 ;  S i n no ck ,  

be tween  1 5  an d 70 fe e t  above  t he modern  

The  mod ern f l ood p l a i n s  ar e under l a i n  by un co n so l i d a ted  
c l ay , s i l t ,  s an d ,  an d gr av e l  depos i ts .  Thes e may r eac h t h i ck 
nes ses  of  20 fe et  or  mor e  al ong t he Co l orad o  R i v er . 
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E 2 . 4 GE OMOR PH I C  E VALUAT IO N  OF  CHENEY  R E SER VO I R  S I TE 

E 2 . 4 . 1  GE OL OG I CAL DESC R I PT I ON 

The Cheney Res er vo i r  s i te i s  on  an a l l u v i al s u r f ac e  on t he we s tern  
fl an k of  Gr an d Mes a .  The area  i s  ch arac ter i ze d  by  ge n t ly- d i pp i n g ,  
smoot h s l opes deve l oped on  Man co s Sh a l e  or bou l d ery debr i s  f l ows an d 
c apped by eo l i an an d f l u v i a l  depo s i t s .  

E xp l or atory bore ho l es ad v an ced o n  t he s i te as part  of t he UMTRA 
Proje c t  stu dy ( DOE , 1983 ) can be us ed to d e ve l op a ge ner a l i ze d  s u bs u r 
face  pro f i l e  o f  t h e  s tu dy ar ea .  The th  ick ne s s  o f  s u r f ic i a l  depos i ts ,  
composed of a l l u v i  a l  an d eo l i CJ1 depo s i t s  an d bas ed o n  t he  l og s  o f  n i n e 
bo r i n g s ,  r an ge s  fr om 2 3 . 5 t o  42 fe et . A br own t o  r ed d i s h  br own eo l i an 
s i l t ,  wi th s ome cl ay an d s an d  an d occas i ona l gr av e l  t o  bou l d er s i ze d  
fr agme nt s  o f  bas a l t ,  v a r i es fr om zer o  t o  t w o  t o  t hr ee fe e t  at t he s u r 
face . Th i s  mater i a l i s  under l a i n  by i n te r l ayered c l ay,  s i l t , s an d ,  an d 
gr ave l ,  w i th occas i ona l l ayer s of  cob bl es an d bo u l d ers  of bas a l t .  Th i s  
l ayer apparen t ly  r ep rese n t s  m i xe d  a l l u v i a l  an d debr i s-f l ow depo s i t s .  
Surf i c i a l mate r i a l s  ar e under l a i n  by the  Man co s S h a l e ,  a gr ay s h a ly 
c l ays t one w i th  occas i ona l t h i n  beds of  s an d s tone an d l i me s t one , wh i c h  i s  
gr eater t h an 400 fe e t  t h ick . The Man co s an d o l d er un i t s un der ly i n g  i t  
d i p to  t he nor theast  at gr ad i en t s  of  about  250 fe e t  per m i l e  ( W i l l i Cllls , 
1964;  Cas h i o n ,  1 9 73) . 

E 2 . 4 . 2  GE OMORP HOL OGY OF S I TE AREA 

The s i te area i s  a ge nt l y  r o l l i n g ,  s pars e l y  ve ge tated s u r f ac e  under-
l ai n  by al l u v i al an d eo l i an depos i ts .  Ve ge tat i on co ns i s ts m ai n l y  of  
s ageb ru s h  an d gr as s .  The s i te area i s  pres ent ly  us ed for gr az i n g .  

Bas a l t  cob b l es an d bou l ders  ar e commo n o n  t he s u r f ac e  a t  t he h ig her 
e l e vat i o n s  above  t he s i te ( above  5400 fee t ) . The cob b l es an d bou l de r s  
ar e i n  a f in er - gr a i n ed m atr i x  of c l ay ,  s i l ty s an d ,  an d gr av e l .  The 
dep t h  an d extent  of these  depos i t s  i s  un cl ear . They a pparent ly  wer e  de
r i ved from mas s was t i n g ,  co l l u v i  al  p roces ses , or  pos s i b l y fr om an c i ent  
mudf l ows d ur i n g  er os i o n  of Gran d Mes a .  

Proceed i n g  down s l ope to  t he s i te area , t he r e l a t i v e  perce nt ag e  of  
f i n e -gr a i n ed m ater i a l at the  s urf ac e  i n creas es wh i l e gr av e l s  an d cob bl es 
ar e l es s  commo n ,  t hough  t hey may be pres ent at dep t h . So i l s  at t h e  s u r 
f ace  ar e comp o s ed of s tr o n g l y  ca l i c he- ceme nted s an dy ,  c l ayey s i l t , w h i ch  
m ay be der i ved from eo l i an dep os i t i o n  an d t ran s port down s l ope by s h ee t 
was h .  A t h in veneer of  bas a l t i c  l ag gr av e l s  i s  commo n  at t he gr ou n d  s u r 
fac e .  Ca l i c he co at i n g s  o n  bas a l t i c  gr ave l an d cob b l es are often  over
turned , i n d i c at i n g  t h at some r ewor k i n g  of  o l d er gr av e l s  i s  o ccur r i n g on  
t he s i te at t he  pr es ent t i me .  Bare  so i l  p atches an d a t h in veneer of 
b as a l t i c  l ag gr ave l s  are commo n ,  i n d i c at in g  t h at er os i on by wi n d  an d 
s heet  was h are  on -go i n g  p r oces s es .  

Sev er a l  ep heme r a l  was hes d r ai n i n g  fr om t he  h i g h er e l evat i on s  ar e 
pres ent on an d ne ar the s i te .  Lar ge bou l d er s ( e i g ht t o  10 fe et  i n  d i  CIll 
e ter ) are pres ent  i n  some of the l ar ge r  was he s . The bou l d ers  prob ab l y  
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wer e  depos i ted  o n  or ne ar t he s i te by gl ac i a l s tr eams or debr i s -f l ow 
proces ses , an d e v i dent l y  are not  be i n g  tr an s ported a t  t he pres ent t i rTE . 
The  washes on the  s i te are occas i ona l ly  i n c i sed to depths  of  f iv e  fe e t  
or mor e an d some s how steep b an k s  i n d i c a t i v e  of rap i d er os i on .  
Stru ctures pl ac ed o n  t he s i te s hou l d  be s e t  back a m i n i mum  d i s t an ce of 
0 . 1  t o  0 . 2  m i l e  from s teeper gu l l i es  t o  avo i d  prob l ems of er os i on or 
fl ood i n g  du r i n g  per i od s  of  h eavy r a i n  or r api d sn owrTE l t . 

The r e l a t i v e l y  smoot h ,  u n d i s s ected ch ar ac te r  of  mu ch  o f  t he s i te ar
ea , an d t he pres ence of  f in e - gr a i n ed eo l  i an m ate r i  a ls  at t he s u r f ac e  i n 
d i c ate the s i te area i s  re l a t i v e l y  s t ab l e  at t he  pres ent t i rre . Ther e i s  
no e v i d ence t h at muds l i d es or  l an ds l  i des  ar e occur r in g un der p res ent  con
d i t i o n s .  Ero s i on by t he  epheme r a l  gu l l i es  on  t he s i te s eems t o  be  t he 
m ajor ge omor ph ic h azard . Th i s  prob l em can be m i t i g a te d by proper des i g n  
o f  d i s po s a l  f ac i l i t i es an d proper s e tb ack s from ac t i ve l y  er od i n g  g u l l y  
sys tems . 

Fro s t  he ave an d s o l  i f l u c t i o n  ar e p roces ses wh i ch  po se  a h aza rd  t o  
t he l on g -term per form an ce of  an y s tr u ctur e co nstru cted t o  i so l ate t he 
t a i l i n g s  at t he s i te .  C l i mat i c  cond i t i on s  at t he s i te f avor  t he occur 
r ence of t he s e  p roces s es i n  w i n ter . 

Fro s t  heave i s  t h e  ver t i c a l  d i s pl ac eme nt  of matter i n  r es po n s e  to 
freez i n g .  The proces s r eq u i r es t h at ad equate mo i s tur e be pres ent t o  
form i c e l en ses wi th in a f i n e - gr ai ned  so i l .  Gr owth  o f  t h e  i c e l en s es 
c aus es upward exp an s i o n ,  d i s pl ac i n g  t he s u r f ac e .  I n  t he t a i l i n g s i m
pou n dme nt , i c e  l en s es cou l d  form i n  t he up per p ar t  of t he r ad on atte n ua
t i on l ayer . Th i s  proces s c an be m i t i g ated by us i n g  a r ad o n  atten uat i o n  
l ayer t h at i s  s uff ic i ent l y  i mp erme ab l e  t o  p revent s i g n i f i c an t  water p en 
e tr at i o n  an d an ag grega te cover  t h at i s  s uff ic i ent l y  po rou s t o  r es tr i ct 
water b u i l d up over t he cl ay. 

So l i f l uct i on i s  t he s l ow f l owage of s atur ated so i l s above  fr oze n 
s u bs o i l s .  Th e s atu r at i o n  prer eq u i s i te for t h i s  p roces s c an a l s o  be m i t i 
gated by us i n g  perme ab l e  ag gr egate an d i mp erme ab l e  r ad o n  atte n uat i o n  m a
ter i a l s . 

The aver age w i n d s peed of  about  e i g ht mp h ( N OAA , 1 982) i n  t h e Gr an d 
Junct i on area wou l d  not  pose  a h azard  to t he s i te . Aver age w i n d  v e l oc
i t i es may be s O rTE wh at h i g her  at t he Cheney Res er vo i r  s i te ,  an d g us t i n g 
w i n ds at s peed s of 45 t o  70 mp h may occur t hr ou gho u t  t he ye ar .  Proper 
s e l ect i on of ag gregate co ver to  m i t i g ate gu l l y i n g an d s o l i f l u ct i o n h az
ards w i l l  a l s o  m i t i g a te t h i s  prob l em .  
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PREFACE  

The Uran i um M i l l  Ta i l i n gs Rad i at i on Co ntr ol Act of 1 9 78 ,  Pu b l i c  L aw 95-
60 4 ,  4 2  USC 790 1 , aut ho r i ze s t he U . S . Departme nt  of Ener gy ( DOE ) t o  under t ak e  r e
med i a l ac t i o ns  at 24 DOE -des i g nated proces s in g  s i te s . The Uran i u m M i l l  Ta i l i n g s  
Reme d i a l  Act i o n  ( UMTRA ) Projec t Off i ce of  t he DOE i s sued a P l an for Imp l eme n t 
i n g  E PA Standards  for UMTRA S i te s  i n  Jan uary ,  1 984 . I n  t h i s  r ep or t ,  u nder a 
s ec t i on on l on g -term s t ab i l i ty ,  the  DOE s t ated t h at a des i g n  ob je c t i v e  of  1000 
ye ars was  e s t ab l i shed  t o  be s at i sf i ed whene ver reaso nab l y  ach i evab l e ,  but  in  any 
c as e  w i th a m i n i mum per forman ce per i od o f  200 years . 

For the  su bject  p roces s in g  s i te ,  a r eme d i a l  act i on p l an i s  be i n g  d e ve l oped  
to  en sure  the  l ong -term s t ab i l i ty of t he p roposed rec l amat i on .  Th i s  ge omor ph i c  
ev a l u at i on  rep or t rep res ents  a por t i on of t he s i te ch aracte r i zat i on e ffor ts be
i n g  comp l e ted . The major ob jec t i v e  of  t h i s  e va l u at i on i s  t o  fu l l y r ecog n i ze 
wh i c h  ge omorph i c  proces ses  may caus e l on g -term c h an ges at t he ex i st in g  d i s po s a l  
s i te o r  at a l te rn ate d i s po s a l  areas . Th i s  r epor t i s  prov i d ed a s  a r efer ence  d o c 
um=nt  for u s e  d ur i n g  t h e  s i te s e l ect i on proces s an d /or des i g n  d e ve l opme n t  of  t he 
r eme d i a 1 ac t i on p l an .  

Th i s  repor t was prep ared by t he Phoen i x  off i ce s t af f  o f  Ser ge nt , H au s k i n s  & 
Beck w i t h  Ge ote chn i c a l  Eng i ne er s ,  I n c . , a part  of t he J ac ob s -Wes t on Te am , t h e  
UMTRA Project Te chn i c a l  As s i s t an ce Contr ac t or to  t he DOE .  





TABLE OF CONTE NTS 

Sec t i on 

E 3 . 1  E XECUT I V E  SUMMARY . • • . . . . . . . . 

E 3 .  2 

E 3. 3 

E 3 . 4  

I NTR OD UCT I ON • • • • . •  • • • • • • • •  

E 3 . 2 . 1  P urpose  an d scope of  i n v es t i g at i on 
E 3 . 2 . 2  F i e l d  i n v es t i g at i on an d res e arch  

R EG IONAL SETT I N G  • • • • • • • • • • • • • • 

E 3 . 3 . 1  Phys i c a l  s et t i n g • • • • • • • • • • • • • •  

E 3 . 3 . 2  Bed rock ge o l ogy • • • • • • • • • • • • • • •  

E 3 . 3 . 3  Surf i c i a l ge o l ogy an d ge omor p h o l ogy . •  

E 3 . 3 . 3 . 1  Re g i on a l  ge omorph ic  h i s t ory • •  

E 3 . 3 . 3 . 2  Surf i c i a l  ge ol ogy o f  t he Gr an d  
V a l l ey area • • • • • • • • • • • •  

GE OMORPH I C  E VALUAT I ON OF THE TWO ROAD S I TE • 

E 3 . 4 . 1 Ge o l ogi c a l  des c r i pt i o n  • • • • • •  

E 3 . 4 . 2 Ge omor pho l o gy of  t he s i te area • • •  

E 3 . 4 . 2 . 1  R ates of  s l ope r etr eat • •  

E 3 . 4 . 2 . 2  Ero s i o n  by g u l l y  sys tems . 
E 3 . 4 . 2 . 3  M i n or proces s es • •  

RE FERENCES FOR ATTAC HME NT E 3  • • • • • • • • • • •  

E 3- i 

P age 

• • • E 3-1 

• • • E 3-3 
• • • E 3-3 

. . . . . . . E 3- 3  

• •  E 3- 5  
• • • • E 3- 5 

• • • • • E 3-5 
• E 3-9  

• • • • • E 3-9 

• E 3- 10 

• E 3- 1 5  
E 3- 1 5  
E 3- 1 5 

• • • • • • • E 3- 1 5  
• • • E 3- 1 7  

• • • • E 3- 1 7  

• E 3- 1 9  



L I ST OF F IG URE S  

F i gure 

E 3 . 2 . 1  locat i on of d i s pos a l  s i te s  • • • • • • • • • • •  

E 3 . 3 . 1  Phys i ogr aph i c  ske tch m ap o f  Gr an d  J u n ct i on area 
s h ow i n g  l ocat i on s  o f  UMTRA s i tes  an d fe atu r es 
d i scu s s ed i n  text • • • • • • • . •  

E 3 . 3 . 2 Surf i c i al m ap o f  Gr an d  V a l l ey area  • • • • • .  

E 3 . 4 . 1  

P age 

E 3-4 

• E 3-6 
• • E 3- 1 1  

Topogr aph i c  m a p  o f  Two Road s i te area , 
s h ow i n g  fl an k i n g  g u l l y  sys tems • • • •  . . . . . . . . . . . . . E 3- 1 6  

U S T  O F  TABLES  

T ab l e  P age 

E 3 . 3 . 1  C l i matol og i c a l  d a ta  for wes tern  Co l or ad o  • • • • • • • • • • • •  E 3- 7  

E 3- i i 



E 3 . 1  E XE C UT I V E  SUMMARY 

Ge omor p h i c  stud i es we r e  per forme d  to ch ar ac te r i ze t he l ong -term s t ab i l i ty 
of a potent i a l a l te r n ate s i te for t he d i s po s a l  of  ur an i um m i l l  t a i l i n g s p r es ent
l y  l ocated in  Gran d  J u nct i on ,  Co l or ad o . Th e al ter n a te s i te i s  o n  Two  R o ad n e a r  
t he C o l or ad o - Ut ah bor der , abo ut  30 m i l es we s t  o f  Gr an d Junct i o n .  

The s i te area i s  on  a P l e i s t ocene ped i me n t  s u r f ac e  t h at may be 50 , 000 years 
or mor e in  age . The s u r f ac e  i s  a r emn an t of  a former l y  more w i d es p read s u r f ac e  
an d i s  s u b ject  t o  er os i on by g u l l y  sys tems ad van c i n g  i n t o  i t  fr om t he e a s t  an d 
we s t .  Ge omor ph i c  e v i d e nce i n d i c ate s t h at t he r ate o f  er os i on i s  s l ow an d s hou l d  
not  affec t s tructur es wh i c h  are s e t  back more t h Cfl 0 . 1  m i  l e  fr om deep l y  i n c i  sed 
g u l l i es for t he 10 00-ye ar des i g n  l i fe .  

Proces s es s u c h  as fr os t h eave , so l i f l u ct i on moveme nt s , s heet  was h ,  an d w i n d  
ar e cur r ent l y  act i n g  o n  t he s i te s u r f ac e .  Proper des i g n  an d s e l ec t i o n  o f  ad -
eq uate mater i a l s  w i l l  m i t i g ate the  ero s i o na l  i mp ac t  of  t hes e h aza rds . 
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E 3 . 2  I N TR OD UCT ION  

E 3 . 2 . 1  PURPOSE AN D  SCO PE  O F  I N V EST IGAT I ON 

The pur pose  o f  t h i s  ge omor p h ic  i n v es t i g at i o n w as t o  ch arac ter i ze 
the co nd i t i o n s  c urrent l y  ac t i n g  on the  s i te ar ea , an d t o  eva l u ate t he 
l ong -term s t ab i l i ty ch ar ac ter i st i c s  of  d i s po s a l  f ac i l i t i es at t he s i te .  

The s i te l i es wi th in  abo u t  0 . 5  m i l e  of  t he Ut ah bor der an d i s  c ros s 
e d  by Two R o ad .  I t  i s  i n  R 104W ,  T9S , Sec t i ons  7 ,  8 ,  1 7 , 1 8 , 1 9 , 20 , an d 
30 i n  wes tern  Co l or ad o  ( F i g ure E 3 . 2 . 1 ) . 

The e v a l u at i on i s  res tr i cted t o  t he as ses sme nt of n atur a l  p roces s
es , s uch  as  eo l i an an d f l u v i a l  er os i o n ,  an d t he pote n t i a l  for l an ds l i d e s  
an d muds l i des , wh i c h  cou l d  comp r om i se t he  i n te gr i ty of d i s po s a l  f ac i l 
i t i es dur i n g  t he s pec i f i ed des i g n  l i fe . The U . S . En v i ro nme nt a l  Protec
t i on Age ncy · s  ( E PA )  des i g n  l i fe  s t an dard  wh i c h  r eg u l ates t h e  des i g n s  of 
d i s po s a l  f ac i l i t i es i n v o l ved in  t he Ur an i um M i l l  Ta i l i n g s  Reme d i a l  Ac 
t i on ( UMTRA ) Project st ates t h at e n g i n eer ed des i g n an d s i te s e l ect i on 
proces ses de ve l oped d ur i n g  t he progr am shou l d  res u l t i n  cont ai nme nt 
s tru ctures  wh i ch  ar e capab l e  of res i s t i n g  natur a l  i n tr u s i on for a per i od 
of at l e as t 1000 years whene ver reaso nab l y  ac h i evab l e  ( DOE , 1 9 84) . A 
m i n i mum l onge v i ty s t an d ard  o f  200 ye ars i s  imp o s ed whe ne ver t he 1000-
ye ar des i g n  l i fe  i s  fo u nd  to  be imp ract i c a l .  

E 3 . 2 . 2  F I ELD I N V EST IGATION  AN D R E S EARC H 

Th i s  i n v es t i g a t i o n  i n v o l ved f i e l d  wor k an d res earch i n t o  t he per t i 
nent  as pect s of  the ge o l og i c  h i s t ory o f  t h e  s i te r e gi o n ,  ge omor ph ic  con
d i t i on s  at t h e  s i te area , an d es t i m at i on s of  t he pote n t i a l i mp ac t  of  geo
morph i c  proce s s es on the p l an ned  f ac i l i ty dur i n g  t he des i g n  l i fe . The 
pr ogr am of f i e l d  wor k  an d r es e arc h  carr i ed out for t h i s  s tu dy i n c l u ded  
the  f 0 1 1 ow in  g : 

o Ac q u i s i t i o n  an d rev i ew o f  aer i a l phot ogr aphy,  p u b l i s hed ge o l ogi c 
mapp i n g ,  an d per t i n e n t  l i ter atur e an d d at a ,  i n c l u d i n g  ge otec hn i 
c a l  data  an d prev i ous  r ep or ts deve l oped dur i n g  UMTRA Project i n 
v es t i g at i o n  s • 

o Re v i ew of  a prev i o u s  ge otechn i c a l  i n v es t i g at i on ( Go l der  As soc i 
ates , 1 983 ) carr i ed out  i n  t he s i te area for a s ep ar ate proje ct . 

o Ge o l o g i c  an d ge omor p h ic  f i e l d  reco n na i s s ance  i n  t he s i te r e gi o n .  
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E 3 . 3  R EG IO NAL S ETT I NG 

E 3 . 3 . 1  P H YS I CAL S ETT I N G  

T h e  s t u dy area i s  i n  wes tern  Co l or ad o  i n  t h e  Canyon L an d s  s ec t i o n  
of t he Co l or ad o P l ate au phys i o gr aph i c  prov i nce  ( H un t ,  1 96 7) ( F i g ur e  
E 3 . 3 . 1 ) . Str u ctur a l l y ,  t h i s  reg i on i s  ch arac te r i ze d  by l a rge upwards  
an d i n te r ven i n g  bas i n s  affec t i n g  u p per P a l eozo i c  an d l ower Mes ozo i c  s an d 
s t ones an d s h a l es .  The most  prom i n e nt l an dforms are broad me s as an d p ed 
i me n t  s u rfac es , narrow r ock -wa l l ed g u l l i es ,  an d d ee p l y  i n c i s ed c anyons  
of  t he Co l or ad o R i v er an d i ts tr i b ut ar i es .  The  Co l orad o  R i v er m ak es an 
abru p t  bend from nor t he a s t  t o  sou t hwes t about  s i x  m i l es eas t of t he s i te 
an d c u t s  ac ros s t he t rend  of  t he Un comp ah g r e  Up l  i f t  i n  R u by C anyon .  

T he  s i te i s  s i tu ated i n  an area of  mod er ate r el i ef i n  Gran d Va l l ey 
about  28 m i l es ( 45 km ) wes t  of t he ex i st i n g  t a i  l i n g s s i te at  Gr an d J u n c 
t i o n .  E l evat i on s  a t  t h e  s i te r an ge from about  4830 t o  49 60 fe e t .  To 
t he sou t hwes t t he Un comp ah g r e  Up l i ft ,  a l a rge nor t hwes t-tr en d i n g  p l a
te au up l i ft , reac hes e l evat i o n s  of 9000 t o  10 , 000 fe e t .  The Book C l i f f s  
border Grand Va l l ey o n  t he nor t h ,  reac h in g e l evat i on s  of 7000 t o  8000 
fe et . 

An n u a l  prec i p i t at i on at Gr an d Junct i on i s  e i g ht. t o  n i n e i n ches  
( N OAA,  1 982)  an d i s  e ven l y  d i s tr i b uted  t hr ou ghout  t he year  (Tab l e  
E 3 .  3 . 1 )  • Pr ec i p i  t at i on i n  t he h i g her  e 1 evat  i o ns  wh  ic h form t he he ad wa
ter s  of t he Co l orad o  R i ve r  sys tem i s  s orre wh at h ig h er , r an g i n g  from 1 0  t o  
25 i n ches per ye a r .  C l i m at ol og i c a l  d a t a  for we s tern  Co l or ad o  a r e  s u mm a
r i zed i n  T ab l e  E 3 . 3 . 1 . 

T he l ower va l l ey areas , s uch  as t he Gr an d Va l l ey ,  are p rotected by 
s u r rou n d i n g  h i g her te r r a i n .  Th ey exper i ence  h ig h er sumrre r  temp er atu r es 
an d l es s  extr eme co l d  d ur i n g  the  w i n te r  mo nt h s .  A s pr i n g f l ood po te n 
t i a l r es u l ts from the  rre l t i n g  o f  t he s nowp ack  a t  h ig h er e l e va t i on s .  

N atur a l  vege t a t i o n  i n  t he l ower e l e va t i ons co n s i sts  o f  cot t onw ood , 
w i l l ow ,  des er t sh ru b ,  an d gr as s .  J u n i per , s ageb ru s h , p i n e ,  o ak ,  an d 
Dou g l as f i r  are p rom i nent  at  e l e va t i o n s  of  5000 t o  8000 fe et . From 8000 
fe et  to t he t i mber l i ne ,  ve ge tat i on con s i s t s  of as pen , s pruce , s u b - a l p i n e 
f i r ,  l od ge po l e  p i n e , gr as ses , an d s h ru bs .  A l p i n e w i l l ow ,  gr as s es ,  an d 
s ed ge s  are fou nd  ab ove t he t i mber l i n e . 

E 3 . 3 . 2  BEDR OCK GE OL OGY 

The s i te reg i on i s  s i tu ated i n  t he  nor theastern  por t i o n  of t he 
Co l or ad o P l ate au , a major  te c t on i c  b l ock comp osed of a c or e  of  Prec amb r i 
an i g neou s  an d me tamorph i c  r ock over l a i n  by P a l eozo i c ,  Mes ozo i c ,  an d Ter 
t i ary s ed i me nt s .  The P a l e ozo i c  sec t i on i s  ent i re l y  ab s ent i n  t he Gr an d 
Jun ct i on area due to  up l i ft of t he  Un comp ah gre  Arc h  i n  M i d d l  e 
Pen n sy l v an i a  t i me ,  an d Mes ozo i c  u n i t s  r es t d i r ec t ly  on t he Precamb r i an .  
The tot a l  th i ck nes s of the  Mes ozo i c  s ec t i on i n  t he Gr an d Junct i o n  r e gi o n  
i s  about  8000 fee t  ( Lo hman , 1 9 65 ;  Yee n d ,  1 969 ) . Th i ck Ter t i ary s ec t i ons  
l i e to  t he nor t hwes t an d nor t he as t i n  t h e  Ui n t a  an d P i cean ce Bas in s .  
Bas a l t  f l ows of P l i o cene age c a p  Gran d Mes a ,  e a s t  of Gr an d J u nct i on .  
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Tab l e  E 3 . 3 . 1  C l i m atol og i c a l  data  for we s tern  Co l or ad o  

Me an Pr ec i p i t  at i on 
Mon t h  temp . OF ( i n che s )  

S ta t i o n :  Gr and Junct  i on J an uary 2 6 . 6  0 . 6 4  
E l e vat i o n :  4843 Feb ru ary 33 . 6  0 . 61 
Per i od : 1 9 75 M arc h 41 . 2  0 . 75  

Apr i l 51 . 7 0 . 79 
M ay 62 . 2 0 . 63 
June  7 1 . 3  0 . 5 5  
J u l y  78 . 7  0 . 46 
August  75 . 4  1 . 05  
Sep tember 6 7 . 2 0 . 84 
Oct ob er 54. 9 0 . 93 
N ovember 39 . 8 0 . 6 1  
December 29 . 5  0 . 5 5  

An n u a l  52 . 7 8. 41 

S tat i o n :  Ced a r ed ge J an uary 27 . 5  0 . 81 
E l e va t i on :  6 1 80 Feb ru ary 32 . 3  0 . 7 7  
Per i od :  1 951 - 1 9 7 3  Marc h 38. 5 0 . 86 

Apri 1 47 . 1  0 . 90 
M ay 5 7. 0  0 . 96 
J une  65 . 6  0 . 81 
J u l y  71 . 9 0 . 89 
Augus t 69 . 5  1 . 36 
S ep tember 61 . 6  1 . 20 
Oct ob er 50. 9 1 . 40 
November 3 7 . 5 0 . 94 
December 28. 5 1 . 02 

An n u a  1 49 .0  1 1 . 92 

S tat i o n : Cor te z Jan uary 2 7 . 7 0. 9 7  
E l e vat i o n :  61 7 7  Feb ru ary 32 . 4  0 . 7 3  
Per i od : 1 951 - 1 9 73  Marc h 38. 3 0 . 93 

Apr i l 46 . 7  0 . 9 7  
M ay 56 . 2  0 . 94 
June  65 . 2  0 . 45 
J u l y  72 . 1 1 . 1 3 
August  6 9 . 8  1 . 66  
Sep tember 62 . 0 1 . 1 4  
Oct ob er 51 . 1  1 . 5 4 
November 38. 1 0 . 89 
December 28. 5 1 . 2 3 

An n u a l  4 9 . 0  1 2 . 58  
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Tab l e E 3 . 3 . 1  C l i m at ol og i c a l  d a ta  for we s tern  Co l or ad o  ( Co nc l u de d )  

Me an Pr ec i pi t a t i on 
Mont h  temp . of  ( i n ches )  

S t a t i on : Gu n n i son Jan uary 10 . 3  0 . 9 9 
E l e vat i on :  7664 Feb ru ary 1 5 . 1  0 . 88 
Per i od :  1 951 - 1 973  Marc h 25 . 5  0 . 81 

Apri l 3 7 . 9 0 . 7 1  
May 47 . 6  0 . 6 1  
June  56 .0  0 . 5 4 
J u l y  61 . 9  1 .  56 
August  59 . 7  1 . 5 7  
Sep tember 51 . 9 1 . 1 1  
Oct ob er 42. 2 0 . 90 
November 2 7 . 8  0 . 7 5 
December 1 3 . 8  0 . 9 7  

An n u a  1 3 7 . 5 1 1 . 40 

Sta t i on :  Te l l ur i d e  J an uary 2 1 . 9  1 . 3 7  
E l e vat i o n :  8800 Feb r u ary 23 . 6 1 . 47 
Per i od :  1 951 - 1 9 73 Marc h 2 7 . 8  1 . 6 2  

Ap r i l 36 . 7  1 . 95 
May 46 . 1  1 . 66  
June  54 . 1 1 . 08 
J u l y  59 . 5  2 . 54  
August  5 7. 7 2 . 85 
Sep tember 51 . 4  2 . 0 6  
Oct ober 43 . 0  2 . 0 7  
November 30 . 7  1 . 46 
December 2 2 . 8 1 . 66 

An n u a l  3 9 . 6  2 1 .  7 9  

Ref . NOAA, 1982 .  
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The Two R o ad s i te i s  on the  ax i s  of t he nort hwes t-tr end i n g  Bar  X 
An t i c l i n e ( C as h i on ,  19 73 ) , wh i c h  l i es a l on g t he exte n s i on of t he  nor th
e a s t  f l an k  of t he Un comp ah gr e Upl i ft .  Bed rock un der l y in g the s i te area 
co n s i s t s  of t he Cr et aceous  M an co s Sh al e ,  d i pp i n g  to t he nor t heas t an d 
nor t hwes t at gr ad i en t s  of 250 t o  350 fe et  per m i l e . The s i te i s  o n  s u r 
f i c i al dep os i t s t h at r es t  o n  a ped i ment  forme d  on  t he M an cos Sh a l e .  

E 3 . 3 . 3 SUR F IC I AL GE OL OGY AN D GEOMOR PHOL OGY 

E 3 . 3 . 3 . 1  Re gi on a l ge omorph i c  h i s t ory 

A n umber of ge ol ogi s t s  h av e  i n ves t i g ated t he d e ve l opme n t  
o f  dr ai n age p at ter n s , terraces , s ed i me nt s ,  an d g l ac i a l 
mo r ai n es i n  t he Gr an d Va l l ey r e gi o n .  The fo l l ow i n g d i sc u s s i o n  
i s  excer pted from art i c l es by Hunt  ( 1 956 ) , Lo hm an ( 1 965 , 
1 981 ) , Yeend ( 1 969 ) , an d S i n nock ( 1 981 a ,  b ) . 

Unt i l  per h a ps P l i ocene t i me , t he Gr an d Junct i on area an d 
ad j acent  p arts  of  the  Co l or ad o  P l ate au we r e  un der go i n g e r os i o n 
by the  an ces tr al  Co l or ad o R i v er . The cou r s e  of t he Co l orad o  
R i ver  may h ave been es t ab l i shed by the end o f  t he M i o cene . 
D i ffer ent i a l up l i ft of the  Un comp ah g r e  Arc h  was r enewed d u r i n g  
t he P l i o cene , cau s i n g  majo r  ch an ges  i n  t he d r a i n age  p at te r n  of  
t he  Co l or ad o  an d Gu n n i so n R i v er s .  

Some d i s ag r eeme nt ex i sts  be tween va r i ou s  i n ves t i g at or s  o n  
t he q ue s t i on of whe ther tect on i c  ac t i v i ty es sent i a l ly  s t op ped 
be fore  or shor t l y after t he end of t he Ter t i ary , or h as cont i n 
ued up t o  t he pres e nt t i me .  The e vo l u t i o n o f  t h e  mod e r n  d r a i n 
age sys tems i s  al s o  co ntr over s i a l .  For ex amp l e ,  L o hm an ( 1 965 , 
1981 ) pres ented e v i d ence t h at t he an ces tr a l  Co l or ad o  an d 
Gu n n i son R i vers  on ce f l owed throu gh Un awe ep Canyon an d t h at 
t he p res ent p at tern  e vo l ved  from su cces s i v e  s t ages  of  s tr eam 
p i racy by tr i b u t ary s tr eams cut t in g Man cos Sh a l e  nor t h  an d 
we s t  of t he Un comp ah g r e  Arc h .  The more rap i d  r ate of s tr eam 
down c ut t i n g  i n  t he Man cos t h an in t he Prec ambr i an g r an i t i c t e r 
r a i n  of the Un comp ahg r e  Up l i ft was t he dete rm i n i n g  f ac t or .  
S i n nock ( 1 981 b ) , on t he ot her h an d ,  be l i eves t h at Un awe ep 
C anyon was fo rme r ly  occu p i ed by t he Gu n n i son a l one , an d t h at 
the Co l or ad o  R i ver h as been i n  es sent i a l ly t he  s ame pos i t i o n  
r e l a t i v e  to  t he Un comp ah g r e  Upl i ft s i n ce t he  M i o ce ne . The d i 
ver s i on of the  Gu n n i son away from Un aweep  C an yon i s  attr i b ut e d  
to  s u cces s i v e  s t ages of  up l i ft of t he Un comp ahg r e  Arc h .  

The deve l opme nt of t he pres ent l an dforms o f  t h e  r i v er va l 
l eys w a s  s tr ong l y  i n f l u e nced by P l e i s toce ne g l ac i at i ons . 
S i n no ck ( 1 981 a )  i d e nt if i ed fou r  s e ts of gl ac i a l  mor a i n es of 
Bu l l  L ake  ( ? )  an d P i n e da l e  ( ? )  age i n  t he R i d geway area .  
These  we re  cor re l ated w i th  g l ac i a l ep i sod es i n  the  San J uan 
Mount ai n s  t o  the  sout h .  Ev i d e nce for s u cces s i v e  per i od s  of  
P l e i s t ocene g l ac i at i o n  we r e  al s o  r ecogn i ze d o n  Gran d  an d 
Bat t l eme nt  Mes as by Yeend  ( 1 969) . The g l ac i a l s t ages  c an be 
cor rel ated w i th a l l u v i  al terraces al ong  t he Un comp ah g r e ,  
Gun n i so n ,  an d Co l orad o  R i vers . Ep i sodes of  s i g n i f i c an t 
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er os i on an d i n c i s i on of t he r i v er s  occu r r ed dur i n g  m ajo r r e ad 
van ces of t he i c e . At g l ac i al m i n i m a an d du r i n g  i n ter gl ac i a l 
per i od s , a ge ner a l  eq u i l i br i um ex i st s . He nce , i t  a ppears t h at 
t h e  l e ve l of t he Co l orad o  R i ver i n  t he Gr an d Junct i on r eg i on  
m ay h av e  been  f ai r l y  co n s t an t  s i n ce t he end of  t he 
P l e i s tocene . 

Pot as s i um-argon dat i n g  of t he bas a l t  f l ows c a ppi n g  Gr an d  
Mes a ,  about  5000 fe e t  above  t h e  Co l or ad o R i ver , g i v es a 
P l i o cene age of 9 . 7  p l u s  or m in us  0 . 485 m i l l i o n  years ( Yeend , 
1 969 ) . As s u m i n g  t h at t he bas a l t  forme r l y  cover ed t he area now 
occu p i ed by t he r i ver , an aver age  r ate of down cut t i n g by t h e  
Co l or ad o  R i ver of  s i x  i n ches per t ho u s an d  years i s  obt ai ned . 
Th i s  aver age r ate i n c l u des down cut t i n g  d ur i n g  bot h g l ac i a l an d 
i n ter gl ac i a l s t ages , an d t he  gr eate r  part  of t he down cut t i n g  
prob ab l y  w i l l  h ave  occu r r ed d ur i n g  t h e  gl ac i a l i n te r va l s .  
Ther e i s  sorre uncer t a i n ty r e l ated t o  t he pres ent r ate of  up
l i ft of t he Un comp ah gre  Arc h ,  wh i c h  may  a l s o  affect r ates of 
down c ut t i n g  or cau s e  ag gr ad a t i on .  Howe ver , it  i s  r easonab l e 
t o  as s ume t h at t h i s  va l ue wi 1 1  not be gr ea t l y  exc eeded i n  t he 
s i te r e g i on dur i n g  t he des i g n  l i fe of t he propo s ed f ac i l i ty .  

E 3 . 3 . 3 . 2  S urf i c i a l geo l ogy of the Gr and V a l l ey are a 

A s u rf i c i a l ge o l ogi c m ap o f  t he Gr an d Va l l ey area w as pre-
pared by Wh i t ney ( 1 981 ) . A port i on of t h at map  i s  pres ented 
as F i g  ur e E 3 . 3 . 2 .  

Surf i c i al depos i ts i n  t h e  r eg i on r an ge from L a te P l i o ce ne 
t o  Ho l ocene i n  age . G l ac i a l t i l l s of Bu l l  Lake  ( ? )  an d 
P i ne da l e  ( ? )  age ( L ate P l e i st ocene ) cover t h e  s u r f ac e  of  Gr an d 
Mes a ( Yeend , 1969) . Thes e are comp os ed o f  un sor ted m ate r i a l 
r an g i n g  fr om cl ay  t o  bo u l ders  depo s i te d  by at  l e as t four ep
i sod es of P l e i stocene g l ac i at i on .  The  t h ick nes s es of  t h es e  m a
te r i  a l s r an ge from a few me ter s  t o  25 me ter s .  

E xte n s i v e  l an ds l i d e  depos i ts of P l e i s t oce ne an d Ho l ocene 
age occur o n  t he f l an k s  of  Gr an d an d Batt l eme n t  Mes as an d i n  
t he ar ea wes t  of De Beq ue . Thes e depo s i t s  are t he r es u l t of 
s l ump i n g ,  rock an d debr i s  f a l l s , rock s l i d es , an d s o l i f l u ct i o n  
moveme nt s .  Thes e moveme n t s  occur red t hr ou ghout  t h e  
P l e i  s tocene an d a r e  co nt i n  u i n g  t od ay.  

Res i d u a l  depos i ts ,  de ve l oped from L a te P l e i s t ocene t o  
Ho l oce ne we ather i n g  o f  t he  Man co s Sh a l e ,  f l oor mu c h  of t he 
Gran d Va l l ey .  The t h i ck nes s of  t he c l ayey r es id u um ge ner a l ly 
va r i es fr om o ne to s i x  fe et . 

S ur f i c i a l  depos i ts of  l ate P l i ocene to  P l e i s t ocene age ad 
j ac ent to  Gr an d an d Bat t l eme nt Mes as are co ars e depos i t s  of 
poor l y  sor ted peb b l es ,  cob b l es ,  an d bo u l ders , common l y  15 t o  
30 fee t t h i ck ( l oc a l l y  t h icker ) . The gr av e l  i s  comp o s ed l ar ge 
l y  of  b as a l t .  The s e  depos i ts a r e  prob ab l y  debr i s  f l ows as s o c i 
ated w i t h P l e i st ocene g l ac i at i on .  
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F i g ur e  E 3 . 3 . 2  Surf i c i  a l  map o f  Gr an d  Va l l ey area 
( Conc l u ded ) 

L E GEND  

Al l u v i um ( Ho l ocene ) .  C l ay, s i  l t ,  s an d ,  an d gr av e l  depo s i ts 
un der l y i n g  mod er n f l  ood p l  a i n s .  

L oca l ly  depos i te d  s an d  an d s i l t  ( Ho l ocene t o  L ate 
P l e i st oce ne ) . Loca l l y der i v ed an d r ewor ked by e o l i an an d 
fl u v i a l  p roces ses . 

Rewor ked gr av e l  ( Ho l ocene t o  L a te P l e i s t ocene ) . 

Young  gr av e l  ( L ate P l e i  s tocene ) .  Ter r ac e  gr av e l s  of  P i n e 
d a l e  ( ? )  an d Bu l l L ake  ( ? )  age . 

Ol d er gr av e l  ( M i d d l e to Ear l y  P l e i s t ocene ) . Ter r aces  an d 
ter r ac e  r emn an t s  of  pre- Bu l l L ake  age . 

Gr ave l ( u n d i f fer ent i ated ; L ate P l e i s tocene t o  Ear l y  
P l e i s t ocene ) . Ter r aces an d ter r ac e  r ann an t s .  

Ped i me n t  depos i ts ( Ho l oce ne t o  P l e i s t ocene ) . 

Co l l u v i a l  dep os i ts on ped i me nt s  ( P l e i st ocene to  L a te P l i o
cene ) • 

We at her ed sh al e ( Ho l ocene t o  Late P l e i s t ocen e ) . Res i d ua l  
so i l  for med  o n  Man c o s  S h a l e .  

L an ds l i d e  dep o s i t s  ( Ho l o cene an d P l e i s t ocen e ) . 

Ti l l  of P i neda l e  ( ? )  age ( L ate P l e i s t ocene ) . 

T i l l  of Bu l l L ake  ( ? )  age ( L ate P l e i s t ocene ) .  
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Ped i me n t depos i ts d i s t i n ct fr om t ho s e  des c r i b ed  above are  
t h in ,  d i scont i n uo u s  depos i t s of c l ayey s i l ts ,  s an d ,  an d gr av 
e l , r esu l t i n g  from l oca l f l ood i n g  an d s l opewas h .  They r an ge 
in age fr om P l e i s tocene to Ho l ocene  an d are  mos t  common  i n  a r 
eas  under l a i n  by  M an co s S h a l e .  Thes e depos i t s a re  freq ue n t ly  
man t l ed b y  a t h in ( t hr ee to s i x  fe et ) cover o f  e o l i an s i l t  an d 
f i n e  s an d  wh i c h may be s tr on g l y  ceme nte d  by c a l i c he .  

Ter r ac es occur  at v a r i o u s  e l e va t i o n s  above  t he Co l or ad o  
an d G u n n i son R i vers  an d P l ate au Cr eek .  They are  u nder l a i n  by 
gr av e l s  wh i c h  ran ge in age fr om E a r ly  t o  L a te P l e i s tocene . 
The o l d es t grav e l s  occur from 30 t o  450 fe e t  above  mod ern  
str eam l e ve l s , an d m ay be  of p re- Bu l l L ake  age .  You n ge r  te r 
r ac es cor re l ated w i th  P i neda l e  ( ? )  an d Bu l l  Lake  ( ? )  g l ac i 
at i o n s  ( Yee n d ,  1 969;  Wh i t ney , 1 981 ; S i n no ck ,  1 9 81 a )  ge ner a l l y  
oc cur  be tween  1 8  an d 7 0  fe e t  above  t he mod ern  c h an ne l s . 

The modern f l ood p l a i n s  ar e under l a i n  by un co n so l i d ated  
c l ay ,  s i l t ,  s an d ,  an d gr ave l depo s i t s .  Thes e m ay r eac h t h i c k 
nes ses of  20 fe et or mor e a l ong  t he Co l or ad o  R i ver . 
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E 3 . 4  GE OMOR PH IC E VALUATION OF THE TW O ROAD S I TE 

E 3 . 4 . 1 GE OL OG I CAL D ESC R I PTIO N 

The s i te i s  on an a l l u v i a l  s u r f ac e  for me d  by er os i o n  of t he 
Cr etace ous  Mancos  S h al e .  The domin an t  surf i c i a l  mater i a l s  pres ent i n  
t he s i te ar ea ar e r es i d u a l  so i l s forme d by we at her i n g o f  t he M an co s ,  
gr ave l s , an d eo l i an depos i ts .  

The s u bs u rf ac e  prof i l e ,  bas ed o n  l og s  o f  exp l or atory bor eho l es an d 
tes t  p i ts on  t he s i te ,  cons i st s  of  t he fo l l ow i n g :  

o A s u rf ac e  l ayer o f  eo l i an depo s i ts .  Th i s  l ayer co n s i sts  of 
c l ayey s i l t  an d f i ne  s an d  wh i c h  i s  depos i te d  by w i n d  an d r e
wor ked by s o l i f l u ct i on ,  s heet  was h ,  an d i n term i t te n t  f l ow i n  
g u l l i es .  The th i ck nes s of t h i s  l ayer var i es from about  one 
foot to f i ve  or s i x  fe et  in t he s i te area . 

o Surf ic i a l depos i ts .  Th i s  l ayer ge ner a l ly con s i s t s  of i n ter-
l ayer ed s an d  an d gr ave l l y s an d ,  w i t h  occas i o na l gr av e l  l en s es .  
Th i s  mater i al i s  der i v ed from er os i on of Cr e taceou s an d 
Ter t i ary s an d s t one an d s h a l e  u n i ts of t he Book C l i ffs  t o  t he 
nor t h  an d wes t  of t h e  s i te .  Th i s  un i t  r an ges  from about  1 5  t o  
25 fee t i n  t h i ck nes s ac ro s s  t he s i te ,  an d m ay extend  t o  dep t h s  
o f  30 fe et  o r  mor e .  I t  i s  gener a l ly very s tr ongl  y ceme nted  by 
c a l i c he . 

o Man co s S h a l e .  Gr ay to o l i v e or b l ack mar i n e  s h a l e  w i t h  occa-
s i ona l beds of s an d s t one an d l i me s t one . In t he s i te area , t he 
M an co s var i es fr om 50 0 t o  1 400 fe et i n  t h ick nes s an d t h e  up per 
10 to 20 fee t are h ig h l y  we ather ed , form i n g a r es i d ua l  so i l  i n  
p l  ac es . 

E 3 . 4 . 2 GEOMOR PHOL OGY OF  THE S I TE AREA  

The  s i te i s  on  a l ow r i d ge  t h at i s  a r enn an t of a forme r ly  more 
w i des p read s urf ac e .  The age of t h i s  s u rface  i s  not  p rec i se l y known . 
Howe ver , exposur es of  gr ave l s  i n  a p i t e a s t  of t he s i te an d i n  tes t p i ts 
on t he s i te ar e s tr on g l y  ceme nted by c a l i c he an d d i s p l ay a we l l 
de ve l oped ar g i l l i c  B hor i zo n .  In  comp ar i son  w i t h ot her l ocat i o ns  
( S hrob a an d B i r ke l an d ,  1 983 ) , t h i s  de gr ee of so i l  de ve l opme n t  su gge s ts 
t h at t he s urfac e  may be Late P l e i s t ocene . The s u r f a: e  of t he s i te i s  
ge nt ly ro l l i n g ,  an d cover ed by s hor t gr as ses an d s hru bs . Dee p l y  i n c i  s ed 
g u l l i es are not p r es ent  at t he s i te ,  but f l an k  i t  on t he e a s t  an d we s t  
( F i g  ur e E 3 • 4 . 1  ) . 

E 3 . 4 . 2 . 1  R ates  of s l ope retreat 

Me as ureme nt s of h i l l s l ope eros i on on  t h e  Man cos Sh al e 
ne ar Gr an d  Junct i on we r e  mad e  by Schumm an d C hor l ey ( 1 966) . 
The up per por t i on s  of t he s e  s l opes we r e  l ower ed about  0 . 25 
in ch dur i n g  four ye ars . Se asona l fros t ac t i on an d down s l op e  
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F I G U RE E 3.4. 1 
TOP O G R A P H I C MAP OF TWO ROAD S I T E  A R EA ,  S H OWI NG 

F LA NKI N G  G U LLEY IYSTE M S  ( BA S E: U . S . G . S. ,  1 9 7 0 ). 
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creep of  s u r f ic i al s o i l  ag gregate wer e  fou n d  t o  be t h e  dom i 
n a n t  cou rs es of s l ope  r etr eat . 

A s s um i n g  t he fTE as u r ed r ate of er os i on of  0 . 25 i n c h d ur i n g  
fou r ye ars t o  be broad l y  r ep res ent at i v e ,  a ne t l owe r i n g  of  
s l opes on  Man c o s  Sh a l e  of  0 . 0625 i n ch per  ye ar , or  a pp rox i m ate 
l y  f i ve fe et  per 1000 ye ars , i s  ob t a i n ed . S l ope s  i n  t he s i te 
area are ca pped by more res i s t an t ,  c a l i c he - ceme n ted  gr av e l s , 
wh i c h  are mor e res i s t an t  t h an t h e  Man cos S h a l e .  Hence , t he 
r a te o f  s l ope retr eat  (exc 1 u d i  n g eros  i on by g u l l y sys tems ) 
w i l l  be n e g l i g i b l e d ur i n g  t he des i g n  l i f e .  

E 3 . 4 . 2 . 2  Eros i on b y  gu l l y systems 

D ue to  the  narrow h ig h  1 an d ch arac ter of the s i te ,  i t  i s  
s u bject  to  er os i on by g u l l y  sys tems ad van c i n g  head w ard i n t o 
the  s i te area from al l s i d es .  The s u r f ac e  o f  t he s i te i s  s u p 
ported by t h e  res i s t an t  ped i me n t gr av e l s  wh i ch  c a p  t he Man cos  
Sh a l e .  Ero s i on oc curs  al ong s l opes  wher e  the l es s  r es i s t an t  
Man cos S h a l e  i s  exposed . 

The r a te of er os i o n of  t h i s  s u r f ac e  i s  a very s l ow p r o
ces s an d shou  1 d not  po s e  a s er i o u s  t hreat  t o  t h e  p ropo s ed f a
c i l i ty dur i n g  t he 1000-yea r  des i g n  l i fe .  Gu l l i es on  t he s i te 
are ch ar acter i zed  by ve ry ge nt l e ,  gr as sy s l ope s  an d l ack  deep
ly  i n c i sed ch an ne l s .  The i n c i s i o n  of t he deeper washes  f l an k 
i n g t he  s i te i s  cau s ed by i n term i ttent  s tr eams d r a i n i n g  from 
the  Book C l i ffs t o  t he nor t h .  Su bs i d i ary g u l l y  sys tems ad v an c
i n g  i n t o  t he s i te area from t hes e was hes  are s h a l l ow an d h av e  
ge nt l e  s l opes , i n d i c at i n g  a l ack o f  r ap i d  er os i on b y  s u r f ac e  
wate r s  der i v ed o n  t he s i te .  The dom in an t  eros i on p roce s s es 
c u r r ent l y  ac t i n g  on t he s i te s urf ac e  are  s heet  was h ,  w i n d ,  an d 
so l i f l u ct i o n  moveme n t s .  As s um i n g  t he  s i te s u r f oc e  t o  b e  L a te 
P l e i s t one i n  age , an d on  t he or der of 50 ,000 ye ars o l d , an d a 
max imum g u l l y  ad van ce of  about  0 . 5  m i l e  i n t o  t he s i te a r ea 
( t he l en g t h  of the l ar ge s t  g u l l y  ad v an c i n g  i n t o  t he s i te fr om 
the e as t  s i d e ) , g i v es a r ate of g u l l y  encro ac hme nt of ab out  
0 . 1  m i l e  per  10 ,000 years , or  0 . 0 1  m i l e  per  1000 ye ars . Th i s  
i s  o n l y  a r ou gh es t i mate ; howe ver , i t  s eems reasonab l e  to  as 
SUfTE t h at rates of  t h i s  order of  m ag n i tude  w i  1 1  p r eva i  1 i n  t he 
s i te area du r i n g  t he 1000-yea r des i g n  l i fe . Se t t i n g  back t he 
proposed f ac i l i t i es a m i n i mum d i s t an ce of 0 . 1  t o  0 . 2  m i l e  fr om 
t he s teep s l opes bo r der i n g  t he s i te ,  or armor i n g  t he s l opes  
w i t h  r i prap , s hou l d  prov i d e ad eq uate p rote c t i o n  fr om eros i o n  
by n atur a l  p roces s es o f  s l ope r etr ea t .  Care s hou l d be t ak e n  
d ur i n g  exc av at i on an d co nstru ct i on t h at f ac i l i t i es a r e  not  
p l ac ed on  or  ne ar un p rotected  s l opes un der l a i n  by M an co s  
S h  a l e .  

E 3 . 4 . 2 . 3  M i n or proce s ses  

E x am in at i o n of  t he s i te s u r f ace  i n d i c a tes  t h at s i g n i f 
i c an t  eros i o n i s  not t ak i n g  p l ace  a t  t he  p r es ent  t i me . 
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Dep os i t i o n  of eo l i an s i l t  an d f in e  s an d ,  an d s eco nd ary r ed i s 
tr i b u t i o n  o f  t h i s  m ater i a l by fr ost  heav e  an d s o l i f l u ct i o n  
mo veme nt s ,  s heet  was h ,  an d ot her p roces ses are d om i n an t  o n  t he 
s i te s u r  f ac e • 

Fro s t  heave  an d so l i f l u ct i on are proces s es wh i c h  pose  a 
h azard  to t he l on g -term per forman ce of any s tr u ctur e co n s tr u c t 
ed to  i s o l ate t h e  t a i l i n g s at t h e  s i te .  C l i m at i c  cond i t i on s  
at  t he s i te f av or t he occurrence of  t hese  proces ses i n  w i n ter . 

F rost  heave i s  the  ver t i c a l  d i s p l ac eme nt of m at ter  i n  r e
s po n s e  to freez i n g .  The proces s r eq u i r es t h at ad equate mo i s
ture  be p res ent  to fo rm i c e  l en s es w i th in a f in e - gr a i ned  s o i l . 
Gr owth  of the  i c e  l en s es c au s es upward  exp an s i on ,  d i s pl ac i n g  
t he s u r f ac e .  I n  the  t a i l i n g s i mp ou ndme nt , i c e  l en s es cou l d  
form i n  the  up per part  of t he r ad o n  atte n uat i on 1 ayer . Th i s  
proces s can be m i t i gated by us  i n g  a r ad o n  atte n uat i on 1 ayer 
t h at i s  suff ic i en t l y  imp erme ab l e  t o  p revent s i g n i f i c an t  water 
pene tr at i o n  an d an ag gr egate co ver t h at i s  suff ic i en t l y  po rou s 
t o  r es tr i ct water bu i ld up over t he c l ay. 

Sol i f l u ct i on i s  t he s l ow f l owage of s atur ated s o i l s  above  
fr oze n s u bs o i l s .  The  s atur at i on prer eq u i s i te for t h i s  pr oces s 
c an a l s o  be m i t i g a ted  by u s i n g  perme ab l e  ag gr e gate an d i mp erme 
ab l e  r adon  atte n uat i on m ater i a l s . 

The av er age w i n d  s p eed of about  e i g ht mp h ( NOAA, 1 982) i n  
t he Gr an d J unct i on area wou l d  not  po se  a h azard  to  t he s i te ;  
howe ver , g us t in g  w i n d s  at s peed s o f  45  t o  70 mp h occur t hr ou gh
out  t he year . Pr oper s e l ect i on of  ag gr ega te cover t o  m i t i g ate 
g u l l y i n g  an d so l i f l uct i o n  h azards  w i l l  a l s o  m i t i g a te t h i s  
p r ob 1 em . 
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E 4 . l  EXECUT I VE  SUMMARY 

A s e i sm i c  h azard  s t u dy of t he Gr an d J u n ct i on ,  Co l or ado , a r ea was  u n der t ak en 
as a part  of an as ses sme nt of the l on g-term s t ab i l i ty of an ex i st i n g  ur an i um 
m i l l  t a i l i n g s  p i l e  an d two a l ter nate d i s po s a l  s i tes . 

The s i tes  are l ocated wi th i n  a few m i l es of  t he northe as ter n  f l an k  of t he 
Un comp ah g r e  Upl i ft .  Se v er a l  po tent i a l ly ac t i ve  f au l ts h ave  been i d e nt i f i ed w i t h
i n  th i s  sys tem . Loca t i o n s  of h i stor i c a l  e arthquak e  ep i centers  i n d i c ate t h at 
some f au l ts may be ac t i v e . 

The occur r ences of e s t i m ated Max i mum  Cr ed i b l e  E ar t hq uakes ( MC Es ) on k nown 
fau l ts w i th in t h i s  sys tem cou l d  prod uce ac ce l er at i on s  as h i g h  as 0 . 3 4g a t  t he 
Gr an d J unct i o n  an d Che ney Res er vo i r  s i te s . C a l c u l a ted  ac ce l er at i ons  at t he Two 
Road s i te ar e l ower , r an g i n g up  t o  approx i mate l y  0 . 1 8g .  H i g h er ac ce l er at i on s  
m ay r es u l t  from t he occu r r ence o f  e art hquakes  o f  m ag n i tu de a s  h ig h  as 6 . 6  o n  p re
v i o u s l y  unk nown fau l ts w i t h in l es s  t h an  f i ve  m i l es of t he s i te s . 

Ther e i s  no d i r ec t  e vi dence  of any pote n t i a l for o n - s i te f au l t  r u p tur e at 
any of  t he s i tes . Howe ver , t he poss i b i l i ty c an not  be ru l ed out  comp l ete l y ,  es pe
c i a l ly at t he ex i st i n g  Gr an d J u nct i o n  s i te .  

The po te nt i a l for s e i sm i c a l ly- i n du ced l i q ue f ac t i o n  i s  r emote at t he Two 
Road an d Che ney Res er vo i r  s i te s  but can not be ru l ed out at t he Gr an d Junct i o n  
s i te .  
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E 4 . 2  I N TR OD UCT ION 

E 4 . 2 . 1  LOCAT ION AN D PURPOSE  OF  STUDY 

Th i s  r epor t pres en ts t he  f i n d i n g s  of a s e i sm i c  h azard  e va l u a t i o n  
s t u dy of the Gr an d Ju n ct i on ,  Co l orad o ,  area.  The s tu dy was u n der t ak en 
as a p a r t  of an as ses sme nt of t he l on g-term s t ab i  l i ty of  an ex i s t i n g ur a
n i um m i l l  t a i l i n g s  p i l e  i n  t he c i ty of Gran d J unct i o n  an d two a l ter n a te 
d i s po s a l s i tes  l oc ated at  Cheney Res er vo i r  an d Two Road , as s h own i n  
F i g  ur e E 4 .  2 • 1 .  

The U . S . Env i ronme n t a l  Protect i on Age n cy ( E P A )  i s sued  s t an dards for 
t he reme d i a l ac t i o n  of  a l l  s i te s  i n vo l ved in t h e  Uran i u m M i l l  Ta i l i n g s 
Reme d i a l  Act i on ( UMTRA ) Proje ct . Th e E P A  des i g n - l i fe s t an dard  r eq u i r es 
t h at en g i neered deS i g n  an d s i te s e l ec t i o n proces ses d e ve l oped d u r i n g  t he 
p rogr am shou l d  u l t imate l y  r esu l t  i n  co nta i nme nt s tructu r es t h at are  c a pa
b l e  of  res i s t i n g  natur a l  i n tr u s i on fo r a per i od of  at l eas t 1000 ye ars 
af ter r ec l am at i o n  ( DOE , 1 984 ) . The d es i g n - l  i fe ob je c t  i v e  of 1 000 years 
is  to be me t whe ne ver reas o nab l y  ach i evab l e .  The m i n i mum  l on ge v i ty s t an 
dard  i s  200 ye ars . The i n te nt of  the  E P A  s t an dards i s  t o  des i g n  t he c o n 
s truct i o n  of i s o l at i o n  s tr u ctur es wh ic h w i l l  perform s at i sfac t or i ly w i t h  
a m i n i mum amou n t  of cus tod i a l mai n te nan ce , mo n i t or i n g ,  an d u s e  o f  cont i n 
ge ncy res po n s e  me as u r es . 

For the  pu r poses of th i s  s tu dy ,  s e i sm i c  r i sk i s  def in ed as t he po
tent i a l for dam age to ur an i um m i l l  t a i l i n g s d i s po s a l  f ac i l i t i es d u r i n g  
t he E PA-des i g n ated des i g n  l i fe cau s ed by : 

o On -s i te grou nd  mot i o n s .  
o On -s i te f au l t  r u p tu r e .  
o l i q ue f ac t i on - i n d u ced grou nd  f ai l ur e .  

E 4 . 2 . 2  SCOP E  OF WORK  

The  s e i sm i c  ch arac ter i za t i o n de ve l oped for t h i s  s tu dy i s  b a s ed o n  a 
r ev i ew an d i n terpretat i on o f  pu b l i shed ge o l ogi c a l , s e i sm o l og i c a l ,  an d ge 
ophys i c a l  l i ter atur e ,  ge o l og i c  an d ge omor ph i c  f i e l d  i n v es t i g at i ons , an d 
an a l ys i s  o f  t he h i s t or i c a l  e arthq uake r ecord . 

For the  pur p o ses of  t h i s  s tu dy ,  an ac t i v e  f au l t  i s  def ined  as one  
t h at h as h ad d i s pl ac eme nt dur i n g  t he  pres ent  s e i smotec t on i c  r eg i me  an d 
may ,  t her efor e ,  h av e  r enewed d i s pl ac eme nt  i n  t he fu tur e .  The f au l t  ac 
t i v i ty may be i n d i c ated by h i s t or i c a l , ge o l ogi c a l ,  s e i smo l og i c a l ,  ge omor 
ph ic , or ge od e t i c  e v i dence . The d u rat i on of t he pres ent  s e i smote ct on i c  
r eg ime i s  d i f f i cu l t to  def ine  prec i se l y ,  es pec i a l ly i n  a r e gi o n  o f  r e l a
t i ve l y  l ow ac t i v i ty s u c h  as t he area of  t he p r es ent s t u dy .  The mos t w i d e
l y  u sed de f in i t i on of  an ac t i ve  f au l t  i n  cur r en t  e n g i neer i n g  p r ac t i c e  i s  
a f au l t  w i th e v i d en ce of Ho l ocene  d i s pl ac eme nt  ( a pprox i mate l y  the  l as t  
lO , OOO t o  12 ,000 years ) an d t he term i s  us ed h er e i n  i n  t h at s en s e .  
Fau l ts or f au l t  sys tems wh ich  s how  e v i dence  o f  recur ren t  moveme n t s  d u r 
i n g t he l a te Quater nary ( a pprox i mate l y t he  l as t  500 ,000 ye ars ) w i l l  be 
r efer r ed to as pote nt i a l ly  ac t i v e  f au l ts .  
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Recur rence i n terva l s  of  s e i sm i c  ac t i v i ty i n  t he s i te r e gi o n  are  not  
k n own , so  t he prob ab i l i ty t h at f au l ts des i g n ated as ac t i v e  or  poten 
t i a l l y ac t i v e  wi l l  exper i ence mov eme nt s  dur i n g  t he des i gn l i fe of  t he 
propos ed fac i l i t i es c an not be es t i mated w i th  a h i g h  l e ve l of  conf iden ce . 
S i m i l a r ly , the  mag n i t u des of  t he MC E as soc i ated w i t h  s pec i f i c  fe atu r es 
ar e approx i m at i o ns based on  cur rent ly  av a i  l ab l e  i n format i o n .  Th e r e
su l ts of t h i s  an a l ys i s  s hou l d ,  t her efor e ,  be i n terpreted c o n s er va t i v e l y .  
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E 4 . 3 SE I SMOTECTON I C  SETT I N G  

E 4 . 3 . 1  R EG IONAL SETT I N G  

The f i rs t  recor ded earthq uake i n  t he St ate of Co l or ad o occur red i n  
1 870 (K i r kh am an d Rogers , 1 981 ) ; t her efor e ,  t he h i s tor i c a l  r ecor d  covers  
on l y  about  1 1 5  years . Th i s  i s  t oo s hor t a t i me per i od for u se  i n  d e ve l 
op i n g  a comp l e te l y  re l i ab l e  d a t a  base  for t he an a l ys i s  o f  fut ur e s e i sm i c  
r i sk .  The l en gt h  o f  t he r ecord for t he ad jo i n i n g  s t ates i s  comp arab l e .  
The h i s t or i c a l  recor d fo r Wyom i n g  dates t o  about  1 882 ( Co ffman e t  a l . ,  
1 982 ) ; for Ut ah , to  1 850 (Arab as z et  a l . ,  1 9 79 ) ; for Ar i zo na ,  t o  1 7 76 
( Du Bo i s  e t  a l . ,  1 982) ; an d for New Me x i co ,  t o  1 849 ( San for d et  a l . ,  
1 981 ) . The i n str ume nt a l  r ecor d i s  co n s i d erab l y s horter , ge ner a l ly dat
in g to t he ear ly  1 960s . A s  a ge ner a l  ru l e ,  t he h i s t or i c a l  r ecord  for 
t he reg i on i s  prob ab l y  re l i ab l e  for earthquakes  of  mag n i tu de gr eater  
t h an 4 . 5  occur r i n g  after 1 960 ( von  H ak e ,  1 984 ) . In  or der t o  p r ed i c t fu 
tu r e  e ar thquakes  as soc i ated wi th  f au l t s wh ich  may h av e  r ec ur r ence  i n te r 
va l s  of  t hou s an d s  t o  te n s  of  t hou s an ds of  ye ars , s tu d i es of  t he ge o l og i c 
an d s e i smotect on i c  set t i n g ,  recent ge o l og i c  h i s t ory , an d e v i d ence  of  r e
cent f au l t  mov eme nt s are u s ed .  

Co l or ad o has  been d i v i d ed i n t o  s e i smotec t on i c  prov i n ces by K i rkh am 
an d Rogers  ( 1 981 ) bas ed on  t he d i s tr i b u t i on an d ch arac ter i s t i c s  o f  
Ne oge ne ( l ater Ter t i ary , or M i o cene t o  Ho l ocene ) f au l t s ,  h i s t or i c a l  
e ar thquakes , major s tr u ctur a l  an d phys i o gr a ph ic  reg i o n s , an d i n terpreta
t i o n s  of  ear t hquak e  potent i al .  Tho s e  prov i n ces  w h ic h  are  s i g n i f i c an t  t o  
a s e i sm i c  h azard  e va l u at i on of t he Gr an d Junct i o n area are  s hown o n  
F i g ur e  E 4 . 3 . 1 ,  wh i ch  a l s o  de l i n e ate s t h e  m ajo r s e i smotect on i c p rov i n ce s  
in  t he ne i g hbor i n g  por t i on s  of Wyom i n g ,  Ut a h ,  Ar i zo n a ,  an d N ew  Mex i co .  
The Gr an d Junct i o n  UMTRA Proje ct s i te s  are l ocated  i n  t he nort heas te rn  
part  of t he Co l or ad o  P l ate au phys i ogr aph ic prov i n c e .  

The s e i smotect on i c  sett i n g  o f  t he Co l orad o P l ate au h as been de
s c r i b ed i n  two  mo nograph s o n  Ce no zo i c  tec t on i c s  an d regi o na l geop hys i c s  
of the wes tern  Cor d i  l l er a  an d t he R i o  Gran de R i ft ( Sm i t h  an d E at on , 
1 9 78 ;  R i eck er , 1 9 79 ) . Tho s e  s t u d i es an d ot her s tu d i es o f  s u r f ac e  wav e 
an d s e i sm i c  refr ac t i on data  (Ke l l er et  a l . ,  1 9 79 ) , heat  f l ow ( Re i ter et  
a l . ,  1 9 75 ;  Egg l es t on an d Re i ter , 1 984 ) , cru s t a l  s tr es s ( Zoback an d 
Zob ack , 1980 ) , an d t he s e i sm i c h i s tory of t he  r eg i on a l l i n d i c ate t h at 
t he Co l or ad o P l ate au i s  comp o s ed o f  a s e i sm i c a l ly s t ab l e  i n ter i or por
t i on bo u n d ed on  t hree s i d es by more  ac t i v e  bor der zo nes ( F i g ur e  E 4 . 3 . 2 ) . 
The bor der zo nes are tr an s i t i o na l  t o  m ajor s tr u ctur a l  zo nes t h at h av e  ex 
per i en ced l arge comp onen t s  of Ce nozo i c  str a i n ,  magm at i c  ac t i v i ty ,  an d 
h i g h l e ve l s  of s e i sm i c i ty (Thomp son  an d Zob ack , 1 9 79 ) . Thes e m ajo r  
s tr u ct u r a l zo nes are as fo l l ows : 

o The I n termou nt a i n  Se i sm i c  Be l t  ( Sm i t h an d Sbar , 1 9 74 ) , w h i c h  co
i n c i d es w i th t he tr an s i t i o n zo ne be twe en t he bas i n  an d r an ge p ro
v i n ce on the  we s t ,  an d t he Co l orad o  P l ate au an d M i d d l e Rocky 
Mou n t a i n s  o n  t he e as t .  

o The R i o  Gran de  R i ft ,  wh i ch  bo rders t he p l ate au t o  t he e a s t  i n  
Co l orad o  an d New Mex i co .  
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SEISMICITY MAP OF THE COLORADO PLATEAU, 1 962 TO 1 980 
(AFTER WONG, 1 984), SHOWING LOCATION OF GRAND JUNCTION 

UMTRA PROJECT SITES & BOUNOARY OF COLORADO PLATEAU INTERIOR 
(AFTER ZOBACK AND ZOBACK, 1 980) 
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o The Co l or ad o P l ate au /bas i n  an d r an ge tr an s i t i on zo ne i n  north
centr a l  Ar i zo n a .  

The Gr an d Jun ct i on  UMTRA Proje ct s i tes  are i n  t he s t ab l e  i n ter i o r  
por t i o n  o f  the Co l or ad o P l ate au . Howe ver , t hey l i e  wi th i n  a few m i l es 
of potent i a l l y ac t i ve f au l ts as soc i ated w i th the Un comp ah gre  Upl i f t . 
The s i tes  are from about  120  to  160 m i l es ( 1 90 t o  260 km ) east  of t he 
In termou nt a i n  Se i sm i c  Be l t  ( l S8 ) , an d 100 t o  1 40 m i l es ( 1 60 t o  2 25 km ) 
we s t  of the R i o  Gran d e  R i ft . The above  are co ns i d er ed to be the m ajo r 
pote nt i a l sources  of  l ar ge earthq uakes wh i ch  cou l d  i mp ac t  t he Gr an d  J u nc
t i o n  area .  

E 4 . 3 . 2  COL ORADO PLATEAU PROV IN CE 

The Co l or ad o P l ate au i s  a major tect oni c b l ock comp o s ed of  
P a l e ozo i c an d Mes ozo i c  r ock , un der l ai n  by a cor e of Prec ambr i an r ock , 
t h  at has been up 1 i fted at a r ate of about two mm/yr s i n ce Late Ter t  i ary 
t i me ( G ab l e  an d H at t on ,  1 980 ) . It co vers  an area of app rox i mate l y  
1 1 4 , 000 s q uare  m i l es ( 295 ,000 sq uare km ) i n  wes te r n  Co l orad o  an d ad 
jo i n i n g  parts of  Ut ah , Ar i zo n a ,  an d New Me x i co . The s i te area l i es i n  
t he nor theastern  part of  t he p l ate au .  

Neo gene  f au l t i n g  i s  ge ner a l ly  r ar e  wi th i n  t he Co l or ad o P l ate au , ex
cept  for f au l t i n g  as soc i  ated w i th the  Un comp ah gre  Up l  i f t  an d the co l 
l aps ed s a l t  an t i c l i n es o f  t he P arad o x  V a l l ey ( s e e  F i g ur e  E 4 . 3 . 1 ) . Earth
quakes  are not common w i t h in t he  p l ate au , excep t i n  t he bor der zo nes , as 
d i scus s ed above . The s t ab l e  i n ter i or port i on of t he  p l ate au i s ,  t hu s , 
co n s i der ed to  be an area of rel a t i v e l y  l ow s e i sm i c  r i s k .  Some of t he 
l ar ges t earthq uake magn i tu des r ecorded  w i t h i n  t he Co l or ad o P l ate au , an d 
i n  t he Gr an d Jun ct i on r eg i on ,  are as fo l l ows : 

o E ve nt s  of es t i mated mag n i t udes 5 . 5  t o  5 . 7 5 ( M ) at Lock e tt 
Tan k s , Ar i zo n a ,  i n  1 9 1 2 , an d Fredon i a,  Ar i zo na ,  i h 1 959 ( Du Bo i s 
et  a l . ,  1982) . Thes e e vents  may h ave  occurred w i th i n  t he bor der 
zo ne s ep ar at i n g  the Co l or ad o P l ate au fr om the bas i n  an d r an ge 
prov i n ce to t he sout h .  

, 

o The D u l c e ,  New Mex i co ,  ea rthq uake of  Jan uary 2 3 ,  1 966 , of  mag n i 
tude · ( Mb ) 5 . 5  ( N OAA, 1 984 ) . Th i s  e vent apparen t l y  occurred i n  
the  zo ne o f  tr an s i t i o n  be tween  t he Co l orad o  P l ate au an d the R i o  
Gr an d e  R i ft ( Her rman n e t  a l . ,  1 9 70) . 

o The earthq uake of  Oct ober 1 1 ,  1 960 , of  mag n i tu de 5 . 5 ,  l ocated 
nor the as t of R i d gway,  Co l or ad o ,  wh i c h  w as s tr ong l y fe l t  in t he 
R i d gw ay-Montr o s e  area . Th i s  event was o ne of t he l arge r  eart h
q uakes  t h at has  occur r ed i n  Co l orad o  dur i n g  t he h i st or i c a l  per i 
od ( K  i r kh am an d Roger s ,  1 981 ) . The e p i  center  w as 1 oca te d about 
67 m i l es ( 1 1 8  km ) sout heas t of Gr an d  Junct i on ,  an d m ay h ave  been 
as s o c i ated w i th t he Un comp ah gre  Up l i f t . 

The h i st or i ca l  s e i sm i c i ty of the  i n te r i or por t i on of t he  Co l or ad o  
P l ate au was c l as s i f i ed by Wong ( 1 984 ) as very l ow l e ve l , h av i n g e vents  
of sma l l to  mod er ate mag n i tu d e , w i th  d i f fu s e l y  di  s tr i b uted  ep i centers .  
The l a r ges t i n str u me nt a l ly  r ecor ded event s  w i th in the  i n ter i or o f  t he 
p l ate au h ave h ad a mag n i t u de of  4 . 5  to  5 . 5 .  
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Th i s  mag n i t u de r an ge i s  appr ox i mate l y  eq ua l t o  t he l ar ge s t  r ec or ded 
mag n i tu des for any of the s t ab l e  b l ock s o f  t he co nt i n e nt a l  an d eas te r n  
Un i ted  St a tes  ( exc l u d i n g  tec t on i c a l ly u n i q ue an d h i g h l y ac t i v e  r eg i o n s  
s u c h  a s  t he New Mad r i d , M i s sou r i ; Ch ar l es t on ,  Sou t h  C aro l i n a ;  an d L a  
M a l b a i e ,  Quebec areas ) . l i u an d K an amor i ( 1 980 ) comp i l ed reco r d s  for 
i n tr ap l ate ear thq uakes  w i th i n many s t ab l e  part s of  t he Nor th  .Ame r i c an 
p l a te ,  the  At l an t i c  Ocean , an d i n tr a pl ate s et t i n g s  i n  ot her p art s  o f  t he 
wor l d .  The s e  dat a i n d i c a te th at mos t  l ar ge r  earthquak e s  i n  i n tr a pl a te 
s e t t i n g s  h av e  mag n i t u des i n  t he r an ge of 5 . 8  t o  6 . 4 . Th i s  r an ge i n  m ag 
n i tu d e ,  t her efore ,  appears t o  be a co n ser va t i ve es t i mate for s c a t te r ed , 
no n - pr ed i ct ab l e  earthquakes  t h at cou l d  occur  w i th i n  t h e  s t ab l e  i n te r i o r 
por t i on of  t he Co l or ad o P l ate au . K i r kh am an d Ro ger s ( 1 981 ) es t i mate d an 
MC E o f  5 . 5  t o  6 . 5  for the  Co l or ad o P l ate au . S l emmo n s  ( 1 985 )  co n s i d e r s  
t he up per bou n d  mag n i tu de 6 . 5  t o  be un r ea l i s t i c  for t he Co l or ad o  
P l ate au , an d h as s u g ge s ted  a va l u e  i n  t he r an ge o f  5 . 7  t o  6 . 2 .  

Howe ver , i n  the  cas e o f  t he  Grand J unct i on UMTRA Proje ct  s i tes , e s 
t i m ate s of  s e i sm i c  r i sk  wh i ch  are based on  r e gi ona l s e i smote cton i c an a l 
ys i s  for t he ent i re Co l or ad o P l ate au may n ot h av e  va l id i ty ,  s i n ce t h e  
s i tes  ar e l ocated w i t h in a fe w m i l es of pote nt i a l ly act i v e  f au l ts as 
s o c i ated wi t h  the  Un co mp ah g r e  Upl i ft .  Th es e s tr u ct u r es may be u n i que 
fe atu r es wh i c h  w i l l  r eq u i r e s pec i a l co ns i d er at i on .  Th e ge o l og i c h i s t ory 
an d s e i smotect on i c  s e t t i n g of t h e  Un comp ah gr e  Up l i ft  are d i scu s s ed i n  
gr eater deta i  1 i n  t he fo l l owin g s ec t i o n .  

E 4. 3 . 2 . 1  Uncompahgre Up l i ft 

The Un comp ah gre  Upl i ft , wh i c h  l i es i mme d i ate l y  t o  t he 
sou t h  of t he Gr an d J u nct i on area , i s  one  of  t he fe w fe atu r es 
l y i n g  w i th in the s t ab l e  i n te r i or port i on of t he  Co l or ad o  
P l ate au t h at h as been i d e nt i f i ed as potent i a l ly ac t i v e  
( K i r kh am  an d Rogers , 1 981 ) . I t  i s  a l arge , nor thwe s t- tr e n d 
i n g ,  asymme tr i c a l  b l ock w i th i n  t he Co l or ad o P l ate au , comp os ed 
of Pr ecambr i an i gn e ou s  an d me tamorph i c  r ock over l a i n  by 
Mes ozo i c  sed i me nt a ry r ock , t h at r os e  d u r i n g  t he Ne o ge ne fr om 
t he  cres t of an o l der , mu ch  l ar ge r  h ig h l an d  t h at was a p r om
i n e n t  s tru ctu r a l  fe atu r e  dur i n g  t he late Pa l eozo i c  ( Ca te r , 
1 966 ;  K i r kh am  an d Roge r s , 1 981 ) . The mod ern  Uncomp ahg r e  
Up l i ft i s  a nor t he a s t- t i l ted  b l ock t h at h as exper i en ced co n s i d 
e r ab l e  moveme nt d u r i n g  t he P l i ocene an d Quaternary a l ong  bou n d 
in g f au l ts an d mo noc l i n es . Moveme n t  may h av e  per s i sted  we l l  
i n t o  t he P l e i s t ocene an d may be co nt i n u i n g  a t  t he p res ent  
t i me .  K i r kh am an d Rogers  ( 1 981 )  h av e  i d en t i f i ed about  25  
fau l ts of  L ate Cenozo i c  age t h at f l an k  t he u p l i ft on  bo t h  t he 
n or theast  an d sou t hwes t ( F i g ur e  E4 . 3 . 3 ) . 

Thes e fau l ts ran ge i n  l en gt h  from about  f i v e  t o  25  m i  l es 
( e i g h t  t o  40 km ) .  K n own potent i a l ly act i v e  f au l ts o n  t he 
nor the a s te r n  f l an k  l i e at  d i s tan ces r an g i n g  from f iv e  to  20 
m i l es ( e i g h t  to  36 km ) from t h e  Gr an d Junct io n s i te an d t he 
Cheney Res er vo i r  s i te ,  an d from about  1 5  t o  45 m i l es ( 24 t o  72  
km ) fr om the  Two R o ad s i te .  Fau l ts t h at l i e  a l ong  t he s o u t h
we s te r n  f l an k  of t he Up l i ft l i e  at gr ea te r  d i s t an ces  fr om t he 
UMTRA Proje ct  s i tes ; howe ver , t h es e  f au l ts m ay be c a pab l e  of  
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prod uc i n g  l arger earthq uakes due t o  t he i r gr eate r  l en g t h s .  
K i r kh am an d Rogers  ( 1 981 ) s t ate t h at al l of  t hes e f au l t s 
s hou l d  be co n s i d er ed as potent i a l l y ac t i v e .  

F au l t  No . 7 4  i s  t he o n l y  f au l t  as soc i ated w i t h t he north
eas te r n  f l an k  of  t he Up l i ft wh i ch  can be s hown by d i rec t  ge o
l og i c  e v i de nce to h av e  moved d ur i n g  t he Quater nary .  The f au l t  
d i s pl ac es Cr etaceous  M an co s S h a l e  an d over l y i n g  Pr e-W i scon s i n  
( ? ) Quaternary ped i me nt gr av e l s  i n  a r o adcut o n  U . S .  H i g hway 
50 , about  1 2  m i l es e as t  of t he Cheney Res er vo i r  s i te (K i r kh am  
an d Roger s ,  1 981 ) . 

The R i d gway Fau l t  ( F au l t  No . 1 79 of K i r kh am an d Roger s ,  
1 981 ) , wh i c h  l i es on  t he sout hwes ter n  f l an k  of t he Upl i ft 
about  55 m i l es sout he as t of t he s i te area , r epor te d l y  offsets  
a Pre-W i sco n s i n  Quate rnary gr av e l  expo s ed in  a gr av e l  p i t  near  
R i d gway ( Su l l i v an e t  a l . ,  1 980 ) . K i r kh am an d Roger s ( 1 981 ) r e
por t t h at a m i c r oe arthquak e s u r vey cond ucted dur i n g  1 9 78 an d 
1 9 79 l o cated a n umber of m i croe arthquak es t h at centered o n  t he 
R i d gw ay F au l t  • 

Tab l e  E 4 . 3 . 1  l i s t s  t he MC Es as soc i ated wi th  some typ i c a l 
mapped f au l t s of the Un comp ah g r e  Up l i ft an d al s o  l i s t s  ca l 
cu l ated max i mum hor i zo nt a l ac ce l er at i ons  at  t he UMTRA Proje ct  
s i tes wh ich  cou l d  res u l t  from t he occu r r ences of c a lc u l ated 
MC Es , a l on g  wi th c a l c u l ate d  dur a t i ons of s e i sm i c  s h ak i n g  i n  
r ock an d so i l .  The va l ues  o f  max i mum ho r i zo nt a l ac ce l er at i on  
i n  r o ck l i s te d  i n  Tab l e  E 4 . 3 . 1  are d er i ved from atte n uat i o n 
cu r ves of  Seed an d I d r i s s ( 1 982) . The v a l u es  c a l c u l ated r ep re
s ent  me an va l ues  of ac ce l er at io n  an d may in r ea l i ty r epres ent 
a br oad scat ter  of  va l ues . Ac ce l er at i o ns  as h ig h  as 0 . 34g 
cou l d  pos s i b l y be exper i l:: n ced at the Gr an d Junct i o n an d Che ney 
Res er vo i r  s i tes . Les s er va l ues , r an g i n g  up t o  approx i mate ly  
0 . 18g ,  are  pos s i b l e  at t he Two R o ad s i te .  

The f act  t h at k n own f au l t s ex i st wi th in t he ov er a l l sys 
tem wh i c h  are es t i mated t o  be capabl e of p rod u c i n g mag n i tu des 
of up  to 6 . 6  can be i n te r p reted  as me an i n g  t h at s i m i l a r  
mag n i t u des  c an b e  prod uced anywher e wi th i n  t he sys tem . I n  t h at 
c ase , e ve n  h igher  ac ce l er at i ons  can be as sume d .  For ex amp l e ,  
t he o ccu r r ence of a magn i t u de 6 . 6  on  t he Red l an ds F au l t , w i t h
i n  s i x  m i l es of  t he ex i st i n g  s i te ,  cou l d  p rod uce an o n - s i te ac 
ce l er at i on of  up t o  0 . 42g .  Ac ce l er at i o n s  r an g i n g  up  t o  about  
0 . 22g  cou l d  be prod u ced a t  t he Two Road s i te .  

H i s t or i c a l  e art hquake d a ta  for a 200- km r ad i u s s u r 
r ou n d i n g  Grand Jun ct i o n  ( ob t a i n ed from t h e  NOAA E ar thq uak e 
Dat a F i l e ,  NOAA , 1 984 ) are i l l u s tr ated i n  F i g ur e  E 4 . 3 . 4 . 
Se ver a l  tr en d s  are apparent . 

N u me rou s e vent s h ave occur red i n  t he R i d gw ay-Montr os e ar
e a .  Thes e e vents ar e br oad ly  sca ttered an d do  not  c l ear ly  de
f i ne  any s pec i f i c  f au l t  sys tem . The e vent s s c a ttered  over t h e  
ar ea sou t h  of R i d gway l i e  wi th in  t h e  S an Juan Mou n t a i n s .  To 
the  nor t hwe s t  of R i d gway,  an al i g nme nt of ep i cente r s  m ay 
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F au l t  

#65 
Length 9 m i  
1/2  l e n g t h  

4 . 5  m i  

[Tl #66 .j::>. 
I Lengt h 8 m i  I--' 

.j::>. 1/2  l e ng t h  
4 mi  

#71  
Lengt h 6 m i  
1/2  l e n g t h  

3 m i  

#80 
Length  18 m i  
1/ 2 l e ng t h  

9 m i  

Tab l e E 4 . 3 . 1  E s t i mated max i mum hor i zo nt a l  ac ce l er at i on at  UMTRA Proje ct 
s i te s  from e arthquak e s  on pote nt i a l l y ac t i v e  f au l t s as s o c i ated 
w i th t he  Un comp ah g r e Up l if t  

Max i mu m  
hor i zo nt a l 
ac ce 1 er at i on Dur a t i o n  of Dur a t i on of 

D i s tan ce from 
i n  rock expected 

at s i te ar ea 
ac ce l er at i on 

in rock 
ac ce l er at i on 

i n  s o  i 1 
MC E m ag n i tude a ce nter of  (fr ac t i on of ( >0 . 05 g ) , ( >0 . 05g ) ,  

s i te ar ea un i t  gr av i ty )  i n  seconds  i n  seconds  

6 . 1  6 m i  ( 9 . 5  k m )  0 . 34 10- 12 1 7 -1 9 
( e x  i s t i n  g s i te )  
18  m i  ( 29 km ) 0 . 1 4 6-8 1 3- 15  
( Ch eney s i te )  
1 6  m i  ( 26 km ) 0 . 1 8  7-9  14- 16  
( 2  Rd . s i te )  

6 . 1  9 m i  ( 1 4  k m ) 0 . 2 5  9- 1 1  15- 1 7 
( e x  i s t i n  g s i te ) 
19  m i  ( 30 km ) 0 . 1 3 6-8 13- 1 5  
( Ch eney s i te )  
24 m i  ( 38  k m )  0 . 10 4-6 10- 12  
( 2  Rd . s i te )  

6 .0 1 8  m i  ( 29 k m ) 0 . 1 1  5-7  1 2-1 4 
( e x  i s t i n  g s i te )  
5 . 5  m i  ( 9  k m )  0 . 34 10- 12  1 6 - 1 8  
( Che ney s i te )  
43 m i  ( 69 km ) 0 . 02 4-6 
( 2  Rd . s i te )  

6 . 5  30 m i  ( 48 k m ) 0 . 10  4-6 9- 1 1  
( e x  i s t i n  g s i te ) 
30 m i  ( 48 k m )  0 . 10 4-6 9- 1 1  
( Ch eney s i te )  
38 m i  ( 61  km ) 0 . 0 7  2-4 3-5 
( 2  Rd . s i te )  
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Tab l e  E 4 . 3 . 1  E s t i mated max i mum hor i zo nt a l  ac ce l er at i on at  UMTRA Proje ct 
s i te s  from earthquak e s  on potent i a l l y ac t i v e  f au l t s as soc i ate d  
w i th  t he  Uncomp ah g r e  Up l if t  ( Co n c l u d ed ) 

M ax i mum 
hor i zo nt a l  
ac ce 1 er at i on Durat i on of  Dur at i on o f  

D i s t ance  from 
i n  rock expecbed ac ce l er at i on ac ce 1 er at i on 

at s i te ar ea in rock in so i l  

MC E m ag n i tu d e
a ce nter of  (fr ac t i on o f  ( >0 . 05 g ) ,  ( >0 . 05 g ) , 

F au l t  s i te ar ea un i t  gr av i ty ) i n  s econds  i n  s eco nds  

#81 6 . 6 40 m i  ( 64  k m )  0 . 0 7  2-4 8- 10 
L en gt h 2 2  m i  ( ex i st i n g  s i te )  
1/ 2 l e ng t h  34 m i  ( 5 4 km ) 0 . 0 9  4-6 9- 1 1  

1 1  m i  ( Ch eney s i te )  
56 m i  ( 90 km ) 0 . 02 

�Bas ed o n  rupture  l e ng t h  e q u a l  t o  1/2  f au l t  l engt h an d r e l a t i on s h i ps i n  S l emmo n s  ( 1 9 77 ) . 
Extr apo l ated from cu r ves  of Seed an d I d r i s s  ( 1 98 2 ) . CExtr apo l ated from curves  o f  Kr i n i t z s ky an d C h an g  ( 1 9 77 ) . 



fo l l ow t he tr end o f  t he nor t heaste r n  f l an k  of t he Un comp ahgre  
Up l i ft as  f ar as Mo ntr os e .  Th i s  gr ou p i n g i n c l u de s  t he Oct ober 
1 1 ,  1 960 , mag n i tu d e  5 . 5  e vent s .  

The  area from Montr ose  nort hwes t t o  Gr an d  Junct i on h as ap
paren t l y exper i enced no ac t i v i ty dur i n g  t he per i od of r ecor d .  

A s econd cl u s ter i n g  o f  events  occu r r ed i n  t he Gr an d 
Jun ct i o n  ar ea . The ep i cente r s  of t ho se e ve nt s  ar e p l ot te d on  
F i g ur e  E 4 . 3 . 3 .  One e vent , w i t h  an i n te n s i ty ( Imm )  of I I  
( N OAA, 1 984 ) , w h i c h  occur r ed o n  Marc h 1 ,  1 9 1 5 ,  i s  v ery c l os e l y  
r e l ated t o  t he Red l an ds F au l t  Comp l ex ( F au l t No . 65  o f  K i rkh iY11 
an d Roger s ,  1 981 ) . I t  s hou l d  be emp h as i ze d  t h at t he ep i 
centr a l  l ocat i on i s  approx imate s o  t he very c l ose co i n c i d e n ce 
of t he e p i center w i th  t he Red l an ds  F au l t  Comp l ex i s  part l y  for 
tu i t ou s .  Howe ver , t he pos s i b i l i ty t h at t he e vent  occur red on  
t he Red l an d s  Fau l t  comp l ex can not be  i g nored . The Red l an d s  
F au l t  m a y  be ac t i ve .  

The e vent of March 1 ,  1 91 5 ,  was  preceded on  Fe bru ary 28,  
1 9 1 5 ,  by an e vent  of e s t i m ated i n te n s i ty ( Imm ) I I I  w ho s e  e p i 
center apparent l y  was l ocated  about  4 . 5 m i l es t o  t he no r t h
e as t ,  on  t he o ppo s i te ban k  of t he Co l or ad o R i ver . A s eco nd 
e vent  occu r r ed very c l ose  to t he ep i center of t he Fe bru ary , 
1 9 1 5 ,  e vent  on Jan uary 30 , 1 9 75 .  Th i s  e vent  h ad a body wav e  
m ag n i t u d e  o f  4 . 4 , an d an i n te n s i ty ( Imm ) eq ua l  t o  V .  N o  f au l t
i n g  h as been r ecog n i  ze d to d a te i n  t he area of t he s e  ep i 
cente r s .  The ac t i v i ty i n  t h e  area s u g ge s t s  t he p res ence o f  an 
unde te cted , pos s i b l y  unexp o s ed , act i v e  f au l t  sys tem .  

I t  m u s t  be co nc l u ded  from t he above  t h at k nown f au l ts l y
i n g w i th in f i ve  or s i x m i l es of t he Gr an d Junct i on s i te m ay be 
ac t i ve .  F ur thermor e ,  u n de tected ac t i v e  f au l ts may a l s o e x i s t ,  
an d m ay l i e  e ven  cl o ser t o  t he s i te .  

E s t i m ated ac ce l er at i on s  at t he UMTRA Proje ct s i tes r e
s u l t i n g  fr om t he oc cur r ence of earthquake s  of m ag n i tu de 6 . 6  o n  
k nown f au l ts cou l d  ran ge up t o  0 . 42g . Ac ce l er at i on s  r es u l t in g  
fr om ear thquak e s  on unde tected  f au l ts cou l d  pos s i b l y  be 
h i g her . 

T he  prob ab i l i ty t h at on-s i te f au l t  ru p tur e ,  p art i c u l a r l y  
at t he Gr an d Junct i on s i te ,  may occur as a r es u l t o f  f au l t  
moveme nt s c an not be def ined wi t h  t he p res ent d a ta .  I t  c an not 
be ru l ed out  for t he lOOO-ye ar des i g n  l i fe of  t h e  p ropos ed 
f ac i 1 i t i es .  

E 4 . 3 . 2 . 2  P ar adox Bas i n  

The Pen n syl van i an - age d Parad o x  Bas i n  i s  l o ca ted  about 45 
m i l es ( 72 km ) to t he sout hwe s t  of t he s i te area ,  an d sout hwes t 
of  t he Un comp ah gr e Up l i ft .  As soc i ated w i t h t h i s  bas i n  are 
nor t hwes t -tr en d i n g ,  s a l t-cored an t i c l i n es t h at co l l apsed a l ong  
t he i r cres t s  i n  a gr abe n l i k e  f as h i o n  dur i n g  t he Ne o ge ne .  The  
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an t i c l i n es are be l i eved to be co ntr ol l ed by l ar ge s u bsu r f ac e  
fau l ts wh i c h  appar en t ly hav e  exper i enced s e ver a l  e p i sodes of 
ac t i v i ty s i n ce t he Late Pa l eozo i c .  The an t i c l i n es t hems e l v es 
exper i en ced moveme nt i n  t he Qua tern ary an d may we 1 1  be ac t i v e  
t od ay ( H unt , 1 956 ; Cater , 1 9 70) . The curren t  ep i sod e  of  
co l l a ps e  may  h ave be g un when t he C o l or ad o  P l ate au was u p l i fted 
d u r i n g  t he M i o cene , d ur i n g  wh i ch  t he an t i c l i n es were  br eac hed 
an d t he i r  cor es expo s ed  by er os i on .  Rap i d so l ut i on an d 
fl owage fo l l owed exposu r e ,  c aus i n g  comp l ex f au l t i n g .  

I t  i s  u n 1  i k e 1 y  t h at t he s e  fe a tu r es c an ge nerate e arth
quakes  h av i n g a mag n i t u de l a r ge r  t h an  4 or 5 (K i r kh am  an d 
R oger s ,  1 9 81 ) . Co n s i der in g t he i r  d i s t an ce from t he s i te area , 
t hey do not  appear t o  r ep res ent a cr i t i c a l  f ac t or i n  s e i sm i c 
h azard an a l ys i s . Howe ver , t he l ar ge  su b s urfac e  f au l ts wh ich  
contr o l  the  l ocat i o n s  of t he an t i c l i nes  ar e not exp os ed , an d 
i t  i s  not k nown i f  t hey are s t i l l  ac t i v e .  They m i g ht r epre
s ent a pote nt i al sourc e of typ i c a l  Co l orad o  P l ate au e arth
quake s . 

The  occur r ence of a m ag n i t u de 5 . 7  or 6 . 5  e arthq uake at a 
d i s t an ce o f  45 m i l es ( 75 km ) from any one of  t he Gr an d 
Jun ct i o n  UMTRA Proje ct s i tes  wou l d  prod uce ac ce l er at i on s  of 
about  0 . 03g  to 0 . 04g  at t he s i te (Tab l e  E 4 . 3 . 2 ) . 

E 4 . 3 . 2 . 3  Ar t i f i c i a l l y - i n d uced e arthqu akes  

The r e g i o n  of t he Co l or ad o  P l ate au e as t  of t he I SB l ac k s  
prom i n e nt n a tur a l  e arthquake  ac t i v i ty .  Se ver a l  c l u s te r s  o f  
e a r t hq u akes  h av e  been recorded i n  t he r eg i  o n  t h at a r e  ap
parent ly  ar t i f i c i a l l y- i n du ced ( Sm i t h  an d Sbar , 1 9 74 ) . A n um
ber  of  e vent s h ave  occurred al ong t he Book C l i ff s  i n  t he 
e a s tern  Ut ah co a l  m in i n g  d i s tr i ct ( s ee  F i g ur e  E 4 . 3 . 1 ) . Thes e 
event s ,  t he l ar ge s t  of wh i c h  h ad a mag n i tu de of  4. 5 ,  are 
t hou ght  t o  be  tr i g ge r ed by s u bs u rfac e  co a l  m i n i n g  ( Sm i t h et  
a l . ,  1 9 72 ) . A n umber of ear thq uakes  h av e  been  e xper i me nt a l ly  
in d u ced  by f l u i d i n je c t i on i n  t he R an ge l y  o i l f i e l d  ( R a l e i g h  
e t  a l . ,  1 9 73 ) . Due t o  t he sma l l  mag n i tu des of  t he s e  event s ,  
t he d i s t an c es fr om t he  s i te area , an d t he i r un natur a l  mod e of 
oc cu r r ence , t hey are not co n s i der ed t o  be s i g n i f i can t to  t he 
an a l ys i s  of s e i sm i c  r i s k at  t he Gr an d J unct i o n  UMTRA Pr oje ct  
s i te s . 

E 4 . 3 . 3  I NTERMOUNTA I N  S E I SM I C B E L T  ( I SB) 

The fo l l ow i n g  d i s c u s s i on i s  l a rge ly excerpted  from Sm i t h  an d Sbar  
( 1 9 74 ) . Th e I SB i s  a zo ne of pronoun ced earthquak e  act i v i ty exte nd i n g  
n or t h  from Ar i zo na throu gh  Ut ah , eas tern  I d ah o ,  an d wes tern  Wy om i n g ,  an d 
term i n at i n g  i n  nor t hwes tern  Mo n t an a  ( see  F i g ur es E4 . 3 . 1  an d E 4 . 3 . 2 ) . I t  
i s  co i n c i d e n t  wi th t he bou n d ary be tween t he bas i n  an d r an ge prov i n ce an d 
t he Co l or ad o P 1 ate au -M i d d 1 e Rocky Mou n t a i n s i n  ce ntr a l  Ut ah , 1 20 m i l es 
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Tab l e E 4 . 3 . 2 E s t i m ated m ax imum hor i zo nt a l  ac ce l er at i on at  
s i te area  from MCEs  on r eg i o na l  s e i smotec t on i c  
fe atur es 

Max i mum h or i zo nt a l  
D i  s t an ce ac ce l er at i on i n  r o ck 

from exp e6ted a t  s i te 
MCE  a s i te area are a ( f r ac t i o n  

Source  ar ea mag n  i tu de  (m  i 1 es ) of un i t  gr av i ty )  

P aradox  Bas i n  4 . 0-5 .0  45 0 .03  - 0 . 04 

I nt ermount a i n  7 . 0- 7 . 5  120 <0 . 0 5  
Se i sm i c Be 1 t 

R i o  Gran d e  6 . 5- 7 . 5  120 0 . 02 - 0 . 0 3 
R i ft 

Wyom i n g Bas i n  5 . 7 -6 . 5  75 0 . 02 

Co l or ad o P l ate au / 6 . 5  40 0 . 05 - 0 . 0 6  
Wes tern Moun t a i n  
prov i n ce tr an s i -
t i o n  zo ne 

�s ee te xt for exp l an at i o n  of v a l ues  as sume d . 
Extr apo l ated fr om Seed an d I dr i s s ( 1 982) . 
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t o  t he wes t  of t he Gr an d J u nct i on UMTRA Project  s i tes . Th e l ar ge s t  
h i s t or i c a l  e vent  o f  t he I n termoun t a i n  Re gi on  was t he 1 959 e arthq uake of 
m ag n i t u de 7 . 1  at Hebge n L ak e , Mo n t an a .  More th an 15 e ve nt s  w i t h  
m ag n i t u des gre ate r  t h an 6 h ave been r ep or te d  s i n ce t he m i d -1 800s . 

The I S B  i n c l u des t he Was atch Fronta l  F au l t  Sys tem an d ot her m ajo r 
potent i a l l y ac t i ve  f au l t s of  nort hern  an d centr a l  Ut ah , w h i c h  l i e  at  d i s 
t an ces  of 1 40 m i l es ( 224 km ) o r  mor e t o  t he we s t  of  t he s i te r e gi o n .  

Thou gh t he s e i sm i c  ac t i v i ty as soc i  ated w i t h  t he I SB i s  i rr eg u l  a r l y  
d i s tr i b uted over a broad area , t here  i s  n o  e v i d e n ce t h at s e i sm i c i ty as 
so ci ated w i t h  i t  h as occ ur r ed w i t h i n  t he i n ter i or o f  t he Co l or ad o  
P l ate au . I t  t her efore  ap pears t h at t he cl oses t approac h  o f  potent i a l 
e arthq u akes  as soc i ate d w i t h  t he I SB t o  t he Gr an d J u nct i o n  UMTRA Proje ct  
s i te s  i s  120  m i l es .  A m ag n i tude 7 . 5  e arthq uake occur r i n g  at  t he c l os es t 
ap proac h  of t he I S B  wou l d  p r od uce ac ce l er at i on s  of l es s  t h an  0 . 0 5 g  at 
t he s i tes  ( se e  Tab l e  E 4 . 3 . 2 ) . 

E 4 . 3 . 4  R I O  GRAN DE R I FT 

The R i o  Gr an de R i ft i s  a n ort h-sout h-trend i n g  exte n s i ona l gr aben  
fe atu r e  of gr eat l engt h an d tec t on i c  s i g n i f i c an ce . I t  extends fr om 
C h i h u ah u a ,  Me x i co ,  t h rough  wes t  Te x as , New Mex i co ,  an d mos t  of centr a l  
C o l or ad o ,  al mo s t  t o  t he Wyomi n g  s t ate l i n e . The  r i f t was  i n i t i ated i n  
Ne ogene t i me  an d h as e xper i enced cont i n ue d  ac t i v i ty t hr ou g h t he 
Q uate r n ary . I t  i s  c h arac ter i zed  by f au l t  scarps  i n  you n g  al l u v i u m , 
abr u p t  mou n t ai n  fronts t h at exh ib i t  f ac e te d  sp urs , deep , n arrow l i n e ar  
va l l eys , Ne o ge ne bas i n -f i l l  s ed i me nt ary rock s ,  an d a b i mod a l  s u i te of  
ma l  i c an d s i 1 i c i c i g n e o u  s r ock s • 

A h ig h  perc e n t age  of al l t he potent i a l l y ac t i v e  f au l ts i n  Co l or ad o 
an d New Me x i co l i e  w i t h in t h i s  p rov i n ce .  The r i ft  has  be en  s u bdi v i ded  
i n t o  nor t he r n  an d sout hern s u bprov i n ces i n  Co l orad o  by K i r kh am  an d 
R ogers  ( 1 981 ) on t he bas i s  of you n g  f au l t i n g .  We l l - def ined  e v i d en ce of  
r ep eated L ate Quater nary moveme nt i s  abu nd an t  on s e ver a l  f au l ts i n  t he 
s o u t h er n  s u b prov i n ce ,  wher eas s u c h  ev i d e n ce i s  ob s c u r e  i n  t he northern  
s u  bp rov i n ce .  

The cl os es t approac h  of ac t i ve  or potent i a l l y ac t i v e  f au l ts as so
c i ated w i t h  t he R i o Gr an de  R i ft t o  t he Gr an d J unct i o n  UMTRA Project  s i te 
ar ea i s  abo ut  1 20  m i l es ( 200 km ) .  

T he es t i mated  mag n i t u de of an MC E as soc i ated wi t h  t he R i o  Gr an de 
R i f t  i n  Co l or ad o (K i r kh am an d Roger s ,  1 981 ) i s  6 . 5  t o  7 . 5 .  An e vent  of  
m ag n i t u d e  7 . 5  occu r r i n g  at a d i  s t an ce of 120  m i  1 es  from t he s i te area 
wou l d  res u l t in  a hor i zo nt a l  r ock ac ce l er at i o n  of l es s  t h an  0 . 02 t o  
0 . 0 3g ,  as d e ta i l ed i n  T ab l e  E 4 . 3 . 2 .  

E 4 . 3 . 5  WYOM IN G  BAS I N  

The Wyom i n g  Bas i n  co n s i st s  of  a s er i es of  broad s tr u c tu r a l  an d t opo
gr aph ic bas i n s  t h at co nnect w i t h  an d r es emb l e  t he ad jo i n i n g  part  of  t he 
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Co l or ad o P l ate au ( H unt , 1 96 7) . Thes e bas i n s  are p art l y  f i l l ed w i t h  
Ter t i  ary depo s i ts an d are s ep arated by l ow an t i c l  i n a l  u p l  i ft s  o f  o l d er 
r ock s .  

The ear t hquak e h i s t ory of t he Wyom i n g Bas i n  i s  apparen t l y  s i m i  l a r  
t o  t he w i de l y  d i s tr i b ute d , l ow t o  mod er ate mag n i t ude p at tern  of t he s t a
b l e  i n ter i or por t i on of t he Co l or ad o P l ate au .  Wi t k i n d  ( 1 975 ) i d e n 
t i f ied  n ume r ou s  s u s pected  act i v e  f au l ts i n  t he Wy om i n g  Bas i n  a l ong  t h e  
Co l or ad o/Wyomi n g  bor der be t\l€ en 10 7 degr ees an d 108 de gr ee s  Wes t lon g i 
tu de , wh ich  may rep resent  a cont in uat i o n  of s tr u ctur es as soc i ated w i t h  
t he R i o  Gran de  R i ft i n  Co l or ad o . Howe ver , t he s e  f au l ts are not  k nown t o  
h ave been as soc i ated w i th  s e i sm i c  act i v i ty .  

Coffman et  a l . ,  ( 1 982 ) l i st 38  ear thq uakes of moderate i n te n s i ty 
w i  t h  in  t he e nt i re St ate o f  Wyom i n g ;  howe ver , mo s t  of t he s e  h av e  occurred 
w i t h in t he I S B  i n  the  we s tern  part of t he s t ate , e s p ec i a l ly  i n  t he  
Ye l l ows t one P ar k  r e gi o n .  

The MC E for the  Wyomi n g  Bas i n  may be about  equa  1 t o  t h at o f  t he 
Co l or ado P l ate au , i . e . ,  i n  the  r an ge of 5 . 7  t o  6 . 0 or pos s i b l y  r an g i n g  
as h ig h  as 6 . 5 .  The c l oses t approac h  o f  t h e  phys i o gr aph i c  bou n dary of 
the Wyom i n g  Bas i n  to t he s i te area i s  about  75 m i l es ( 120 km ) .  The oc
currence of mag n i tu d e  5 . 7  or 6 . 5  e vent s a t  t he c l oses t approac h  wou l d  be 
expected to prod u ce o n -s i te ac ce l er at i on s  of o n l y about  0 . 02 g  at t h e  
Gr an d Junct i on UMTRA Proje c t  s i tes ( see  Tab l e  E 4 . 3 . 2 ) . 

E 4 . 3 . 6  WESTE R N  M OUNTA I N  PROV I N C E  

The Wes tern Mo u n t a i n  prov i n ce comp r i  ses t he mou n t ai nous  areas t o  
the we s t  of t he R i o  Gran de  R i ft exte n d i n g  as f ar as t he bor der of t he 
Co l or ad o  P l ate au . Th i s  prov i n ce i n c l udes  t he San Juan , E l k ,  an d We s t  
E l k  Mou n t ai n s ,  t he wes t  f l an k  of t he S awatch Ran ge , an d t he Wh i te R i v er 
an d Gun n i so n u p l i ft s .  Re l at i v e l y  few Ne oge ne f au l t s are k nown i n  t h i s  
prov i n ce .  Ne oge ne r ock s i n  t he S an Juan Mou n t a i n s ar e off set  by f au l ts 
re l ated to c a l der a co l l aps e ;  howe ver , t he s e  are not  co ns i d er ed t o  be ac 
t i v e  f au l ts .  Se ver al  f au l ts as soc i ated wi th evapor i te f l owage or s o l u 
t i on a l s o  off se t  Ne ogene  r ock s .  Thes e f au l ts ar e ge ner a l ly  not co n 
s i der ed capab l e  of  ge ner at i n g  earthquakes  h av i n g  m ag n i tudes  l a r ger  t h an  
about 4 or 5 .  

M i n or e v i dence  o f  Ne o gene  r eac t i v at i on of wes t-to-northwes t-tr en d 
i n g  Pr ecambr i an f au l ts ,  such  as t he C i m arron f au l t  ( F au l t  No . 9 4  o f  
K i r kh am an d Roger s ,  1 9 81 ) , an d a few ot her Ne o ge ne f au l ts s cattered 
throu g hout  t he prov i n ce , h as be en i d e nt if i ed ;  howe ver , no ne are m ajo r  
tect on i c  f au l ts t h at h ave exper i enced any known s i g n i f i c an t  Quaternary 
ac t i v i ty .  

E4 . 3 . 6 . 1  Border zone o f  Co l orado P l ate au and Western  Moun t a i n pro v i nce 

E art hq uak e ep i cen tr a l  maps of  t he Co l or ad o P l ate au r e gi o n  
s h ow a s l i g ht l y  he i g htened  l e ve l o f  s e i sm i c  ac t i v i ty w i t h i n 
t he n arrow border zo ne al ong  the  co ntac t  w i t h t he Wes tern  
Moun t a i n  prov i n ce , w h i c h  i s  l o ca te d  w i th i n 40 to  60 m i l es ( 6 4 
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to  96 km ) of t he Gr an d J u nct i on UMTRA Proj e ct s i te s .  Th e MC E 
m ag n i t u de for t he Co l or ado P l ate au , ac cor di n g  to  K i r kh am an d 
R oger s ( 1 981 ) , i s  5 . 5  t o  6 . 5 , an d for t he Wes ter n  Moun t a i n  
p r ov i n ce i s  6 . 5 .  Therefor e ,  t he MC E as so c i ated w i t h t he 
border zo ne of  t he two prov i n ces i s  as sume d  her ei n t o  h ave  a 
m ag n i tu de o f  6 . 5 .  

The max i mum hor i zo nt a l  ac ce l er at i o n i n  r o ck exp ected at  
t he s i te ar ea , fr om a po s s i b l e MC E event  h av i n g  a mag n i tu de of  
6 . 5 ,  occurr i n g  wi th i n  40 m i l es of  t he s i te area , i s  0 . 05 t o  
0 . 06g ,  as de ta i  l ed i n  T ab l e  E 4 . 3 . 2 .  
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E 4 . 4 PRE V IOUS S E I SM IC ZO N I N G  STU D I ES 

Sever a l  prob ab i l i s t i c  earthq uake maps , wh i c h  p l ot co n t ours  of m ax i mum  hor i 
zo nt a l  ac ce l er at i ons , ve l oc i t i es ,  an d i n ten s i t i es for var i o u s  r e turn  per i od s ,  
h ave  be en prep ared for t he co nt i g uous  Un i te d  St ate s . Ex amp l es of  s uch  s tu d i es  
ar e those  by L i u  an d DeC apu a ( 1 9 75 ) , A l g erm i s s en an d Per ki n s  ( 1 9 76 ) , t he App l i ed 
Techno l ogy Co u n c i l ( 1 9 78 ) , an d A l germ i s s en e t  a l . ( 1 982) . Th es e wer e  ut i l i ze d  
t o  es t i m ate t he m ax i mum  va l ue of  eac h  parame te r for t he s i te area . T h e  r e
s u l t i n g  v a l ues are l i s te d  i n  Tab l e  E 4 . 4 . l .  

L i u  an d DeC apu a  ( 1 9 75 )  de ve l oped 100-year cont our  m aps o f  i n te n s i ty an d ac 
ce l er a t i o n  for t he R o cky Mou nt ai n s t ates . On t he i r  1 00-year co nt our  m ap o f  m ax i 
mum pred i cted i n te n s i ty ,  t he s i te area l i es i n  a r eg i on  ch arac te r i ze d  by 
mod i f i ed Merca l l i I n te n s i ty I V  an d V ,  wh i c h  l i es t o  t he e as t  of t he I S B .  Co n 
s ider i n g  t h i s ,  i t  wou l d  be reas onab l e  t o  as sume th at a mod i f i ed Merc a l l i  
I n te n s i ty I V  to  V e vent  wou l d  be exper i e n ced i n  t he s i te area o n ce e very 100  
ye ars . Bas ed on  t hei r 100-year cont our  m ap of  pe ak ac ce l er at i on s  for t he R o cky 
Mou n t a i n s t ates , an ac ce l er a t i o n  of 0 . 02 g  to 0 . 03g  i s  pred i cted . 

Cont ours o f  hor i zo nt a l  ac ce l er a t i on h av i n g  a 90 perc ent  p rob ab i l i ty of not  
be i n g  exceeded i n  50  ye ars we r e  presented for t h e  co nt i g uous  Un i te d St ates by 
A l germ i s s en an d Per k i n s  ( 1 9 76 ) . On t he i r m ap , t h e  s i te area l i es n e a r  t h e  m ar
g i n of  a zo ne of max i mum pred i c ted h or i zo nt a l  ac ce l er at i on r an g i n g  from 0 . 04 g  t o  
0 . 05 g .  Th i s  zo ne r ough l y  cor res ponds  t o  a R i o  Gr an de R i ft/Co l or ad o  P l ate au t r an 
s i t i o n  zo ne an d i n c l udes much of  t he Wes te rn  Moun t a i n  prov i n ce .  

The  pre l i m i n ary s t u dy o f  A l germ i s sen  an d Per k i n s  ( 1 9 76 )  was u p da te d  by 
A l germ i s s en e t  a l . ( 1 9 82 ) , who pres ented prob ab i  l i s t i c  es t i mate s  of max i mu m  ac 
ce l er at i o n  an d ve l o c i ty i n  r ock for per iod s of  1 0 , 50 , an d 250 years . I n  comp ar
i s on  w i th t he  1 9 76 s tu dy ,  t he 1 982 s tudy r esu l te d in o n l y  m in or mod i f i c at i o n of 
the i r es t i mates of  pe ak ac ce l er at i o n s  for t he  Gr an d Junc t i on area .  

The s t u dy performe d  by the Ap p l i ed Te chno l ogy Cou n c i l ( 1 9 78)  p r es ented a 
map  s how i n g  effe c t i v e  peak ac ce l er at i ons  for the  co nt i g uo u s  Un i ted St ates , i n  
wh i ch t he ge ogr aph i c  contour s  o f  s e i sm i c  source zo nes an d ho r i zo nt a l  ac ce l er a
t i o n s  i n  t he s i te area are t he s ame as t ho s e  pr es ented by A l ge rm i s s e n  an d 
Per k i n s  ( 1 9 76 )  an d A l ge rm i s s en e t  a l . ( 1 982) . 

The ac ce l er a t i o n s  c a l c u l a te d  i n  t hes e prev i ou s  s tu d i es  are un i f orm l y l ower 
t h an  t he max i mum va l ue s  c a l c u l ated  in  t h i s  s t u dy .  The pr i n c i pa l c au s e  of  t h i s  
d i screp an cy i s  prob ab l y  th at t he p rev i ou s  s t u d i es  ar e o f  a reg i ona l n atur e an d 
do not  g i ve co n s i d er at i o n  t o  un i q ue fe atur es s uch  as t he Un comp ah gr e  Up l i ft .  
A l s o , i t  i s  not pos s i b l e  t o  e s t i mate r ec ur rence i n ter va l s  for t he f au l ts as soc i 
ated wi th t he Up l i ft i n  t he s t u dy area , so t h ey can not be e va l u ate d us i n g  a p rob 
ab i l i st i c  approac h .  
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Tab l e  E 4 . 4 . 1  Prob ab i l i st i c  es t i mates of  max i mum ac ce l er at i on ,  
ve l oc i ty ,  an d i n te n s i ty i n  t he Gran d J unct i on area 
from var i o u s  pu b l i shed  sources  

Re turn  Max i mum Max i mum Mod i f  i ed 
per i od or ac ce l er at i on ve l oc i ty Mer c a l l i 

Source  prob a b i  1 i ty G-un i t s cm /s ec In te n s i ty 

l i u & Dec a pu a 100 years 0 . 02 to 0 . 03 I V  
( 1 9 75 ) 

A l germ i s s en 90% 0 . 0 3  t o  0 . 04 
& Per k i n s  probab i 1 i ty 
( 1 9 76 ) of not  be i n g  

exceeded i n  
5 0  years 

App l i ed 0 . 04 t o  0 . 05 
Techno  l ogy 
Cou n c i l 

( 1 9 78 )  

A 1 germi  s s en 90% <0 . 04 <2 
et a l e prob a b i  1 i ty 
( 1 982)  of not  be i n g 

exc eed ed i n  
10 years 

A l germ i s sen  90% 0 . 04 t o  0 . 05 2 
e t a 1 • pr ob a b i  1 i ty 
( 1 982 )  of not  be i n g  

exceeded i n  
50 years 

A l germ i s sen 90% 0 . 10 to 0 . 1 2 4-6 
e t  a 1 • prob ab i  1 i ty 
( 1 982)  of not  be i n g  

exc eed ed i n  
250 years 
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E 4 . 5  POTE NT I AL FOR SO I L  L I QUE F ACT ION 

A rev i ew of pu bl i s hed  eart hq uake repor t s  by You d an d Ho o s e  ( 1 9 7 7 )  i n d i c ates 
t h at sh a l l ow ,  s atur ated , Ho l oce ne f l u v i a l , de l ta i c ,  an d eo l i an depos i t s an d poor 
l y  comp acted a r t i f i c i a l  s an d  f i l l s h ave  t he h i g hes t s u s cep t i b i l i ty t o  l i que f ac 
t i o n  an d su bs eq ue nt  grou n d  f a i l u r e .  Ho l ocene a l l u v i a l  f an ,  a l l u v i a l  p l a i n , 
be ach , ter r ace , an d p l aya depos i t s we r e  fou n d  to  be l es s  s u s cep t i b l e . 
P l e i s t ocene s an d  depos i t s  ar e ge ner al l y  e ven  l e s s  s u scept i b l e ,  an d g l ac i a l  t i l l ,  
c l ay r i ch ,  an d p re-P l e i s t ocene depos i ts are us u a l l y  i mmu ne to  l i que f ac t i o n.  The 
de gr ee of sor t i n g ,  the d e gr ee of  co� ac t i o n  dur i n g  s ed i me nt at i on or con str u c 
t i on ,  an d t he gr ai n -s i ze d i str i b ut i o n  are major f ac t or s  co ntr ol l i n g  l i q ue f ac t i o n  
potent i a l .  The gr eater t h e  sor t i n g  an d t h e  l ooser the pack i n g ,  t he greate r  t he 
l i que f ac t i on potent i a l .  Mo s t  e p i sodes of  l i q ue f ac t i o n  h av e  d e ve l oped at r e l 
at i ve l y  sh a l l ow dept h s  ( prob ab l y  l es s  t h an 30 fe e t )  an d i n  areas w her e t he water 
t ab l e  ( free or perc hed ) was l oca ted w i th i n  a fe w me te r s  of the grou n d  s u r 
fac e .  

The potent i a l for l i q ue f ac t i on a l s o  depends  o n  t he de gr ee o f  s e i sm i c  s h iJ< 
i n g .  The opportu n i ty for gr ou nd  f a i  l u r e  i n  a g i ven  area i s  a fu n ct i on of  t he 
s e i sm i c i ty of the area an d t he r a te o f  occu r r ence of earthquak e  grou n d  mot i o ns 
of suff ic i ent  i n te n s i ty to  prod u ce gr ou n d  f ai l u r e  i n  s u s cep t i b l e  m ater i a l s . The 
max i mum d i s t an ce from a s e i sm i c  sou rc e to potent i a l ly damag i n g  grou n d  f ai l u r es 
as a funct i on of earthq u ak e  mag n i tu de was d e term in ed by You d an d Per k i n s  ( 1 9 78) , 
as p l ot ted i n  F i g ur e  E 4 . 3 . 4 . L i q ue f ac t i on i s  not  l i k e l y  t o  be prod uced by e ar th
q uakes  of mag n i t u des l es s  t h an abo ut  5 or at a d i  s t an ce greate r  t h an  75 t o  1 50 
km ( 47 t o  93 m i l es )  from t he hypoce nte r .  

Sever a l  hypot he t i c a l  e arthq uakes  t h at m i g ht affec t t he Gr an d J u nct io n s i te 
ar ea ar e shown on F i g ur e  E 4 . 5 . 1 .  The l e ve l of  s e i sm i c  s h ak i n g  expected to  occur  
at  the  s i tes  i s  b are ly  s uff i c i ent  to  i n d uce l i que f ac t i on i n  s u s cep t i b l e  mater i 
al s d ur i n g  t he mo s t  extr eme e vents . Howe ver , t hes e es t i mates are based o n  v a r
i o u s  approx i m at i o n s  an d s h ou l d  be i n terp reted  co n s er vat i v e l y .  The po s s i b i l i ty 
of l ar ge  even t s  oc cu r r i n g  on p rev i ou s l y  u ndetected f au l ts at c l oser d i s tan ces , 
es pec i a l ly to  the  Gr an d J u nct i on s i te ,  can not be ru l ed out . The po te nt i a l fo r 
s e i sm i c a l l y- i n d u ced l i que f act i o n  i n  s u s cep t i b l e  m ater i a l s  s hou l d  be carefu l l y 
co n s i dered i n  t he des i g n  of  perman e nt d i s po s a l  f ac i l i t i es . 

E 4 . 5 . 1 E X I ST IN G  TA I L I N GS P I LE 

E x p l or atory te s t  bor i n g s ad v an ced at  t he Gr an d J u nct i on s i te i n d i 
cate th at the  t a i l i n g s  r an ge i n  t h ick nes s from about  1 0  t o  5 2  fe et  an d 
co n s i s t of a h e te r oge ne ou s  m i xt u r e  of c l ean s an ds ,  s i l ts ,  an d s l i me s  
wh i ch  are i rr eg u l a r l y  d i s tr i b uted  t hr ou gho u t  t he ex i st i n g  p i  l es .  N atur a l  
mater i a l s  under l y i n g  t he s i te co n s i s t of a t h in l ayer ( ze r o  t o  t wo or 
t h ree fe et ) of s an dy s i l t ,  o ver l yi n g  co ars e r i v er gr av e l s  c o n t a i n i n g  cob 
b l es an d bou l ders  wh i ch  ran ge from t h ree t o  e i g ht fe et  i n  t h ick ne s s .  
Bedrock  bene at h the  s i te i s  comp os ed o f  t he C r etac e ou s M an co s  Sh a l e .  

Ground  wate r  was encountered i n  te s t  bor i n gs at t he s i te a t  d ep t hs 
r an g i n g  fr om a few fe et  t o  20 or  30 fe e t  be l ow the  gr ou nd  s u r f ac e .  The 
v a r i  at i o n s  in dep th to  ground  water d ep end o n  e 1 evat i o n s  of  t he s u r f  ace 
of the pi  1 es . Ground  water i s  ge ner a l ly  encoun te r ed wi t h  i n  a fe w fe e t  
o f  the l e ve l  o f  t he Co l or ad o  R i ver . The gr ou n d  water was ge ner a l ly  
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P OTENTIAL UQU EFACTION 
. 4,5 

NO UQU EFACTION 

1 0  1 0 0  

H VP OCENTRAL DISTANCE FROM SOU RCE TO FARTHEST 

SIGNIFICANT UQU EFACTION EFFECT, R, I N  KILOMETERS 

Even t s s h own on g r aph : 

1 00 0  

1 .  Re d l an d s  F aul t ( No . 6 5  o f  Ki rkh am an d Ro g e r s , 1 9 8 1 ) . 
A .  E f f e c t  a t  Grand Jun c t i on s i t e . 
E .  E f fe c t  at 2 Ro a d  s i t e . 

2 .  F aul t No . 6 6  o f  Ki rkham and Ro g e r s  ( 1 9 8 1 ) ; e f f e c t  a t  
Gran d  Jun c t i on s i t e . 

3 .  Faul t No . 8 0  o f  Ki rkh am an d Ro g e r s  ( 1 9 8 1 ) ; e f fe c t  a t  
Grand Jun c t i on s i t e . 

4 .  E f fe c t  o f  MeE ' s in In t e rmo un t a in S e i smi c Be l t  & Ri o 
Gr an de Ri f t  in gene r a l  s i te a r e a . 

FIGURE E4. S. 1  
GRAPHICAL PLOT OF LIQ UEFACTION POTENTIAL AS 

A FUNCTION OF MAGNITUDE AND HYPOCENTRAL 
DI STANCE ( AFTER YOUD AND PERKINS, 1979  � SHOWING HYPOTHETICAL 

EARTHQ UAKES THAT MIGHT AFFECT GRAND JUNCTION UMTRA SITES. 
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encourrter ed i n  a l l u v i  a l  gr av e l s  f i v e  to  10  fe et  be l ow the  b a se  of  t he 
t a i  l i n g s .  Zones of  perc hed grou n d  water wer e  not  e ncou n ter ed d ur i n g  
dr i l l i n g ;  howe ver , t hes e zo nes m ay e x i st .  

As noted above , u n co n so l i d a ted  mate r i a l s  s uch  as c l ean s an ds ,  s i  l ty 
s an d s , an d s l i mes i n  the  t a i l i n g s pi l es an d s i l ty s an d  be l ow t he p i l es 
m ay be s u scep t ib l e  t o  l i q ue f ac t i on when i n  t he s atur ated co nd i t i o n  an d 
whe n  s u b je cted t o  suff ic i ent  s e i sm i c  s h ak i n g .  

Wh i l e gr ou n d  wa ter was not encou n te r ed i n  t hes e mater i a l s  d ur i n g  
t he exp l or atory dr i l l i n g  progr am ,  t he  l e ve l o f  t he wate r tab l e m ay vary 
suff ic i ent l y  w i t h t i me  to  cau s e  occas i o n a l s atur at i on o f  t he l owe r t a i  l 
i n g s  an d the  under l y i n g  s i l ty s an d .  S uch  a cond i t i o n  m i ght  occur  d ur i n g  
t he h ig her f l ows o f  t he Co l or ad o  R i ver . I n f i l tr at i on o f  r ai nwater an d 
me l t i n g  snow i n t o  t he s ur f ac e  of  the  p i l es m ay r es u l t i n  l oca l zo nes  o f  
perc hed grou n d  water as we l l . 

As s hown i n  F i g ur e  E 4 . 5 . 1 , t he l e ve l of  s e i sm i c  s h ak i n g expected  t o  
occur at the  ex i s t i n g  s i te i s  bare ly  suff ic i en t  t o  prod uce l i que f ac t i o n  
d ur i n g  the  mos t  extr eme e vent s .  Co u p l ed w i t h  t h e  ge ner a l  no n - s atur ated  
co nd i t i on s  of  t he p i les  an d under l y i n g  mater i a l s , t hes e es t i mates i n d i 
c ate a l ow pote nt i a l for s e i sm i ca l ly- i n du cted l i que f ac t i o n .  Howe ver , 
co n s i d er i n g  the approx i mate natu r e  of t hes e es t i mate s , t he po s s i b i  l i ty 
of u ndetected ac t i ve  f au l ts ne ar t he  s i te ,  an d t he prob ab l y  var i at i o ns  
i n  t he l e ve l  o f  the water t ab l e ,  t he po te n t i a l  for l i que f ac t i on can n ot 
be ru l ed out . I t  shou l d  be ca refu l l y  co n s i dered i n  t he d es i g n  o f  per 
m an e nt f ac i l i t i es a t  t he s i te .  

The po s s i b i l i ty of  occurrence of  l an ds l id e  f ai l ur es of r i verban k s  
bot h at an d n e ar t he  p i l es dur i n g  s e i sm i c  s h ak i n g cou l d  a l s o  i mp ac t  t he 
e x i s t in g t a i  l i n g s p i  l es .  Fa i  l u r es of t he r i verban k h av e  o ccur r ed ne ar  
t he s i te i n  the r ecent  pa st  due  t o  un dercut t i n g  of  t he ban k s  by  t h e  
Co l or ad o  R i ver . Some m in or f ai l u r e  of  t he ban k  at  t he s i te was a l s o  n ot 
ed d ur i n g  f i e l d  recon na i s s an c e  co nd ucted for t h i s  s tu dy .  

E 4 . 5 . 2  C HE NE Y  RES ER VO IR S I TE 

Three exp l or atory bo reho l es dr i l l ed at t he Ch eney Res er vo i r  s i te 
dur i n g  t he i n i t i al s i te i n ves t i g at i on encou n tered Cretac eou s M an co s  
Sh a l e  a t  d ep t hs ran g i n g  fr om 3 1  t o  4 2  fe e t .  The Man co s was over l a i n  by 
s ed i me n t  gr ave l s  comp o s ed of gr ave l y  to cob b l y  s i l t  an d c l ay an d res i d 
u u m  d e ve l oped on  we ather ed s h a l e .  The age o f  t hes e m ater i a l s  i s  n ot p r e
c i s e l y  kn own ; howe ver , t hey appear t o  be at l east  P l e i s tocene i n  age . 
An e o l i an  s i l t  l ayer , ran g i n g  i n  t h ick nes s fr om zero t o  o ne or t wo fe e t ,  
i s  l oc a l ly  pres ent . 

Ground  water was e ncou nter ed i n  M an co s  Sh a l e  i n  one bor i n g  at  a 
dep t h  of about  39 fe e t ,  wh i l e  ot her bor i n g s ,  ge ner a l ly ad van ced t o  
dep t hs o f  abou t  50 fe e t ,  d i d n ot e ncou n ter gr ou n d  water . 

I t  i s  apparent from t hes e d a ta  t h at s atur ated m ate r i  a l s m ay be e n 
cou ntered i n  l oca l zo nes of  perc hed gr ou n d  water on l y ,  an d m ay not  b e  e n 
co u n tered wi th i n  20 t o  30 feet  o f  t he grou n d  s u r f ac e  a t  t he Ch eney 
Res er vo i r  s i te .  
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Con s i der i n g  t he age an d comp os i t i o n  of t he m ater i a l s  pres ent a t  t he 
s i te an d t he apparent l ack of  s atur ated zo nes n e ar t he  s u rf a:: e ,  t he po 
te nt i a l s u s cep t i b i l i ty t o  so i l  l i q ue f ac t i o n  i s  apparen t l y  very s l i g ht t o  
zer o ,  an d shou l d  not  pos e  a s i g n i f i c an t  t hreat  t o  t he po ten t i a l  s t ab i l 
i ty of proper l y  des i g ned an d constr u cted t a i l i n g s  d i s po s a l  f ac i l i t i es at 
t h  i s s i te • 

E 4 . 5 . 3 TWO R OAD S I TE 

The repor t of a deta i  l ed s tu dy of t he Two R o ad s i te per forme d by 
Gol der As s o c i  ates ( 1 983 ) co nt a i n s  a de ta i  l ed des c r i  pt i on of t he 
s tr at i gr aph ic  un i t s under l y i n g  t he Two Road s i te .  Sur f i c i a l  mater i a l s  
co n s i s t  of  ped i me n t  gr ave l s ,  mai n l y  o f  Pre-W i sco n s i n  age ,  comp o s ed o f  
s i l ty an d c l ayey s an d s  an d gr av e l s  cont a i n i n g  cob bl es an d bou l d er s , l o
c a l l y ceme nted ; Quatern ary a l l u v i al de po s i ts an d m i xe d  a l l u v i um-co l l u 
v i um ;  an d res i d u um deve l oped o n  t he Cr etaceou s  M an co s Sh a l e .  Thes e 
s u rf ic i a l mater i a l s  are ge ner a l ly  over l ai n  by a t h in ve neer ( ze r o  t o  s i x  
fe et ) of eo l i an s i l t  an d c l ay ,  wh i ch  al s o  i s  ceme nted i n  p l ac es . The 
s u r f ic i a l mater i a l s  r an ge from f iv e  to 31  fe et in t h ick ne s s ,  an d are un 
der l a i n  by M an co s  Sh a l e . 

Ground  water  w as not en cou ntered d ur i n g  tes t  dr i l l i n g  an d mos t  
bor i n g s  r em ai n e d  dry t o  dep t h s  of  30 fe et  or gr eater , exc e p t  n e a r  s t ock 
pond s . 

Co n s i der i n g  t he age an d comp os i t i o n of  t he m ater i a l s  pres ent at  t he 
s i te an d t he apparen t  l ack of  s atur ated zo nes n e ar t he  s u r f ac e ,  t he po
te nt i a l s u s cep t i b i l i ty to so i l  l i que f ac t i on i s  apparent ly  very s l i g ht t o  
zer o ,  an d shou l d  not  pose  a s i g n i f i c an t  t hreat  t o  t he po ten t i a l  s t ab i  1 -
i ty o f  proper l y  des i g ned an d constr u cted t a i l i n g s d i s po s a l  f ac i l i t i es at 
th i s s i te • 
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F . 1 . 1  

F . 1 SUR FAC E WATER 

SUR FAC E -WATER F EATURE S  

F . 1 . 1 . 1  Grand J u nct i on ta i l i ngs s i te 

The tai l i n g s  p i l e  at the Grand J unct i on s i te i s  on t he  
north s i de of t he  Co l or ad o  R i ver abo ut 0 . 7 5 m i l e  up s tre am from 
i t s conf l ue n ce w i th the G u n n i son R i ver ( F i g ure  F . 1 . 1 ) . Th e 
Co l or ado  R i ver i s  br a i ded  by se vera l  i s l an d s  from the up s tr e am 
en d of the p i l e  to a po i n t  abo ut 0 . 5  m i l e  p a s t  i t s down s t r e am 
en d .  The northern  ch an n e l  of the br a i ded s egmen t p a s s e s  ex 
treme l y  c l o s e  to the toe of the p i l e .  

The northern  ed ge  of the ta i l i n g s  var i e s  be tween 4569 an d 
4578 fe et abo ve  sea  l e ve l . The s tream be d of the Co l o r ado  
R i ver i s  about  4559 feet above  s ea  l e ve l . 

The southern  s i d e  of the r i ver ban k s  ag a i n s t  a s teep 
c l i ff ,  approx i mate l y  60 fe et h i g h ,  w i th the l ower s e gmen t com
posed of Man cos  S h a l e .  

The northern  bank of the r i ver  a l on g  the  s i te bo u n dary i s  
now s t ab i l i zed to some degree w i th r i p r ap ,  con s i s t i n g  of bro
ken  s l ab s  an d b l ock s of  concrete , b r  i c k  s ,  an d II r i  ver-run  I I  g r av 
e l s .  The crest  of the protect i ve bank i s  abo ut 1 5  feet abo v e  
t h e  s ur f ace o f  the r i ver . 

There are i n d u s tr i a l an d res i d e nt i a l deve l opmen ts  arou n d  
the  t a i l i ng s  s i te .  A h i g hway an d a r a i l ro ad br i d ge are l ocat
ed  l es s  than 3500 feet down stream of the s i te an d another  h i g h 
way br i d ge i s  l oc ated fur ther down s tream .  

The on l y  s urfac e -w ater bod i e s at the s i te are two d r a i n 
age d i  tches  th at d i  vert  over l an d runoff  aro u n d  the ta i  1 i n g s  
p i l e  to t h e  Co l or ado R i ver . One d r ai nage  d i tch , e a s t  o f  t h e  
p i  1 e ,  exten d s  to the east  of t h e  ab an doned f i  l tr at i on  p l an t 
( F i g ur e  F . 1 . 2 )  an d a l on g  the up s tream face of the  p i l e  to t he  
Co l or ado  R i ver . The other  d ra i nage  d i tch i s  on the  we s t  ( down 
stream )  s i de  of th e p i l e  an d r u n s  from the mi l l  s i te to th e 
Co l or ado R i ver . 

The bas i n  up s tream of the s i te comp r i se s  8 1 50 sq uare 
m i l es of steep l y  s l oped terra i n .  The bas i n  i s  bo unded  on the 
north  by bas i n s  of the Wh i te an d North P l atte R i v e rs ; on t he  
east  by bas i n s  of  the South  P l atte an d Ark a n s as R i v er s ;  an d on  
the  south  by the G u n n i son R i ver Bas i n .  Major tr i b ut a r i e s  to  
the up p er Co l orado  R i ver  i n c l  ude the  Roar i n g Fork R i ver , E ag l  e 
R i ver , an d B l ue R i ver . E l evat i on s  i n  the  bas i n  r an g e  from 
4560 fe et at Gran d J unct i o n  to mo re th an 14 , 000 feet i n  the  
h i g h e s t  headwater areas . Waters hed bo un dar i es are  s hown i n  
F i g ure  F . 1 . 3 .  Ap p rox i mate d r a i nage  areas , c h an ne l  l en g t h s , 
an d s l opes  fo r the s treams t ak en from USGS topograp h i c  map s  
are presented  i n  Tab l e  F . 1 . 1 .  
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Tab l e  F . 1 . 1 Se l ec t  char ac ter i st i c s of  s u bbas i n s  of  the Co l or ado  
R i ver abo ve  Grand  J unct i o n ,  Co l orado  

Area  Ch an n e l  l en g th E l e vat i on 
Waters hed ( s quare mi l es )  ( m i l e s )  ( feet ) 

Co l or ado  R i ver  
abo ve  Kremm l i n g  1648 56 . 8  10 , 100- 7200 

B l ue R i ver 668 56 . 8  1 2 , 500- 7200 

Co l o r ado  R i v er 
be tween Kremml i n g 
an d Do tsero 1 147  56 . 0  7200-6250 

Eag l e R i ver 965 54 . 8  10 , 200-6250 

Roar i n g Fork 1450 60 . 0  1 3 , 000-5 700 

Co l or ado  R i v er 
be tween Dot sero 
an d R i f 1 e 10 72 42 . 0  6250-5300 

Co l or ado  R i ver  
between R i f l e 
and Grand J unct i on 1 200 5 7 . 6  5300-4560 

TOTAL 8150 
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S l o p e  
( f t/f t )  

0 . 009  

0 . 0 1 7  

0 . 003  

0 . 0 1 3  

0 . 02 2  

0 . 004 

0 . 002  



Detai l ed geol og i c desc r i p t i on s  of the s i te area  and the 
l ower port i on s of the  d rai nage bas i n  are con ta i ned i n  App en d i x 
E ,  So i l s ,  Geo l og i c ,  an d Se i sm i c  Informat i o n . 

So i l s  i n  the watershed are mo s t ly deep to moderat e l y  
deep , we l l  d r a i n ed re s i d ua l s  o f  s an d s tones  an d mUd stones . Th e 
So i l  Con servat i on Serv i ce ( SC S )  c l ass i f i ed mo s t  of the s o i l s  
as hydro l o g i c group B i n terspersed w i th  some C s o i l s  an d m i nor  
amount s  of A and D s o i l s  ( USDA , 1 978;  1982 ;  1 983 ) . 

The c l i mate of the  area  r an ges from sem i - ar i d  to mo un ta i n 
ous , w i th year l y  prec i p i tat i on aver ag i ng  abo ut  e i ght  i nches  at 
Grand J unct i on ,  10 to 15 i n ches  near R i f l e , an d 40 i n ches  i n  
the  headwater regi on s .  Mos t  of the an n u a l  prec i p i tat i on i n  
t he  h i g her e l evat i on s  occ ur s  as s now ; temperatures  i n  the l ow
er areas are often abo ve  90 °F  i n  th e s ummer an d be l ow 32°F  
i n  the  w i n ter , wh i l e arct i c  con d i t i on s  preva i l i n  the h i ghest  
areas a l mo s t  year -rou n d .  Natur a l  vegetat i o n  i n  va l l ey are as 
con s  i sts  p r i mar i  l y  of cottonwood an d w i  l l ow , desert s hr u b ,  and  
an  under story of  hearty gras se s .  P rom i n en t  be twe en 5000 an d 
8000 feet are j un i per ,  p i n i on p i ne ,  oak , b i g sagebrus h ,  an d 
Dou g l as f i r .  From 8000 feet to t i mbe r l i n e ,  vegetat i on con 
s i sts  ma i n l y  of aspen , spruc e ,  s u b -a l p i n e f i r ,  l od ge  po l e  
p i n e ,  an d nat i v e gras ses  an d shrubs . Veg etat i on i s  sparse  
abo ve  t i mber l i n e ,  b ut i n c l udes gras se s ,  sedges , and  a l p i n e  w i l 
l ow ( CaE ,  1 9 76 ) . 

The ta i l i n gs  s i te i s  i n  a me ander p ath  of the Co l or ado  
R i v er an d l i es on  f i ve to  1 5  feet of unconso l i dated a l l u v i a l  
mater i a l . P art i c l e s i zes o f  the a l l u v i um at the s i te vary 
from cobb l y  grav e l s to grave l l y  sands . G i ven  these  s i te con d i 
t i on s ,  the  r i ver  cou l d  affect the i n tegr i ty of t he  s i te i f  not 
proper l y  contro l l ed or  p rotected aga i n st .  

A s  d i s c us sed by Sc humm an d Har vey ( 1 983 ) , no  majo r s h i ft 
i n  l oc at i on of the  Co l or ado  R i ver  ch an n e l  at the  s i te h as oc 
cur red i n  the  past  100 year s .  The i s l an d s  near the  s i te are 
heav i l y  vegetated , wh i c h  i n d i c ates re l at i v e  s t ab i l i ty over  the 
past  20 year s ,  a l tho u gh some s h i fts  in  i s l an d  l ocat i o n s  wer e 
noted d ur i n g  t he  f l ood s t hat occurred i n  1984 . 

I n  con tras t ,  the  me ander i n g  pattern s  d i sp l ayed bo th up 
stream an d down stream of the  s i te are ch arac ter i st i c  of l es s  
stab l e  r i vers . S i gn i f i can t s h i fts have  occ ur red i n  the reach 
up stream of the s i te as ev i denced by c utoff me an der l oop s ,  
aban do ned c han n e l s ,  an d oxbow l ak e s  v i s i b l e on topogr ap h i c 
map s an d aer i a l  p hotogr ap h s . S i mi l ar featur es are ev i de n t  
south  o f  t h e  conf l uen ce  w i t h  t h e  Gun n i son R i v er b ut n o t  i n  t h e  
i mmed i  ate s i te area  probab l y  because  t h e  muc h gre ater den s i ty 
of human ac t i v i t i e s i n  th i s  area  h as ob l i ter ated natur a l  
con tours . 

Regard i  ng  l oca 1 i zed 
cate that ag gradat i on  
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eros i on ,  
norma l l y 

the ex i st i n g i s l an ds  i n d i -
occ ur s  near t h e  s i te .  



Several  factors tend to caus e sed i ment  ag grad at i on i n c l ud i ng  a 
decrease of c h an ne l  grad i en t ,  p rox i m i ty of the  c onf l uence w i th 
the G un n i son R i ver , an d the broad f l oodp l a i n  a l ong  the north
er n bank . Ag grad at i on a l s o  wou l d  l i ke l y  occ ur d ur i ng  the re
ced i n g port i on of a l arge f l ood . 

On the other han d ,  eros i on wh i ch i s  presen t ly occur r i n g  
at the southeas t  corner o f  t h e  p i l e  wo u l d  be acce l er ated d ur 
i n g  major  f l ood f l ows . The are a  to the e as t  of  the  s i te i s  un 
protected , excep t by the f l oodp l a i n .  H i g h c h an n e l  an d 
o verbank f l ows cou l d  re s u l t  i n  s i g n i f i can t eros i on of the  s ur 
f i c i a l  mate r i a l s  i n  th i s  area  an d res u l t i n  northward ch an n e l  
sh i ft s .  Th i s  wou l d  red i rect t h e  f l ow of  t h e  r i ver aga i n s t the  
east  boundary of the p i l e .  The  p i l e  wo u l d  ac t as  a con str i c 
t i on d ur i n g  major  f l ood even ts caus i n g u n stab l e  f l ow con d i 
t i on s ' acce l er ated ve l oc i t i e s , an d scour i n g of a l l u v i um at the  
s i te .  A deta i l ed geomorp h i c  ana l ys i s  i n c l uded i s  i n  Appen d i x 
E ,  Soi l s ,  Geo l og i c ,  an d Se i sm i c  I nformat i on .  

The U . S .  Army Corps of Eng i neers  cond ucted i ts l ate st  
f l ood study of  the Co l or ado  R i ver n ear Gran d  J unc t i on and con 
c l  uded that the f l ows fo r the 100-ye ar an d 500-ye ar f l ood s 
wo u l d  be 63 , 000 an d 82 , 000  cub i c feet per  secon d ,  respec t i v e l y  
( CO E ,  1 9 76 ) . Th e f l ows for the 200-ye ar an d 1000-ye ar f l ood s 
( 72 , 000 an d 90 , 000 cu b i c feet per secon d ,  respec t i v e l y )  were 
ca l c u l ated from these va l ues by i n terpo l at i on an d extrapo l a
t i on .  The correspond i ng  max i mum f l ood e l evat i on s  at the edge 
of  the  p i l e  wo u l d  be 45 7 7  an d 45 79 feet abo ve  me an sea  l e ve l , 
re spect i ve l y .  Becaus e the  f l ood f l ows at the Gran d J un c t i on 
s i te wo u l d  be ob structed  by the ta i l i n g s  p i l e  on on e s i d e  of 
the r i ver an d by the steep c l i ff on the other s i d e ,  the ve l o c 
i ty o f  f l ood water i n  the mai n ch an ne l  o f  the f l oodway wou l d  
be h i g h , reac h i n g 1 1 . 8  and 13 . 2  feet per second for the 200-
an d 1000-year f l ood s ,  respec t i v e l y .  The ve l oc i ty of  f l ood wa
ters i mmed i ate l y  ad j acent  to the face  of the p i l e  wou l d  be 
somew h at l ower because  of fr i ct i on drag . 

The aver age month l y  r i ver f l ows ad j acent  to the tai l i n gs  
p i l e  can be  rep resen ted by f l ow meas ured at a U . S .  Geo l og i ca l 
S ur vey gaugi ng stat i on on the Co l orado  R i ver near DeBeque , ap 
prox i mate l y  30 m i l es up s tream of the s i te .  The average max
i mum mo nth l y  f l ow at DeBeque from 1 966 thro ugh  the p resen t was 
1 1 , 2 10  cub i c feet p er secon d ,  occur r i n g  i n  l ate sp r i n g ,  an d 
the aver age  m i n i mum month l y  f l ows are ap prox i mate l y  1 580 cub i c 
feet per secon d . Down stream from the s i te ,  at the 
Co l or ad o - Utah border , the  average  max i mum an d mi n i mum mon th l y  
f l ows were approx i mate l y  31 40 an d 1 6 , 700 cub i  c feet p er second  
from 1 95 1  through  the presen t .  These  h i g her f l ows were at tr i b 
utab l e  ma i n l y  to the G unn i son R i ver . U . S .  Geo l og i c a l  S ur vey 
gaug i n g  stat i on s  are a l s o  l ocated northeast  of Cameo ,  ap prox
i mate l y  22 m i l es  up s tream of the s i te ,  and at  Fr u i  t a ,  ap prox
i mate l y  1 4  m i l es down s tream of the ta i l i n g s  p i l e .  
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Grand J unct i on has exper i e nced  a n umbe r of severe l ate 
s p r i n g  f l ood s ,  the res u l t  of the  rap i d  me l t i n g of the deep 
snow p ack ac comp an i ed by he avy rai n s .  Ice  j ams are not  a 
f l ood i n g prob l em for the Co l or ado  R i ver  i n  the v i c i n i ty of 
Gran d J unct i on .  The un i form an d fai r l y  h i gh temperature of  
t he  Gun n i son R i ver ( s i n ce the con struct i on of f l ood -protect i on 
d ams ) p reven ts exten s i ve i ce format i on on the Co l orado  R i v er 
be tween Grand J unct i on an d the Co l or ad o - Ut ah s t ate l i n e .  

The f l ood i n g of J une-J u l y ,  1884 , i s  cons i dered the mo s t  
se vere k nown on t h e  up per Co l or ado  R i ver  ( COE ,  1 9 76 ) . Th i s  
f l ood res u l te d  from rap i d me l t i n g of snow pack an d con c urrent  
heavy ra i n s .  In  recent  t i me s ,  the  f l ood s of 1 983 an d 1 984 
were the mo s t  s i gn i f i c an t .  The 1 884 f l ood peak wo u l d  h ave  
been approx i mate l y  73 , 600 cub i c  feet p er secon d ( c fs ) a t  Gr an d  
J unct i o n ,  i f  d i s c h arge versus area  re l at i on s h i p s of the 1 984 
f l ood are rep resentat i ve . I n format i on re l at i ve to these past  
f l oods i s  shown i n  Tab l e  F . 1 . 2 .  Other major f l ood s on the  
Co l orado  R i v er were recorded i n  19 1 7 , 1 920 , 1 92 1 ,  193 5 ,  1 952 ,  
and  1 9 5 7 .  

There are no major domes t i c  user s o f  Co l orado  R i ver  water 
for  200 mi l es down s tream from Grand J unct i on . The norm a l  wa
ter s up p l  ies for Gr an d  Junc t i on are ob ta i ned from Gr an d  Mes a 
s urface water , the J un i at a  an d Perdy Mesa Re servo i r s be i ng the  
major  sources . Dur i n g  dry spe l l s ,  Gr an d  J unc t i on can  use  
Gun n i son R i ver water ; the i n tak e i s  ap prox i mate l y  one  m i l e  up 
stream from the con f l  uence w i  th th e C o l orad o  R i ver . Th e Ute 
Water D i str i c t  uses Co l orado  R i v er water d ur i n g  dry s p e l l s ,  
but  i ts i n tak e  i s  j us t  ups tream of P a l i sade  an d therefo re up 
stream from the p i l e .  

F . 1 . 1 . 2 Cheney Reservo i r  a l ternate d i spo s a l  s i te 

The Ch eney Re servo i r  s i te i s  l ocated on a d r a i n age  d i v i de 
t h at gen t l y  s l op es to the southwes t at ap prox i mate l y  two per
cen t .  Tot a l  re l i ef acro s s  the proposed d i spos a l  area  i s  ap 
prox i mate l y  60 feet . The s i te i s  l ocated  on a ped i me n t  
surface  that forms a d i v i de be tween two sma l l ep hemera l  was h
es , one approx i mate l y  800 feet north of the p roposed  p i l e  l oca
t i on an d one approx i mate l y  1 700 feet to the south . Th ese  
was hes merge w i th I n d i an Creek 0 . 1  to  0 . 5  m i l e  be l ow the s i te .  
I nd i an Creek f l ows i n to K an na h  Creek four to f i v e m i l es be l ow 
t he  ep hemer a l  wash  con f l  uence s ,  an d K an nah  Creek empt i e s i n to 
t he  Gun n i son R i ver approx i mate l y  two m i l es be l ow the I n d i an 
Creek conf l uence . F i g ure  F . 1 . 4  shows the s urface dr a i n age  
ch ar acter i s t i c s of the  Ch eney Reservo i r  s i te .  

An area  of approx i mat e l y  240 acres dra i n s  toward the 
Cheney Reservo i r  s i te .  S l opes  in  the watershed r an g e  from two 
to f i ve percen t .  E l e vat ions  range  from 5250 feet to approx
i mate l y  5600 feet above  me an sea l e ve l . The  max i mum f l ow 
l en gth  i s  approx i mate l y  8000 feet . 
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Tab l e F . 1 . 2 Max i mum recorded streamf l ow of  the  Co l orado  R i ver  
near Grand J unct i on ,  Co l or ado  

Max i mum 
recorded 

B as i n area  Per i od of  pe ak f l ow 
Stat i on name ( s q uare m i l es ) record ( c f s ) Date 

Co l or ado  R i ver near 
Co l o r ad 0 - Ut a h 
st ate l i n e 1 7 , 843 1951-present  68 , 000 J une ,  

Co l orado  R i ver 1884,  
n ear Fru i  ta 197 , 100 190 7 -1923 1 25 , 000 J u l y ,  

Co l o rado  R i ver 
near C ameo 8050 1 933- present 39, 300 J u ne ,  

Co l or ado R i ver 
n e ar DeBeque 7370 1966- prese nt  32 , 000 J u ne ,  

Co l o rado  R i ver  
be l ow G l enwood 

1 984 

1 884 

1 984 

1 984 

Spr i n g s  60 13  1966-presen t 31 , 200 J une ,  1 984 
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So i l s  i n  the waters hed range  from f i ne -gra i n ed , stro n g l y  
cemented sandy , c l ayey s i l ts i n  the s i te area t o  bas a l t cob 
b l es and bo u l ders  i n  a f i n e -gra i n ed matr i x of  c l ay , s i l ty 
sand , an d gr av e l  at h i g her e l evat i on s  ( abo ve  5400 feet ) . 
Large bo u l der s ,  probab l y  depos i ted by g l ac i a l  streams or  
co l l u v i a l  p roce s se s ,  are present in  some of  the l arger ep hemer
a l  was hes in  the v i c i n i ty of  the s i te .  Vegetat i on i s  sparse , 
con s i st i n g mai n l y  of  s agebrush  and gras se s .  

Sheet was h an d r i  1 1  was h are the pr i mary eros i v e  forces 
curren t l y  act i v e on the Ch eney Re ser vo i r  s i te .  M i nor  g u l l y i n g  
i s  occ ur r i n g  on t h e  sma l l ep hemera l  was hes th at f l an k  the  
s i te .  Moderate to  i n ten se g u l l y i n g  was ob served a l ong  I nd i  an 
Creek . Most  of the Cheney Re servo i r  s i te i s  c l ass i f i ed as h av 
i n g on l y  a moderate poten t i a l  for fut ure  eros i on ( CGS ,  1 982 ) . 
A deta i l ed geomorp h i c  desc r i pt i on of the d i spos a l  s i te i s  p ro 
v i ded  i n  Appen d i x E ,  So i l s ,  Geo l og i c ,  an d Se i sm i c  
I n format i on . 

No data ex i st on h i stor i ca l  f l ood s for the Cheney 
Res ervo i r  s i te .  

F . 1 . 1 . 3 Two Road a l ternate d i sposa l  s i te 

The Two Road s i te i s  l ocated i n  the Upper  Co l orado  
s u bbas i n  of the Co l or ado  R i ver  bas i n . Th ere are no  major 
streams , l ak e s , spr i n g s , or i rr i g at i o n  d i tches on or  w i th i n  
two m i l es o f  the Two Road s i te .  Sever a l  ep hemera l  creek s 
occur i n  the area .  The s i te l i es on a d r a i nage d i v i de be tween 
two unnamed ep hemera l  creek s .  These  creek s jo i n  B i tter Creek 
0 . 5  to one m i l e  be l ow the s i te .  McDon a l d  Creek f l ows ap prox
i mate l y  1 . 5 m i l es e ast  of th e s i te .  West  Sa l t  Was h and B ad g er 
Wash  c omb i n e  approx i mate l y  s i x mi l es sout heast  of  the  d i sposa l  
are a .  The Co l or ado  R i ver  f l ows over 1 0  m i l es south  o f  the  
s i te .  

An area  of on l y  35 acres dra i n s  toward the s i te .  
E l ev at i ons  i n  the water s hed range  from 4945 to 4965 feet above  
me an sea  1 e ve 1 .  

The surface of the Two Road s i te i s  gen t l y  rol l i n g ,  and 
co vered by s hort grasses  an d s hr u bs . Deep l y  i n c i sed g u l l i e s 
are not present at the s i te ,  b ut f l an k  i t  app rox i mate ly  1 500 
feet to the e as t  an d we st . D ue to the narrow h i gh l an d  c h arac 
ter of  the s i te ,  i t  i s  s u bject t o  eros i on by g u l l y  systems ad 
vanc i n g headward i n to the s i te from a l l s i de s ; howe ver ,  the  
surface of the s i te i s  s up ported by res i s t an t  ped i ment  grav e l s 
wh i ch cap the under l y i n g  Mancos Sha l e .  Ero s i on occ ur s  a l on g  
s l opes  where t h e  l es s  res i stan t  Mancos  S ha l e i s  exposed . A d e 
ta i l ed geomorp h i c descr i p t i on o f  the  d i spos a l  s i te i s  p rov i de d  
i n  Append i x E ,  So i l s , Geo l og i c ,  an d Se i sm i c  Informat i on . 
Drai nage  ch aracter i s t i cs of the Two Road s i te are s hown i n  
F i g ure  F . 1 . 5 .  

F - l l  



( � 
\ 

� .  � 
'. V I '. 

t 

r----) 
.-'- APPROXI M AT E  .- '- 'DRAINAGE AR EA 8 9 

,-.- -I \ \  

j r 17 .( 
... / 

16 

o 
:z: �  �I � 8 I g

-�-----�t---+r.:!.----���---' 

c 0 Z O  C c 
a: en CJ UJ �-H------t � 

�'r'''''---- EPHEMERAL �-__ -
STREAMS ' 

1 9  

� Co P "rJl 
-;, . 

COLORAD O � 6> 

R IVER  � '1' 
./ _--��-4�---------t�O

��-----r--���----' 
____ --"'---� F 10 MILES g 

1000 0 

0) 

1000  3000 � 
S CALE I N  FEET 

FIGURE F.1. S 
SURFACE DRAINAGE CHARACTERISTICS, TWO ROAD SITE 

F - 1 2  



F . 1 .  2 

No  d ata  on  h i sto r i c a l  f l ood s ex i s t for the Two Road s i te .  

F . 1 . 1 . 4 Bo rrow s i tes 

The 32 an d ct Road s borrow areas are l ocated on p r i v ate 
l and  a l ong the south  bank of the Co l orado  R i ver  east of  t h e  
Grand J unct i on ta i l i n g s s i te .  The area  i s  app rox i mate l y  8 0  to 
1 20 feet abo ve  the r i ver s urface . Fo ur ep hemera l  c h an ne l s  
dr ai n Cen tr a l  Orc hard Me s a  i n  the bo rrow s i te area ,  two on e i 
ther s i de of 32 Road . The d i s c us s i on on Co l orado  R i ver  f l ows 
i n  Sec t i on F . 1 . 1 . 1  i s  app l i cab l e  to th i s  bo rrow are a .  

The Fru i ta borrow areas are a l so  l ocated ad j acen t to t h e  
Co l or ado  R i ver , south  of t h e  town o f  the  Fru i t a, Co l o rado . 
The area  i s  approx i mate l y  1 1  m i l es down stream of the Co l or ad o  
R i ver an d G u n n i son R i ver  conf l uence . The s i te i s  l ocated  on 
pr i v ate l an d  on the northeast bank of the r i v e r .  Th e are a  i s  
dr ai ned by L i t t l e  Sa l t Was h to the northwest  an d Adobe Creek  
to the southeas t .  Th ere are a n umbe r of i rr igat i on d i tches  
and  cana l s  i n  the are a .  Max i mum stream f l ows f rom a USGS  
gauge  l ocated on  the  Co l orado  R i v er near  Fr u i t a are  p rov i de d  
i n Tab 1 e F . 1 .  2 • 

The Unaweep Canyon borrow are a i s  1 oca ted we s t  of  the  
Unaweep D i v i de i n  Un aweep Canyon . West  Creek f l ows toward t he  
Do l ores R i ver  i n  t he  v i c i n i ty of the  borrow s i te .  Eas t o f  o f  
Unaweep D i v i de ,  East Creek f l ows towards  Wh i tewate r ,  Co l o rad o ,  
where i t  f l ows i n to the Gun n i son R i ver . A n umber  o f  sma l l 
creek s an d ep hemer a l  streams d r a i n  the up l an d  area  ad j acen t to 
Unaweep Canyon an d feed Eas t  an d West Creek s .  Borrow s i te ac 
t i v i t i e s  wou l d  be l ocated to avo i d  these d r a i n ages  and to m i n 
i mi ze the  poten t i a l  for f l ood i n g o f  the s i te .  

FLOOD ANALYS I S  

F . 1 . 2 . 1  Grand Junct i on t a i l i ngs s i t e 

A f l ood an a l ys i s  has been performed to as sure  t h at the  re
med i a l  ac t i on de s i gn for t he  ur an i um m i l l  tai l i n g s  s i te at 
Grand Junct  i on , Co l orado , s at i s facto r i l y  addresses  s ho rt-term 
an d l ong -term f l ood protect i o n . Short-term f l ood protect i on 
s i mp l y  def i nes  the exten t of the 100-year an d 500-ye ar f l ood s 
and the  i mp ac t s ,  i f  any , on  the s t ab i l i zed ta i l i n g s  or  on rem e 
d i a l  act i on con struct i on act i v i t i e s .  Th e p r i mary purpose of 
th i s  p art of the ana lys i s i s  for comp l i ance  w i t h f l ood p l a i n  
an d we t l an d s  en v i ronmen ta l  rev i ew requ i r emen ts i n  1 0  C F R  P ar t  
102 2 .  To accomp l i s h the object i ve o f  l on g -term f l ood prote c 
t i on ,  t h e  stan dard  de s i g n approac h  of  t h e  DO E i s  t o  determ i n e  
the  mag n i tude an d poten t i a l  i rJll ac ts  re s u l t i n g  from a P robab l e  
Max i mum F l ood ( PM F )  even t .  If  a de s i g n i s  not p rac t i c a l , t hen  
a l ternat i ve de s i g n event s  or s o l ut i ons  are  asse s sed . 
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The us e of the PMF  as the des i g n  f l ood even t to ac h i e ve 
l o ng -term con tro l of ur an i um ta i l i n g s  i s  not c l ear l y  def i n ed .  
The EPA s tan dards ( Appen d i x A ,  EPA  Standar ds ) req ui re  th at con 
tro l  of the ur an i um ta i l i n gs  mus t be effect i ve for 1000 ye ars 
( to the  exten t reason ab l y  ac h i e vab l e )  an d ,  i n  any cas e ,  for  at 
l east 200 ye ars . The s tan dards do not  spec i f i ca l l y  s t ate th at 
a PMF e ven t mus t be used for des i g n  i n  o rder to ac h i e ve the  
s t ated conta i nment l i fe .  An an a l ys i s  of exceedence probab i l 
i t i e s for var i ous events  w i th respect to the conta i nment  1 i fe 
( J unge  an d De zman , 1983 ) s uggests  t hat des i g n  even ts w i th a 
very l on g  return per i od ( e . g . ,  10 , 000 ye ars )  mus t be used  to 
meet  a l on g -term con ta i nment  object i v e .  However , the l i mi ted 
s tat i st i ca l  d at a  that are av a i l ab l e  can not be extrapo l ated ac 
curate l y  to s uc h  l ong return per i od s .  Th e genera l ly  accep ted 
a l ternat i ve ,  therefore , i s  to use max i mum credi b l e  even ts , 
s uch  as the  P M F ,  for des i g n  purposes . S i n ce a max i mum cred i b l e  
event  h as a very smal l c hance  of be i n g exceeded ; a ta i l i n gs 
d i spos a l  sys tem de s i gned  to w i ths tan d these even ts wou l d  h av e  
a very sma l l r i s k o f  fa i l ure an d ,  thus , wou l d  meet both t h e  i n 
ten t an d l on g - term conta i nment  object i ve of the EPA  s t an dards . 

The PMF  an a lys i s ,  for th i s  s i te ,  f i rst req u i res the u se  
of  Hydrometeoro l og i ca  1 Report No . 49 ( US DOC ,  1 97 7 )  to deter
m i n e  the ap prop r i ate P robab l e  Max i mum Prec i p i t at i o n ( PMP ) t h at 
cou l d  occ ur over the contr i b ut i n g d r a i n age  bas i n s .  Th e ana l 
ys i s  then i n vo l ves  the con secut i v e us e of the U . S .  Army Corps 
of En g i neers HEC-1  ( COE ,  1 981 ) an d HEC-2  ( C OE ,  1 982)  mode l s .  
The HEC-1  mod e l  i s  des i g ned  to s i mu 1 ate the runoff respon se 
( i . e . ,  PMF ) of a r i ver bas i n  to prec i p i tat i on ( i . e . ,  PMP ) by 
represen t i n g the bas i n  as an i n tercon nected sys tem of hydro l o 
g i c an d hydr au l i c  componen ts . Then a determ i n at i on of stream 
hyd rau l i c s ,  res u l t i n g i n  water-surface e l e vat i on s  an d ve l oc i ty 
grad i en ts at the ta i l i ng s  s i te ,  i s  d e ve l oped for the  PMF f l ows 
us i n g  the dyn am i c HEC-2  mode l . 

The 100-year an d 500-ye ar d i  sch arges were es t i mated w i th 
a me t h od o l ogy deve l oped by McC a i n an d Jarrett ( 1 976 ) . As i n  
t he  PMF  an a l ys i s , water-surface  prof i l es an d ve l oc i t i es were 
e s t i mated w i th the HEC-2  mode l . 

100-year and 500-year f l oods 

Est i mates of the 100-ye ar an d 500-ye ar f l ood s were p re
pared i n  order  to  comp l y  w i th 10 C FR  P art  1022 an d to c omp are 
major h i stor i c  an d pred i ctab l e  f l ood s w i th the  PMF  es t i mate . 
Peak d i s c harges an d depths  for var i o us retur n i n terva l s  were 
ap prox i mated by us e of a mu l t i p l e regres s i on an a l ys i s  of f l ood 
d at a  from stream gauges i n  the v i c i n i ty of the study are a 
( McC a i n  an d Jarrett ,  1 9 76 ) . The method i s  based on corre l at 
i n g re s u l t s of Log Pe arson  I I I  an a l ys i s  for 90 gaug i ng s t a-
t i ons  i n  the reg i on .  Of the 90 gaug i ng  s t at i ons  ut i l i zed , 
on l y  e i g h t  stat i ons  were for bas i n  are as greater 
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than 1000 sq uare m i l es .  The res u l t s of the app rox i mat i on s  
are ,  therefore , exp ected to overes t i mate the f l ood p eak s  for 
l arge  water s hed s . P red i cted p eak f l ows an d dep ths  for se l ect 
rec ur rence i n terva l s  for the Co l orado  R i ver  at Gran d  J unct i o n  
are p resen ted i n  Tab l e  F . 1 . 3 .  

A 100-year f l ow o f  6 1 , 600 cfs an d a 500-ye ar f l ow of  
84 , 200 cfs  were  used fo r the Co l orado  R i ver  at  the s i te .  
These f l ows compared favorab l y  w i th the  res u l ts  of  the U . S .  
Army Corps of Eng i n eers es t i mate i n  wh i ch the 100-ye ar an d 500-
ye ar f l ood f l ows were es t i mated to be 63 , 000 an d 82 , 000 cfs , 
re spect i v e l y  ( COE ,  1 9 76 ) . The Corps of En g i n eers h ave  a re
v i sed f l ood study underw ay on the Co l orado  R i ver  n ear Gran d 
J un ct i o n ;  however , the  comp l et i on date of  the i r  report i s  be 
yond  the  expected comp l et i on d ate of th i s  En v i ronmenta l  I mp ac t  
Statement . Cros s -sect i on dat a prepared for the i r  study h av e  
served  a s  a bas i s  i n  the HEC-2 mod e l  for th i s  an a l ys i s  an d the  
PMF  an a l ys i s .  

Va l ues of Man n i ngs  rou ghness  coeff i c i en ts Un " were var i e d  
t o  accou n t  for con veyan ce d i fferences  an d to i mpose  constr i c 
t i on s  where topograp hy a l one wou l d  not  adeq uate l y  def i n e  f l ow 
paths . The bas i s  of determ i n at i on of n va l ues  was 0 . 020 to 
0 . 025  for c l e ar c h an ne l s  an d 0 . 060 to 0 . 100 for f l oodp l a i n s  i n 
c l ud i ng m i d -ch an ne l  i s l an d s .  P u b l i s hed va l ues for the 
Co  l o rado  R i ver n ear Grand Junc t i o n  are 0 . 0 1 7  to 0 . 040 for t he 
ma i n  c h an n e l , and 0 . 035  to 0 . 070  for the f l ood p l  ai n ( F EMA , 
1982 ) . Some art i f i c i a l l y  h i gh n va l ues were used i n  some of  
t he  f l ood p l  ai n s  i n  order to  mode l  de ad spots  d ue to  
con str i ct i ons . 

As prev i ous l y  stated , h i g hway an d ra i l road br i d ges  cros s 
t he  Co l orado  R i ver down stream of the s i te .  S i n ce the ta i l i n gs 
p i  le was i n  the 100-ye ar an d 500-ye ar f l ood p l  ai n s  even w i thout 
backwater effects  from the br i d ge s  an d s i nce the PMF  wou l d  
1 i k e  l y  destroy the br i d ges  before the p eak wo u 1 d occur ( t he  
br i d g e s  wou l d  be  over topped by more  t han 20  feet  of water ) no  
at temp t was made to mode l  f or br i d ge effect s .  

A s  s hown i n  F i g ure  F . 1 . 6 ,  t h e  HEC-2  mode l  i n d i cates t hat 
t he  s i te i s  w i th i n  the 100-ye ar f l ood p l ai n  ( F i g ure  F . 1 . 6  a l s o  
s hows HEC-2 cros s-sec t i on l ocat i on s ) . The water surface  at 
the  s i te var i e s  from 4572 to 4576 a l on g  the  p i l e  w i th mean ve
l oc i t i es of s i x to  10 fp s .  The  ap prox i mate bo undar i e s  of t he 
500-year f l ood p l ai n are s h own i n  F i g ure  F . 1 . 7 .  The water s ur 
face at the s i te var i e s  from 4574 to 4578 a l o ng the p i l e  w i th 
me an ve l oc i t i e s  of s i x  to 12  fp s .  The exp ected e l evat i on o f  
scour ranges  from three t o  3 . 5  feet be l ow the  presen t c h an ne l  
bo ttom for the 500-ye ar event . 

P M F  hydro l ogi c ana lys i s .  Th e PMF  e s t i mate at Gran d 
J un c tion  i s  b ased on  a HEC-l  mode l of the  Co l orado  R i v er  water
s hed above  R i f l e  wh i ch was  prep ared as  p art of the de s i g n  
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Tab l e  F . 1 . 3 Peak f l ows an d dep ths  of se l ected  rec ur rence- i n terva l 
f l ood s for the  C o l or ado  R i ver at Grand J un ct i on w i th 
a bas i n  area  of 8 150 sq uare m i l es 

Regres s i on equat i on a Standard error ofa D i sc harge  Dep th 
est i mate i n  percent  ( cfs ) ( feet ) 

Q10 = 

Q50 = 

Q100 = 

Q500 = 

0 10 = 

050 = 

0 100 = 

0500 = 

59 . 7AO . 709  

89 . 1AO . 709  

103A 0 . 710  

1 3 7AO . 71 3  

1 . 25AO . 26 1  

1 . 54AO . 254 

1 .  64AO . 254  

1 . 98AO . 2 39 

47 

50 

53 

65 

25 

34 

36 

44 

aTaken from McC a i n an d Jarrett  ( 1 9 76 ) . 
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effort for the two ex i st i n g ta i l i n gs  s i te s  at R i f l e .  The l arg
er  waters hed  above  Grand Junc t i on was  not mode  1 1  ed because a 
P robab l e  Max i mum P rec i p i t at i on ( PMP ) cou l d  not  be read i l y  es t i 
mated w i th any degree o f  cer ta i n  ty . Hydrometeoro 1 og i  c a  1 
Report ( HMR )  No . 49 ( USDO C ,  1 9 7 7 )  presents  proc ed ures  for PMP 
e s t i mate s for the p roject area ;  howe ver ,  the proced ures are 
1 i m i ted to areas of l es s  th an 5000 sq uare m i l es .  
Extr ap o l at i n g the PMP to the study area  of 8 1 50 sq uare m i l es 
cou l d  not be done any mo re re l i ab l y  t han ex trapo l at i n g  the  PMF  
from  the R i f l e  waters hed . 

A descr i pt i on of the HEC-1  an a l ys i s  for R i f l e  i s  fo l l owed 
by a d i sc us s i on of the method us ed to ex trapo l ate the  R i f l e  
PMF . The HEC-1  mod e l  i s  de s i g ned to s i mu l ate the runoff re
sponse  of  a r i v er bas i n  to prec i p i tat i on by represen t i n g  t he 
bas i n  as an i n tercon nected sys tem of hyd ro l og i c an d hyd r au l i c  
componen ts . Fo ur p arameters  were es t i mated to mode l  the ba
s i n : ( 1 )  the amount  an d tempor a l  d i s tr i b ut i on of the Probab l e  
Max i mum P rec i p i tat i on ( PMP ) ;  ( 2 ) the l ag t i me  o f  runoff w i th i n  
the  bas i n ;  ( 3 )  computat i on i n terva l for the hyd rograph ; an d 
( 4 ) l os s  rate of  prec i p i tat i on w i th i n  the bas i n . 

The PMP was de term i ned accord i ng  to proced ures  out l i ned 
i n  Hydrometeoro l og i c a l  Report ( H MR )  No . 49 ( USOO C ,  1 97 7 ) . Th e 
mon t h  wi th the h i ghest  72-hour prec i p i t at i on was found  to be 
J une  w i th 13 . 4  i n ches , i n d i cat i n g  t hat the  ra i nfa l l wou l d  l i k e
l y  occ ur on snow or on a very wet waters hed . The PMP was d i s 
tr i b uted tempora l ly  by arrang i n g  three-hour i n cremen tal  
amoun ts in  a sequence such  t hat they decrease  progre ss i ve l y  to 
e i ther s i d e  of the greate st  three-hour i n c reme n t .  S i n ce  the 
total vo l ume of f l ow i s  not cr i t i c a l  i n  th i s  study , on l y  t he  
greatest  24- hour i n crement  of the 72- hour  storm was mode l ed .  

Lag t i mes  were comp uted by as s um i n g bank fu l l  ve l oc i t i es . 
Eac h  s u bbas i n  was as s umed to h ave  three conveyance  compon en ts : 

o Over l an d f l ow an d up l an d  c h an n e l  f l ow w i th ve l oc i t i es 
of  3 . 5  feet per second an d e i g h t  feet per secon d ,  re
spect i v e l y ,  for s l op e s  of 12 to  15  percent  ( 00 1 ,  
1 9 7 3 ) . Al l owance  was a l so made  for deten t i on t i me d ue 
to l ak e s  an d ponds . 

o Secondary c han n e l s  dra i n i n g  areas of 42 to 103 s q uare 
mi l es w i th ve l oc i t i es of 10 to 1 2  feet per secon d .  

o P r i mary chan ne l s w i th ve l oc i t i es vary i n g from 1 2  to 14  
feet p er secon d .  

Lag t i me s  for e ach  s u bbas i n  are s hown i n  Tab l e  F . 1 . 4 . 

The s hortest l ag t i me  i s  3 . 8  hou r s ,  wh i c h  correspond s to 
a t i me of concen trat i on of 6 . 3  hours . A se l ec t i on of a c omp u -
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Tab l e  F . 1 . 4  t ag t i me e s t i mat i on for su b bas i n s  o f  t he Co l orad o  R i v er abo ve  R i f l e 

T i me  Second ary channe l 
o v er 1 an d t v t 

Water s hed f l ow ( h rs ) ( m  i )  ( f  ps ) ( h rs ) 

Co l or ad o R i v er 
above Kremml i n g  1 . 6 25  lO 3 . 7  

B l ue R i v er 2 . 1  1 5  12  1 . 8 

Co l orad o  R i  v er 
be tween  Kremml i n g  
an d Dot s er o  0 . 9  24  1 6  2 . 2 

E ag 1 e R i v er 0 . 6  29  12 3 . 5 

R oari n g  For k  0 . 7  23  11  3 . 1  

Co l or ad o  R i v er 
ne ar R i f l e  0 . 5  25  1 1  3 . 3  

Ve l oci t i es wer e  e s t i mated u s i n g  Man n i n g s  e q uat i on :  T, = 0 . 6*T 
_ c 

L :;: tength  

v :;: ve  l oc i ty 

t = f l ow t i me 

T = t i me o f  co ncentr at i on c 
\ :;: L ag t i me 

Ma i  n c h anne  1 
L v t 

(m  i )  ( f  ps ) ( h  rs ) 

30 12  3 . 7  

45 1 4 4 . 7 

35  1 1  4 . 7 

29  1 2  3 . 5  

40 1 4  4 . 2 

2 2  13  2 . 5  

Tot a l  
T T, 

( h  �s )  ( h  t"s ) 

9 . 0  5 . 4  

8 . 6 5 . 1  

7 . 8 4 . 7 

7 . 6 4 . 5 

8 . 0 4 . 8 

6 . 3  3 . 8  



tat ion  i n terva l ,  " T II ,  of one hour  meets the cr i ter i a  that i t  
be l es s  th an 0 . 25 x TP EAK ( COE , 1 981 ) , 

where 

1 . 7  X TP EAK = T + T C 
So i l s  i n  the R i f l e  waters hed , as w i th those i n  the Gran d  

J un ct i on waters hed , are c l ass i f i ed by t h e  So i l  Con ser vat i on 
Serv i ces  ( SC S )  as hydro l og i c  group B i n terspersed w i th some C 
so i l s an d traces  of  A an d 0 so i l s ( USDA , 1 9 78; 1 982 ; 1 983) . B 
an d C s o i l s  have  moderate to s l ow i n f i l trat i on rates ( 0 .08  to 
0 . 30 i n c h/hour ) when th orough ly  wetted . 

A l though  ac tua l  major  f l ood s are the res u l t of r a i n  on 
top of the snow p ack , the vo l ume of runoff res u l t i n g from sn ow 
me l t  i s  smal l i n  comp ar i son to the vo l ume of runoff resu l t i n g  
from t h e  i n ten se r a i nfa l l .  However,  t h e  presence o f  t h e  snow 
pack creates se vere hyd ro l og i c  s o i l cond i t i on s .  Therefore , 
ru noff resu l t i n g  from snow me l t  was not es t i mated i n  the an a l 
ys i s  be cause the magn i tude of the PMP wou l d  mak e snow me l t  a 
m i nor componen t of the f l ood . To account  for the severe 
hydro l og i ca l  cond i t i ons created by the presence of snow,  no 
i n i t i a l l os s  of prec i p i t at ion  was as s umed , an d a un i form l o ss  
rate based  on  satur ated " B - C "  so i  l s  of 0 . 20- i n ch p er hour  was 
s e l ected ( 00 1 ,  1973 ) . Th i s  va l ue was a l s o  s e l ected by the 
U . S .  Army Corps of Eng i neers for the " C "  s o i l s  i n  the l ower ba
s i n  ( C OE ,  1 9 76 ) . 

F l ows were routed through  pr i mary c h an ne l  re aches  by use  
of the Mod i f i ed P u l s  method av a i l ab l e  in  the HEC-1  mode l .  
Reac h ch aracter i s t i cs were determ i ned by f i e l d  i n sp ect i on an d 
from topograp h i c  maps . 

McC a i n  an d Jarrett ( 1 976 )  found  t hat d i sc h arge var ied  
w i th area  ra i sed to a power ran g i n g  from 0 . 709 to 0 . 71 3  dep en d 
i n g  on the return i n terva l .  The 1 984 f l ood d i sch arges i n  the 
C o l o r ado  R i ver var ied  w i th area  ra i sed to a power of 0 . 68 .  
Therefore , a p ower o f  0 . 70 was used for t h e  ex trap o l at i o n es t i 
mates at Grand J un ct i on .  Two PMF  d i s c harges were es t i mated . 
The f i rst i s  for a PMF  on the Co l orado  R i v er on l y  an d the  sec
ond i s  for a PMF  on  the G unn i son R i ver  an d Co l o rado  R i ver com
b i n ed .  The d i s c harges are s hown i n  Tab l e  F . 1 . 5 .  

C r i pp en an d B ue ( 1 9 7 7 )  prep ared c ur ves  wh i c h  enve l op max
i mum me as ured f l ood f l ows for regi on s in the conterm i n ous 
Un i ted States . Grand J unct i on i s  in Re g i on 1 4  near the d i v i 
s i on w i th Re g i on 13 . The max i mum f l ood peak i n  the Co l orado  
R i ver  near Grand J unct i on i s  g i ven as 130 , 000 cfs for Reg i o n 
1 4  an d 380 , 000 cfs for Reg i on 13 . 
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Tab l e  F . l . 5  P robab l e Maxi mum F l ood d i s c h arges i n  the  Co l or ado  
R i v er near Grand J unct i on ,  Co l orado  

B as i n  area  
Locat i on ( s quare m i l es ) 

R i f l  e 

Grand J unct i on above  
Gun n i  son R i ver 

Grand J unct i on be l ow 
Gun n i son  R i ver  

aNotes : Q = 795 , 200 x (� \0 . 70 
6950) 

6950 

8150 

1 7 , 100 

D i s c h arges a 
( c fs ) 

795 , 200 

889 , 000 

1 , 493 , 500 

F l ow i n  th e Co l or ado  R i ver abo ve  the conf l uence i s  as s umed  to be p roport i ona l 
w i th the 1984 f l ood ; therefore ,  the f l ow i n  the G u n n i son R i ver i s  630 , 300 cfs  
and the f l ow i n  the Co l or ado  R i ver  abo ve  the c on f l uence i s  863 , 200 cfs . 
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The es t i mated PM F at Gran d J unct i o n of 889 , 000 cfs i s  ap 
prox i mate l y  2 . 5  to se ven t i mes the max i mum expected d i sc h arge  
es t i mated by C r i ppen an d B ue ,  1 1  t i mes the e s t i mated 500-ye ar 
peak , and  1 2  t i me s  the max i mum recorded f l ow .  

PMF  hydrau l i c an a l ys i s .  Hyd r au l i c  c h arac ter i st i cs of  
the  r i ver at  f l ood stage are i mportant  des i g n  con s i derat i on s  
for stab i l i z at i on of the ta i l i ng s .  Water s urface  prof i l es 
were  e s t i mated wi th the HEC -2 mode l to ob t a i n  f l ow depths  and 
ve l oc i t i e s  d ur i n g f l ood s tag e .  These  v a l ues were then used to 
es t i mate scour depths  an d r i p rap req u i remen ts . An emp i r i ca l  
form u l a s u i tab l e  for the Co l orado  R i ver  was ut i l i zed  t o  c a l c u 
l ate t h e  scour depth  ( Pemberton an d Lara ,  1 984 ) : 

wh ere 

z 

= depth  of scour be l ow ELM I N  ( from HEC-2 ) i n  
feet 

= depth for zero bed sed i men t tran sport i n  
feet 

= 0 . 6 ,  c oeff i c i en t  d e v e l oped by the U . S .  
B ureau of Recl amat i on for use  on moderate 
r i ver ben d s  

= des i g n  d i sch arge p er  un i t  w i d t h  i n  ft3/s 
p er foo t .  

Fbo = B l ench ' s  " zero bed factor " i n  ft/s 2 

Va l ues of Man n i ngs  roughness  coeff i c i en ts ,  l in " ,  were var
i ed  to  accou n t  for con veyan ce d i  fferences an d to i mp ose  con 
str i c t i o n s  where topograp hy a l one  wou l d  not  adeq uate l y  def i n e  
f l ow paths . Va l ues ( n ) o f  0 . 020 to 0 . 025  for c l ear c han ne l s  
an d 0 . 060 to 0 . 100  for f l ood p l a i n s  i n c l ud i n g m i d -ch an n e l  i s 
l ands  were us ed . P u b l i s hed va l ues for the Co l orado  R i ver n e ar 
Gran d J unct i on are 0 . 0 1 7 to 0 . 040 for the ma i n  ch an n e l , an d 
0 . 035 to 0 . 070 for the f l ood p l ai n ( F EMA,  1982 ) . 

The Co l or ado  R i v er bank s  were exten ded beyond  the norm a l  
bank l ocat i o n s  to accou n t  for a dr amat i c a  l l y d i  fferen t r i  ver  
re g i me d ur i ng  PM F con d i t i ons . I t  was  as s umed  th at norm a l  
f l ood p l  ai n s  wou l d  be covered at great depth , an d th at vegeta
t i on ,  b u i l d i ng s ,  an d other topograph i c  features wou l d  be s u b 
merged or  removed , great ly  red uc i ng n v a l ue s .  As a ru l e ,  a n  n 
va 1 ue of 0 . 025  was used where depths  were greater th an f i v e 
feet an d 0 . 060 where l e s s than f i v e feet ,  a l though  some 
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var i ance  from th i s  ru l e  occ ur red i n  order to ac h i e ve  reas o n 
ab l e  conveyan ce v a l ues for d i ffer i n g  topograp h i c  con d i t i o n s  
a l on g  t he  prof i l e . V a l ues o f  n i n  t h e  w i d ened c h an n e l  v ar i ed 
from 0 . 022  to 0 . 030 , wh i l e  some ar t i f i c i a l ly  h i gh n v a l ue s 
were  us ed i n  some of the f l ood p l  ai n s  to mod e l  d ead spot s d ue 
to con str i c t i on s .  

A PMF  occurr i n g  i n  on l y  the  C o l orad o  R i ver abo ve  t he  s i te 
was found to be s l i gh t l y  more cr i t i ca l  t h an a P M F  occur r i n g  i n  
t he  Gun  n i son R i ve r an d Co l or ad 0 R i v e r s i mu I t  an eo u s l y . At t he  
t a i l i n g s  p i l e  t he  ve l oc i ty for  a PM F of  on l y  the C o l o rad o  
R i ver was s l  i g h t l y  gre ater th an for the comb i n ed PMF  0 9 . 2 to 
18 . 4  fps ) ;  however , the water surfac e  e l evat i on was s l i gh t l y  
l ower ( 4595 . 6  to 4595 . 8  feet ) . Up stream and down stream of  t h e  
p i l e  t h e  s i tu at i o n was rever sed . Therefore ,  the  rock eros i on 
protect i on an d scour an a l ys i s  was performed us i n g  the  h i g h er 
ve l oc i t i e s  en countered d ur i n g  a PM F of  on l y  the  Co l or ado  
R i ver . F o r  th i s  f i rst cond i t i on , a f l oodw ay of 4000 t o  8000 
feet w i d e  as s hown i n  F i g ure  F . 1 . 8 wou l d  be req u i red to c on vey 
t he  PM F .  Many res i dent i a l an d i n d u s tr i a l structures  wou l d  be 
i n undated , an d a l l s i des  of the s i te wou l d  be exp osed to c h an 
ne l f l ow .  The peak water surface  e l ev at i o n was es t i mated to 
vary from 4589 to 4600 a l on g  the p i l e  an d me an c h an n e l  ve l oc 
i t i e s  were e s t i mated t o  be ap prox i mate l y  1 2  to 1 9  fp s .  

F l oodw ay con str i c t i o ns at the s i te caus e u n s t ab l e  f l ow 
cond i t i on s  i n  the form of n ear cr i t i c a l  f l ow to occ ur . The 
r i ver w i l l  at temp t to moderate the steep energy g rad e  s l ope  
t he  mod e l  shows occ ur r i n g  an d s tab i l i ze the  f l ow by scour i n g  
a l l u v i um .  A depth  o f  zero sed i men t tran sport o f  1 2 . 4  feet be 
l ow the c h an n e l  bot tom was determ i n ed us i n g  the  prev i ous l y  d e 
scr i bed equat i o n .  The expected e l evat i on i s  therefore 4544 . 4  
at stat i on 38 7 . 42 ,  4547 . 7  at s tat i on 38 7 . 86,  an d 4548 . 7 at s t a
t i on 387 . 96 .  A cros s-sect i on at stat i o n  38 7 . 86 presen ted  i n  
F i gure  F . 1 . 9 shows max i mum water s urface  an d scour e l e vat i on s  
for the  PMF  e v en t .  

F . 1 . 2 . 2  Cheney Reservo i r a l tern ate d i sposa l  s i te 

There are no majo r streams or r i vers  w i th i n  2 . 4  m i l es o f  
t he  C heney Reservo i r  s i te .  The s i te i s  a t  l east f i ve m i l es 
from the f l ood p l  ai n of the Gun n i  son R i ver . Kan nah Creek an d 
I nd i an Creek f l ow at an e l evat i on ap prox i mate l y  200 feet be l ow 
the  s i te .  The G u n n i son R i ver  f l ows ap prox i mate ly  500 feet be 
l ow the  s i te at i t s c l osest  p o i n t .  

N o  data  on h i stor i c a l  f l ood s ex i s t for the Cheney 
Reser vo i r  s i te an d because  of  the d i s tan ce from an d d i ffer
en ces in  e l evat i on be tween any major f l ows an d the s i te ,  the 
s i te i s  not s u bject to r i v er f l o od i n g . 

The effects  of a PMP over the p i l e  an d the contr i b ut i n g  
dra i nage  areas are an a l yzed i n  order t o  d e s i g n  eros i on protec 
t i on req u i remen ts . P re l i mi n ary ca l c u l at i o n s  for the C heney 
Reservo i r  s i te us i n g  very con servat i v e assump t i on s ,  i n d i cate 
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F . 1 . 3 

t h at the  f l ow res u l t i n g  from the  occ urrence of a PMP ( 8 . 5  
i n c hes i n  on e ho ur ) over t he Cheney Reservo i r  watershed wou l d  
be i n  excess  of 2000 cfs . Deta i l s  are p rov i ded  i n  Appen d i x B ,  
Eng i n eer i n g  Des i g ns . 

F . 1 . 2 . 3  Two Road a l ternate d i s posa l  s i te 

There are no major  streams or  r i vers i n  t he  v i c i n i ty of  
the  Two Road s i te .  The  s i te i s  at  l e as t 10  m i l es from the  
f l ood p l a i n  of  the Co l orado  R i ver ,  an d over 500 feet  h i g her i n  
e l evat i on .  The ep hemera l  streams i n  the  s i te area ,  i n c l ud i n g  
B i t ter  Creek an d McDon a l d  Creek , have  sma l l water s hed s an d do 
not p resen t a f l ood h azard to the s i te .  

As w i th the  Cheney Re servo i r des i g n ,  the effects of the  
oc currence of a PMP were an a l yzed to determ i n e eros i on protec 
t i on requ i remen t s .  Pre l i mi nary ca l c u l at i ons  i n d i cate that a 
f l ow i n  exce s s  of 350 cfs wou l d  res u l t from the occ urrence of 
a PMP over the Two Road s i te water s hed . Deta i  l s  are prov i ded  
in  Append i x  B ,  Eng i neer i n g  Des i g ns . 

F . 1 . 2 . 4 Borrow s i tes 

Both the  Fru i t a  an d 32 an d ct Road s bo rrow areas may be 
affec ted by f l ood i n g of the Co l orado  R i ver ; howe ver , a sep
ar ate f l ood an a l ys i s  of  these  s i te s  wou l d  not be  perfo rmed .  
S i nce  the  s i tes are on p r i v ate l y  owned l an d  an d are e i ther ac 
t i ve or have  been recen t l y  ac t i v e ,  i t  i s  expected t h at the  op
erator of the s i te wo u l d  tak e  the  approp r i ate me asures to  
con tro l f l ood i n g an d m i n i mi ze i mp acts  to  the i r own structures 
an d e q u i pmen t .  

D ue to the  h i g h canyon wa l l s  separat i n g  the s i te from 
West  Creek an d the re l at i ve l y  sma l l water s hed abo ve  the bo rrow 
area ,  f l ood f l ows are not expected to i mp ac t  the bo rrow s i te 
i n  Un awe ep Canyon . 

SUR FAC E -WATER Q UAL I TY 

F . 1 . 3 . 1  Grand Junct i on ta i l i ngs s i te 

I n  gener a l , the  qua l i ty of water  i n  t he  Co l orado  R i v er de
pends  o n  the  f l ow ,  an d the  f l ow i s  de term i n ed by the  source of  
water . D ur i n g  l ow-f l ow per i od s ,  when s urfac e runoff i s  l ow 
and the  r i ver f l ow i s  bas i c a  l l y d i  s c h arged grou n d  water , t he  
concen trat i on of me t a l s  an d i n organ i c s l e ac hed from the s o i l 
i s  h i g h .  D ur i n g h i g h -f l ow per i od s ,  when the  r i v er f l ow i s  
ma i n l y  surface  ru n off ,  the concentrat i on of me t al s an d 
i n organ i c s i s  l ow an d the concen trat i o n of organ i c s an d s u s 
pen ded so l i d s  i s  h i g h ( DO E , 1 983 ) . 

The res u l t s  of me as urements  made  at C ameo ,  ap prox i mate l y  
1 5  m i l e s  up s tream from t h e  s i te ,  s how t h at t h e  me an concen tra-
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t i on s  of a l l con s t i tuen t s  ex cept merc ury are w i th i n  th e 
Co l o rado  d r i n k i n g -water standards ;  howe ver ,  t he  max i mum c oncen 
t r at i on s  of many con s t i tue n t s  ( e . g . ,  cadm i um an d ch l o r id e )  e x 
ceed the  s t andards . A compar i son of the  C ameo dat a w i th d a t a  
co l l ected at Fru i ta ,  approx i mate l y  1 5  m i l es down s tream from 
the s i te ,  does not i nd i cate any effects  of the  ex i s t i n g  p i l e  
on the  qua l i ty of  r i ver water . 

I t  i s  d i ff i c u l t to d raw any conc l us i on s  regard i n g  t h e  
ch ange  i n  water qua l i ty a l ong  the  Co l orado  R i ver ; howe ver , c er
ta i n  ob ser va t i o ns are poss i b l e .  For ex amp l e , m i x i n g  of  the  
Gun n i son R i ver , wh i c h  has  a f l ow approx i mate l y  equ i v a l en t  to  
t h at of the  Co l orado  R i ver , re s u l t s i n  decre ases in  c h l o r i d e  
an d mo l ybdenum  concentr at i o ns  i n  t h e  Co l orado  R i v er an d i n 
crease s i n  t he  concen trat i ons  of s e l en i um ,  f l uor i de , s u l f ate , 
an d tot a l  d i s s o l ved  so l i d s .  The concentrat i on  of tota l  i ron  
ap pears to i n crease s i g n i f i can t l y  a l ong  the  Co l or ado  R i v er  i n 
de pendent  of the  mi x i n g w i th G un n i son R i ver  water . 

Add i t i on a l  d i s c us s i ons  on water qua l i ty are prov i d e d  i n  
Sec t i on F . 2 ,  Ground  Water . 

F . 1 . 3 . 2  Cheney Reservo i r  a l ternate d i sposa l  s i te 

No surfac e -water qua l i ty d at a  ex i st for the  ep heme r a l  
streams i n  t h e  v i c i n i ty o f  t h e  Cheney Re servo i r  s i t e .  L i m i ted 
data ex i st  for Kan na h  Creek an d the  Gun n i  son R i ver  
downgrad i en t  of the s i te ;  howe ver ,  th ese dat a i n d i cate t h at 
the  qua l i ty of these bod i es i s  i n f l uen ced more by g rou n d -w ater 
rec h arge than the  f l ow th at en ters  from the  sma l l creek s an d 
ep hemeral streams i n  the Cheney Re servo i r  d i spos a l  s i te area .  
A deta i l ed d i s c us s i on of  the  qua l i ty of  the  grou nd  water i n  
t h e  C heney Reservo i r  s i te area  i s  i n c l uded i n  Sec t i on F . 2 .  
Ground  Water . 

F . 1 . 3 . 3  Two Road a l ternate d i sposa l  s i te 

No water -q ua l i ty mon i tor i ng gaug i n g s t at i ons ex i s t on ai lY 
of the creek s or ep hemeral  streams i n  the Two Road a l ternate 
d i spos a l  s i te area .  D at a  tak en on  Wes t  Sa l t Creek e as t  o f  the 
s i te i n d i cate that the  major  c hem i ca l  cons t i tuents  of  t he wa
ter are sod i um,  mag ne s i um ,  ca l c i um ,  an d s u l fate . D ur i n g  f l ow 
even ts  TD S v a l ues were h i g h , r an g i ng  from se ver a l  h u n dred mg / l  
t o  over 10 , 000 mg / l . I t  i s  expected t h at the water qua l i ty 
d ur i n g  f l ow even ts wou l d  be s i mi l ar i n  the  dr a i nages  ad j acen t 
to  the  s i te ( UR S ,  1 983 ) . 
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F . l . 3 . 4  Borrow s i tes  

The  d i scus s i on on  water qua l i ty of the Co l orado  R i v er 
( Sect i on F . 1 . 3 . 1 )  i s  a l s o  ap p l i cab l e  to the Fru i ta an d 32 an d 
C !  Road s borrow areas . No water-qua l i ty data ex i st for the 
streams an d creek s in  the v i c i n i ty of the Unaweep Canyon bo r
row are a .  
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F . 2 . 1  

F . 2  GROUND  WATER 

IN TROD UCT I ON 

EPA st an dards ( 40 CFR Part 1 92 )  req u i re  s i te ch arac ter i z at i on of  
t he  hydrogeo l og i c regi me at  an d around eac h  UMTRA P roject  s i te .  Th ese  
re gu l at i on s  state that II j ud gemen ts on  the pos s i b l e  n eed for remed i a l  or  
protec t i ve act i on s  for ground  water aq u i fers  s h ou l d  be  g u i ded  by re l 
evant  con s i derat i on s  de scr ibed  i n  EP A 1 s  h azardo u s  waste man agemen t sys 
tem ( 47 CFR 32274 ) . 11 B as ed o n  these  two sets  o f  req u i  remen t s ,  i t  h as 
been determ i ned that fo urteen pr i mary i tems mus t be ad dressed d ur i ng a 
grou n d -water c h ar acter i z at i o n  at an UMTRA P roject s i te ( Br i n kman et  a l . ,  
1 985 ) . The se  fourteen i tems are :  

o App l i cab l e  water-qua l i ty stan dards . 

o Character i z at i on of the poten t i a l ly  affected hyd rogeo l og i c 
en v i ronmen t .  

o P rox i mi ty of the  s i te to surface water . 

o P hys i ca l  an d c hem i ca l  ch ar acter i z at i on of was te i n  tenns of  con 
tam i nant  m i g r at i on i n  ground  water an d hydrau l i ca l l y con nected 
surface  water . 

o Effect of c l i mate on the mo vement of contam i n an ts .  

o Imp act of con tam i nant  sources other than those  attr i b ut ab l e  from 
the  UMTRA P roject  s i te .  

o Prox i mi ty , w i thd rawa l  rate s ,  uses , an d sources of presen t ly u sed 
water . 

o Presen t v a l ue of  affected water resource . 

o Ava i l ab i l i ty of  a l ternate water s u pp l i e s . 

o Poten t i a l  an d expected use  of affected resource . 

o Future v a l ue of  affected water resource . 

o Poten t i a l  hea l th r i sks  to human s an d poten t i a l  d amag e  to w i l d -
1 i fe ,  crop s ,  an d vege tat i on caused  by expos ure to c on tam i n an ts 
i n  ground  or s urfac e  wate r .  

o Per s i stence an d permanence o f  ad ver se effect s .  

o Aqu i fer restorat i o n  o r  p rotec t i on . 

Fo l l ow i n g i s  a d i scus s i on of these fourteen i tems , for  the proces s
i n g  s i te and  a l ternate d i spos a l  s i te s . 
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F . 2 . 2 AP PL I CABLE  WATER -QUAL I TY STANDARDS 

The Grand J unct i on ur an i um m i l l  t a i l i n g s  are l ocated  i n  Co l or ado . 
There are two sets  of  water-qua l i ty s t andards  app l i cab l e to ch arac ter i za
t i  on of  affected or p oten t i a l l y  affected  grou n d -water sys tems : Federa  1 
and State of  Co l orado . Federa l  an d State of Co l orado  dr  i n k  i n g  water 
standards  are s hown i n  Tab l e  F . 2 . 1 . The State o f  Co l orado  h as no grou n d 
water qua l i ty standards i n  p l ac e  at th i s  t i me ,  b ut has proposed s t an 
dards for ground wate r .  Co l orado  surface -water an d proposed  
ground -water qua l i ty stan dards are based  on  a c l ass i f i cat i on sys tem 
wh i c h  es tab l i s hes us e categor i e s . Both s tan dards i n c l ude  an 
an t i d egrad at i on s t an dard wh i c h  protects  ex i st i n g  u se  cl ass i f i cat i on s  o f  
wate r s ,  thereby p rotec t i n g  bo th  ex i st i n g an d poten t i a l u ses  of  w ater . 

App 1 i cab 1 e surface-water qua l i ty standards  for the  St ate o f  
C o l o rado  are shown i n  Tab l e  F . 2 . 2 .  I n  ad d i t i o n ,  a l l s ur fac e  waters  o f  
t he  Co l or ado  R i ver  B as i n  are su bject to a p o l i cy f or  ur an i um .  Th i s  c a n  
b e  s ummar i zed as : 

o Uran i um l e v e l s i n  surface waters  s h a l l be mai n ta i n ed at the  l ow
est  p r ac t i cab l e  l eve l . 

o I n  waters  as s i gned  a water s up p l y  c l ass i f i ca t i o n ,  uran i um c oncen 
trat i on s ha l l not  exceed 40 pC i / l . The Co l orado  R i ver  from i mme 
d i ate l y  be l ow the  conf l uence w i th P ar ac h u te Creek to i mmed i ate l y  
above  the  conf l uence of the Gun n i son R i ver  i s  as s i g ned a water 
sup p l y c l ass i f i cat i on ( CDH , 1 983 ) . 
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Tab l e  F . 2 . 1  State of Co l orado  an d EPA  N at i ona l I n ter i m  D r i n k i ng  
Water Standards ( 40 C FR  1 41 , 1 43 )  

P arameter 
EPA Dr i nk i ng water stand ard sa 

P r i mary Secondary 

Arsen i c  
Bar i um 
C adm i  um 
C hromi um 
Copper 
F l uo r i d e  
Lead 
Merc ury 
N i trate 
Sel en i um 
S i l ver 
Z i n c  
C h l or i d e  
I ron 
Man ganese 
pH ( st andard un i t ) 
S u l f ate 
TDS 
Uran i um ( he a l th 

ad v i s ory l eve l ) 
( i n p i cocur i es 

0 . 0 5  
1 . 0 
0 . 0 1  
0 . 05  

c 1 . 4-2 . 4  
0 . 05  
0 . 002  

10 . 0  
0 . 01 
0 . 05  

p er l i ter ) 1 0 . 0  
R ad i um 2 26-228 

comb i n ed ( i n 
p i cocur i e s  
per l i ter ) d 5 . 0  

Gro s s  a l p h a  
( i n p i coc ur i es 
per l i ter ) 1 5 . 0  

Gro s s  be ta ( he a l �h 
adv i sory l eve l ) 
( i n p i coc ur i es 
per l i ter ) 50 . 0  

1 . 0 

5 . 0  
250 . 0  

0 . 3  
0 . 05 
6 . 5-8 . 5  

250 . 0  
500 . 0  

�Al l v a l ues i n  mg j l  un l ess  otherw i se note d .  
Ref . CDH , 1 981 . 

�Standard var i es dep end i n g on water temperature . 
Does not  i n c l ude uran i um or  r adon . e For man -made r ad i on uc l i d e s . 
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Co l oradob p r i mary a dr i n k i ng  water s t an dards 

0 . 0 5  
1 . 0  
0 . 0 10  
0 . 05  

c 1 . 4-2 . 4  
0 . 05  
0 . 002  

10 . 0  
0 . 0 1  
0 . 05  



Tab l e  F . 2 . 2  State of Co l orado  surface-wate r �tan dards for water-qua l i ty 
parame ters of i n teres t 

Con s t i tuen t 

A l umi n um ,  
so l ub l e  

Ammon i a  
Ars en i c 
C admi  urn 
Ch l or i de 
Copper 
I ron 

so 1 u b  1 e 
tota  1 

Lead 
Man ganese 

so l ub l e 
to ta  1 

Merc ury 
Sel en i um 
S u l f  ate 
Z i nc 
p H (  s t andard  

( P erm i ss i b l e  concen trat i on mg / l i ter ) 

Co l or ad 0 R i v e r 
between P arac h ute  

Creek an d 
Gun n i son R i ver 

O . lc 
0 . 06 
0 . 05  
0 . 00 1 7  

250 
0 . 0 1 8  

0 . 3  
1 . 0 
0 . 025  

0 . 05  
1 . 0 
0 . 00005 
0 . 0 2  

250 
0 . 0 7  

un i t ) 6 . 5-9 . 0  

C o  l orado  R i ver 
be tween Gun n i son 

R i ver an d Co l or ad o 
Uta h  state l i n e  

O . lc 
0 . 06 
0 . 05 
0 . 00 1  

0 . 0 1 2  

1 . 5  
0 . 025  

1 . 0  
0 . 00005 
0 . 02 

0 . 085 
6 . 5 -9 . 0  

Tr i b ut ar i e s  
be tween P ar ac hu te  

Creek an d C o l oraso
Ut ah s t ate 1 i n e  

--d 0 . 1  d 0 . 0 1  

0 . 2d 

0 . 2d 

0�02d 

2�Od 
6 . 5-9 . 0  

aNo  n umer i c a l  s tandards h ave  been es tab l i s hed by t h e  State o f  Co l orado  for ca l 
c i um,  carbon ate , mo l ybden um , sod i um ,  an d vanad i um .  A d a s h  i n di cates th at the  
perm i s s i b l e  concen trat i o n  i s  to be  estab l i s hed on  a case -by-case  bas i s , by  the  
Co l o rado Dep artment  of  He a l th .  

b Except Wa l l ace , Roan , P l ateau , an d Rap i d  Creeks an d L i t t l e  Do l ores R i ver . 
cCo l orado  Water  Qua l i ty Stan dards , P ar t  1 ,  Tab l e  I I I ,  Aquat i c  L i fe C l as s  I ,  
Apr i l ,  1 981 . 

dC o l orado  Water Qua l i ty Standards , Part  1 ,  Tab l e I I I ,  Agr i c u l tur a l  Use s ,  Apr i l ,  
1 981 . 
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F . 3  POTENT I ALLY AF FECTED HYDROGEOLOG I C  E N V I RONMENT-PROCESS I N G  S I TE 

F . 3 . 1  CHARAC TER I ZATION  OF  HYDROGEOLOG I C  E N V I RONMENT  

F . 3 . 1 . 1 Prev i ous  i n ve s t i gat i on s  

Sever a l  prev i ous i n ve s t i gators  h ave  reported  on reg i ona l 
and s i te -sp ec i f i c  hyd rogeo l ogy i n  the v i c i n i ty of the Gran d  
J unct i o n  ta i l i n g s  s i te .  The U . S .  Geo l og i ca l S ur vey con d ucted 
a nat i on a l  s tudy on the d i s tr i b ut i on of ur an i um an d r ad i um i n  
ground water ( Scott  an d Barker , 1962 ) . The U .S .  Geo l og i ca l 
S ur vey i n vest i gated the geo l ogy an d arte s i an water s up p l y  of  
t he  Grand Junct i on area  ( Lohman , 1965 ) . Th e U . S .  B ureau of 
Rec l amat i o n  h as stud i ed s ha l l ow grou n d  water i n  the Gran d 
Va l l ey as p art  of the Co l orado  R i ver  Water Qua l i ty Improvemen t 
P rogram .  The B ureau of Recl  amat i o n  p ub l  i s hed  a report for 
P hase I o f  i t s study , for  the area s ur rou n d i ng  Fru i t a ;  howe ver 
i t  h as not yet p u b l i s hed a report  for the area  s urrou nd i n g 
Grand J unct i on .  Data from th i s  study i n c l ude strat i g rap h i c i n 
format i o n ,  water-qua l i ty ana l yses , an d water- l e ve l  me as ure 
men ts ( U . S .  B ureau of  Rec l amat i on ,  n o  date ) . 

Surface  water h as a l s o  be en stud i ed on bo th  a reg i ona l 
and a s i te - sp ec i f i c  bas i s  for the  Grand J un c t i o n  ta i l i n gs  en v i 
ronmen t .  The EPA mon i tored concen tr at i on s  of r ad i on uc l i des  
a l on g  the  Co l orado  R i ver  ma i n stream both  up s tream an d down 
stream of  the  Gran d  Junct i on ta i  1 i n gs  from 1 96 1  throu gh 1 9 72 
( EP A ,  1 973 ) . The U . S .  Geo l og i ca l  Sur vey a l s o  report s water
qua l i ty data for the Co l orado  R i ver  Bas i n  ( USGS ,  var i o u s  
d ates ) .  The occurrence of mo l yb den um,  a s u bstan ce assoc i  ated 
w i th ur an i um m i l l  ta i l i n g s ,  h as been stud i ed for the surface  
waters  of Co l orado  ( Voege l i an d K i n g ,  1 969 ) . On  a s i te 
spec i f i c  bas i s ,  an assessmen t was made of the  poten t i a l  for 
con tam i n at i on of the Co l orado  R i ver  by the Gran d J un ct i on ta i l 
i n g s  ( B us h et a l . ,  1 980 ) . 

Exten s i ve research con nected  w i th l ow- l e ve l  n uc l ear waste 
d i spo s a l  an d the UMTRA P ro ject  h as centered on or  i nc l uded the  
Grand  J unct i on ta i l i n g s . Amb i en t  s o i l mo i s tures  were reported  
for the Grand J un ct i on are a  ( Rogers  et a 1 . ,  1 98 1 ) . Researc h 
on cover de s i g n h as i nc l uded stud i e s on movemen t of water i n  
the  unsatur ated zone  of the Grand Junct i on ta i l i n g s  ( Be ed l ow ,  
1 984 ; Mayer et a l . ,  1981 ) . 

The geochem i  stry of  the ta i l i n g s  an d of  t he  amb i e n t  en v i 
ronmen t has been ex ten s i ve l y  i n terpreted ( Marko s an d Bus h ,  
1 983a ) an d reported  ( Mar kos  an d Bus h ,  1 983b ) , i n c l u d i n g  s t at i s 
t i c a l  e va l uat i on of contam i n an t  tran sport mechan i sms  ( Bu s h  and  
Marko s ,  1982) . A geotechn i ca l  c h aracter i z at i on of the ta i l 
i n gs  i n c l uded exten s i v e i n format i on on strat i g rap hy ,  w ater l e v 
e l s ,  a n d  hydr au l i c  p roper t i es ( Ne l s on an d Wardwe l l , 1 982 ) . 
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Ford , Bacon , an d D av i s Uta h ,  I n c .  ( FB D U )  reported on the  
s i te - sp ec i f i c  hyd rogeo l o gy an d hyd rogeo l og i c  sett i n g  of the  
t a i l i n g s  at  a recon na i s sance l e ve l , an d a l s o  reported l i m i ted  
s i te -sp ec i f i c  dat a ( FB D U ,  1981 ;  FBD U ,  no date ) . A s i te 
spec i f i c  s tudy of  the hydrogeo l ogy o f  t h e  ta i l i ng s  an d t h e  s ur 
round i n g area  was based on an ex ten s i v e f i e l d  program ( Doty  
an d Versaw ,  1 984 ) . 

Add i t i on a l  dat a re l at i n g to the area  s urrou n d i ng  the  t a i l 
i n g s  were gathered from var i o u s  i n vest i gator s .  Geotechn i ca l  
bor i n g s  for the  H i ghway 50 br i d ge  were ob t a i n ed from the  St ate 
of Co l orado  Dep artment of  H i g hways , ( Co l orado  Dep artmen t o f  
H i g hways , 1964 ) , an d he l p ed t o  def i n e  t h e  strat i g rap hy of  t he  
are a .  Dr i l l ers  l o gs  for t he  Gran d J un c t i on area were obt a i n ed 
from the  State of Co l orado  ( Co l orado  D i v i s i on of  Water 
Resources , no  date ) ,  a l though these  prov i ded l i tt l e  i n form a
t i on not  reported  by the  U . S .  Geo l og i c a l  Sur vey ( Lo h man , 
1 965 )  • 

F . 3 . 1 . 2  Recent i n v es t i gat i on s  

Recent i n ves t i g at i o n s  h av e  i n c l uded exp l o ratory d r i l l i n g ,  
hyd r au l i c test i n g ,  mo n i tor i n g we l l i n st a l l at i on ,  an d water  s am
p l i n g  i n  two p h ase s .  The f i rst  p h ase was beg un w i th d r i l l i n g  
i n  Oc tober ,  1 982 ,  to  Jan uary, 1 983 ,  an d February an d Marc h ,  
1 985 . 

I n  
dr i l l ed 
samp 1 es  
dr i l l ed 

th e f i rs t  p h as e ,  e i g h t  exp l oratory bor i n g s  were 
an d s amp l ed for strat i g rap h i c  l o gg i n g  an d to ob t a i n  
for l aboratory test i ng . An ad d i t i ona l 1 0  bor i n g s  were 
for the  i n sta l l at i on of  mon i to r i n g  we l l s .  

I n  the  second p h as e ,  2 3  bor i n g s  were d r i l l ed an d s amp l ed 
for  s trat i g r ap h i c  l o ggi ng . P ac ker-perme ab i l i ty tests  were c o n 
ducted  i n  three o f  t h e  bor i n g s . Mon i tor i n g  we l l s  were i n 
sta l l ed i n  2 2  of the  bor i n g s . We l l - con struc t i o n  d e t a i l s  for 
both p h ases  are presented i n  Tab l e  F . 3 . 1 ,  an d mon i tor i n g  we l l  
l ocat i on s  are presented i n  F i g ure  F . 3 . 1 .  

A l l f i e l d  an d l aboratory work was performed i n  accordance 
w i th standard oper at i n g proced ure s .  The f i rst  p h as e  was c o n 
d ucted i n  ac cordance w i th a Work  P l an f or  g eotech n i ca l  and  
ground -water hydro l ogy work ( Go l der  As soc i ates , 1 982 ) . The s e c 
o n d  p h ase  was p erformed i n  ac cordance w i th s t an dard  operat i n g  
proced ure s  on f i l e  w i th the DOE UMTRA Pro j ect  Off i ce i n  
A l b u querque , N ew Mex i co .  

F . 3 . 1 . 3  Strat i graphy 

The strat i g rap hy at the process i n g s i te h as been def i n ed 
through  a ser i es of  bor i n g s  ( F i g ur es F . 3 . 1  thro u gh F . 3 . 9 ) . Th e 
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Tab l e  F . 3 . 1 Gra n d  J u nc t i on proce s s i n g s i t� boreho l e  a n d  we l l  i n fo rma t i on 

SCRE E N E D  I N TE RVAL 

L OCAT I ON
a b EAST b 

WE L L  TOTAL SURF ACE TOP OF - - - - - - - - - - - - - - - - BORE HOL E 
NOR TH DI AME TE R DEPTH E L E VAT I O N  CAS I NG B E G  DP LE NGTH DE PTH 

1 0  COO R D I  NATE COORDI NATE [ I N .  ] [ F T .  ] [ FTMSL ] [ F TMSL ] [ F T F D ]  [ F T .  ] [ F T F D ]  

5 8 1  59439 . 6  33674 . 9  2 . 000 3 1 . 00 4585 . 20 4586 . 33 2 7 . 00 4 . 0 35 . 00 
582 593 1 0 . 4  3 3 1 5 1 . 8  2 . 000 43 . 20 4585 . 30 4586 . 22 35 . 70 7 . 5  42 . 50 
583 59 3 1 6 . 8  3 3 1 4 1 . 5  2 . 000 33 . 73 4585 . 1 0 458 7 . 04 28 . 73 5 . 0  32 . 00 
584 5 9 32 1 . 0  33 1 5 3 . 8  2 . 000 26 . 70 4585 . 4 0  45 86 . 73 24 . 70 2 . 0  2 5 . 5 0  
!l85 5 9 1 79 . 4  32 54 1 . 9  2 . 000 1 3 . 90 4566 . 00 456 7 . 38 1 1 . 90 2 . 0  1 3 . 50 
586 5 9 1 9 1 . 9  32 53 9 . 8  2 . 000 9 . 50 4566 . 20 45 6 7 . 7 7  5 . 50 4 . 0  8 . 70 
5 8 7  60599 . 9  34829 . 2  4 . 000 1 3 . 1 0  45 75 . 00 45 75 . 00 7 . 60 5 . 5  1 5 . 5 0  
588 5944 7 . 6  35959 . 7  4 . 000 1 7 . 90 45 7 1 . 50 45 7 1 .  45 7 . 90 10 . 0  1 7 . 00 
5U9 59399 . 1  3 1 8 76 . 9  4 . 000 1 7 . 90 4566 . 80 4566 . 84 5 . 90 12 . 0  1 8 . 00 
590 595 3 1 .  2 3 1 295 . 8  4 . 000 15 . 20 4564 . 70 4566 . 1 9  7 . 20 8 . 0  15 . 5 0 
5 9 1  59404 . 6  32 728 . 1  4581 . 60 20 . 00 
592 592 1 5 . 1  33788 . 2  2 . 000 34 . 90 4590 . 90 4592 . 80 29 . 90 5 , 0  33 . 00 
593 59245 . 2  3495 7 . 7  4589 . 60 2 7 . 00 
594 59 789 . 8  34559 . 6  2 . 000 6 1 . 40 46 1 2 . 40 461 4 . 34 56 . 40 5 . 0  5 9 . 5 0  
595 59845 . 7  33863 . 1  2 . 000 25 . 30 45 79 . 80 4583 . 3 1 20 . 30 5 . 0  2 1 . 80 
596 5 9 76 7 . 3  32805 . 2  2 . 000 2 3 . 40 45 8 1 . 60 4583 . 00 18 . 40 5 . 0  22 . 00 
5 9 7  59530 . 7  34098 . 0  2 . 000 39 . 60 4596 . 70 4598 . 30 34 . 60 5 . 0 38 . 00 
7 1 0

c 
595 4 1 . 5  36658 . 1  72 . 000 40 . 00 45 74 . 35 45 74 . 35 40. 00 

7 1 1  
d 

5865 0 . 0  49280 . 0  24 . 50 4600 . 00 460 1 . 00 23 . 50 
7 1 2

d 
6 0 7 80 , 0  494 1 0 . 0  30 . 80 4608 . 00 4608 . 80 30 . 00 

-." 724 59894 . 5  3 1 3 7 1 . 5  2 . 000 1 4 3 . 00 4564 . 70 4566 . 50 1 3 1 . 00 10 . 0  1 42 . 00 
, 725 59394 . 9  3 1 2 68 . 0  2 . 000 10 1 . 00 4566 . 80 45 6 7 . 30 69 . 00 30 , 0  1 4 0 . 00 

w 
-....J 726 59393 . 0  3 1 25 7 . 3  4 . 000 1 4 1 . 00 4566 . 80 4566 . 83 1 1 0 . 50 30 . 0  1 4 0 . 00 

72 7 59380 . 3  3 1 265 . 3  2 . 000 56 . 20 4566 . 40 456 7 . 10 44 . 00 1 0 . 0  55 . 2 0 
728 595 1 8 . 5  3 1 296 . 1  2 . 000 1 9 . 00 4565 , 00 4565 , 38 12 , 00 5 . 0 1 7  . 00 
729 5 9 7 38 . 7  325 72 . 3  2 . 000 6 7 . 00 4565 . 30 45 6 7 . 2 1  55 . 00 1 0 , 0  65 . 00 
730 60200 . 0  33200 . 0  45 75 . 00 6 7 . 00 

7 3 1  606 7 1 . 6  29820 . 3  2 . 000 36 . 50 4 5 5 9 . 70 456 1 . 34 25 . 50 10 . 0  46 . 00 

732 6065 9 . 1  298 1 7 , 6 2 . 000 2 3 . 00 4559 . 50 456 1 . 80 16 . 00 5 , 0  2 1 . 00 

7 3 3  6099 7 . 4  28 704 . 7  2 . 000 23 . 00 4556 . 40 45 58 . 00 16 . 00 5 . 0  2 1 . 00 

735 602 1 1 . 6  3 1 2 6 1 . 7 2 . 000 40 . 00 4564 . 70 4566 . 36 26 . 00 10 . 0  50 . 00 

736 60 1 9 7 . 9  3 1 2 70 . 5  2 . 000 1 7 . 00 4564 . 70 4566 . 50 10 . 00 5 . 0  1 5 . 00 

7 3 7  61 898 . 9  3296 7 . 7  2 . 000 29 . 00 45 75 . 30 45 7 7 . 30 22 . 00 5 . 0  2 7 . 00 

738 60039 . 1  30049 . 4  2 . 000 20 . 00 4561 . 00 456 3 . 60 1 3 . 00 5 . 0  1 8 . 00 

739 602 73 . 6  3 1 9 70 . 1 2 . 000 32 . 00 45 72 . 90 45 74 , 90 25 . 00 5 . 0  30 . 00 

740 59908 . 3  32001 . 1  2 . 000 1 9 . 00 4566 . 10 4568 . 1 1  12 . 00 5 . 0  1 7 . 00 

7 4 1  60796 . 0  33048 . 8  2 . 000 4 7 . 00 45 72 . 90 45 74 . 64 35 . 00 10 . 0  45 . 00 

742 60 7 74 . 6  3304 7 . 2  2 . 000 25 . 00 45 72 . 70 45 74 , 78 18 . 00 5 , 0  23 . 00 

743 59491 . 7 37069 . 7  2 . 000 3 7 . 00 45 75 . 10 45 7 6 . 70 25 . 00 1 0 . 0  35 . 00 

744 59492 . 2  3 7 05 1 . 3  2 . 000 1 7 . 00 45 74 . 80 45 7 6 . 78 10 . 00 5 . 0  1 5 . 00 

745 6 1 040 . 0  36958 . 2  2 . 000 22 . 00 45 79 . 40 458 1 . 3 1  15 . 00 5 . 0  20 . 00 

746 62 365 . 1  35806 . 3  2 . 000 26 . 90 4586 . 90 4588 . 50 1 9 , 60 5 . 0  2 5 , 00 
74 7 6020 7 , 8  363 78 . 8  2 , 000 1 9 . 00 45 74 , 30 45 7 6 . 07 12 . 00 5 , 0  1 7 , 00 

a 58 1 - 5 90 correspond to GWGJ- l t h ro u g h  GWGJ- I 0  i n  DOE ( 1 983 ) ;  5 9 1 - 5 9 7  co rres pond to GGJ- l t h rough 

GGJ- 7 i n  DOE ( 1 983 ) . 

b S i t e  coo rd i na t e  sys t em i s  b a s ed on a t ru n c a t i on o f  mod i f i ed Co l o rado coord i na t e  sys t em .  

c 7 1 0  i s  a n  i n d u s t r i a l  d r'a i n a ge wel l .  

d 
7 1 1  a n d 7 1 2  d re U . S .  B u rea u o f  R e c l a ma t i o n mo n i to r i n g w e l l s .  
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s h a l l ow strat i g rap hy near the Gr and J unct i on s i te con s i sts o f  
three zones . From top t o  bottom these are : 

o A s urf i c i a l  d i s turbed zon e .  
o A zone o f  uncon so l i d ated a l l uv i a l sed i men ts . 
o A sequence  of conso l i d ated sed i ment ary format i on s .  

The s urf i c i  a l  zone i n c l  udes a var i e ty o f  s o i  1 c l  as s i f i ca
t i on s  and mater i a l types wh i c h  h ave  be en depos i ted or  a l tered 
throu gh  the act i on of  man . It var i e s  in depth from l ess  than 
one  to more than 50 feet . These i n c l ude the ta i l i n gs , w h i c h  
are s h own i n  cros s -sect i on o n  F i g ures  F . 3 . 3  throu gh F . 3 . 5 ;  
tras h ,  s hown on F i g ure  F . 3 . 6 ;  an d f i l l , s hown on F i g ures F . 3 . 6  
throu gh  F . 3 . 8 . The ta i l i n gs  cons i st o f  a ser i e s  o f  i n terbed
ded  sands  an d s l  i mes wh i ch h ave  been descr ibed  i n  more  deta i l 
by other i n vest i gators ( Ne l s on an d Wardwe l l ,  1 982 ) . 

Under l y i n g  or ad j acen t to the s urf i c i a l  zone  i s  a zone o f  
a l l u v i a l  depos i ts ( F i gures  F . 3 . 3  throu gh F . 3 . 9 ) . I n  t h e  v i c i n 
i ty of  the ta i l i n gs  th i s  i n c l udes zones of  m i xed  grave l ,  s an d ,  
an d s i l ty l ayer s ran g i ng  i n  depth  from l ess  than seven t o  more 
t han 21 feet . In general , the a l l uv i  um i n  t h i s  por t i on o f  the 
Grand V a l l ey can be categor i zed i n to two type s ,  as d escr i bed  
be  l ow :  

" I n deeper  sect i o n s  of  the Co l orado  R i ver  p a l eoc han ne l  i s  
a stratum of grave  1 and cob b l  es over l y i n g  the Man cos 
S ha l e referred to as the cob b l e aqu i fer . Over l y i n g  t he 
cobb l e  aq u i fer i s  a l ayer of a l l uv i um t hat exten ds  over 
t he  en t i re Gran d  Va l l ey . " ( U . S .  Bureau of Recl amat i on ,  
1 9 78 )  

I n  th i s  repo rt these two types o f  a l l uv i a l depos i ts w i l l  
be grou ped toge ther  an d referred to as " a l l u v i um . " 

The "cob b l e aqui fer "  borders  the Co l orado  R i ver  i n  a 
s tr i  p two to three m i l es w i  d e  from P a  1 i sad e  to Loma,  w i  th a 
northern bo undary ap prox i mate l y  0 . 5  m i  1 e south  of the 
Gover nment  H i gh l i n e  Can a l  s hown in  F i g ure  F . 3 . 10 .  

The bo ttom of the cob b l e  aqui fer i s  formed by the 
eros i ona l surface of  the Mancos Sha l e  wh i ch s l op es  gen t l y  
( abo ut  f i ve feet per m i  l e )  t o  the north where i t  ab uts  the 
base o f  the Book C l i ffs ( U . S .  Bureau of  Recl amat i on ,  no  date ) . 

Under l y i ng  the a l l uv i a l depos i t s i s  a s eq uence o f  con so l 
i d ated sed i mentary rock s ,  wh i ch are , i n  descen d i n g  orde r ,  
( Lohman , 196 5 ) : 

Mancos S h a l e * 
D akota  San d s tone * 
B urro C anyon  Format i on  * 
Mor r i son Format i o n  ( S a l t  Was h 

an d Brus hy B as i n  Member s )  
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S ummerv i l l e Format i on 
Entrad a  S an d s tone 
K ayen ta Format i o n* 
W i ng ate San d s tone 
C h i n l e  Format i o n  

T he  format i on s  s hown w i th an as ter i sk abo ve  are tapped as 
aq u i fer s i n  the Grand  J un c t i on area .  The D akota  S an d s tone an d 
B urro Canyon Format i on are group ed together as one  water 
be ar i n g  un i t  ( Lohman , 1 96 5 ) . 

Among the con so l i d ated sed i mentary format i on s ,  on l y  the 
Mancos  Sh a l e an d the Dakota  San d s tone  are of i n teres t w i th re
spect to the ta i l i n g s . The Man cos S h a l e i s  of i n terest  be 
ca use  i t  i s  a l ow- perme ab i l i ty un i t wh i c h  can prov i d e  a 
barr i er to downward m i grat i on of  con t am i n at i on . The D akota  
San d s tone i s  of  i n terest becaus e i t  i s  t he  up permost  k nown be d 
rock aqu i fer an d poten t i a l ly  cou l d  be i mp acted by the 
ta i l i n gs .  

The Mancos Sh a l e  i s  a th i ck sequence  o f  s h a l e  wh i c h i n 
c l ud es some s andy l ayers  an d th i n  s an d s tone bed s . I t  n ot on l y  
un der l i es a l l of the Grand Va l l ey b ut forms mo s t  o f  the Book 
C l i ffs to th e north . The Man cos Sh a l e  an d the Dakota  
Sand stone i n terton g ue an d t he  contact  be tween t he  two ap pears 
to be conformab l e  and grad at i ona l ( Lo hman , 1 965 ) . 

The th i ck ne s s  of  the Mancos  Sh a l e  under l y i n g  t he ta i l i n g s  
exceeds 50 feet ( bo r i n g  #729 ) , wh i l e 0 . 5  m i l e  wes t  of  t h e  s i te 
at th e H i ghway 50 br i d g e ,  i t  ap pears to th i n  to the exte n t  
t hat t h e  Dakota  Sandstone l oca l ly  su bcrops t o  the a l l u v i um 
( C o l orado  Dep artmen t of H i ghways , 1 964 ) . The Mancos  Sh a l e  
d i p s  to the northeast ,  s o  that at a we l l ap prox i mate ly  1 . 5  
m i l e s northeast  of the ta i l i n g s  i t  i s  638 feet th i ck ( Lo hman , 
1965 ) . 

The Dakota  San d s tone con s i sts of  beds of  s an d ston e ,  con 
g l omer at i c  s and stone , s h a l e ,  an d coa l . I t  i s  genera l ly  
group ed w i th the under l y i n g  B urro Canyon Format i o n  as one  hy
drogeo l o g i c  un i t , an d i s  the l e ast i fllJ ortan t of  the  four arte 
s i an aqu i fer s i n  the Grand J un c t i on area ( Lo hman , 1 965 ) . li Th e 
sand stone bed s  of the Burro C anyon Format i on an d Dakota  
Sand stone are t i g h t l y  cemented , l en t i c u l ar 9 an d gener a l ly  
th i n ,  hence  they y i e l d  on l y  sma l l amounts of  wate r ,  genera l l y  
un der i n suf f i c i en t  head t o  f l ow a t  t h e  surface . "  Be l ow the 
t a i l i n g s  i t  i s  more t han 65 feet be l ow l an d  surface  ( bo r i n g  
7 29 ) . The l o g  of  a we l l i n  t h e  N E  1/4 SW 1 / 4  o f  sect i on 24 , a 
l ocat i on approx i mate l y  the s ame as th e east  end of  the ta i l 
i n g s ,  reported the top of the D akota  at 168 feet be l ow l and  
surfac e  ( Lo hman , 1 965 ) . 

F au l t i ng .  A s e i sm i c  r i sk  eva l uat i o n  o f  the Gran d 
J un ct i on s i te has concl  uded t hat the p robab i l i ty of  act i v e 
fau l t i n g  near or under the s i te can not be quan t i f i e d . 
Regard l es s ,  th e effects  of  pos s i b l e  fau l t s ( i f  p resen t )  on the 
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ex i st i n g hydrog eo l og i c  reg i me ap pear to be m i n i ma l . The d i f
ferences in  water qua l i ty be twe en the  con tam i nated a l l u v i  a l  
sy stem an d the Dakota  Sands tone ( Sect i on F . 3 . 1 . 6 ) , an d the 
presence of entr apped o i  1 i n  the  Dak o t a  Sands tone ( bo r i n g  
#725 )  i nd i cate m i n i ma l  commun i cat i on be tween t h e  two sys tems 
near the process i n g  s i te .  The presence of o i  1 s hows th at the  
over l y i n g rock  i s  so  l ow i n  permeab i l i ty as  to trap the o i l ,  
whereas a fau l t  zone  cou l d  be a more p erme ab l e  area  a l ong 
wh i ch o i l cou l d  escape . A more deta i l ed d i sc us s i on of s e i sm i c  
r i sk i s  presented i n  App en d i x E ,  So i l s ,  Geo l og i c ,  and  Se i sm i c  
I n format i o n . 

F . 3 . 1 . 4  Unsat urated zone hydrau l i c s  

The Grand J un ct i on ta i l i n gs  have  been exten s i v e l y  c h arac 
ter i zed i n  terms o f  hydrau l i c  propert i e s .  The data  prod uced 
by the  character i z at i on s  are too many to report ,  b ut h ave  been 
reported or summar i zed e l s ewhere ( Veyera ,  1 980 ; Mar t i n  et  a l . ,  
1 980 ; Veyer a an d N e l son , 1 981 ) . 

After cessat i on of oper at i on s  ( m i l l i n g )  the ta i l i n g s  are 
expected  to have  d rai ned re l at i v e l y  rap i d l y  ( Veyera an d 
Ne l son , 1 981 ) . B ased on th i s  conc l us i on  an d the p er i od i c  f l u x 
of ground water through the ta i l i n g s  d ur i ng  seasona l l y h i gh wa
ter l e ve l s ,  the i mportance of the un saturated zon e  in the ex
i s t i n g hydro l og i c regi me i s  re l at i v e l y  m i n or .  The ma i n 
dr i v i n g force for m i grat i on of contam i nants  i n  the ex i st i n g en 
v i  ronment i s  f l ow of ground water thro u gh those  por t i on s  of 
the ta i l i n gs wh i c h  are be l ow the water tab l e . 

F . 3 . 1 . 5 Saturated zone hydrau l i c s 

D akota  Sand stone . No k nown p u b l i s hed quan t i tat i v e data  
are  av a i l ab l e  for  the Dakota  San d s tone i n  the v i c i n i ty of  the  
ta i l i ngs . An exten s i ve study of  the hyd roge o l ogy of  the Grand  
J un c t i on area  prod uced no quan t i tat i v e dat a ( Lo hman , 1 965 ) . 

Res u l  t s  from two s l  ug  te sts of the up per Dak o t a  
Sands tone near t h e  proce s s i n g  s i te s how t hat i t  h as re l at i v e l y  
l ow permeab i l i ty ,  comp arab l e  t o  the Mancos  S h a l e  ( T ab l e  
F . 3 . 2 ) . I n  add i t i on to the s l ug  te st  d ata ,  q ua l i tat i v e obser
vat i ons  regard i ng  the hydrau l i c  propert i e s  of the Dak o t a  
Sands tone i nd i cate that i t  h as a re l at i ve l y  l ow yi e l d .  For 
examp 1 e :  

o A four - i nch  d i ameter we l l  ( 30-foot sc reen ) i n sta l l ed 
d ur i ng  the 1985 f i e l d  p rog ram yi e l ded  i n suff i c i en t  wa
ter ( l es s  t han one gpm ) to conduct  a p ump test . 

o li The san d s tone bed s  of the Burro Canyon Format i on an d 
D akot a San d s tone are t i gh t l y  cemented , l en t i c u l ar , an d 
gener a l l y  th i n ,  hence they yi e l d  on l y  sma l l amou nts  of  
water . • . II ( Lo hman , 1 965 ) . 
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Tab l e F . 3 . 2  S l u g  tes t i n g  res u l t s for the Grand J unct i on s i te 

We l l 6ocat i o n  
1 0  

724  

725  

72 7 

72 9 

73 1  

735  

741  

743  

Hyd rau l i c  conduct i v i tya by method s 

2 . 6  x 1O-� 
4 . 4  x 1 0-

5 . 5  x 1 0-6 

5 . 8  x 10-5 

4 . 9  x 10-4  

7 . 9  x 1 0-6 

7 . 3  x 10- 7  

-5  1 .  4 x 10  
- 4  1 . 35 x 1 0  

- 5  4 . 6  x 10  

- 7  7 . 7  x 1 0  

1 . 9  x 10- 7  

9 . 4  x 10 -7  

3 . 9 x 10- 7  

2 . 4  x 10-5  

Storage c coeff i c i en t  

a 1 n  cm/ sec con verted from tran sm i s s i v i ty by as s um i n g  effec t i v e  th i ck ness  of 
aq u i fer equa l  to th i ck ness  of grav e l  p ack . 

bA l l we l l s  except 724 an d 72 5 comp l eted i n  Man cos S ha l e .  7 24  an d 725 are com-
p l eted i n  Dakota  Sandstone . 

cC ooper -Bredehoeft-Papadopu l os ;  Ref . Lo hman , 1 9 72 . 
d Ferr i s -Know l es ; Ref . Fer r i s an d Kn owl es , 1 963 . 
e Ref • Sk i b i t zk e ,  1 963 . 
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Mancos S h a l e .  As repo rted by var i o u s  aut hors , t he  
Mancos Sh a l e  o n  a reg i ona l bas i s  i s  gen era l ly  accepted as  a 
l ow- perme ab i l i ty format i on wh i ch i s  "not  water be ar i n g ll or  
tran sm i ts on l y  very l i m i te d  quan t i t i e s  of  water ( Lohman , 1 96 5 ;  
Coo l ey e t  a l . ,  1969 ) . One bor i n g  i n to t h e  Mancos  Sh a l e  ( l oc a 
t i on #7 35 )  encoun tered arte s i an f l ow wh i c h l asted f or 10  m i n 
ute s . The U . S .  B ureau o f  Rec l amat i o n ,  at a s i te ap p rox i mate l y  
20 m i l es we st  of the ta i l i n g s ,  c h aracte r i zed an ar tes i an zo n e  
i n  t h e  Man cos Sh a l e  w i th a th i c kness  o f  1 . 5  feet ,  hyd r au l  i c  
con d uc t i v i ty of 210 to 650 feet/day ( 0_.�7 4  to 0 . 2 3 cm/sec ) ,  
and a storage  coeff i c i en t  of 10 ( U . S .  Bureau of 
Rec l amat i on ,  1 978 ) . 

S l ug -w i thdrawa l  te sts  of hydrau l i c  con d uct i v i ty con f i rm 
t he  l ow permeab i 1 i ty of the Man cos S h a l e ( Tab l e  F . 3 . 2 . ) .  The 
ca l c u l ated storage  coef f i c i en ts for Mancos Sh a l e ap pear to be 
con s i stent w i th i n  an order of magn i tude  of t h at reported by 
the  U . S .  Bureau of Rec l amat i o n ,  a l though the determ i n at i on o f  
storage  coeff i c i en t  by th i s  method h as que s t i onab l e  re l i ab i l 
i ty ( Cooper et a l . ,  1 967 ) . 

P ack er-permeab i 1 i ty tes t s ,  ana l yzed us i n g method s of  t he 
U . S .  Bureau of Rec l amat i on ( U . S .  B ureau of Rec l amat i on ,  1 981 ) , 
for the Mancos Sh a l e  ( Tab l e F . 3 . 3 ) i n d i cate a g enera l l y  h i gher  
perme ab i l i ty t han do  the s l ug tests  ( Tab l e F . 3 . 2 ) . On l y  one  
v a l ue of  hydrau l i c  conduct i v i ty i s  av a i l ab l e  for  a l ocat i on , 
7 2 9 ,  at wh i c h p ac ker test i n g was comp l eted . The d i ffer i n g  re
s u l t s be tween s l  u g - an d p ac k er-te st i n g can  be  at tr i b uted to 
the fo l l ow i ng factors : 

o P acker  te sts are de scr i bed  as sem i -quan t i tat i v e  ( U . S . 
B ureau of Rec l amat i on ,  1 981 ) . 

o B ased on l ater water- l eve l  me as urements ,  some of  the  
pack er te sts  may h ave  been comp 1 eted i n a p art i a l l y
satur ated zone  of the Mancos Sh a l e .  Perme ab i l i t i e s  i n  
Tab l e  F . 3 . 3  were ca l c u l ated as s um i n g  the test  s ec t i on 
was be l ow the water t ab l e . I n acc urac i e s are assoc i  at
ed w i th the  app l i cat i on of U . S .  B ureau of Rec l amat i on 
me thod s to tests abo ve  the water tab l e  ( Step hen s an d 
Ne uman , 1 982 ) . 

Desp i te the  d r awback s as soc i ated  w i th the  packer-per
me ab i l i ty tests , they can  be  used  sem i - quant i tat i v e l y  to c on 
c l ud e that : 

o The Mancos Sh a l e  appears to be re l at i v e l y  un i form w i th 
respect to ho r i zon ta l  perme ab i l i ty i n  the area of  t he  
s i te .  

o There i s  a smal l decrease i n  the ho r i zon t a l  p erme ab i l 
i ty of the s h a l e w i th i ncreas i n g depth . Th i s  i s  con 
f i rmed by the res u l t s  of the s l  ug  tests ,  wh i ch s how 
decreas i n g  hydrau l i c  conduct i v i ty w i th i ncreas i n g 
depth  ( Tab l es F . 3 . 1  an d F . 3 . 2 ) . 
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Tab l e F . 3 . 3  P ac k er-test i n g  res u l ts a for the Grand J unc t i on s i te 

P ermeab i l i ty x10-6 cm/sec for d i fferent  test  pres sures 

Test I n terva l c 
Boreho l e ( feet )  P I  P 2  

28-33  107  1 63  
3 3- 38 46 50 
38-43 61 63 
43-48 61 50 
48-53 61 63 
53-58 76 63 
58-63 61 75 
63-68 46d 50 
68-73 0 Od 

26- 31 244 265 
3 1 - 36 30 5 265 
36-41 285 265 
42-4 7  1 2 2  1 25 
47-52  163 1 71 
52- 5 7  - unab l e to set p ackers-
5 7-62 51  93  

730  29- 34  1 1 3  1 4 7  
34-39 132 103 
39-44 169  1 1 7  
44-49 188 235 
49-54  123  161  
54-59 188 103 
59-64 75  88 

�Doub l e -pack er tests  of open boreho l es comp l eted Mar c h ,  1 985 . 
Net  tes t  p res sure ,  at p ackers  i n  feet o f  water ; 
for boreho l e  726 : P I  = 52 . 5  P 2  = 64 . 0  P 3  = 7 5 . 5  
for boreho l e  72 9 :  P I  = 37 . 5  P 2  = 49 . 0  P 3  = 60 . 5  
for boreho l e  730 : P I  = 40 . 5  P 2  = 52 . 0  P 3  = 6 3 . 5 

P 3  

480 
53 
53 
53 
53 
53 
80 
63 
32 

31 5 
290 
1 64 
1 5 1  
8 7  

1 2 6  

1 44  
108 
216  
1 56 
84 
96 

b 

Tes ts  an a l yzed us i n g  method s of the  U . S .  B ureau o f  Recl amat i on ( 1 981 ) . c 729  an d 730 en t i re l y  i n  Man cos Sh a l e .  Lower te sts  i n  726 are i n  
Mancos -Dakota  tran s i t i on zone  or D akota  San d s tone . d F l ow-meter reset after tes t s ;  may h ave  be en i n operat i o n a l  d ur i n g  tests . �Stat i c  water l e ve l , May ,  1 98 5 :  10 . 5  feet . 
Stat i c  water l e ve l , May , 1 98 5 :  3 4  feet . 
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water  l eve l s i n  the  Mancos Sh a l e  are gener al l y  w i th i n  a 
few ten ths  of a foot of water l ev e l s i n  ad j acen t a l l uv i  a l  
we l l s .  F l ow d i rec t i on i n  t h e  s h a l l ow Mancos Sh a l e i s  e s s e n 
t i a l l y  p ara l l e l to f l ow i n  the  over l y i ng  a l l uv i um .  

A l l u v i um .  Re s u l ts  o f  hydrau l i c  te s t i n g  i n  the  s atur at-
ed a l l uv i um are reported i n  Tab l e  F . 3 . 4 . I n  general , i t  can 
be conc l uded that the a l l u v i um h as a re l at i ve l y  h i g h p ermeab i l 
i ty comp ared to the under l yi n g s h a l e .  Water l eve l  i s o-contour 
maps are presented in F i g ures  F . 3 . 1 1 through  F . 3 . 1 3 .  A con 
tour of the s atur ated th i ck ness  of the  a l l u v i um i s  prese n ted  
i n  F i g ure  F . 3 . 1 4 .  

The quan t i ty of ground-water f l u x  throu gh the  a l l u v i um 
an d ta i l i n gs  at the s i te can be c a l c u l ated us i n g  Dar cy ' s  l aw 
( Dav i s  an d DeW i e s t ,  1 966 ) : 

where 

Q = KA 

Q = f l ow r ate ( 1 3/t ) 

K = hydrau l i c  con d uc t i v i ty ( l it )  

h 1 ' h 2 = hyd r au l  i c  he ad at two po i n ts 

d l  = l ength  of the  f l ow p ath be tween po i n ts at 
wh i ch the  he ad i s  g i ven  

The r ate of grou n d -w ater f l ux  var i es seasona l l y .  F l ux  
ca l c u l at i o n s  for water l e ve l s  me as ured  i n  March , 1 985 , ( F i g ure  
F . 3 . 1 2 )  an d May ,  1985,  ( F i g ure  F . 3 . 1 3 )  are s ummar i zed i n  Tab l e  
F . 3 . 4 . 

The av erage  ve l oc i  ty of the ground  water can be used  to 
e s t i mate m i grat i on r ates of cont am i n ants , or  the t i me needed 
to f l us h  con tami nants  from a gro u n d -w ater sys tem . It can be 
ca l c u l ated as fo l l ows ( Be ar ,  1 9 79 ) : 

v = Q/nef A 

where 

v = aver age  v e l os i ty ( l it )  
Q = f l ow r ate ( 1  It ) 

nef 
= effec t i v e  poros i ty 

A = cros s-sect i ona l area  ( 1 2 ) 
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., 
I 

01 
01 

We l l  

581 
5H2 

5H3 
5H4 
5H5 

586 
5 H 7  

58H 

589 

590 

a
Ce n t  i me te r s  per s e c o nd . 

Ref . N U S ,  1983 . 

T ab l e  F . 3 . 4 We l l - deve l opme n t  an d hyd r o l og i c -t e s t me th o d s  for t h e  Gr an d  Jun c t i on s i te 

Dev e l opme n t  me t h o d  

A i r  l i f t  an d b a i  l i n g  
A i r  1 i f t an d r i ve r  w a te r  

c i r c  u 1 a t  i o n  
Ba i 1 i n g  
Sa i 1 i n g  
Ba i l i n g  i n s i d e  s te e l c a,> i n g  

dn d s u c t  i on p u mp 
S u c t  i on pump 
S u bme r s i b l e pump 

Su bmer s i b I e  pump 

S u bmer s i b l e  pU fTll 

S u bme r s i b l e  pump 

Hydr o l og i c -t e s t me th od 

S t ab l e  d r awdown w i t h  p robe 

S t a b l e  d r awdown w i t h p robe 
Tran s i en t  d r a wd own w i t h 

t r an s d u c e r  
Tr an s  i en t  d r a wd own w i  t h  

t r an s d u cer 
T r an s i en t  d r dwd o wn  w i t h  

t r dn s d u cer 
Stab l e  f l ow ,  as s u me d  d r awd o wn  

An a l y t  i c a  1 me thod 

S te ady s t ate 

S te ad y  s t a te 
Tr an s i en t  

Tr an s i en t  

Tr an s i en t  

S te ad y s t a te 

Hyd r au l i c  c o nd yc t i v i ty 
( cm/s ec ) 

2 . 5  x 1 0 -2 

2 . 3  x 1 O -� 
4. 2 x 1 0 -

1 . 5  x 1 0 -2 

2 . 0  x 1 0 -2 

>3 . 3  x 1 0 -2 
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No  meas urements  of effec t i v e  poros i ty were av a i l ab l e ,  so  
ca l c u l at i on s  wer e made as s um i n g  t hat effect i v e  poros i ty i s  
equa l  to the spec i f i c  y i e l d .  Ca l c u l at i o n s  of aver ag e  ve l oc i ty 
ar e s ummar i zed i n  Tab l e  F . 3 . 5 .  

The vo l ume of a l l uv i a l ground  water d i rect l y  be l ow the  
ta i l i n gs can  be  c a l c u l ated us i n g  the  form u l a 

where 

v = A x b x Sy 

v = vo 1 ume ( 1  3 ) 

A = hori zon ta l  area  ( 1 2 ) 

b = average  th i ck ness  of the s atur ated zon e  ( 1 ) 
Sy = spec i f i c  y i e l d ( f t3/ft3 ) 

Vol ume ca l c u l at i on s  are summar i zed i n  Tab l e  F . 3 . 6 ,  a nd  w i l l  be 
us ed i n  the as sessmen t of i mp acts  on groun d  water of  var i o u s  
remed i a l ac t i o n a l ternat i v e s .  

Ta i l i ngs . The ta i l i n gs  are satur ated i n  the l ower por-
t i on s  of the p i l e .  Labor atory p erme ab i l i ty tes ts h ave  be en re
ported by other i n vest  i ga��rs  ( s ee _SJct  i on F .  3 . 1 . 1 )  . Th e se  
are i n  the  ran ge  o f  > 10  t o  > 1 0  cm/sec , depen d i n g  o n  
the  compos i t i o n  o f  t h e  ta i l i n gs  samp l es ( Ne l son an d Wardwe l l , 
1 982 ) . 

Vert i c a l  hydrau l i c grad i ents . Me asured water l e ve l s  i n  
t he  s h a l l ow Mancos Sh a l e  for March  and May ,  1 985 ,  were gener a l 
l y  w i th i n  0 . 1  foot to one  foot of water l e ve l s  i n  ad jacent  a l 
l u v i a l  we l l s .  C a l c u l ated grad i ents  (where  "+" i n d i cate s  a 
downward gr ad i en t )  i n  March were s l  i g h t l y  upw ard  an d ran ged  
from -0 . 030 to +0 . 1 04  ft/ft .  C a l c u l ated grad i en ts i n  May were 
downw ard , i n  the ran ge +0 . 02 1  to +0 . 20 1  ft/ft .  Anoma l ou s  g r a
d i ents  of +2 . 0  ft/ft were ca l c u l ated ( we l l s  735  an d 736 ) , b ut 
th i s  may ref l ect  s l ow recovery of a we l l  comp l eted i n  the  
s h a l e ,  con seque n t  to  we l l  deve l opmen t an d water samp l i n g . 
Stud i e s e l s ew here have s hown that we l l s  comp l eted i n  the  
Man cos Sha l e may req ui re  se ver a l  months  to recover after be i n g 
deve l oped ( D ames an d Moore , 1 984 ) or s amp l ed ( DO E ,  1 985 ) . I t  
can be concl  uded th at the grad i en t  between the be drock an d t he 
al l u v i um i s  s l i gh t ,  however def i n i te concl us i on s  abo ut  the  ab 
so l ute rate an d d i rec t i o n of ver t i c a l  ground-w ater mo vemen t 
wo u l d  req u i re  ad d i t i ona l water- l eve l  me asurements  i n  we l l s un 
d i sturbe d  by s amp l i n g . 

I n  s ummary , i t  has been con c l uded that : 

o B ased on qua l i tat i ve ev i dence ,  the l ow permeab i l i ty o f  
t he  D akota  San d s tone l i mi ts i ts ut i l i ty a s  a n  aqu i fer . 
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Tab l e  F . 3 . 5  Ground-water f l ux  r ate 

D ate 3/85 6/83 6/83 

K ( em/sec ) : 4 . 2  x 10 -2 4 . 2  x 10  -2  1 .  5 x 10  -2 

A ( f t2 ) 20 , 000 10 , 000 10 , 000 

h I 4570 456 7  456 7  

h 2 4564 4565 4565 

d l  ( f t )  1450 1 550 1 5 50 

Q ( ft3/yr )  3 . 6  x 1 06 5 . 6  x 105 2 . 00 x 105 

Q ( l i ter s/yr )  1 x 108 1 . 6  x 10 7 5 . 6 7  x 106 

V a ( nef = 0 . 10 )  1800 560 200 

V a ( nef = 0 . 20 ) 900 280 100 

V a ( nef = 0 . 3 5 )  5 14  160 57  

aft/yr . 

Tab l e  F . 3 . 6 Vo l ume of a l l uv i a l  grou n d  water be l ow the ta i l i n g s  

Area 
( acres ) 

57  

57  

57  

10  

10 

10 

0 . 10 

0 . 20 

0 . 3 5 

3 Vo l ume ( ft ) 

2 . 48 x 106 

4 . 96 x 1 06 

8 . 69 x 1 06 

Vo l ume 
( l i ters ) 

7 x 10 7 

1 . 4  x 1 08 

2 . 5  x 108 

� From F i g ure  F . 3 . 1 4 . 
Ran ge of v a l ues for a l l uv i um se l ected  from Tod d ,  1 980; Dav i s an d DeW i e st ,  
1 96 6 .  
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o The Man cos S ha l e i s  genera l l y  ack nowl edged as a f orma
t i on wh i c h i n h i b i ts the mo vemen t of water . Upp er 
we athered port i o ns an d very l oca l i zed zo nes tran sm i t  
moderate quan t i t i e s of wate r ,  re l at i v e to the 
a l l uv i um .  

o The  a l l u v i um in  the v i c i n i ty of the  s i te an d the  ta i l 
i n gs  can tran sm i t  l arge quan t i t i es of wate r ,  re l at i v e  
t o  the Mancos Sh a l e .  

F . 3 . 1 . 6 Water qua l i ty 

Data  on gro u n d -water chem i  stry for s amp 1 es  co 1 1  ected on 
var i ous dates are presented i n  Tab l e  F . 3 . 7 .  Map s  of i s o
concen trat i o n s  fo r those con s t i tuen ts  for wh i ch a " p l ume " 
co u l d  be def i n ed are p resen ted i n  F i g ures  F . 3 . 1 5  throu gh  
F . 3 . 1 7 .  

Backgro und  water qua l i ty .  Back ground  water qua 1 i ty i n  
t he  a l l uv i um var i e s  bo t h  seasona l ly an d w i th d i stance from the  
Co l or ado  R i v er ( U . S .  B ureau of Rec l amat i o n ,  n o  date ) . Se vera l  
we l l s were used to  ch aracter i ze background  water qua l i ty i n  
the  a l l uv i um .  Two U . S .  B ureau of Rec l amat i on we l l s ,  7 1 1  an d 
7 1 2  ( F i g ure  F . 3 . 10 )  exh i b i t  the decreas i n g  q ua l i ty mo v i n g away 
from the r i ver ( Tab l e  F . 3 . 7 ) . 

The use  of  Bureau of Rec l amat i on we l l s 7 1 1  an d 712  as rep
resen tat i v e of  bac k ground water qua l i ty i n  the a l l u v i um i s  
based on the fo l l ow i n g reason s :  

o The we l l s  are approx i mate l y  2 . 5  m i l es from the ta i l 
i n g s  where grou n d -w ater l eve l s are more t han 20 feet 
abo ve  the l e ve l s  n ear the ta i l i n g s .  

o The we l l s  penetr ate a groun d -water sys tem th at i s  
kn own to be con t i n uo us through the  Gran d V a l l ey ( U . S . 
B ureau of Rec l amat i on ,  1 978) . 

Two we l l s i n s ta l l ed near the s i te d ur i ng  recen t i n v e s t i ga
t i on s  are a l s o  used as  repre sen t at i v e of background . The  u se  
of  data  for  we l l s 588 an d 744  i s  j us t i f i ed based on the  fo l l ow
i n g reason s :  

o The we l l s  are re l at i v e l y  c l ose  ( 750 to 2000 feet ) to 
the ta i l i n gs i n  the same hydrogeo l og i c un i t  th at the  
ta i l i n g s  are w i th i n . 

o The we l l s  are hydrau l  i ca l ly up grad i en t  from the  g rou n d  
water i mmed i ate l y  un der t h e  ta i l i n g s .  
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TABt_E  F .  3 . 7  GROU N D -WATE �  QUALI TY NEAR THE PROCES S IN G  S I T� 

UN I T  OF LOC : 581 581 581 581 581 
CO N ST I TUE NT ME ASURE DATE : 02 /07 /83 06/ 0 9/83 0 9/ 2 2/83 03/26/ 85 06/ 0 7 /85 

ALK AL T N  I TY MG /l CAC03  485 . 000 450 . 000 490 . 000 568. 000 5 2 1 . 000 
Al U M IN UM MG /L - - - --- - - - - - - - - - - 0 . 004 < 0 . 1 00 < 0 . 1 00 
AMMO N I  A MG /l - - ---- - - 88. 3 30 - - -- - -- - -- - - - - - - ------ - -

AMMO N I U M  MG /l - - - - - - - - ---- - --- 2 32 . 000 1 66 . 000 205 . 000 
AN T IMONY MG /L - - - --- - - - - - ----- < 0 . 005 < 0 . 003 < 0 . 003 
ARS EN I C  MG I'- < 0 . 001 < 0 . 001 0 . 008 0 . 0 16 0 . 010  
RAR I UM MG /L < 0 . 020  0 . 0 30 0 . 062 < 0 . 100  < 0 . 1 00  
BOR ON MG I'- - - - - ---- - - - - - - - - - - - --- - - 0 . 3 40 0 . 400 
CAD M I UM MG /L - - - - - - -- - - - - - - - - 0. 001 < 0 . 002 < 0 . 001 
CALC I U M  MG /l 360 . 000 654. 000 420 . 000 550 . 000 483 . 000 
CHLOR I D E  MG I'- 51 5 . 000 640. 000 530 . 000 490 . 000 56 3 . 000 
CHROM I U M MG I'- 0 . 001 0 . 005 0 . 002 0 . 020  - - - - - - - -

COBAL T  MG /L < 0 . 001 0 . 053  0 . 001 < 0 . 0 10  < 0 . 050  
CO N D ,  IN -S I TU UMHO/CM 41 80 . 000 5 200. 000 - - - - - - - - - - - - - - - - - - - - - - - -
CO N DUCTAN CE  UMHO /CM - - - -- - -- -- - - - - - - - - - --- - - 6300 . 000 60 00. 000 

I" CO PPER MG /L 0 . 0 1 1  < 0 . 000 < 0 . 000 0 . 050 < 0 . 020 � C YAN I D E  MG /L - - ------ --- - - - - - - - ----- - < 0 . 010  < 0 . 0 10 
FL UOR I D E  MG /L - - - - - - - - - - ------ 4 . 400 4 . 700 4 . 300 
GR OSS ALPHA PC I/L  - - ------ - - - - - --- - - - - - - - - 1 60 . 000 - -- - - - - -

GR OSS BETA PC I /L - - - - -- - - - - - - - - - - - - ------ 70 . 000 - - --- - --
HYD . SU L F ID E  MG I'- - - - - --- - - - ---- - - -------- < 0 . 200  - - --- - - -
IRON MG /L 3 . 240 1 . 310 3 . 720  1 2 . 000 1 1 . 200  
LEAD r.fl /L - - - - --- - - - - - - - - - 0 . 0 10 < 0 . 0 10 < 0 . 0 10 
MAG NE S  I UM  MG /L 1 89 . 000 210 . 000 310 . 000 200 . 000 202 . 000 
MAN GAN E S E  MG /L 2 . 720  2 . 850 4. 500 5 . 000 4. 590 
ME R CURY  MG /L - - - - - - -- - -- - - - - - < 0 . 000 < 0 . 000 < 0 . 000 
MOLYB DENUM  MG /L 0 . 3 10 0 . 25 0  0 . 078  0 . 1 30 0 . 1 2 0  
N I CKE L  MG /L - - - - - - - - - - ----- - - ---- - - - < 0 . 040 0 . 0 80 
N I TRATE MG /L 0 . 1 20 - - ------ 0 . 1 90 < 1 . 000 < 1 . 000 
N I TR OGE N ,K  JL MG /L 1 88 . 000 - - - - - -- - -- - - - --- - - - -- - -- - - - -----
OR G .  CARBON MG /l 96 . 300 88. 200 1 13 . 000 10 . 500 10 . 000 
PB -210  PC I /L - - - - - - - - -- - --- - - - - - - ---- < 1 .  500 1 . 800 
PH SU  7 . 300 7 . 300 7 . 200 6 . 900 7 . 100  
P HO SPH ATE MG /L - - - - - -- - -- - - - - -- -- - - --- - < 0 . 1 00 < 0 . 100  
PHO S PHORU S  MG /L - ----- - - -------- < 0 . 040 - - - - - - -- - - - - ----
PO -2l0 PC I /L - - - - - - -- - - - - - - - - ---- - - - - < 1 . 000 < 1 . 000 
POTAS S I UM  MG /L 66 . 400 56 . 000 5 2 . 000 5 7. 000 61 . 200  
RA-226 PC I /L - - - - - - - - - - - - - - - - -------- 1 . 400 1 . 000 
RA-228 PC I /L - - -- - - - - - - - - - - - - -- - - - - - - < 1 . 000 - - -- - ---



TABLE F . 3 . 7 GROU N D -W ATER QUALI TY NEAR THE  P ROCf:S S I N G  S I TE ( Co n t i n ue d ) 

UN I T  OF LOC : 581 581 581 581 581 
CO N ST I  TUE NT ME ASURf: DATE : 02 /07 /83 06/09/83 09/ 2 2/83 0 3/ 26/ 85 06/ 0 7/85 

S ELEN  I UM MG /L 0 . 020 < 0 . 002 < 0 . 002 < 0 . 005 < 0 . 005 
S I LCON MG I'- - - - - - - - - - - - - _  .... .... ..... - - - - - - - - - - - - - - - - - - - - - - - -

S I  L I CA MG /L - - -- - - - - - - - - - - - - - 2 2 . 000 1 2 . 400 1 1 . 900 
S I LV ER MG /L ..... _ .... _ - - - - - - - - - - _  ..... < 0 . 002 < 0 . 0 10 < 0 . 0 10 
SOD I UM MG /L 81 9 . 000 870 . 000 5 20 . 000 720 . 000 6 6 4. 000 
STR ONT I UM MG I'- - -> - - - - - - - - - _ .... .... _ - - - - - - - - - 6 . 700  6 . 490 
SULFATE MG /L 32 1 5 . 000 3800 . 000 2800. 000 2 900 . 000 2810 . 000 
SULF I D E  MG /L - _  .... - - _  .... - - - - - - - _ .... - - - - - - - - - - - - - - - - < 0 . 100  
TE MP , I N  -S  I TU C -DEGR E E  10 . 000 1 7 . 500 - - - - - - - - - - - - - - - - - - - - - - - -

TE MPERATURE C - DEGR E E  - - - - "'  .. _ - - - - - - - - _  .... - - - - - - - - 1 4. 000 1 6 . 000 
TH-230 PC l IL - - - - _  .... _ - - - - - - - - - - - - - - - - - < 1 . 000 < 1 . 000 
T I N  MG /L ..... _ .... _ - - - - - - - - - - - - - - - - - - - - 0 . 008 < 0 . 005 
TOTAL SOL IDS MG /L 5260 . 000 561 0 . 000 5200 . 000 5394. 000 5 46 4. 0 00 
TOTAL U P PM 0 . 1 89 0 . 0 96 0 . 1 12 - - - - - - - - - - -- - - - - -

TOX t-'XJ /L - - - - - - - - - - - - - - - - ..... _ - - - - - - 0. 300 0 . 200 
" U-234 PC I /L - - - - _  .... _ - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 . 000 I 
en U -238 PC I /L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 3 . 000 
+:> 

URAN I UM MG I'- ..... _ - - - - - - - - _ .... _ - - - - - - - - - - - 0 . 056 - - - - _  ..... _ -

VAN AD I UM MG I'- 0 . 0 74 0 . 0 7 8  0 . 0 1 8  0 . 02 0  0 . 020 
ZI N C  MG /L 0 . 0 30 0 . 040 0 . 040 0 . 100  < 0 . 005 



TABLE F . 3 . 7  GROU N D -WATER Q UALI TY NEAR THE  PROCESS I NG  S I TE ( Co nt i n ue d ) 

U N I T  OF  LOC : 581 581 581 581 582 
CO N ST I TUENT ME ASURE DATE : 06/ 07 /85 06/07 /85  06/ 0 7/85 06/ 0 7 /85 02 /08/83 

ALK AL IN l TV MG /L CAC03  521 . 000 5 21 . 000 5 21 . 000 521 . 000  41 2 . 000 
ALUM I N UM MG/L < 0 . 100  < 0 . 100  < 0 . 100  < 0 . 1 00  - - - - - - --
AMMO N I  A MG /L - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - -

AMMO N I UM MG /L 206 . 000 1 99 . 000 202 . 000 20 1 . 000 - - - - - - - -

ANT I MONY MG /L < 0 . 003 < 0 . 003  < 0 . 003  < 0 . 003  - - - - - - - -

ARSEN IC  MG /L 0 . 0 10  0 . 010  0 . 0 10 0 . 0 10 < 0 . 001  
BAR I UM MG /L < 0 . 100  < 0 . 100  < 0 . 100  < 0 . 100  0 . 1 40 
BOR ON MG /L 0 . 450 0 . 4 40 0 . 450  0 . 430 - - - -----
CAD M I UM MG /L < 0 . 001  < 0 . 001  < 0 . 001  < 0 . 001  - ---- - --
CALC I J r·j .... ,..,. /. � 8 1 . 000 � 74 . I}()n 4 7 7 . n n n  4 7 4  onn l nfl , O OO I IU 1 "-

CHLOR I D E  MG /L 5 73 . 000 564 . 000 5 76 . 000 5 79 . 000 496 . 000 
CHROM IUM  MG /L < 0 . 0 10  < 0 . 0 10  < 0 . 0 10  < 0 . 0 10  < 0 . 001 
COB AL T MG /L < 0 . 050 < 0 . 050 < 0 . 050 < 0 . 050 < 0 . 001  
COND , IN  -S  I TU UMHO /CM - - - - - - - - - - - - - --- - - - - - - - - - - ----- - -- - - - - --
CONDUCTAN CE  UMHO /CM 6000 . 000 6000 . 000 6000 . 000 6000 . 000 - - - -- - - -

" CO PPER MG /L < 0 . 020  < 0 . 020  < 0 . 020  < 0 . 020  < 0 . 000 I 
m CYAN I DE  MG /L < 0 . 010  < 0 . 0 10 < 0 . 010  < 0 . 0 1 0  <Jl - - - - - - - -

FL UOR I DE  MG /L 4 . 200  4. 300 4 . 300 4. 100  - - ---- - -

GR OSS ALPHA PC I /L - - - - - - - - - - - - ---- - - - - - - - - - - - - - - - - - - - - - - - -
GR OSS BETA PC I /L - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -
HYD . SU LF I D E  MG /L - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -
IRON MG /L 1 1 . 10 0  1 1 .  500 1 1 . 100  1 1 .  400 0 . 500 
LEAD MG /L < 0 . 0 10 < 0 . 0 10 < 0 . 0 10 < 0 . 0 10  - - - - - - - -

MAG NES  I UM  MG /L 221 . 000 2 26 . 000 1 90 . 000 2 29 . 0 00 23 . 000 
MAN GAN E S E  MG /L 4 . 560 4 . 6 1 0  4 . 580 4 . 540  0 . 1 60 
ME RCURY  MG /L < 0 . 000 < 0 . 000 < 0 . 000 < 0 . 000 - -- - - - - -

MOLYBDENUM MG /L 0 . 0 80 0 . 080 0 . 100  0 . 0 90 . 1 40 
N ICK E L  MG /L 0 . 0 90 0 . 080 0 . 030 0 . 0 80 - - - - - - - -

N I TRATE MG /L < 1 . 000  < 1 . 000 < 1 . 000 < 1 . 000 < 0 . 100  
N I TR OGE N ,K  JL MG /L - - - - - - - - - - - - - - - - - - -- - - - - - - - - ---- 1 0 . 000 
OR G. CARBON MG /L 10 . 000 9 . 900  9 . 600  1 0 . 200 71 . 800 
PB -210  PC I /L - - - -- - - - - - - - - - - - - - --- - - - - --- - - - - - - - - - - - -

PH  SU 7 . 100  7 . 100  7 . 100  7 . 1 00  7 . 500 
PHO SPHATE MG /L < 0 . 10 0  < 0 . 1 00  < 0 . 100  < 0 . 1 00  - - - - - - - -

PHOSPHORUS MG /L - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - --
PO -2l0 PC I /L - - ---- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - -

POTASS IUM  MG/L 61 . 200 60 . 800  60 . 0 00 60 . 400 1 3 . 200  
RA-226 PC I /L - - - - ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R A -??8 pr I ll. - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -



TAB LE F . 3 . 7 GR OU N D -WATER  QUALI TY NE AR THE PROCES S IN G  S I TE ( Co n t l n ued ) 

UN IT  OF  LOC :  581 581 581 581 582 
CONST I TUENT ME AS URE nATE : 06/ 07/85 06/07 /85  06/07 /85  06/ 07 /85 02/08/83 

SELE N I UM MG /L < 0 . 005 < 0 . 005 < 0 . 0 05 < 0 . 0 05 0 . 0 1 7  
S I LCON MG /L - - - - - - - - - - - - ---- - ---- - - - - - - - - - - - - - - - - - - -
S I U CA MG /L 12 . 500 12 . 800 1 1 . 600 1 2 . 800 - - - - - - - -

S I LVER  MG /t < 0 . 010  < 0 . 010  < 0 . 010  < 0 . 010  - - - - - - - -

SOD  I UM  MG/L 654. 000 658 . 000 669 . 000 6 62 . 0 00 10 90 . 000 
STR ONT I U M  MG /L 6 . 500 6 . 030 6 . 5 70 5 . 740 - - - - - - - -

SULFATE MG /L 281 0 . 000 2900 . 000 2960 . 000 2920 . 0 00 1 665 . 000 
SU L F  I DE  MG/L < 0 . 100  < 0 . 100 < 0 . 10 0  < 0 . 100  - - - - - - - -

TE MP , IN -S  I TU C -DEGR E E  - - - - - - - - - - - - - - - - ----- - - - -- - --- - - - - - - - - - -

TE MP  ERATURE C - DE GRE E 1 6 .000 1 6 . 000 1 6 . 000 1 6 .000 - - - - - - - -

TH-230 PC I /L - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - -

TIN  MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 - - - - - - --
TOTAL SOt I DS  MG /L 5498 .000 5482 . 000 5460 . 000 5482 . 0 00 3320 . 000 
TOTAL U PPM - - -- - --- -- - - - - - - - - - - - - - - -- - - - - - - 0 . 0 72 
70X f'v'b /L 0 . 1 40 0 . 200 < 0 . 10 0  < 0 . 100  - - - - - - - -

-n U -234 PC I /L I - - - - - - - - -- - - - - - - - - -- - - - - - - - - - - - - - - - - - - - -
m U -238 PC I /L - - - - - - --m - - - - - - - - ------ - - - - - - - - - - - - - - - - - -

URAN I U M  MG /L - - - -- - - - - - ---- - - - - -- - - -- - ----- - - - - - - - - - -

VAN AD I UM MG /L 0 . 0 30 0 . 010  0 . 020  0 . 0 30 0 . 032 
Z I NC  MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 0 05 0 . 050  



TABLE F . 3 . 7 GR OU N D -WinER  QUAU TY N EA ,\ . .  : i WCESS ING  S I n: ( Co n t i n ue d ) 

UN I T  OF LOC : 582 582 583 583 583 
CO NST I TU ENT ME ASURE DATE : 03/30/85 06/ 07 /85  02/07 /83 06/ 07 /83 0 9/21/83 

ALK AL IN  I TY MG /l CAC0 3 47 7 . 000 542 . 000 504 . 000 360 . 000 5 70. 000 
AL UM I N UM MG /L < 0 . 100 < 0 . 100 - ------- - - - - ---- 0 . 1 70 
JlM MO N  I A MG /l - ---- - -- -- - ----- - - - - - - - - 254. 100  - - - - ----
JlM MO N  I UM  MG /l 18 . 000 27 . 200 - --- - - - - - --- - -- - 3 35 . 000 
AL UMI N UM MG /l < 0 . 100  < 0 . 100  - - - - - - - - - - - - - - - - 0 . 1 70 
JlM MO N  I A MG /L - - - - - --- - - - ----- - - - - - - - - 25 4. 100  - - - - - ---
JlM MON I UM MG /L 1 8. 000 2 7 . 200 - --- - - - - - - - - - - - - 335 . 000 
AN T I MONY  MG /L < 0 . 003 0 . 047  - - - - --- - - - - - - - -- < 0 . 0 05 
ARS EN IC  MG IL < 0 . 010  < 0 . 0 10 0 . 006 O . O l l  0 . 0 7 7  
BAR I UM MG /L < 0 . 100 < 0 . 100  0 . 0 50  0 . 002 0. 1 70 
BORON MG /L 0 . 760 0 . 100  - - - - - - - - - - - - - - - - - - - - ----
CAD M I UM MG /L < 0 . 002 < 0 . 001 - - - - - - - - - - - - - --- 0 . 0 72 
C ALC I UM MG /L 190 . 000 1 43 . 000 555 .000 475 . 000 520. 000 
CHtOR I D E  MG /l 590 . 000 6 98. 000 760 . 000 7 70 . 000 790 . 000 
CHROM I UM MG /L 0 . 050 < 0 . 0 1 0  < 0 . 001 0 . 010  0. 004 
COB AL T MG /L < 0 . 0 10 < 0 . 050  0 . 030 0 . 049  0. 530 

G'. CON D ,  IN -S I TU UMHO/CM 6800. 000 6100 . 000 - - - - - - - -
. , - - - - ---- ----- - --

CONDUCTAN CE  UMHO /CM 7 300 . 000 6100. 000 - -- - - - -- - -- - --- - - -- - - - - -
CO PPER MG /L 0 . 0 60 < 0 . 020 0 . 044  0 . 008 0 . 0 6 7  
C YAN I D E  MG /l < 0 . 0 10 < 0 . 0 10 - - - - - - - - - - - - - - -- - -- - - - - -
FL UOR I D E  MG /L 1 . 200 1 . 300 - - - -- - -- - - - - ---- 4. 400 
GR OSS ALPHA pe ril 200 . 000 - - - - - --- - - - ----- - - -- - - - - --- - - - - -
GR OSS BETA PC I /L < 5 0 . 000 - --- - - - - - - - - - - - - -- - - - - - - --- - - - - -
HYD . SUt F I D E  MG /L < 0 . 200 - - - - - - - - - - - - - - -- - - - ---- - -- - -- - - -

I RON MG /L 0 . 060 0 . 1 90 0 . 490 0 . 0 1 8  0 . 0 7 1  
LE AD MG /L < 0 . 0 10 < 0 . 0 10 - - - - - - -- - - - - - - - - < 0 . 001  
MAGNES  ruM  MG /L 59 . 000 53 . 400 334 . 000 1 78. 000 450. 000 
MANGAN ES E  MG /L 0 . 300 0 . 1 30 3 . 100 1 .  7 5 0  10 . 000 
ME RCURY MG /L < 0 . 000 < 0 . 000 - - - - - - - - - - - - - - - - < 0 . 000 
MOL Y B DENUM MG /L 0 . 1 30 < 0 . 010  0. 530 0 . 400 0 . 1 90 
N I CKE L  MG /L 0 . 0 60 0 . 100  ---- - - -- - -- - - -- - - - - - - - - -
N I TRATE MG /L < 1 . 000 < 1 . 000 0. 1 90 - - - - - - -- 50 . 000 
N I TR OGE N ,K  JL MG /L - - - - ---- - - - ---- - 346 .000 - - - - -- - - - - - - - - - -
OR G .  CARBON MG /L 8. 900 20 . 400 l l 1 . 000 84 . 200 12 9. 000 

PB -210 pe r IL < 1 . 500 < 1 . 500  - - - - - -- - - -- - --- - - - - - - - - -
P H  S U  7 . 300 7 . 300 7 . 200 7 . 0 00 6 . 900 
PHO SPH ATE MG /l < 0 . 100  < 0 . 100  - - - - - - - - - ------ - - -- - - - --
PHO SPHORUS  MG /L - - - - ---- --- - - - - - - -- - -- - - - -- - - - - - 0 . 100  
PO -2l0 pe ril < 1 . 000 < 1 . 000 - - - - - - - - - - - --- - - - -------



TABLE  F . 3 . 7  GROU N D -WATER  QUALI TY NEAR THE PROCES S IN G  S I TE ( Co nt i n ue d ) 

UN I T  OF  LOC :  582 582 583 583 583 
CO NST I TUENT ME ASURE DATE : 03/ 30/85 06/07 /85  02 /07 /83 06/ 07 /83 0 9/21/83 

POTAS S I UM  MG /L 14. 000 18 . 400 104. 000 49 . 000 96 . 000 
RA -226 PC I /t < 1 . 000 < 1 . 000 - - - - - --- - - - --- - - 29 . 000 
RA -228 PC I /L < 1 . 000 - - - ----- -------- - ---- - - - --- - ----
SELEN  IUM  MG /l < 0 . 005 0 . 005 0 . 0 92 0 . 0 1 3  0 . 120  
S I  LCON MG /L - - - - - - - - - - -- - - - - - - - ----- - - - - --- - -- - -----
S I L I C A  MG /l 6 . 200 5 . 300  - - ------ - -- - ---- 2 3 . 000 
S I LV ER MG /l < 0 . 010  < 0 . 010  - ----- - - - --- - --- 0 . 0 02 
SOD I U M  MG /l 1 590 . 000 1 450. 000 890 . 000 1090 . 000 980 . 000 
STR ONT I U M  MG /l 10 . 200 8 .040 - - - - --- - --- - --- - - - - -- - --
SU LFATE MG /l 2700. 000 2440 . 000 4200 . 0 00 3100 . 0 00 4900 . 000 
SULF  ID E MG /l - - - - - - -- < 0 . 1 00 - - - - - - - - -- - - ---- -- - - -- - -
TE MP , IN -S I TU C -DEGRE E - - - - --- - ---- - - - - 1 3 . 000 1 9 .0 00 - - ----- -

TE MP ERATURE C - DEGRE E 1 1 . 000 1 5 . 000 - - - - ---- ---- - --- -- - - --- -

TH-230 PC I IL < 1 . 000 < 1 . 000 - - - - - - - - - ------- < 1 . 100  
T IN  MG /l < 0 . 005 < 0 . 005 - - - - - --- - - - --- - - - --- - - - -

" TOTAL SOL I D S  MG /l 551 0 . 000 51 80 . 000 6 420. 000 5830 . 0 00 8000. 000 I 
CJ'\ TOTAL U PPM -------- ---- - -- - 0 . 2 2 9  0 . 524  0 . 0 75 co 

TO X MG /L 0 . 400 0 . 1 40 - - - - - - - - - - - - --- - - -------
U-234 PC I /l - - ------ 3 . 000 - - ----- - ----- - - - ---- - - - -

U -238 PC I /L - --- - - -- 2 . 000 - - ---- - - - ------- - --- - - --
URAN I UM  MG /L 0 . 0 36 -- - - - - -- --- - - - - - --- - - --- --- - - - - -
VAN AD I UM  MG /L 0 . 030 0 . 05 0  1 . 600 1 .  700 7 . 600 
Z I NC  MG /l 0. 200 0 . 010  0 . 870 0 . 510  23 . 000 



TABLE  F . 3 . 7  G�OUN D -W A TER QUAL I TY  N E AR THE  PR OCES S IN G  S I TE ( Co n t i n ue d ) 

UN I T  OF lOC:  583 583 584 584 584 
CO N ST I TU E NT ME ASURE DATE : 03/ 26/85 06/ 07/85 02 /08/83 06/ 08/83 0 9/21/83 

AlK Al IN ITY MG I'- C AC0 3 51 7 . 000 464. 000 286 . 000 530 . 000 560 . 0 00 
AL UM I N UM MG /l < 0 . 100 < 0 . 100 - - - - - - -- - - - --- - - 0 . 51 0  
tlMMON I A MG /l - - - - - --- - - -- - - - - - - ----- - 544. 500 - ----- - -
,AMMON I U M  MG /L 35 7 . 000 274 . 000 - ----- - - - - -- - - - - 374 . 000 
AN T I MONY MG /l < 0 . 003 < 0 . 003 - --- - - -- - -- - --- - < 0 . 005 
ARS E N I C  MG I'- 0 . 0 1 9  0 . 02 0  0 . 00 7  0 . 045  0 . 0 70 
BAR I UM MG /l < 0 . 100 < 0 . 100  - --- - - - - < 0 . 020 0 . 083 
BOR ON MG /l 0 . 5 70 0 . 6 60 - - - - - - - - - - - - - - - - - - - - - -- -

CAD M I UM MG /l 0 . 0 10 0 . 008 - - --- - - - -------- 0 . 420 
CALC I UM MG /l 520 . 000 492 . 000 556 . 000 585 . 000 4 70 . 000 
CHlOR I D E  MG /l 660 . 000 787 . 000 822. 000 9 70. 000 790 . 000 
CHROM I UM MG /l 0 . 0 10 < 0 . 010  0 . 001 0 . 0 0 7  0 . 074  
COB Al T MG /l 0 . 020  0 . 050 0 . 1 60 0 . 1 50 0 . 6 60 
COND , I N  -S I TU UMHO/CM - - - - - - - - - - --- - - - 7000 . 000 6200. 000 - - - - - -- -
CONDUCTAN CE  UMHO/CM 860 0 . 000 7320 . 000 - - - - - - -- - - - - - - - - - - - - - - - -

"T] CO PPER MG /l 0 . 1 10 < 0 . 020  0 . 120  0 . 04 9  0. 200 , 
m CYAN I D E  MG I'- < 0 . 010  < 0 . 010  - -- - -- - - - - - - ---- - - -- - - - -\.0 

Fl UOR I D E  MG /l 4. 200 3 . 000 - - -- - - - - - - - - - --- 4 . 300 
GR OSS ALPHA PC I /l 25 5 . 000 - - - - - --- - - -- - - - - - - - -- - - - -- - - - - - -

GR OSS BETA PC I /l 1 40 . 000 ------- - - - - - - - - - - - ---- - - - - - - - - - -

HYD . SULF I D E  MG /L < 0 . 200 - - - - - - - - - ----- - - - - - - - - - - - - - - -- - -
I RON MG /L 1 . 800 1 . 080 0 . 1 89 0 . 0 1 9  0. 066  
L EAD MG I'- < 0 . 0 10 < 0 . 010  - - - ---- - - - - - - - - - < 0 . 001  
M AG NES  IUM  MG /l 230 . 000 1 85 .000 25 . 100  2 20 . 000 4 70. 000 
M AN GAN E S  E MG /L 4 . 300 2 . 560 4 . 2 20 3 . 040 8. 1 00 
ME RCUR Y MG /L 0 . 000 < 0 . 000 - - - - - - - - - - -- - - - - < 0 . 000 
MOL Y B DENUM MG /l 0. 300 0 . 130 0 . 420 0 . 380 0. 1 70 
N ICK E L  MG /l 0 . 1 80 0 . 1 80 - - - - ---- - - - - -- - - - - --- - - -
N I TR ATE MG /L < 1 . 000 < 1 . 000 0 . 300 - - - - - - - - 41 . 0 00 
N I TR OGE N , K Jl MG /L - - - - - - - - - -- - - -- - 388 . 000 - - - - - - -- - - - - - - - -

OR G .  C ARBON MG I'- 1 1 .  700 10 . 500 120 . 000 84 . 600 1 39 .000 
PB -210 pe r IL < 1 .  500 < 1 . 500  - - - - - --- - - - - - - - - - - - - - - - -

P H  S U  6 . 800 7 . 100 7 . 200 7 . 200 6 . 800 
PHO S PH ATE MG /l < 0 . 100 < 0 . 100 - - - - - - - - ---- - - - - - - - - - - - -

PHO SPHORUS MG /L - - - - ---- --- - - - - - - - -- - - - - - - - - - - - - 0 . 0 80 
PO-2l0 pe r il < 1 . 000 < 1 . 000 - - - - - - - - - - - - - - - - - - - - - ---
POTASS I UM  MG /L 96 .000 6 9 . 200 1 13 . 000 9 7. 0 00 99 . 000 
RA -226 PC I /l 4 . 500 5 .000 - - - - - - - - - - - - --- - 1 5 .000  
RA-228 pe r il 1 . 600 - - - - - --- -------- - - - - - --- - - - - - - - -



TABLE F . 3 . 7  GROUND-WATE R  QUALI TY NEAR THE PROCESS ING  S I TE ( Co nt i n ue d ) 

UN I T  OF lOC : 583 583 584 584 584 
CON ST I TUE NT MEASURE DATE : 03/ 26/ 85 06/07 /85 02 /08/83 06/ 08/83 0 9/21/83 

S ELE N I UM  MG /L < 0 . 005 0 . 005 0 . 0 5 1  0 . 0 2 7  0 . 2 20 
S I lCON MG /L - - - - - - - - - - - - - --- - - - ----- - - - - -- - - --- - - - - -

S I L I C A  MG /L 1 1 .  700 8. 800 - -- - --- - - - - - - - - - 29 . 000 
S I LVER  MG /L < 0 . 010  < 0 . 0 10 --- - ---- - --- - -- - 0 . 002 
SOD I UM  MG /L 920 . 000 1 130 . 000 12 10 . 000 930 . 000 9 50. 0 00 
STR ONT I UM MG /L 4 . 300 3 . 550 - - - - - - - - - - --- - - - - - - - - - - -
SU L FATE MG /L 3700 . 000 3390 . 000 4440. 000 4200. 000 4900 .000 
SU l F  I DE  MG /L - - - - ---- < 0 . 100  - ------- - ------- - - - - -- - -

TE MP , I N  -S I TU C - DEGR E E  - - - - - - - - - - - -- - - - 1 3 . 000 1 5 . 500 - - - - - - - -
TE MP ERATURE C - DEGRE E 13 . 000 1 5 . 000 - - - --- - - - - ---- - - - ----- - -
TH-230 PC I /l < 1 . 000 < 1 . 000 - - - - - --- - - - - - - - - 0 . 950 
T I N  MG /L < 0 . 005 < 0 . 005 - - - ----- - - - - - - - - - - - - - -- -

TOTAL SOL I D S  MG /L 660 6 .000 61 50 . 000 63 50. 000 6380 . 0 00 8100. 000 
TOTAL U P PM - - - - - --- - - - ----- 0 . 1 48 0 . 913  0 . 1 81 
TO X MG /L 0 . 300 0 . 3 30 - --- - - -- - - ------ - ---- - - -

'1 U -2 34 PC I /l - - - - -- - - 41 . 000 - - - - - - - - - - --- - - - - - - - - - - -I 
'-I U -238 PC I /l - - - - - --- 42 . 000 - - - - - - - - - - - - - - - - - - - - - - - -0 

URAN I UM MG /l 0 . 1 85 - - - - - -- - - - - - - - - - - --- - - - - - - - - - - - -

VAN AD I UM MG /L 0 . 600 0 . 280 6 . 000 5 . 200 9 . 000 
Z I N C  MG /L 0 . 600 0 . 2 6 7  6 . 700 4. 900 3 7 . 000 



TABLf F . 3 . 7  GR OUND-WATER QUAL I TY NEAR THE  PROCES S I N G  S I TE ( Co n t i n ue d ) 

UN I T  OF  LOC :  584 584 585 585 585 
CON ST I TU E NT ME ASURE DATE : 03/ 26/ 85 06/ 07 /85 02 /03/ 83 06/ 0 9/83 0 9/20/83 

ALK AL J N  I TY MG /L CAC03  582 . 000 540 . 0 00 510 . 000 540 . 0 00 520 . 0 00 
AL UM I N UM MG /L < 0 . 1 00 < 0 . 100 - ----- - - - - - - - - - - 0 . 0 1 2  
IlM MO N I  A MG /L - - - - - - - - - - - - -- - - - ---- - -- 47 1 .  900 - - - - - - - -
IlMMON I U M  MG /L 43 9 . 000 440 . 000 - - - --- - - - -- - - -- - 335 . 000 
AN T IMO NY  MG /L < 0 . 003 < 0 . 003 - - - - - - - - - - - - - --- < 0 . 005 
ARS EN I C  MG /L < 0 . 1 80 0 . 0 90 0 . 008 < 0 . 001  0 . 0 1 8  
BAR I UM MG /L < 0 . 100  - - - - - - -- < 0 . 020 0 . 0 30 0 . 051  
BOR ON MG /L 0 . 500 0 . 630 - - - - --- - -- - - - --- - -- - - - - -
CAD M I UM MG /L 0 . 0 9 7  0 . 0 7 3  - -- --- - - - - - - - -- - < 0 . 000 
CALC I UM  MG /L 530 . 000 60 5 . 000 556 .000 584. 000 540 . 000 
CHL OR I D E  MG /L 720 . 000 791 . 000 790 . 000 800. 0 00 810 . 000 
CHROM I UM MG /L 0 . 030 < 0 . 0 10 0 . 001 0 . 0 0 7  0 . 003 
COB AL T MG /L 0 . 050  0 . 0 70 0 . 004 0 . 082 0 . 005 
CON D ,  I N  -S I TU UMHO/CM - - - - - - - - - - - ---- - 5900 . 000 7200 . 000 - - - - - - - -
CON DUCTAN CE  UMHO /CM 760 0 . 000 756 4. 000 - - - - - - - - - - - - - - - - - - - - - - --

., CO P PER  MG /L 0 . 1 50 0 . 0 76 0 . 008 < 0 . 000 0 . 009  
I C YAN I D E  MG /L < 0 . 0 10 < 0 . 010  - - - - - - - --....J - - - - - --- -- - - - ---

I---' FL UOR I D E  MG /L 3 . 700 3 . 700 - - - - - - -- 3 . 200 - -- - - - - -
GR OSS ALPHA  PC I/L  230 . 000 - - - - - - - - -- - - - - - - - - - - -- - - - - - --- - -

GR OSS B E TA PC I /l 155 .000 - - - - - - - - -- - - - - -- -- - - - - - - - -- - - - --
HYD . SUL F ID E  MG /L < 0 . 200 - - - - - - - - - - - --- - - - - - - - - - - - -- - - - - -
I RON MG /L < 0 . 050 0 . 060 4 . 030 2 . 6 40 2 . 7 1 0  
lE AD MG /L < 0 . 0 10 < 0 . 010  - - - - -- - - - -- - - - - - < 0 . 001 
MAG NES IUM MG /L 260 . 000 2 20 . 000 6 20 . 000 280 . 000 310 . 0 00 
MANGAN E S E  MG /L 4 . 000 3 . 400 3 . 420 3 . 380 4 . 800 
ME RCURY MG /L < 0 . 000 < 0 . 000 - - - -- - - - --- - - --- < 0 . 0 00 
MOL Y B DEN UM MG /L 0 . 280 0 . 2 20 0. 440 0 . 2 90 0 . 2 10  
N ICK E L  MG /L 0 . 2 90 0 . 280 - - - -- - - - - - - - - - - - - - - - - - - -
N ITRATE MG /L < 1 . 000 < 1 . 000 0 . 100 - - - - - - - - < O . O lD 
N I TR OGE N ,K  JL MG /L - - - - ---- - - - - - - - - 340. 000 - - - - - - - - - - - - - - - -

OR G .  C ARBON MG /L lD . 400 1 1 . 600 64 . 700 103 . 000 99 . 100  
PB -210 PC I /L 2 . 800 2 . 700 - - - - - - - - -- - - - - -- - -- - - - - -

PH  SU  6 . 800 7 . 100  7 . 600 7 . 300 7 . 200  
PHO SPH ATE MG /L < 0 . 100  < 0 . 100 - - - - - - - - -- - - - - - - - - - - - - - -
P HO SPHORUS MG /L - - - - - - -- - ---- - - - - - ---- - - - -- - ---- < 0 . 040 
PO-2l0 pe r il 1 . 100  < 1 . 000 ----- - - - ---- - - - - - -- - -- - -
POTASS I U M  MG /l 106 . 000 9 9 . 600 9 9 . 500 9 7 . 0 00 100. 000 
RA- 226 PC I /L 7 . 500 6 . 000 - - - - --- - - - - - - - - - 1 8. 0 00 
RA-228 PC I /L < 1 . 000 - - - - - - - - - - -- - -- - - - - - - - - - - - - - - - - -



TABLE F . 3 . 7 GROU N D -WATER  Q UALI TY NEAR THE  P ROCES S ING  S I TE ( Co nt i n ue d ) 

UN I T  OF LOC : 584 584 585 585 585 
CONST I TUENT ME ASURE DATE : 03/ 26/ 85 06/07 /85 02 /03/83 06/ 0 9/83 0 9/20/83 

S E LE N I UM MG /L 0 . 240 0 . 1 78 0 . 004 < 0 . 002 < 0 . 002 
S I LC ON MG /L - - - - - -- - - - -- - - - - - ----- - - - - - - - - - - - - - - - - - -
S I L I C A  MG /L 13 . 300 12 . 600 - - - - - - - - - ----- - - 21 . 000 
S I LVER  MG /L < 0 . 010  < 0 . 010  - - - - - - - - ------ - - 0 . 0 04 
SOD I UM  MG /L 970 . 000 860 . 000 102 0 . 000 960 . 000 9 90 . 000 
STR ONT I UM MG /L 4. 600 3 . 870 - - - ----- - ----- - - - - - - ----
SULFATE MG /L 41 00. 000 3960 . 000 4320 . 0 00 4500 . 0 00 3800. 000 
SU LF  ID E MG /L - - - -- - - - 0 . 100  - - - - - - - - - - - - - - -- - ---- - - -

TE MP , IN  -S  I TU C -DEGREE  - - - - - - - - - - - - - - - - 1 0 . 000 1 8. 500 - - - - - - - -

TE MP ERATURE C - DE GRE E 14 . 000 1 5 . 000 - - - - - - - - - ----- - - - - ---- --
TH -230 PC I /L < 1 . 000 < 1 . 000 - - -- - - - - - - - - - - - - 5 . 400 
T IN  MG /L 0 . 005 < 0 . 005 - - - - - -- - - - - - - --- - -- - - - - -
TOTAL SOL I DS MG /L 7 1 86 . 000 6 7 1 6 .000 6 440 . 0 00 6 5 20 . 000 6 640. 000 
TOTAL U P PM - ---- - - - - - --- - - - 0 . 240 0 . 2 25 0 . 1 93 
TO X MG /L 0 . 600 0 . 1 40 - - - - - - - - - ------- - - - - - - - -

-n U -234 PC I/L - - - - - - -- 47 . 000 - - - - - --- - - - - - - - - - - - - - - --I 
'-...J U -238 PC I /L - - - --- - - 49 . 000 - - --- - - - --- - ---- - ----- - -
N 

URAN I UM MG /L 0 . 1 6 5  - - - - - - - - - - - - - - - - - - - ---- - - - ------
VAN AD IUM MG /L 7 . 480 6 . 7 50 0 . 0 2 7  0 . 1 41 0 . 0 9 7  
Z I N C  MG /L 4 . 100 2 . 560 0 . 030 0 . 030 0 . 0 10 



TABLE  F . 3 . 7  GR OU N D -WATER QUAL I TY N EAR THE  PROCES S I N G  S I TE ( Co n t i n ue d ) 

UN I T  OF LOC : 585 585 586 586 586 
CONST I TUENT ME AS URE DATE : 03/ 25/ 85 06/07 /85 02 /02 /83 06/09/83 0 9/20/83 

ALK AL I N  ITY  MG IL CAC03  592 . 000 585 .000 562 . 000 5 70. 000 61 0 . 000 
AL UM I N UM MG /L < 0 . 100  < 0 . 100 - - -- - - - - - - - - ---- O . O l l  
AMMO N I A  � IL - ---- - - - - ---- - - - - - - - - - - - 484 . 000 - -- - -- - -

JlMMON I UM  MG /L 383 . 000 369 . 000 - - - - - - - - - - - -- - - - 310 . 000 
AN T  I MONY MG /L < 0 . 003 < 0 . 003 - - - - ---- - - - ----- < 0 . 0 05 
ARS EN  I C  MG /L 0 . 0 1 5  < 0 . 010  0 . 0 04 0 . 02 7  O . l lO 
BAR I UM MG /L < 0 . 100 < 0 . 100  0 . 0 74 0 . 30 3  0 . 0 99 
BOR ON MG IL 0 . 620 0 . 6 60 - - - ---- - - - - - - - - - - - ---- - -
CAD M I UM MG /L < 0 . 002 < 0 . 001 - - - ----- - - - - - - - - 0. 000 
CALC I UM MG IL 540 . 000 625 . 000 48 7 . 000 589 . 000 5 70. 000 
CHLOR I D E  MG IL 850 . 000 868. 000 805 .000 860 . 000 820. 000 
CHROM I UM MG /L 0 . 030 < 0 . 010  0 . 002 O . O l l  0 . 003  
COBAL T MG IL < 0 . 0 10 < 0 . 050 0 . 001  0 . 0 1 7  0 . 003 
COND , I N  -S I TU UMHO/CM - - - - - - - - - - - - - - - - 6200. 000 5900. 000 - - - - - - --
CONDUCTAN CE  UMHO/CM 5300 . 000 8296 .000 - ---- - - - - - -- - - - - ---- - - - -

0] CO PPER MG /L 0 . 040 < 0 . 020 0 . 009  < 0 . 000 0 . 004 I 
'-.J C YAN I D E  MG IL < 0 . 010  < 0 . 010  w - - - - - --- - - - ----- --- - - - --

FL UOR I D E  MG IL 3 . 100  3 . 200 - - - - - -- - - -- - -- - - 3 . 400 
GR OSS ALPHA PC  I /L 380 . 000 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GR OSS BETA PC I/L 200. 000 - - - - ---- - - - - - - - - - - - - - - - - - - - - ----
HYD . SULF  ID E MG IL < 0 . 200 - - - - - - - - - - - -- - - - ---- - - - - - - - - - - - -

I RON MG /L 13 . 000 1 1 . 2 00 1 3 . 500 6 . 0 90 4. 7 70 
LEAD MG /l < 0 . 010  < 0 . 0 10 - - - - - - - - -- - - -- - - < 0 . 001  
MAG NES  IUM  MG /L 310 . 000 354. 000 32 3 . 000 270. 000 290 . 000 
MANGAN E S E  MG /L 4 . 800 4. 050 4. 0 70 334 . 000 4. 600 
ME R CURY MG /L < 0 . 000 < 0 . 000 - - ---- - - - - - - - - - - < 0 . 000 
MOL Y B DENUM MG /l 0 . 2 70  0 . 1 80 0 . 4 70 0 . 360 0 . 3 60 
N I CK E L  MG /L 0 . 1 50 0 . 050 - -- - - - - - - - - - - - -- - -- - - - - -

N I TRATE MG /L < 1 . 000 < 1 . 000 0 . 1 90 - - - - - - - - < 0 . 100  
N I TR OGE N ,K JL MG /L ---- - - - - -- - - - - - - 389 . 000 - - - - - - - - - - --- - - -

OR G .  CARBON MG /L 9 . 800 - -- - - - - - l l 8. 000 96 . 900 78. 600 
PB -210 PC I /L < 1 . 500 < 1 .  500 - - - - - - - - - -- - - - - - - - - - - ---
PH  SU 6 . 900 7 . 100  7 . 300 7 . 300 7 . 100  
PHO SPHATE MG /l < 0 . 100  < 0 . 100 - ------- - - - - - - - - - - - - - ---
P HO S PHORU S  MG /L - - - - - --- - --- - - - - ---- - - - - -- - - - - - - 0. 1 40 
PO-2l0  P C I /L < 1 . 000 < 1 . 000 - -- - - - - - - - - ----- - - -- - - - -

POTASS I U M  MG /l 9 5 . 000 98. 400 l lO . OOO 94. 0 00 1 20 .000 
RA-226 PC I I'- < 1 . 000 < 1 . 000 - -- ---- - - - - - -- - - 1 8. 0 00 
RA-228 PC I IL 4. 500 - - - - - - - - - -- - - - - - - -- - - - - - - - - - - - - -



TAB LE F . 3 . 7  GR OU N D -WATE R  QUAL I TY NEAR  THE  PROCES S I NG S I TE ( Co n t i n ue d ) 

UN IT  OF LOC :  585 585 586 586 586 
CO N ST I TUENT ME ASURE DATE : 03/25/85 06/07 /85 02/02 /83 06/ 0 9/ 83 09/ 20/83 

S ELF. N I UM MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 002 < 0 . 0 02 
S I LCON  MG /L - - - - - - - - - - - - - - - - - - - - ---- - - - - - - - - - - - - - - - -

S I L I CA MG /L 1 1 . 600 10 . 600 - - - - - - - - - - - - - - - - 23. 000 
S I LVER MG /L < 0 . 010  < 0 . 0 10 - - - - - - - - - - - - - - - - 0 . 0 02 
SOD I UM MG /L 9 70 . 000 9 1 6 .000 1020 . 000 940. 000 1000. 000 
STR ONT I UM MG /L 4 . 700 5 . 2 20 - - - ----- - - - - - - - - - - - - ----
SULFATE MG /L 3600. 000 37 80 . 000 4320. 000 4400. 000 3800. 000 
SULF  ID E MG /L - - - - - - - - < 0 . 100  - ------- - - - - - - - - -- - - ----
TE MP  , I N  - S  I TU C -DEGR E E  - - - - - - - - - - - - - - - - 10 . 000 1 7 . 000 - - - - - - - -

TE MP ERATURE C - DEGR E E  12 . 500 1 5 . 000 - - - - - - - - ---- - - - - - - - - - - - -
TH-230 P C I  /L < 1 . 000 < 1 . 000 - - -- - --- - - - - - - - - 4. 200 
TIN  MG /L 0 . 005 < 0 . 005 - - - - - - - - - - - - - - - - - - - - - - - -

TOTAL SOU D S  MG /L 71 98. 000 7310 . 000 6 760 . 000 6620. 000 6 530 . 000 
TOTAL U P PM - - - - - - - - --- - - - - - 0 . 386 0 . 1 47 0 . 2 29 
TO X tv'G /L 0 . 900 - - ---- - - - - - - - -- - - - - - - - - - - - - - - - --

-n U -234 PC I IL - - - - - - - - 84 . 0 00 - - - - - - - - - - - - - - - - - - - - - -- -
I 

'-J U -238 PC I/L - - - - - - - - 84 . 000 - - -- - - -- - - - - - - - - - - - - - - - -
-+:> 

URAN I UM MG /L 0 . 310 -- - - - - - - - - - - --- - - - - - - - - - - - - - - - - -

VAN AD IUM  MG /L 0 . 1 10 0 . 0 90 0 . 1 40 0 . 400 0 . 250  
Z I N C  MG /L 0 . 050  < 0 . 005 0 . 300  0 . 0 50 0 . 0 10 



TABLE F . 3 . 7 GR OU N D -WATER QUALI TY NEAR THE PROCESS IN G  S I TE ( Co nt i n ued ) 

UN IT  OF lOC : 586 586 587 587 587 
CON ST I TUE NT ME AS URE DATE : 03/ 25/ 85 06/ 07/85 01/ 31/83 06/ 08/83 09/21/83 

AlK AL J N  ITY MG /l CAC03  61 8. 000 60 9 . 000 381 .000 340. 000 400. 000 
Al UMIN  UM MG /l < 0 . 100  < 0 . 100  - - - - - - - - - - - - - - - - 0 . 0 1 1  
AMMON I A ['tl; A - - - - - - - - - - - - - - - - - - - - - - - - 3 7 . 510  - - - - - - - -
AMMON I UM MG A 3 93 . 000 384. 000 - - - - - - - - - - - - - - - - 32 . 300 
AN T I MONY  MG /l 0 . 0 1 2  0 . 003 - - - - - - - - - - - - - - - - < 0 . 005 
ARSEN I C  MG /l 0 . 0 1 8  0 . 040 < 0 . 001  0 . 007 < 0 . 001  
B AR I UM MG A < 0 . 10 0  < 0 . 100  0 . 026  0 . 030 0 . 03 6  
BORON MG /L 0 . 560 0 . 6 70 - - - - - - - - - - - - - - - - - - - - - - - -
CADM I UM MG A < 0 . 002 < 0 . 001  - - - - - - - - - - - - - - - - 0 . 004 
CALC I UM  MG /l 550 . 000 630 . 000 454. 000 505 . 000 410 . 0 00 
CHL OR I D E  MG A 740 . 000 860 . 000 375 . 000 520 . 000 400 .000 
C H ROM I UM MG /l 0 . 020  < 0 . 010  0 . 002 0 . 001  0 . 00 1  
COBAl T MG /L < 0 . 0 10 < 0 . 050 < 0 . 001  0 . 038 0. 001  
CON D ,  IN  -S  I TU UMHO/CM - - - - - - - - - - - - - - - - 2800 . 000 3800. 000 - - - - - - - -

CONDUCTAN C E  UMHO/CM 8900 . 000 7320 . 000 - - - --- - - - - - - - - - - - - - - - - - -
-n CO PPER MG /l 0 . 0 70 < 0 . 020 0 . 0 1 1  < 0 . 000 < 0 . 002 I 

'--.j C YAN I D E  MG A < 0 . 010  Ul < 0 . 010  - - --- - - - - - - - - - - - - - - - - - - -
FL UOR I D E  MG A 3 . 100 3 . 300 - - - - - - - - - - - - - - - - 1 . 000 
GR OSS ALP H A  P C  I lL 490 . 000 - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - -

GR OSS BETA PC I /l 1 80 . 000 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
HYD . SULF I D E  MG /L < 0 . 200 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
IRON MG A 1 6 . 000 12 . 800 0 . 370 0 . 0 1 5  0 . 0 6 4  
LEAD MG A < 0 . 0 10 < 0 . 010  - - - - - --- - - - - - - - - < 0 . 001  
MAG NES IUM  MG A 310 . 000 364. 000 292 . 000 330 . 000 350. 000 
MANGAN E SE MG A 4 . 800 4 . 020 0 . 460 7 . 100  1 . 910 
ME R CURY MG A < 0 . 000 < 0 . 000 - - - - - - - - - - - - - - - - < 0 . 000 
MOL Y B DE N UM MG /L 0 . 2 30 0 . 200 0 . 1 40 0 . 1 28 0 . 0 76 
N I CK E L  MG /l 0 . 1 20 0 . 1 40 - - - - - - - - - - - - - - - - - - - - - - - -

N I TRATE MG A < 1 . 000 < 1 . 000 0 . 6 40 - - - - - - - - < 0 . 100  
N I TR OGE N ,K Jl MG /L - - - - - - - - - - - - - - - - 24. 000 - - - - - - - - - - - - - - - -
OR G .  CARBON MG A 10 . 100  - - - - - - - - 99. 900 6 3 . 500 87. 400 
PB -210 PC I /l < 1 .  500 2 . 700 - - - ---- - - - - - - - - - - - - - - - - -

P H  SU  7 . 000 7 . 000 7 . 0 00 7 . 200 7 . 100  
P HO SPHATE MG /l < 0 . 100  < 0 . 1 00 - - - - - - - - - - - - - - - - - - - - - - - -

PHOSPHORUS MG /l - - - - - - - - - - - - - - - - - ---- - - - - - - - - - - - < 0 . 040 
PO -2l0 PC l IL < 1 . 000 < 1 . 000 - - - - - - - - - - - - - - - - - - - ---- -

POTAS S I UM MG /L 94 . 000 10 1 . 000 12 . 900 1 4. 400 1 5 . 0 00 
RA-226 PC I /l 1 . 100  2 . 000 - - - - - - - - - - - - - - - - - - - - - - - -
RA -228 PC I II 2 . 500 - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - -



TABLE F . 3 . 7 GR OUND-WATER QUAL I TY NEAR THE  PROCES S I NG  S I TE ( Co nt i n ued ) 

UN IT  OF LOC : 586 586 587 58 7 587 
CON ST I TUENT MEAS URE DATE : 03/ 25/ 85 06/07/85  01/31/83 06/ 08/83 09/21/83 

SELEN  I U M  MG /L < 0 . 005 < 0 . 005 < 0 . 002 < 0 . 0 02 0 . 0 02 
S I LCON MG /L - ---- - -- - - - - ---- -- - - -- - - - - - - ---- - - - -----
S I L I CA MG /l 1 2 . 600 1 1 . 800 - - - --- - - ------ - - 22. 000 
S I LVER MG /l < 0 . 010  < 0 . 010  - --- ---- - --- - --- < 0 . 0 02 
SOD I UM MG /L 990 . 000 91 4. 000 41 9 . 000 490 . 000 490 . 000 
STR ONT I U M  MG /L 4 . 700 4. 630 - ------- --- - - --- -- - --- - -
SULFATE MG /L 3700 . 000 3740 . 000 2370. 000 2700. 000 2000. 000 
SU L F  ID E MG /L - - - ----- 0. 200 - - - - - - - - -------- - - - - ----
TE MP , IN -S  I TU C -DEGREE  - - - - ---- - - ------ 1 1 . 000 1 8. 500 - - ---- - -

TE MP ERATURE C - DE GRE E 1 2 . 500 1 5 .000 - -- - - -- - - - - - - - - - - - ---- - -
TH-230 PC I /L < 1 .000 < 1 . 000 - ------- -------- - - - - - ---
T I N  MG /L < 0 . 005 < 0 . 005 - --- - -- - - --- - - - - -- - -- - - -

TOTAL SOL I D S  MG /L 7276 .000 71 86 . 000 4220 . 000 45 70 . 000 4 790 . 000 
TOTAL U P PM ----- - -- - - -- - - - - 0 . 0 81 0 . 0 76 0 . 085 
TO X MG /L 0 . 500 --- - - --- -- - - -- - - - - - - - - -- - -------

--r] U-234 PC I /L - ------- 1 1 8. 000 - - ---- - - - -- -- - -- ---- - - - -I 

'-J U-238 P C I /L - - - - - - -- 1 1 6 .000 - --- - --- - ------- - ---- - - -0'1 
URAN I UM MG /L 0. 445 ..... _ - - - - - - -------- ------ - - - - --- - --
VAN AD I UM MG /L 0 . 1 30 0 . 270  0 . 049 0 . 062  0. 030 
Z I N C  MG /L 0 . 05 0  < 0 . 005 0 . 020 0 . 0 60 0 . 1 10 



TABLE F . 3 . 7  GROUND-WATER Q UALI TY NEAR THE  PROCE S S I N G  S I TE ( Co n t i n ued ) 

UN I T  OF  LOC : 588 588 589 589 589 
CO N ST I  TUENT ME ASURE DATE : 02 /01/83 06/07 /85 02 /01/83 06/ 08/83 09/2 2/83 

ALKAL IN I TY MG /L CAC0 3 281 . 000 265 .000 479 .000 5 70 . 000 5 10 . 000 
AL UMIN UM MG /L - - - - - - -- < 0 . 100  - - - - - - -- - ---- - - - 0 . 1 90 
JlMMON I A MG /L - - - - - - -- -------- - - ---- - - 1 18. 580 - -- - --- -

JlMMON  I UM MG /L - - - - - - - - 9 . 870 - ------- - - - - - - -- 1 0 . 400 
AN T IMONY MG /L - - ------ < 0 . 003 - - --- - - - - --- - - - - < 0 . 005 
ARS EN IC MG /L 0 . 004 0 . 010  < 0 . 001 < 0 . 001  0 . 02 2  
BAR I UM MG /L 0 . 040 < 0 . 100  0 . 080 .060 0 . 1 30 
BOR ON MG /L - - - --- - - 0 . 0 7 0  - - - - ---- - - - --- - - - - - --- - -
CADM I UM MG /L - - - - - - - - < 0 . 001  - - -- - - -- - - - - - - - - 0 . 003 
CALC T UM  MG /L 1 1 8. 000 94. 000 5 74 . 000 581 . 000 480 . 000 
CHL OR I D E  MG /L 1 6 7 . 000 1 43 . 000 749 .000 840. 000 860 . 000 
CHROM I UM  MG /L 0. 002 < 0 . 010  0 . 001  .005 0 . 004 
COBALT MG /L < 0 . 001 < 0 . 0 50 < 0 . 001  .07 1 < 0 . 001  
COND , IN -S  I TU UMHO/CM -- - - - - - - - - - --- - - 460 0 . 000 6100 . 000 - - - - - - - -
CONDUCTAN C E  UMHO/CM - -- - - - -- 910 . 000 - - - - - - -- - ---- - -- - - - - - - - -

OJ CO PPER MG /L 0 . 0 1 1  < 0 . 020  0 . 1 1 6  .007 0 . 003 I 
C YAN ID E MG /L < 0 . 0 10 '--.J - - - - -- - - - - - ---- - - -- - - - -- - - --- - - -'--.J 
FL UOR I D E  MG /L 0 . 400 0 . 5 40 - - - - - - - - --- - - - - - -- - - - - - -
GR OSS ALPHA PC I /t - - - - - - -- - - - - - - - - - ---- - -- - - - - - - - - - - - - - - - -

GR OS S B ETA PC I /L - --- - - - - - - - - -- - - - - - - -- - - - - - ---- - - - - - - - - -

HYD . SULF  ID E MG /L - - - - - - - - - - - - - - - - -- - - - - - - - - -- - - -- - - - - - - - -

I RON MG /L 2 . 300 0 . 330 2 . 720 .080 3 . 420 
LEAD MG /L - ----- - - < 0 . 0 10 - - - -- - - - - - - - - - - - 0 . 0 10 
MAG NES I UM MG /L 42 . 800 35 .000 303 . 000 260 . 000 360. 000 
MANGAN E S E  MG /L 0 . 1 60 0 . 1 5 0 1 . 200  1 . 1 10 1 . 6 10  
ME RCURY MG /t - - - - --- - < 0 . 000 - - - - - --- - - - - - - - - < 0 . 000 
MOL Y B DEN UM MG /L < 0 . 030 < 0 . 0 10 0 . 200 .093 0 . 0 1 2  
N I CK E L  MG /L - - ----- - < 0 . 040 - - --- - - - - - - - - - - - - - - - - - - -
N I TRATE MG /L < 0 . 100  < 1 . 000 0 . 980 - - - - -- - - < 0 . 100 
N I TR OGE N ,K  JL MG /L 7 . 700 - - - - - - - - 58. 000 - - - -- - - - - - - - -- - -

OR G. CARBON MG /L 6 4. 500 4. 600 1 16 .000 92 . 000 1 18. 000 
PB -210 PC I /L - ----- - - < 1 . 500 - - ----- - -- - -- - - - ------ - -

PH  SU  7 . 100 7 . 800 7 . 0 00 7 . 400 7 . 300 
P HO S PH ATE MG /L - - - - - -- - < 0 . 100  - - -- - - - - - - - - - - -- - - - - - - - -

P HO SPHORUS MG /L - - - - - - - - - - - - - - - - - - - - ---- - - - - - - - - < 0 . 040 
PO-2l0 PC I /L - - - - - --- < 1 . 000 - - -- - -- - - - - - - - -- - - - - - - - -

POTAS S I UM MG /L 9 . 000 1 2 . 400 52 . 500 53 . 000 53 . 0 00 
RA -226 PC I /L - - - - -- - - < 1 . 000 - - - - ---- -- - - - - -- - - - - - - - -

RA -228 PC I /L - - - - - - - - - - - - - - - - - - ---- - - --- - - - - - - - -- - - - -



TAB LE F . 3 . 7  GROUND-WATE R  QUAL I TY NEAR THE  PROCES SI N G  S I TE ( Co nt i n ued ) 

UN IT  OF LOC : 588 588 589 589 589 
CON ST I TUENT MEASURE DATE : 02 /01/83 06/07 /85 02 /01/83 0 6/ 08/83 0 9/2 2/83 

SELEN  r uM MG /L < 0 . 002 < 0 . 005 0 . 0 1 2  < 0 . 002 < 0 . 002 
S I LCON MG /l -------- - - - ----- - - - - - - - - - - - - - - - - - - - - - - - -

S I  L I CA MG /l - - - - - - - - 6 . 2 00 - - - - - - - - - --- - - - - 1 7 . 000 
S I LVER  MG /L - - - - - - - - < 0 . 0 10 - - - - --- - - - - - - - - - 0 . 004 
SOD I UM MG /l 1 41 . 000 1 1 1 .000 1090 . 000 1000 . 000 1300. 000 
STRONT I U M  MG /l - - - - - - - - 0 . 7 50 - - - - --- - - - - - - - - - - - - - - - - -

SULFATE MG /L 184. 000 1 42 . 000 3630 . 000 32 00. 000 2900. 000 
SULF ID E MG /l - - - - - - - - < 0 . 100  - - - - - - - - - - - - - - - - - - - - - - - -
TE MP , I N  - S  I TU C -DEGREE  -- - - - - - - - - - - - - - - 1 3 . 000 1 8. 500 - - - ---- -

TE MP ERATURE C - DEGRE E --- - - - - - 1 8. 000 - - - - - --- - - - - - -- - - - - - - - --
TH -230 PC I /L - - - - - - - - < 1 . 000 - - - - - - - - - - - - - - - - - - - - - ---
TIN  MG /l - - - - - - - - < 0 . 005 - - - - - - - - - - - - --- - - - - - - - - -

TOTAL SOL I D S  MG /l 878 . 000 656 . 000 6 400 .000 6030 . 000 61 50. 000 
TOTAL U P PM 0 . 010  - - - - - - - - 0 . 2 7 7  0 . 1 47 0 . 302  
TO X r-KJ /l - - -- - - - - 0 . 100  - - - --- - - - - - - - - - - - - - - - - - -

-n U -234 PC I /L - - - - - - - -I 1 . 000 - -- - - - - - - - - ----- - - --- - - -

'-I U -238 PC I /L - - - - - - - -OJ 1 . 000 - -- - - - -- - - - - - - - - - - - - - - - -
URAN ruM  MG /L - - -- - - - - - - - - - - -- - - - - - - - - - - - - -- - - - - --- - - -

VAN AD IUM  MG /L 0 . 006 < 0 . 0 10 0 . 0 2 7  0 . 058  0 . 1 10 
Z I N C  MG /L < 0 . 010  < 0 . 005 0 . 0 50  0 . 080 0 . 3 90 



TABU�  F . 3 . 7 GROUND-WATER QUAL I TY N EAR THE  PROCES S IN G  S I TE ( Cont i n ue d ) 

UN IT  OF  LaC : 589 589 590 590 590 
CON ST I TU E NT ME ASURE DATE : 03/ 25/ 85 06/07 /85  02 /02/83 0 6/07 /83 09/ 2 2/83 

ALK AU N ITY MG/L CAC03  522 . 000 633 . 000 449 . 000 390 . 000 460 . 000 
AL UM IN UM MG /L < 0 . 100  < 0 . 1 00  - - - - -- - - - - - - - - - - 0 . 0 1 8  
AM MON I A fI"G /L - - - - - - - - - - - - -- - - - - - - - -- - 12 . 100  - - - - - - - -
AMMON I U M  MG/L 124 . 000 1 48 . 000 - - -- - - -- - - - - - - - - 1 8. 100  
AN T IMONY MG /L < 0 . 003 < 0 . 003 - - - - - - - - - - - -- - - - < 0 . 005 
ARS E N  I C  MG /L < 0 . 0 10 < 0 . 0 10 < 0 . 0 01 < 0 . 001  < 0 . 001  
BAR I UM MG /L < 0 . 100  < 0 . 100  0 . 0 1 9  0 . 030 0 . 0 70 
BORON MG /L 0 . 600 0 . 600 - ------- - - - - - - - - - - - - - - - -

CAD M I UM MG /L < 0 . 002 < 0 . 001 - - - - - - - - - - - - - - - - 0 . 001  
CALC I UM  MG /L 590 . 000 665 .000 500. 000 493 . 000 480 . 0 00 
CHLOR I D E  MG /L 930 . 000 1 100. 000 736 . 000 9 90 . 000 6 70. 000 
C HROM IUM  MG /L 0 . 020 < 0 . 0 10 0. 002 0 . 003 0 . 002 
COB Al T MG /L < 0 . 0 10 < 0 . 050  < 0 . 001 0 . 0 5 2  < 0 . 001  
CO N D ,  IN -S I TU UMHO/CM - - - - - - - - - - -- - - - - 481 0 . 000 3480 . 000 - - - - - - - -
CONDUCTAN C E  UMHO/CM 7200. 000 7800. 000 - - - - - - - - - - - - - - - - - - - - - - - -

'1 CO P PER MG /L 0 . 050 < 0 . 020 0 . 0 1 2  < 0 . 000 0 . 005 I 
'-J C YAN I DE  MG /L < 0 . 0 10 < 0 . 0 10 - - - - - - - - - - - - - - - - - - - - - - - -\.0 

FL UOR I D E  MG /L 0 . 530 0 . 300 0 . 400 - - - - - -- - - - - - - - --
GR OSS ALPHA PC I /'- 260 . 000 - - - - - - - - - - - - -- - - - - - - - - - - - - -- - - - -
GR OSS B ETA PC I/L 130 . 000 -- - - - - - - - - - -- - - - - - - - -- - - - - - - - - - -
HYD . SULF T D E  MG /L < 0 . 200 - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -
I RON MG /L 1 . 100  3 . 790 0 . 0 1 8  0 . 056  0 . 0 62 
LEAD MG /L < 0 . 0 10  < 0 . 0 10 - - - -- - - - - - - - - - - - 0 . 020 
MAG NE S  I UM  MG /L 310 . 000 360 . 000 407 . 000 254. 000 420 . 000 
MAN GAN ES E MG /L 2 . 000 2 . 1 80 0 . 3 60 0 . 3 80 1 . 2 30 
ME R CURY MG /L < 0 . 000 < 0 . 000 - - - - - - - - - - - - - - - - < 0 . 000 
MOL Y B DENUM MG /L 0 . 0 60 0 . 010  0 . 1 30 0 . 1 0 1  0 . 0 1 5  
N I CK E L  MG /L < 0 . 040 0 . 1 10 - - - - - - - - - - - - - - - - - - - -- - --
N I TRATE MG /L 39 .000 < 1 .000 3 . 600 - - - - - - -- 0 . 1 10 
N I TR OGE N , K  J '_ MG /L - - - - - - - - - - -- --- - 8. 500 - - - - - - - - - - - - - - - -
OR G .  CARBON MG /L 1 6 . 000 13 . 700 81 . 90 0 79 . 700 98. 100  
PB -210 PC I /L < 1 . 500 < 1 . 500  - - - -- - - - - - - - - - - - -- - - - - - -

PH SU 6 . 900  7 . 000 7 . 100 7 . 100  7 . 1 00 
PHO S PHATE MG /L < 0 . 100  0 . 1 00 - - - - - - - - - - - - - -- - - - - -- - --
PHOS PHORUS  MG/L - - - - - - - - - ---- - - - - - - - - - - - - - - - - - - - 0. 100  
PO -2l0  PC I /L < 1 . 000 < 1 . 000 - - - - - - - - - - - - - - - - ---- - - --
POTASS I UM  MG /L 52 . 000 6 6 . 400 2 2 . 200 1 7 . 200 1 9 . 1 00 
RA -226 PC I /L < 1 . 000 < 1 . 000 - - - - - - - - - - - - -- - - < 0 . 600 
RA-228 PC l IL < 1 . 000 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



TABLE  F . 3 . 7 GROUND -WATER  QUAL I TY NEAR THE PROCES S IN G  S I TE ( Co nt i n ue d ) 

UN I T  OF LOC :  589 589 590 590 590 
CONST I TUENT MEASURE DATE : 03/25/ 85 06/07/85 02 /02 /83 06/07 /83 0 9/2 2/83 

SELF.N  T UM MG /L < 0 . 005 < 0 . 005 < 0 . 002 < 0 . 002 < 0 . 0 02 
S I LC ON MG /L - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -- - - - - - - - -

S I L I C A  MG /L 7 . 100 7 . 200 - - - - - - - - - - - - - - - - 20 . 000 
S I LVER  MG /L < 0 . 010  < 0 . 010  - - - - - - - - - - - - - - - - < 0 . 0 02 
SOD I UM MG /L 1 1 20 . 000 1060 . 000 10 30 . 000 700 . 000 830 . 0 00 
STR ONT I UM MG /L 6 . 100  5 . 940 - - - - - -- - - - - - - - - - - - - - - - - -
SULF  ATE MG /L 3400 . 000 3350. 000 3410 . 000 2 100 . 000 25 00. 000 
SULF I D E  MG /L - - - - - - - - < 0 . 1 00  - - - - - - - - - - - - - - - - - - - - - - - -
TEMP , IN -SI TU C -DEGRE F. - - - - - - - - - - - - - - - - 1 0 . 000 1 5 . 500 - - - - - - - -
TE MP ERATURE C - DEGRE E 13 . 000 13  . 000 - - - - --- - - - - - - - - - - - - - - - - -
TH-230 PC I /L < 1 . 000 < 1 . 000 - - - - -- - - - - - - - - - - - - - - - - - -
T I N  MG /L 0 . 010  < 0 . 005 - - - - - - - - - - - - - - - - - - - - --- -
TOTAL SOI_ ID S MG /L 7 30 2 . 000 71 84 . 000 6 560 . 000 46 70. 000 560 0. 000 
TOTAL U P PM - - - - - - - - - - - - - - - - 0 . 376  0 . 1 3 5  0 . 1 62 
TO X MG /L 0 . 600 0 . 220 - - - - - - - - - - --- - - - - - - - - - - -

'1 U -234 PC I /L - - - - - - - - 9 9 . 000 - - - - - - - - - - - - - - - - - - - - - - - -
I U -238 PC I /L - - -- - - - - 89 .000 - - - - - - - - - - - - -- - - - - - - - - - -co 

0 URAN T U M  MG /L 0 . 270  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
VAN AD T UM MG /L < 0 . 010  0 . 0 10 < 0 . 010  0 . 0 5 5  0 . 004 
Z I N C  MG /L 0 . 100  0 . 031  0 . 020  0 . 040 0 . 0 7 0  



TABLE F . 3 . 7  GR OUND -WATE R  QUALI TY NEAR THE  PROCES S IN G  S I TE ( Co n t i n ued ) 

UN I T  OF LOC :  590 590 
CON ST I TU E NT ME ASURE DATE : 03/ 25/ 85 06/ 07 /85 

AlK AL I N  I TY MG I'- CAC03  522 . 000 49 8. 000 
AL UMIN UM MG /L < 0 . 100  < 0 . 100 
A'1MON I A MG /L - - - - - - - - - - - - ----
JlMMON I UM MG /L 1 7 . 400 8. 3 60 
AN T IMONY MG /l 0 . 004 < 0 . 003 
ARS EN I C  MG /l < 0 . 010  < 0 . 0 10 
BAR I UM MG /L < 0 . 100 < 0 . 100 
BOR ON MG /L 0 . 560 0 . 410  
CAD M I U M  MG I'- < 0 . 002 < 0 . 001  
CALC T UM  MG I'- 580 . 000 3 16 . 000 
CHL OR I D E  MG /l 830 . 000 459 . 000 
CHROM I U M  MG /l 0 . 020 < 0 . 0 10 
COBALT MG I'- < 0 . 0 10 < 0 . 050  
COND ,  IN  -S  I TU UMHO/CM - - - - - - - - - - - - - - - -

CONDUCTAN C E  UMHO/CM 6700 . 000 2700. 000 
'1 CO P PE R  MG /L 0 . 010 < 0 . 020  I 
OJ CYAN I D E  MG I'- < 0 . 010 < 0 . 010  ....... 

FL UOR I D E  MG I'- 0 . 300 0 . 500 
GR OSS ALP H A  PC I /l 240 . 000 - - - - - - - -
GR OSS BETA PC I /l 1 1 0 . 000 - - - - - - --
HYD . SUlF  ID E MG /l < 0 . 200 - - - - - - - -

IRON MG I'- 1 . 100 < 0 . 0 30 
lEAD MG /L < 0 . 010  < 0 . 0 10 
MAG NE S IUM  MG I'- 340 . 000 1 7 7 . 000 
MANGAN ES E  MG I'- 1 . 500 0 . 740 
ME R CURY MG /L < 0 . 000 < 0 . 000 
MOL Y B DE N UM MG /L 0 . 020  0 . 010  
N ICK E L  MG /l < 0 . 040 < 0 . 040 
N I TRATE MG /l 1 2 . 000 < 1 . 000 
N I TR OGEN , K Jl MG I'- - - - - -- - - - - - - - - - -
OR G .  CARBON MG /l 3 . 700 9 . 900 
PB -210 pe r il < 1 . 500 < 1 . 500 
PH SU 6 . 700 7 . 000 
P HOSPHATE MG /l < 0 . 100  - - - - - - - -

P HO SPHOR U S  MG I'- - - - - ---- - - - - - -- -
PO -2l0 pe r il < 1 . 000 < 1 . 000 
POTASS IUM  MG /L 20 . 000 1 5 . 700 
RA -226 pe r il < 1 . 000 < 1 . 000 
RA-228 PC I /l < 1 . 000 - - - - - - - -



TABLE  F . 3 . 7  GROU N D -WATE R  QUALI TY NEAR  THE  PROCES S IN G  S I TE ( Co n t i n ue d ) 

UN I T  OF LOC : 590 590 
CONST I TUENT MEASURE DATE : 03/ 25/ 85 06/ 07 /85 

SELE N IUM MG /L < 0 . 005 < 0 . 005 
S I LCON MG /L 8 . 500 - - - - - - - -
S I U CA MG /L 8 . 500 7 . 900 
S I LVER  MG /L < 0 . 010 < 0 . 0 10 
SOD I UM MG /L 940 . 000 498. 000 
STR ONT I UM MG /L 5 . 900 2 . 970 
SULFATE MG /L 32 00. 000 1370 . 000 
SULF  TOE  MG /L - - - - - - - - < 0 . 100 
TE MP , IN -S I TU C -DEGREE  - - - - - - - - - - -- - - - -

TE MP  ERATURE C - DEGRE E 1 3 . 000 13 . 000 
TH-230 PC  I I'- < 1 . 000 < 1 . 000 
T I N  MG /L < 0 . 005 < 0 . 005 
TOTAL SO'_ ID S MG /L 656 6 . 000 32 92 . 000 
TOTAL U P PM - - - - -- - - - - - - - - - -

TO X MG /L 0 . 500 0 . 280 
-n U-234 PC I /L - ---- - - - 31 . 
I U-238 PC I/L 28 . 0 00 co - - - - - - - -

N URAN I UM  MG /L 0 . 205 - - - - - - - -
VAN AD IUM MG /L < 0 . 100  0 . 020  
Z I N C  MG /L 0 . 050 < 0 . 005 



TAB LE F . 3 . 7  GROU N D -WATER QUAL I TY NEAR THE  P ROCES S I N G  S I TE ( Co n t i n ue d ) 

UN  I T  OF LOC : 581 581 581 581 581 
CONST I TUE NT ME ASURE DATE : 02 /07 /83 06/ 09/83 0 9/22/83 03/ 26/ 85 06/ 07/85 

ALK AL I N  I TY MG/t CAC03  485 .000 450 . 000 490 . 000 56 8. 000 521 . 000 
AL U M IN UM MG /t - - - - - - - - - - - - --- - 0 . 004 < 0 . 1 00 < 0 . 1 00 
AMMON I A MG /L - - - - - - - - 88. 330 - - ---- - - ---- - - - - -- - - - - - -

AM MON I U M  MG /L - - - - - --- - - - - - - - - 232 . 000 1 66 . 000 205 . 000 
AN T I MONY  MG /L - --- - - - - - ----- - - < 0 . 005 < 0 . 003 < 0 . 003 
ARS E N IC  MG /L < 0 . 001 < 0 . 001 0 . 008 0 . 0 1 6 0 . 010  
BAR I U M  MG /L < 0 . 020 0 . 030 0 . 062  < 0 . 100 < 0 . 100  
BOR ON MG /L - - - - -- - - - - -- - - - - - - - - - - - - 0 . 340 0 . 400 
CAD M IU M  MG /L - - - - - - - - - ----- - - 0 . 001 < 0 . 002 < 0 . 001 
CALC T U M  MG /t 360 . 000 654 . 000 420 . 000 550 . 000 483 . 0 00 
CHL OR I D E  MG /t 515 .000 6 40 . 000 530 . 000 490 . 000 563 . 000 
CHROM I U M  MG /L 0 . 001 0 . 005 0 . 002 0 . 020  - - - - - - - -
COB AL T MG /t < 0 . 001 0 . 053 0 . 001 < 0 . 0 10 < 0 . 05 0  
CON D , IN -S I TU UMHO/CM 41 80 . 000 520 0 . 000 - - ---- - - - - - - - - - - - - - - - - - -

CONDUCTAN CE  UMHO/CM - - - --- - - - - - - - - - - - - - - - - - - 6300 . 0 00 6000. 000 
., CO PPER MG /l 0 . 01 1  < 0 . 000 < 0 . 000 0 . 05 0  < 0 . 02 0  
� C YAN ID E MG /L - - - - - - - - -- - -- - -- - - - - - --- < 0 . 010 < 0 . 010  
W FL UOR I D E  MG /L - - - - - - -- - - - - - - - - 4. 400 4 . 700 4 . 300 

GR OSS ALPHA  PC I /t - - - - - - - - - ----- - - - - - - - - - - 1 60 . 0 00 - - - - -- - -
GR OSS B ETA PC I /L - - - - - - - - --- - - - - - - -- - - - - - 70 . 0 00 - - - - - - - -
HYD . SU L F ID E  MG /L - - - - - - - - - -- - - - - - - - - - - - - - < 0 . 200 - - - - - -- -

IRON MG /l 3 . 2 40 1 . 310 3 . 720 1 2 . 0 00 1 1 .  200 
LEAD rvE /L - -- - - - - - - - - - --- - 0 . 0 10 < 0 . 0 10 < 0 . 0 10 
MAG NES  T UM MG /L 1 89 . 000 210 . 000 310 . 000 200 . 000 202 . 000 
MANGAN E S E  MG /L 2 . 7 20 2 . 850 4. 500 5 . 000 4 . 590 
ME RCURY MG /L - - - - - - - - - --- - - - - < 0 . 000 < 0 . 000 < 0 . 000 
MOL Y B DENUM MG /L 0 . 3 10 0 . 25 0  0 . 078 0 . l 30 0 . 120  
N ICK EL  MG /t - - ----- - - - - - - -- - - ----- - - < 0 . 040 0 . 080 
N I TRATE MG /t 0 . 12 0  -- - - - - - - 0 . 1 90 < 1 . 000 < 1 . 000 
N I TR OGE N ,K JL MG /L 1 88 . 000 - - - - -- - - ----- - - - - - - - --- - - - - - - - --
rn G.  C ARBON MG /L 96 . 300 88. 200 1 13 . 000 1 0 . 500 1 0 . 000 
PB-210  P C I /L - - -- - -- - - - - - ---- - -- - - - - - < 1 . 500 1 . 800 
P H  S U  7 . 300 7 . 300 7 . 200 6 . 900 7 . 100  
P HO SPHATE MG /L - - - - - - - - - - - - - - - - - - - - - - - - < 0 . 100  < 0 . 1 00 
P HO S PHORUS  MG /L - - ----- - - - - - - - - - < 0 . 040 - - - - - - - - - - - - - ---
PO-2l0 P C I /t - - - - - - - - - - ---- - - - - - - - --- < 1 . 000 < 1 . 000 
POTAS S I U M  MG /L 66 . 400 56 .000 5 2 . 000 5 7 . 000 61 . 200 
RA-226 P C I /L - - - - - - - - --- - - --- - - - - - --- 1 . 400 1 . 000 
RA-228 P C I /L - - - - -- - - -- - - - - - - -- - - - - - - < 1 . 000 - - - --- - -



TABLE  F . 3 . 7  GROUND-WATE R  QUALI TY NEAR THE P ROCESS IN G  S I TE ( Co n t i n ued ) 

UN IT  OF LaC : 581 581 581 581 581 
CONST I TUENT ME ASURE DATE : 02/07/83 06/ 09/83 09/2 2/83 03/26/ 85 06/ 07/85 

S ELE N I UM MG /L 0 . 020  < 0 . 002 < 0 . 002 < 0 . 005 < 0 . 0 05 
S I LCON MG /L - - - - - - - - ----- - - - - - ------ - - - ---- - - - - - - -- -

S I L IC A  MG !L --- - -- - - -- - ---- - 22 . 0 00 1 2 . 400 1 1 .  900 
S I LV ER MG /L - -- - - - - - - - - - - - - - < 0 . 002 < 0 . 0 1 0  < 0 . 0 10 
SOD I UM MG !L 81 9 . 000 870 . 000 5 20. 000 720 . 000 6 64. 000 
STR ONT I UM MG !L - - - - - -- - --- - - - - - -- - - - - - - 6 . 700 6 . 490 
SULFATE MG !L 32 15 .000 3800 . 000 2800 . 000 2900. 000 2810 . 000 
SULF ID E MG !L ----- - - - - - - --- - - - - -- - -- - - ---- - - - < 0 . 100  
TE MP  , IN -S I TU C -DE GREE  10 . 000 1 7 . 500 - -- - --- - ----- - -- ----- - - -
TE MP ERATURE C - DEGRE E - ------ - - - - - - - - - - - - - - - - - 1 4. 000 1 6 . 000 
TH-230 PC IlL  - - - --- - - - - - --- - - - - - - - - - - < 1 . 000 < 1 . 000 
T I N  MG /L - - - - - - - - - - - - - - -- - ------ - 0 . 008 < 0 . 005 
TOTAL SOL ID S MG !L 5260 . 000 561 0 . 000 5 200 .000 5394. 000 5464. 000 
TOTAL U P PM 0 . 1 89 0 . 096  0 . 1 12 - - - ---- - --- - - - --
TO X fv1G !L ------ - - ---- - - - - - - - - - - - - 0 . 300 0 . 200 

'1 U -234 pe r IL - - - -- - -- - - - - -- - - - --- - - - - ----- - - - 23. 000 
I U -238 PC  IlL  23 . 000 (X) - - - - - - - - - - -- - - - - - ------- - -- - ----

+:> URAN I UM MG /L -- - - - - - - --- ----- --- - - - - - 0 . 056  ---- - - - -
VAN AD I UM  MG !L 0 . 0 74 0 . 0 78 0 . 0 1 8  0 . 020  0 . 020 
ZI NC  MG !L 0 . 030 0 . 040 0 . 040 0 . 100  < 0 . 0 05 



TABLE  F . 3 . 7  GR OUND-WATE R  QUAL I TY N EAR THE  PROCE S S I N G  S I TE ( Co n t i n ued ) 

UN IT  OF lOC:  581 581 581 581 582 
CONST I TUENT MEASURE DATE : 06/07 /85 06/07 /85 06/ 07 /85  06/ 07/85 02/08/83 

AlK Al IN I TV MG /L CAC03  521 . 000 5 21 . 000 5 21 . 000 5 21 . 000 41 2 . 000 
Al UMIN  UM MG /L < 0 . 100  < 0 . 100  < 0 . 100  < 0 . 1 00  - - - - - ---
IlMMON I A MG /L - - - - ---- - - --- - - - - - - --- - - - - - ---- - - - - - - - - -

IlM MON I UM MG I'- 206 . 000 1 99 . 000 202 . 000 201 . 000 - - -- - - - -

IlN T I MONY MG I'- < 0 . 003 < 0 . 003 < 0 . 003 < 0 . 003 - - - - --- -

ARS EN I C  MG I'- 0 . 010  0 . 0 10 0 . 0 10 0 . 0 10 < 0 . 001  
BAR I UM MG /l < 0 . 100  < 0 . 100  < 0 . 100 < 0 . 100 0 . 1 40 
BORON MG /L 0 . 450 0 . 440 0 . 450 0 . 430 - - - - - - --
CAD M I U M  MG /L < 0 . 001 < 0 . 001  < 0 . 001  < 0 . 001 - - - - - - --
CALC r UM  MG /L 481 . 000 474 . 000 47 7 . 000 474 . 000 106 . 000 
C Hl OR I D E  MG I'- 573 . 000 56 4. 000 5 76 . 000 5 79 . 000 496 . 000 
CHROM I UM MG /L < 0 . 0 10 < 0 . 010  < 0 . 0 10 < 0 . 0 10 < 0 . 001  
COB  Al  T MG I'- < 0 . 050 < 0 . 050 < 0 . 050 < 0 . 050 < 0 . 001  
CON D ,  IN -S  I TU UMHO/CM - - - - - - - - ---- - - -- - - - - -- - - --- - - - -- - - - - ----
CON DUCTANC E  UMHO/CM 60 00 . 000 6000. 000 6000 . 000 6000 . 000 - ---- - - -

Tl CO PPER MG I'- < 0 . 020 < 0 . 020 < 0 . 020 < 0 . 020 < 0 . 000 
I 

CYAN I D E  MG /L < 0 . 010 < 0 . 010  < 0 . 0 10 < 0 . 010 co - - - - - - - -
<.Jl FL UOR I D E  MG I'- 4 . 200 4 . 300 4 . 300 4 . 100  - - - ---- -

GR OSS ALPHA PC I /L - - - - - - - - -- - - - -- - - - - - ---- - - - - - -- - - - - - - - - -
GR OSS BETA PC I/l - - - - - - - - - - - - ---- - - ------ - - -- - - - - - - - - - -- -

HYD . SU L F ID E  MG I'- - - ----- - - - - - ---- - - -- - - - - - - - -- - - - - - - ---- -

I RON MG /L 1 1 . 100 1 1 .  500 1 1 . 100 1 1 .  400 0 . 500 
LE AD MG I'- < 0 . 010 < 0 . 010  < 0 . 0 10 < 0 . 0 10 - - - - ----
MAG NES rUM  MG /L 221 . 000 226 .000 1 90 . 000 2 29. 000 23 . 000 
MANGAN ES E MG I'- 4. 560 4 . 610 4 . 580 4 . 540 0 . 1 60 
ME RCURY MG /L < 0 . 000 < 0 . 000 < 0 . 000 < 0 . 000 - - - - - - - -

MOL Y B DEN UM MG /L 0 . 080 0 . 080 0 . 100  0 . 0 90 . 1 40 
N I CK E l MG /L 0 . 0 90 0 . 0 80 0 . 030 0 . 080 - - - - - - - -

N I TRATE MG I'- < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 < 0 . 100 
N I TR OGE N ,K Jl MG /L - - ----- - - ------- - - -- - - - - - - ------ 1 0 . 000 
OR G .  CARBON MG I'- 10 . 000 9 . 900 9 . 600 10 . 200 71 . 800 
P B -210 PC  I /l - - - - ---- - - - - - --- - - -- - - - - - - - - - - - - - - - -- - - -

P H  SU 7 . 100  7 . 100  7 . 100  7 . 100 7 . 500 
PHO SPHATE MG I'- < 0 . 100  < 0 . 1 00 < 0 . 100  < 0 . 1 00 - ------ -

P HO SPHOR U S  MG /L - - ---- - - - -- - --- - - - -- - - - - - - - - - - - - - - - - - -- -

PO-2l0 PC I /l - - - - - - - - -- - - - --- - - - - - - - - - - - --- - - - - ----- -

POTAS S I UM MG I'- 61 . 200 60 . 800 60 . 000 60 . 400 1 3 . 200 
RA-226 PC I I'- - - - - - - - - - - - ----- - - ---- - - - ----- - - - ---- - - -
R A-228 PC I /l - --- - - - - -- - - - --- - - - - - - - - - - --- - -- - -- - - - - -



TAB LE F . 3 . 7  GROU N D -WATE R  QUAL I TY NEAR  THE  P R OCES S I N G  S I TE ( Co nt i n ue d ) 

UN I T  OF lOC : 581 581 581 581 582 
CON ST I TU ENT ME ASURE DATE : 06/ 07 /85 06/07/85  06/ 07 /85 06/ 07/85 02/08/83 

S E LE N  I U M  MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 0 . 0 1 7  
S I lCON MG /L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
S I L I CA MG /L 1 2 . 500 12 . 800 1 1 . 600  12 . 800 - - - - - - - -
S I LVER MG /L < 0 . 010 < 0 . 010  < 0 . 010  < 0 . 0 10 - - - - - - - -
SOD I UM MG /L 654. 000 658. 000 669 . 000 662 . 000 10 90 . 000 
STRONT I UM MG /L 6 . 500 6 . 030 6 . 5 70 5 . 740 - - - - - - - -

SULF  ATE MG /L 2810 . 000 2900 . 000 2960 . 000 2920. 000 1 665 . 000 
SUlF  ID E MG /L < 0 . 100 < 0 . 100  < 0 . 100  < 0 . 100  - - - - - - - -
TE MP , IN  - S  I TU C -DEGRE E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

TE M P  ERATURE C - DE GRE E 1 6 . 000 1 6 .000 1 6 . 000 1 6 . 000 - - - - - - - -

TH -230 PC I /t - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
T I N  MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 0 05 - - - - - - - -

TOTAL SOI_ I D S  MG /L 5498. 000 5482 . 000 5460 . 000 5 482 . 000 3320 . 000 
TOTAL U P PM - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0 . 0 7 2  
70X tvrJ /L 0 . 1 40 0 . 200 < 0 . 1 00  < 0 . 1 00  - -- - - - - -

" U-234 PC I /L I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CD U -238 PC I /l m - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

URAN I U M  MG /L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

VAN AD I UM MG /t 0 . 030 0 . 0 10 0 . 020  0 . 030 0 . 032  
Z I N C  MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 0 . 0 5 0  



TARLF F . 3 . 7  GROUND-WATER QUALI TY NEAR THE PROCES S IN G  S I TE ( Co n t i n ue d ) 

UN I T  OF LOC : 582 582 583 583 583 
CONST I TU E NT ME ASURE DATE : 03/ 30/85 06/07/85 02/07/83 06/ 0 7 /83 0 9/21/83 

ALK AU N I TY MG /L CAC03 4 7 7 . 000 542. 000 504 . 000 360 . 000 5 70. 000 
AL UMIN  UM MG /L < 0 . 100  < 0 . 100  - - - - - -- - - -- - - - - - 0. 1 70 
JlMMON I A MG /L - ---- - - - - - - - - --- - - - - - --- 25 4. 100  - - - --- - -

JlMMON I UM MG /L 18 . 000 27 . 200 - - ----- - - --- - - -- 3 35 . 000 
AL UM IN  UM MG /L < 0 . 100  < 0 . 100 - -- - - - - - - - - - - - - - 0 . 1 70 
JlM MO N  I A MG /L - ------- -- - - --- - -- - - - - - - 254. 100  - - - - - - --
JlMMON I UM MG /L 18 . 000 2 7 . 200 - - - - ---- - - - - - - - - 335 . 000 
AN T I MONY  MG /L < 0 . 00 3  0 . 04 7  --- - - - - - --- - - - - - < 0 . 005 
ARS EN I C  MG /L < 0 . 010  < 0 . 010  0 . 006  0 . 0 1 1  0 . 0 7 7  
BAR I UM MG /L < 0 . 100  < 0 . 1 00  0 . 050 0 . 002 0. 1 70 
BOR ON  MG /L 0 . 760 0 . 100  - - - - - - -- -- - - - --- -- - - - - --
CAD M I UM MG /L < 0 . 002 < 0 . 001 - --- - -- - - - - - - - -- 0. 0 72 
CALC I U M  MG /L 1 90 . 000 1 43 . 000 555 . 000 475 . 0 00 520 . 000 
C HL OR I D E  MG /L 590 . 000 698. 000 760 . 0 00 7 70. 000 790 . 000 
C HROM I UM MG /L 0 . 050 < 0 . 010  < 0 . 001 0 . 0 10 0. 004 

,., COBAL T  MG /L < 0 . 010  < 0 . 050  0 . 0 30 0 . 049 0. 530 I 
OJ CON D ,  I N  -S I TU UMHO/CM - - - - - - - - --- - - - - - 6800. 000 6100 . 0 00 - - - ---- -'-J 

CONDUCTAN C E  UMHO/CM 7 30 0 . 000 610 0 . 000 - - --- - - - - --- - - - - - --- - - - -

CO PPER MG /L 0 . 0 60 < 0 . 020  0 . 044  0 . 008 0 . 0 6 7  
C YAN I D E  MG /L < 0 . 0 10 < 0 . 010  - -- - - - - - - - - - ---- - -- - - - - -
FL UOR I D E  MG /L 1 . 200 1 . 300  - - - - - -- - - - - - - - - - 4. 400 
GR OSS ALPHA PC IlL 200 . 000 - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - -

GR OSS B E TA PC I it < 5 0 . 000 - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- -

HYD . SU L F ID E  MG /L < 0 . 200 - -- - - - - - - - - - - - - - - - - - --- - --- - -- - -
IRON MG /L 0. 060 0 . 1 90 0 . 490 0 . 0 1 8  0 . 0 71 
LEAD MG /L < 0 . 010  < 0 . 0 10 - - - -- - - - --- - - - - - < 0 . 001  
MAG NES IUM  MG /L 59 . 000 53 . 400 334. 000 1 78. 000 450 . 0 00 
MANGAN E S E  MG /L 0 . 300 0 . 1 30 3 . 100 1 .  750 10 . 0 00 
ME RCURY MG /L < 0 . 000 < 0 . 000 - - - - -- - - - - --- - - - < 0 . 000 
MOL Y B DE N UM MG /L 0 . l 30 < 0 . 0 10 0 . 530 0 . 400 0 . 1 90 
N I CK E t  MG /L 0. 060 0 . 100  - - - - - - - - - - -- - - - - - - - - - -- -

N I TRATE MG /L < 1 . 000 < 1 . 000 0 . 1 90 - - - - - - - - 50 . 000 
N I TR OGE N , K  JL MG /L - - --- - - - - --- - - - - 346 . 000 - - - --- - - - ---- - - -
OR G .  CARBON MG It 8 . 900 20 . 400 1 1 1 . 000 84 . 200 129 . 000 
P8-210 PC I IL < 1 .  500 < 1 . 500 - - - - - - - - - ------ - - - - - ----
PH  SU 7 . 300 7 . 300 7 . 200 7 . 000 6 . 900 
PHO SPH ATE MG /L < 0 . 100  < 0 . 1 00 - - - - - - - - - - -- - - - - - - ---- - -

PHO SPHOR US  MG /L - - - --- - - - - - - - - - - - - - - - - - - --- - --- - 0. 100  
PO -2l0 pe r il < 1 . 000 < 1 . 000 - - - -- - - - - - - - ---- - - - - - - --



TABLE  F . 3 . 7  GR OUND -WATE R  QUALI TY NEAR THE  PROCES S IN G  S I TE ( Co n t i n ued ) 

UN I T  OF LOC : 582 582 583 583 583 
CON ST I  TU ENT ME ASURE DATE : 03/30/85 06/07 /85 02 /07 /83 06/07/83 09/21/83 

POTAS S I UM MG /t 14 . 000 1 8. 400 104 . 000 49 . 000 96 . 000 
RA-226 PC I /t < 1 . 000 < 1 . 000 - - - - - --- - -- - - - - - 29 . 000 
RA- 228 PC I /t < 1 . 000 - - -- - -- - - - - - - - - - -- - - - --- - - - - ----
SELEN  I UM MG /t < 0 . 005 0 . 005 0 . 092  0 . 0 1 3  0 . 1 20 
S I LCON MG /L - - - - -- - - - - - - - - - - - ------ - - - - - - - - - - - - - - - - -

S I L I C A MG /L 6 . 200 5 . 300 - - - - - - - - - - - - - - - - 23 . 000 
S I LVER  MG /t < 0 . 010  < 0 . 010  - - - - - - - - - - - - - - - - 0 . 002 
SOD I UM MG /t 1 59 0 . 000 1 450 . 000 890 . 000 1090 . 000 980 . 000 
STR ONT I UM MG /L 10 . 200 8 .040  - - - - - - - - -- - - - - - - - - - - - - - -

SULF ATE MG /t 2700. 000 2440 . 000 4200. 0 00 3100. 000 4900. 000 
SU LF ID E  MG /t -- - - --- - < 0 . 1 00 - - - - - -- - - - ------ - - - - - - - -
TE MP , IN -S I TU C -DEGR E E  - - - - - - - - - - - - - - - - 1 3 . 000 1 9 .000 - - - - - - - -

TE M P  ERA TURE C - DEGRE E 1 1 . 000 1 5 .000 - --- - -- - - --- - --- - - - - - - - -
TH-230 PC I lL < 1 . 000 < 1 . 000 - - - - - - - - - - - - - - - - < 1 . 100  
T I N  MG /L < 0 . 005 < 0 . 005 - - - - - - - - -- - - - - - - - - -- - - - -

., TOT A L SO'_ TO S MG /L 551 0 . 000 51 80 . 000 6420 . 000 5830 . 000 8000 . 000 
I 

TOTAL U P PM 0 . 2 29 0 . 5 24 0 . 0 75 OJ - - -- - - - - - - - - - - - -
OJ TO X MG /t 0 . 400 0 . 1 40 - --- - --- - - - - - - - - - - - - - - - -

U -2 34 PC I /t - -- - - - - - 3 . 000 - - - --- - - - - - - - - - - - - - -- - --
U -238 PC l /t - - - - - - -- 2 . 000 - - - - - - - - - - ------ -- - - -- - -

URAN I UM MG /L 0 . 036  - - - -- - - - - - - - - - - - - ------ - - - - - - ---
VAN AD I UM MG /L 0 . 030 0 . 050 1 . 600  1 . 7 00 7 . 600 
Z I N C  MG /L 0 . 200 0 . 0 10 0 . 870 0 . 510  23 . 000 



TABLE F . 3 . 7  GR OU N D -WATE R  QUALI TY N EAR THE  PROCES S I N G  S I TE ( Co nt i n ue d ) 

UN I T  OF L OC :  583 583 584 584 584 
CON ST I  TUE NT MEASURE DATE : 03/ 26/ 85 06/ 0 7 /85 02 /08/83 06/ 08/83 0 9/21/83 

ALK AUN I TY MG /L CAC03  51 7 . 000 464. 000 286 . 000 530 . 000 560 . 0 00 
AL UM IN  UM MG /L < 0 . 100 < 0 . 1 00 - - - - - - - - - ----- - - 0 . 5 1 0  
JlMMON I A MG /L - - - - - - - - -- - - --- - - - -- - - - - 544. 500 - - - - - - - -

JlMMON I UM MG /L 35 7. 000 274 . 000 - - - - - - - - - - - - --- - 374. 0 00 
AN T I MONY MG /L < 0 . 003 < 0 . 003 - - - ---- - - - - - - - -- < 0 . 0 05 
ARS EN I C  MG /L 0 . 0 1 9  0 . 020  0 . 0 0 7  0 . 045 0 . 0 7 0  
BAR I UM MG /L < 0 . 100 < 0 . 100  - - -- - - - - < 0 . 020 0 . 083 
BOR ON MG /L 0 . 5 70 0 . 6 60 - - - - - - - - - - --- - - - - - - - - -- -

CADM IUM  MG /L 0 . 010  0 . 008 - - - -- - - - -- - - - - -- 0. 420 
CALC IUM  MG /L 520 . 000 492 . 000 556 .000 585 .000 470. 000 
CHLOR I D E  MG /L 660 . 000 787 . 000 822. 000 9 70. 000 790 . 0 00 
C HROM IUM MG /L 0 . 010  < 0 . 010  0 . 001  0 . 007  0 . 0 74 
COBAL T MG /L 0 . 020  0 . 05 0  0 . 1 60 0 . 1 50 0 . 6 60 
COND , IN  -S I TU UMHO/CM - - - - - - - - - - - - ---- 7000 . 000 6200. 000 - - - - - - - -

CONDUCTAN C E  UMHO/CM 860 0 . 000 7320 . 000 - - - - -- - - - - - - - - - - - - - - - - - -

'1 CO PPER MG /L 0. 1 10 < 0 . 020  0. 1 2 0  0 . 049 0. 200 I 
OJ C YAN I D E  MG /L < 0 . 010  < 0 . 010  - - - - - - - - - - - - - - - - - - - - - - - -
\.0 

FL UOR I D E  MG /L 4 . 200 3 . 000 - - - - - -- - - - - - - - - - 4. 300 
GROSS ALPH A  PC I/L 25 5 . 000 - - - --- - - - - - - - -- - - - - - -- - - - - - - - - - -

GR OSS B E TA PC III 1 40 . 000 - - - --- - - - - - - - -- - - - - - - - -- - - - - - - - -

HYD . SUL F ID E  MG /L < 0 . 200 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

IRON MG /L 1 . 800 1 . 080 0 . 1 89 0 . 0 1 9  0 . 066  
LEAD MG /L < 0 . 0 10 < 0 . 010  - - - - - - - - - - - - -- - - < 0 . 001  
MAG NES IUM  MG /L 230 . 000 1 85 .000 25 . 100  2 20 . 0 00 4 70. 000 
MANGAN E S E  MG /L 4 . 300 2 . 560 4 . 2 20 3 . 040 8. 100  
ME  RCURY MG /L 0 . 000 < 0 . 000 - - - - - - - - - - - - - - - - < 0 . 000 
MOL Y B DENUM MG /L 0 . 300 0 . 1 30 0 . 420 0 . 3 80 0 . 1 70 
N ICK E L  MG /L 0 . 1 80 0 . 1 80 - - - - - - - - - - - - - - - - - - - - - - - -
N I TRATE MG /L < 1 . 000 < 1 . 000 0 . 300 - - - - - - - - 41 . 000 
N I TR OGE N , K  JI_ MG /L - - - - - - - - - - - - - - - - 388. 000 - - - - - - - - - - - - - - - -
OR G .  CARBON MG /L 1 1 .  700 10 . 500 120 . 000 84 . 600 1 39 . 000 
PB -210 PC I /L < 1 . 500 < 1 . 500  - - --- - - - - - - - - - - - - - - - - - - -
P H  SU 6 . 800 7 . 100  7 . 200 7 . 200 6 . 800 
PHO S PH ATE MG /L < 0 . 100  < 0 . 100  - - - - - - - - - - - - - --- - - ------
P HO SPHOR US MG /L - --- - - - - - - - - - - - - - - - - - -- - - - - - - - - - 0 . 0 80 
PO -2l0 PC I /L < 1 . 000 < 1 . 000 - - ---- - - - - - - - --- - - - - - - - -

POTAS S IUM  MG /L 96 . 000 6 9 . 200  1 13 . 000 9 7. 000 99. 000 
RA-226 PC I /L 4 . 500 5 . 000 - - - - - - - - - - - - - - - - 1 5 . 000 
RA-228 PC I /L 1 . 600 - - - - ---- --- - - --- - -- - - - - - - - - - - - - -



TABLE F . 3 . 7  GROU N D -WATE R  QUALI TY NEAR  THE P ROCESS ING  S I TE ( Co nt i n ue d ) 

UN I T  OF LOC :  583 583 584 584 584 
CO N ST I TUENT ME ASURE DATE : 03/ 26/ 85 06/ 07/85 02 /08/83 06/ 08/83 0 9/21/83 

S ELE N I UM MG /L < 0 . 005 0 . 005 0 . 0 5 1  0 . 0 2 7  0 . 2 20 
S I LCON MG /L --- - - - - - - - - - - -- - - ---- - -- - - - - - - - - - - - - - - - -

S I  L I C A  MG /L 1 1 . 700 8. 800 - -- - -- - - -- - - - -- - 29 . 000 
S I LVER  MG /L < 0 . 010  < 0 . 010  - - - - - - - - - -- - - - - - 0 . 002 
SOD IUM  MG /L 920 . 000 1 130 . 000 1 2 10 . 000 930 . 0 00 950. 000 
STR ONT I UM  MG /L 4 . 300 3 . 550 - - - - --- - - - - - - --- - - --- - - -
SU I_FATE MG /L 3700. 000 3390 . 000 4440 . 000 4200 . 000 4900. 000 
SULF  ID E MG /L - - - - --- - < 0 . 100  - - - - - --- - - - - - - - - - -- - ----
TE MP  , IN -S  I TU C -DEGR E E  - - - - - - - - -- - - - - -- 1 3 . 000 1 5 . 500 - - - - - - - -

TE MP ERATURE C - DEGRE E 13 . 000 1 5 .000 - - - - - - -- - - - - - - -- - - - - - - - -

TH-230 PC I IL < 1 . 000 < 1 . 000 - - - ---- - - - - - - --- 0 . 950 
T I N  MG /L < 0 . 005 < 0 . 005 - - - - - - -- - ----- - - - - - -- - - -

TOTAL SOL I D S  MG /L 660 6 . 000 6150 . 000 6350 . 0 00 6380 . 000 8100. 000 
TOTAL U P PM - - - - - - - - - - - - - - - - 0 . 1 48 0 . 9 13  0 . 1 81 
TO X MG /L 0 . 300 0 . 330 - - - - - - -- - - - - - - - - --- - - - - -

" U -234 PC I /L - - - - - - - - 41 . 000 - - - - - -- - - - - - - --- - - - - - ---
I 

U -238 PC I /L 42 .000 � - - - - --- - - - - - - - - - - -- - - - - - - --- - -- -
0 URAN IUM  MG /L 0 . 1 85 - - - - - -- - - - - - - - - - - - - - -- - - - ---- - - -

VAN AD I UM MG /L 0 . 600 0 . 280 6 . 000 5 . 200 9 . 000 
ZI N C  MG /L 0 . 600 0 . 26 7  6 . 7 00 4. 900 37 . 000 



TABLf F . 3 . 7  GR OUND-WATER  QUAL I TY NEAR THE P ROCES S ING  S I T( ( Co n t i n ued ) 

UN I T  OF LaC : 584 584 585 585 585 
CONST I TU ENT MEASURE DATE : 03/ 26/85 06/07/85 02/03/83 06/ 0 9/83 0 9/20/83 

AlK AL T N  ITY  MG /L CAC0 3 582. 000 540 . 000 51 0 . 0 00 5 40. 000 520. 000 
AL UMIN UM MG /L < 0 . 100  < 0 . 100 - - - - - - - - - - - - - - - - 0 . 0 1 2  
JlMMON I A MG /L - - - - --- - - - - - - - - - - - - - - - - - 47 1 .  900 - - - - - - - -

JlMMO N I UM MG /L 43 9 .000 440. 000 - - - - - - - - - - - - - - - - 335 . 000 
AN T I MONY  MG /L < 0 . 003 < 0 . 003  - - - - - - -- - - - - - - - - < 0 . 005 
ARS EN I C  MG /l < 0 . 1 80 0 . 0 90 0 . 008 < 0 . 001  0 . 0 1 8  
BAR I UM MG /L < 0 . 10 0  - - - - - - - - < 0 . 020 0 . 030 0 . 05 1  
BOR ON MG /l 0 . 500 0 . 6 30 - - - - - - - - - - - - - - - - - - - - - - - -

CADM I UM MG /L 0 . 0 9 7  0 . 0 7 3  - - - - - - - - - - - - - - - - < 0 . 000 
CALC ruM  MG /L 530 . 000 605 . 000 5 56 . 000 584. 000 5 40. 000 
CHLOR I D E  MG /L 720 . 000 791 . 000 790 . 000 800. 000 810 . 000 
CHROM ruM  MG /l 0 . 0 30 < 0 . 010  0. 001 0 . 007  0 . 003 
COBAL T MG /l 0 . 0 50  0 . 0 70 0 . 004 0 . 082  0. 005 
COND , IN -S I TU UMHO/CM - - - - --- - - -- - - - - - 5900 . 000 7200. 000 - - - - - - --
CO N DUCTAN C E  UMHO/CM 7600. 000 756 4. 000 - - - - - - - - - - - - - - - - - - -- - -- -

-n CO PPER MG /L 0 . 1 50 0 . 0 76 0 . 008 < 0 . 000 0 . 009  
I 

C YAN ID E MG /L < 0 . 0 10 < 0 . 010 <.D - - - - - - - - - - - - - - - - - - - - - - - -
>-' 

FL UOR I D E  MG /l 3 . 700 3 . 700 3 . 200 - - - - - - - - - -- - - - - -

GR OSS ALP HA PC I/L 230 . 000 - - - - - - - - - - - - - - - - -- - - - - - - - - - - --- -

GR OSS BETA PC I /L 1 5 5 . 000 - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - -

HYD . S U L F  ID E MG /l < 0 . 200 - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - -
IRON MG /l < 0 . 050  0 . 0 60 4. 030 2 . 6 40 2 . 7 1 0  
lEAD MG /L < 0 . 0 10 < 0 . 010  - -- - -- - - - - - - - - - - < 0 . 001  
MAG NES IUM  MG /L 260 . 000 220 . 000 620 . 000 280. 000 310. 000 
MANGANES  E MG /L 4 . 000 3 . 400 3 . 420 3. 380 4. 800 
ME R CURY  MG /l < 0 . 000 < 0 . 000 - - - - - - -- - - - - - - - - < 0 . 000 
MOLYB DEN UM MG /l 0 . 280 0 . 2 20 0 . 440 0 . 2 90 0. 2 10 
N I CK E L  MG /l 0. 2 90 0 . 280 - - - - --- - -- - - - - - - - -- - - - - -

N I TRATE MG /L < 1 . 000 < 1 . 000 0 . 100 - -- - - - - - < 0 . 0 10 
N I TR OGE N , K  Jl MG /L - - - - - - - - - - - - - - - - 340 .000 - - - - - - - - - - - - - - - -

OR G .  CARBON MG /L 10 . 400 1 1 .  600 6 4. 7 00 103 . 000 99 . 1 00 
PB -210 PC I /L 2 . 800 2 . 700 - - - - - -- - - - - - - - - - - -- - - - - -

PH SU 6 . 800 7 . 100 7 . 600 7 . 300 7 . 200 
PHOSPHATE MG /l < 0 . 100  < 0 . 100 - - - - - - - - - - - - - - - - - - - - - - - -

PHOSPHOR US  MG /l -- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - < 0 . 040 
PO-2 l0 PC I /l 1 . 10 0  < 1 . 000 - - - - - - - - - - - - -- - - - - - - -- - -

POTAS S I UM MG /l 10 6 .000 99 . 600 99 . 500 9 7 . 000 100. 000 
RA-226 PC I /L 7 . 500 6 . 000 - - - - - - - - - - -- - - - - 1 8. 0 00 
RA- 228 PC l lt < 1 . 000 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



TABLE F . 3 . 7  GROU N D -WATE R  QUALI TY NEAR  THE  P ROCESS IN G  S I TE ( Co nt i n ue d ) 

UN I T  OF LaC : 584 584 585 585 585 
CON ST I TUE NT MEASURE DATE : 03/ 26/ 85 06/07/85 02/03/83 0 6/09/83 0 9/20/83 

S E LE N  I UM MG /L 0 . 240 0 . 1 78 0 . 0 04 < 0 . 0 02 < 0 . 002 
S I LCON MG /L ----- - - - --- - - --- ---- - --- --- - -- - - -- - - - - - -

S I L ICA  MG /L 13 . 300 1 2 . 600 - - - - - - - - - -- - - -- - 2 1 . 000 
S I LVER  MG /L < 0 . 010  < 0 . 0 10 - - - - - - - - - - - - - --- 0 . 004 
SOD IUM  MG /L 9 70 . 000 860 . 000 1020 . 000 960 . 000 9 90 . 000 
STR ONT I UM  MG /L 4 . 600 3 . 870 - - - - - - - - - - -- - - - - -- - - - - - -

SU LFATE MG /L 4100 . 000 3960 . 000 4320 . 000 4500. 000 3800. 000 
SULF  I DE  MG /L - - - - - - - - 0 . 100 - - - - - - -- - - - - - - - - - - - - - - - -

TE MP , I N  - S  I TU C -DEGR E E  - - - - --- - - - - - - - - - 10 . 000 1 8. 500 - - - - - - - -

TE MP ERATURE C - DEGREE  1 4 . 000 1 5 .000 - --- - --- - -- - - - - - - - - - - - - -

TH-230 PC I !L < 1 . 000 < 1 . 000 - - - - - - - - - - - - - --- 5 . 400 
T I N  MG /L 0 . 005 < 0 . 005 - -- - - --- - - - - - - - - -- - - -- - -
TOTAL SOL ID S MG /L 7 186 . 000 6 7 1 6 . 000 6440. 000 6520 . 0 00 6 640. 000 
TOTAL U P PM - - - - - - - - - - - - - - -- 0 . 240 0 . 2 25 0 . 1 93 
TO X MG /L 0 . 600 0 . 1 40 - - - - - -- - --- - - - - - -- - - - - - -

., U -234 PC I !L - - - - - - - - 47 . 000 - -- - ---- - ------ - - - - - - - - -I 
\.0 U -238 PC I /L - - - - - - -- 49 . 000 - ------- - - - - - - -- -- - - - - - -N 

URAN I UM  MG /L 0 . 1 6 5  - - --- - -- - - - - - - - - -------- - - - - - - --
VAN AD IUM  MG /L 7 . 480 6 . 7 50 0 . 0 2 7  0 . 1 41 0 . 0 9 7  
ZI N C  MG /L 4 . 100  2 . 560 0 . 030 0 . 0 30 0 . 0 10 



TABLE  F . 3 . 7  GROUND -WATE R  Q UAL I TY NEAR THE  PROCES S I NG S I TE ( Co nt i n ue d )  

UN I T  OF LOC : 585 585 586 586 586 
CO N ST I  TUE NT MEASURE DATE : 03/ 25/85 06/07/85 02 /02 /83 06/ 09/83 0 9/20/83 

ALK AL IN I TV MG It CAC 0 3  592 . 000 585 .000 56 2. 000 5 70 . 0 00 610 . 000 
AL UMIN UM MG I'- < 0 . 1 00  < 0 . 1 00  - - - - - - - - -- - - - - - - 0. 0 1 1  
.llJYIMON I A MG I'- - - - - - - - - - - - - - - - - - - - - - - - - 484. 000 - - - - - - - -

.llJYIMON I UM MG /L 383 . 000 369 . 000 - - - - - - - - - - - - - --- 310 . 0 00 
AN T I MONY MG /t < 0 . 003 < 0 . 003  - - - - - - - - --- - - -- - < 0 .005  
ARS EN I C  MG /L 0 . 0 1 5  < 0 . 010  0 . 004 0 . 02 7  0 . 1 10 
BAR I UM MG /L < 0 . 100  < 0 . 1 00  0 . 0 74 0 . 30 3  0 . 099  
BOR ON MG /t 0 . 620 0 . 6 60 - - - - -- - - - - - - - - - - - - - - - ---
CAD M I UM MG /L < 0 . 002 < 0 . 001 - - - --- - - --- - - - -- 0 . 000 
CALC IUM  MG /t 540 . 000 625 .000 48 7 . 000 589 . 000 5 70 . 000 
CHLOR I D E  MG /t 850 . 000 868. 000 805 . 000 860 . 000 820 . 0 00 
CHROM I UM MG /L 0 . 0 30 < 0 . 010  0 . 002 0 . 0 1 1  0 . 003 
COB AL T MG /L < 0 . 010  < 0 . 050 0 . 001 0 . 0 1 7  0 . 003 
CO NO , IN -S I TU UMHO/CM - - - - - - -- - - - - - - - - 6200. 000 5900. 000 - - - - - - - -
CONDUCTAN C E  UMHO/CM 5300 .000 8296 .000 - - - - - - - - - - - - - - - - - - -- - - - -

'1 CO PPER MG /L 0 . 040 < 0 . 020  0 . 009  < 0 . 000 0 . 004 I 
U) C YAN ID E MG I'- < 0 . 010  < 0 . 010  - - - - - -- - - - - - - - -- - - - - - - - -w 

FL UOR I D E  MG /L 3 . 100  3 . 200 - - - - - - - - -- - - - - -- 3 . 400 
GROSS ALP HA  PC l lt 380 . 000 - - - - - - - - -- - - - - -- - - - - - - - - - - - - - - - -

GR OSS B ETA PC IlL 200. 000 - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -

HYD . SUL F ID E  MG I'- < 0 . 200 - - - - - - -- -- - -- - - - - - - - -- - - - - - - - - - -

IRON MG I'- 13 . 000 1 1 . 200 1 3 . 500 6 . 090 4 . 7 70 
LEAD MG /L < 0 . 0 10 < 0 . 0 10 - - - - - - - - - - - - - - - - < 0 . 0 0 1  
MAG NES I UM  MG /L 310 . 000 354. 000 32 3 . 000 270. 000 290 . 000 
MANGAN ES E MG /L 4 . 800 4 .050  4 . 0 70 334. 000 4 . 600 
ME RCURY MG I'- < 0 . 000 < 0 . 000 - - - - - - - - - - -- - - - - < 0 . 000 
MOL Y B DENUM MG /t 0 . 2 7 0  0 . 1 80 0 . 4 70 0 . 360 0 . 3 60 
N I CK E L MG /t 0 . 1 50 0 . 05 0  - - - - --- - - - - -- - -- - - - - - -- -

N I TRATE MG I'- < 1 . 000 < 1 . 000 0 . 1 90 - - - - --- - < 0 . 100  
N I TR OGE N , K JL MG /L - - - - - - - - - - - - - - - - 389 . 000 - -- - - -- - - - - - - - - -

OR G .  CARB ON MG /L 9 . 800 - - - - - - - - 1 18. 000 9 6 . 900 78. 600 
PB -210 PC I /L < 1 . 500 < 1 . 500  - - - - - - - - - - - - - - - - - - - - - - - -

PH SU 6 . 90 0  7 . 100  7 . 300 7 . 300 7 . 100  
PHOSPHATE MG /L < 0 . 1 00  < 0 . 100  - - - - - - - - - - - - - - - - - - - - - - --
PHO SPHOR US MG I'- - - -- - - -- - - - - - -- - - - - - - - - - ---- - - - - 0 . 1 40 
PO-2l0 PC l lt < 1 . 000 < 1 . 000 - --- - -- - - - - - - - - - ---- - - --
POTASS  IUM  MG /L 95 .000 98. 400 1 10 . 000 94. 000 120 .000 
RA- 226 PC l lt < 1 . 000 < 1 . 000 - - - - - - -- - - - - - - - - 1 8. 000 
RA-228 PC I /L 4 . 500 - - - - - - - - - ------ - - - - - -- - - - - - - - - - -



TAB LE F . 3 . 7 GROU N D -WATE R  QUAL I TY N EAR THE  PROCES SI N G  S I TE ( Co n t i n ue d ) 

UN I T  OF LOC : 585 585 586 586 586 
CO N ST I TUE NT ME ASURE DATE : 03/25/85 06/07 /85 02 /02 /83 06/ 09/83 09/ 20/83 

S E LEN I UM  MG /l < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 002 < 0 . 002 
S I LCON  MG /L - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -- - - - - - - - --
S I L I C A  MG /L 1 1 .  600 10 . 600 - - -- - - - - - - - - - --- 2 3 . 000 
S I LVER  MG /l < 0 . 0 10 < 0 . 0 10 - - - - - - - - - - - - - - - - 0 . 0 02 
SOD I UM  MG /L 9 70 . 000 916 .000 1020 .000 940 .000 1000 .000 
STR ONT I UM  MG /L 4 . 700 5 . 2 20 - - - - - - - - - -- - - - - - - - - - - - - -

SU LFATE MG /l 3600 . 000 3780 . 000 4320 .000 4400 .000 3800. 0 00 
SU LF ID E MG /L - - - - - - - - < 0 . 100  - - - - - - - - - - - - - - - - - - - - -- - -
TE MP , IN  -S I TU C -DEGR E E  - - - - - - -- - - - - - - - - 10 . 000 1 7 . 000 - - - - - - - -
TE MP ERATURE C - DEGREE  12 . 500 1 5 .000 - -- - - - - - - - - -- - - - - - - - - - - -
TH-230 PC I /'- < 1 . 000 < 1 .000 - - - - - - - - - - - - -- - - 4. 200 
T I N  MG !L 0 . 005 < 0 . 005 - - - - -- - - - - - - -- -- - - - - - - --
TOTAL Sal_ ID S MG A 7 1 98. 000 7310 . 000 6 760 . 000 6620 . 000 6530 . 000 
TOTAL LJ P PM - - - - - - - - - - - - - - -- 0 . 386 0 . 1 47 0 . 2 29 
TOX MG !L 0 . 900 -- - -- - - - - - - - - - - - - - - - - - - - -- - -- - --

"Tl U -234 PC l it - - - - - - - - 84 . 000 - - - - - - - - - - - - - - - - - - - - - ---I 
ill U -2 38 PC I /L - - - - - - - - 84 . 000 - - - - - - - - - - - - - - -- - - - - - - - -.j::> 

URAN I UM MG !L 0 . 310 - - - - - - - - - - - - - - - - - - - - -- - - - -- - - - - -
VAN AD I U M  MG /l 0 . 1 10 0 . 0 90 0 . 1 40 0 . 400 0 . 250  
ZI N C  MG /l 0 . 050  < 0 . 005 0 . 30 0  0 . 050  0 . 0 10 



TABLE  F . 3 . 7  G�OUND-WATE R  QUALI TY NEAR THE PROCf:S S I N G  S I TE ( Co n t i n ue d ) 

UN I T  OF LOC:  586 586 587 587  587  
CO N ST I TUE NT ME ASURE DATE : 03/ 25/85 06/07/85  01/31/83 06/ 08/83 0 9/2 1/83 

ALK AU N I TY MG /l CAC03 61 8. 000 609 . 000 381 . 000 340. 000 400. 000 
AL UM I N UM MG /L < 0 . 100  < 0 . 100  - - - - - - - - - - - - - - -- 0 . 0 1 1  
IlM MON  I A MG /l - - - - - - - - - - - - - - - - - - - -- - - - 3 7 . 510  - - - - - - - -

IlMMON I UM MG A 3 93 . 0 00 384 . 000 - - - - - - - - - - - - - - - - 32 . 300 
AN T I MONY  MG /L 0 . 0 1 2  0 . 003 - - - - - - - - - - - - - - - - < 0 . 005  
ARS EN I C  MG /L 0 . 0 1 8  0 . 040  < 0 . 001 0 . 007  < 0 . 001  
BAR I UM MG /L < 0 . 100  < 0 . 100  0 . 026  0 . 0 30 0 . 036  
BOR ON MG /L 0 . 560 0 . 6 70 - - - - - - - - - - - - - - - - - - - - - - - -

CAD M I UM MG /L < 0 . 002 < 0 . 001 - - - - - - - - - - - - - - - - 0. 004 
CALC T U M  MG /L 550. 000 630 . 000 454. 000 505 . 000 41 0 . 000 
C HL OR I D E  MG IL 740 . 000 860 . 000 375 . 000 5 20 . 000 400. 0 00 
CHROM I UM  MG IL 0 . 020  < 0 . 0 10 0 . 002 0 . 001  0 . 001  
COB AL T MG /L < 0 . 010  < 0 . 050 < 0 . 001  0 . 038  0 . 001  
CON D ,  IN -S I TU UMHO/CM - - - - - - - - - - - - - - - - 2800. 000 3800. 000 - - - - - - - -

CONDUCTAN C E  UMHO/CM 8900 . 000 7320 . 000 - - - - - - - - - - - - - -- - - - - - - - - -

OJ CO PPER MG /L 0 . 0 70 < 0 . 020 0 . 0 1 1  < 0 . 000 < 0 . 002 
� C YAN I D E  MG IL < 0 . 010  < 0 . 010  - - - - - - - - - - - - - - - - - - - - - - - -

Ul FL UOR I D E  MG IL 3 . 10 0  3 . 300 - - - - - - - - - - - - - - - - 1 . 000 
GR OSS ALPHA PC I /L 490 . 000 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GR OS S B ETA PC I IL 1 80 . 000 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
HYD . SULF I D E  MG IL < 0 . 200 - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - -
IRON MG /l 1 6 . 000 1 2 . 800 0 . 3 70 0 . 0 1 5  0 . 0 6 4  
LE AD MG /L < 0 . 0 10 < 0 . 0 10 - - - - - - - - - - - - - -- - < 0 . 001  
MAG NES IUM  MG /L 310 . 000 364. 000 292 . 000 330 . 000 350. 000 
MANGAN ES E MG IL 4 . 800 4. 020 0 . 460 7 . 100  1 . 910  
ME R CURY  MG IL < 0 . 000 < 0 . 000 - - - - - - - - - - -- - - - - < 0 . 000 
MOLY BDENUM MG /L 0 . 2 30 0 . 200 0 . 1 40 0 . 1 28 0 . 0 76 
N I CK E L  MG IL 0 . 1 20 0 . 1 40 - - - - - - - - - - - - - - - - - - -- - - - -
N I TRATE MG /L < 1 . 000 < 1 . 000 0 . 6 40 - - - - - - - - < 0 . 100  
N I TR OGEN , K  JL MG IL - - - - -- - - - - - - - - - - 24. 000 - - - - - - - - - - - - - - - -

OR G .  CARBON MG IL 10 . 100  - - - - - - - - 99 . 900 6 3 . 500 87 . 400 
PB -210 PC I /L < 1 . 500 2 . 700 - - - - - - - - - - - - - - - - - - - -- - - -

PH SU 7 . 000 7 . 000 7 . 000 7 . 200 7 . 100  
PHO SPH ATE MG /L < 0 . 100  < 0 . 100  - - - - - - - - - - - - - - - - - - - - - - - -

PHO SPHOR US  MG IL - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - < 0 . 040 
PO -2l0 PC I /L < 1 . 000 < 1 . 000 - - - - - - - - - - - - - - - - - - - - - - - -

POTAS S I UM MG IL 94 . 000 101 . 000 1 2 . 900 1 4. 400 1 5 . 000 
RA-226 PC I /L 1 . 10 0  2 . 000 - - - - - - - - - - -- - - - - - - - - - - - -

RA-228 PC I /L 2 . 500 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



TABLE  F . 3 . 7  GR OU N D -WATER QUALI TY NEAR THE  P ROC ES S I N G  S I TE ( Co nt i n ued ) 

UN IT  OF lOC : 586 586 587  587  587 
CO N ST I TUENT ME ASURE DATE : 03/ 25/ 85 06/07 /85 01 /31/83 06/08/83 0 9/21/83 

S ELE N I UM MG /L < 0 . 005 < 0 . 005 < 0 . 002 < 0 . 002 0 . 0 02 
S I LCON MG /l - - - -- - - - - -- - -- - - - - - - - -- - - - - - - - - - - - - - ----
S I L ICA MG /L 12 . 600 1 1 . 800 - - - - - - - - - - - - - - - - 22 . 0 00 
S I LVER MG /L < 0 . 010  < 0 . 010 - - - - - - - - - - - - ---- < 0 . 0 02 
SOD T UM MG /L 990 . 000 914 . 000 41 9. 000 490 . 000 490 . 0 00 
STR ONT I UM MG iL 4 . 700 4. 630 - - - --- - - - - - - - - - - - - - - - - - -
SULF  ATE MG /L 3700 . 000 3740 . 000 2370 . 000 2700. 000 2000. 000 
SUlF  ID E MG /L - - - - - - - - 0 . 200 -- - - - --- - - - - - --- - - ----- -

TI:: MP , IN -S I TU C -DEGR E E  - - - - - - - - ------- - 1 1 . 000 1 8. 500 - - - - -- - -

TE M P  ERATURE C - DE GRE E  1 2 . 500 1 5 . 000 - - - --- - - - ------- - - - - - - - -
TH-230 PC I /l < 1 . 000 < 1 . 000 - - - - --- - -- - - - - - - - - - - -- - -
T I N  MG /L < 0 . 005 < 0 . 005 - - - - - --- - - ---- - - - - - - - ---
TOTAL SOI_ ID S MG /L 7 276 . 000 71 86 .000 4220 . 000 45 70 . 000 4790 . 0 00 
TOTAL U P PM - - - - - --- - - - - - - - - 0 . 081 0 . 0 76 0 . 085  
TO X MG /L 0 . 500 - --- - - - - --- - - --- -------- - - - - - - - -

'1 U -2 34 PC I /L - - - - - - - - 1 18. 000 - - - - - --- - - - --- - - - -- - ----I 
\.0 U -238 PC I /l - - - - - --- 1 16 .000 - - - - - - - - - - - - -- - - - - - - - - - -0"1 

URAN T UM  MG /L 0 . 445 - - - - - - -- - - - - - - - - - - - --- - - - - - - - - --
VAN AD I UM MG /L 0 . 1 30 0 . 2 7 0  0 . 049  0 . 062  0 . 030 
Z I N C  MG I'- 0 . 050 < 0 . 005 0 . 020  0 . 0 60 0 . 1 10 



TABLE  F . 3 . 7  GROU N D -WATER  QUAL I TY N EAR THE  P ROCES S IN G  S I TE ( Co n t i n ue d ) 

UN I T  OF lOC : 588 588 589 589 589 
CO NST I TUE NT MEASURE DATE : 02 /01/83 06/07 /85 02/01/83 06/ 08/83 09/2 2/83 

AlK AUN I TY MG I'- CAC03 281 . 000 26 5 . 000 479 .000 5 70. 000 510 . 000 
AL UM IN UM MG /l - - - - -- - - < 0 . 100 - - - - - - - - - - - - - - - - 0 . 1 90 
JlMMON I A MG I'- - - - - ---- - - - - - - -- - - - - - - - - 1 18. 5 80 - - - - - - - -

JlMMON I U M  MG I'- - - - - - - -- 9 . 870 - - - - - --- - - - - - - - - 10 . 400 
AN T IMONY  MG I'- - - - - - - - - < 0 . 003 - - - - - - - "- - - - - --- - < 0 . 005 
AR SEN IC  MG /l 0. 004 0 . 0 10 < 0 . 001  < 0 . 001  0 . 02 2  
BAR I UM  MG /l 0 . 040  < 0 . 100 0 . 080 .060 0. 1 30 
BOR ON MG I'- - - - - - - - - 0 . 0 70 - - - - - - - - - - - - - - - - - - - - - -- -

CADM I UM MG /L - - - - --- - < 0 . 001 - - - - - - -- - - - - - - - - 0. 003 
CALC I UM  MG /l 1 1 8. 000 94. 000 5 74 . 000 581 . 000 480. 0 00 
C Hl OR I D E  MG I'- 1 6 7 . 000 1 43 . 000 749 . 000 840. 000 860 . 0 00 
C HR OM I UM MG /l 0 . 002 < 0 . 010  0 . 00 1  .005 0. 004 
COBALT MG /l < 0 . 001 < 0 . 050 < 0 . 001  .0 7 1  < 0 . 001  
COND , IN  -S  I TU UMHO/CM - - - - - --- ---- - - - - 4600 . 000 6100. 000 - - - - - - - -

CONDUCTAN C E  UMHO/CM - - - - - - - - 910 . 0 00 - - - - -- - - - - - - - - - - - - - - - - - -
" CO PPER MG /l 0 . 0 1 1  < 0 . 020 0 . 1 1 6 .0 0 7  0 . 003 I 
\.D CYAN I D E  MG /l - - - - -- - - < 0 . 0 10 - - - -- - - - - - - - - - - - - - - - - -- -'-J 

FL UOR I D E  MG I'- - - - - - - - - 0 . 400 - - - - - - - - - - - - - - - - 0. 5 40 
GR OSS ALPHA PC I/l - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GR OS S B ETA PC I /l - - - - ---- - - -- - - -- - - - - - - - - - - - - - - - - - - - - - - - -

HYD . SU LF ID E  MG /l - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

IRON MG /l 2 . 300 0 . 330 2 . 720 .0 80 3. 420 
LEAD MG /L - - - - ---- < 0 . 0 10 - - - - - - - - - - - - - - - - 0 . 0 10 
MAGNES  IUM  MG /l 42. 800 35 . 000 30 3 . 000 260 . 000 360 . 000 
MANGAN ES E  MG /l 0 . 1 60 0 . 1 50 1 . 200 1 . 1 10 1 . 6 10  
ME RCURY MG /l - - - - --- - < 0 . 0 00 - - - - - - - - - - - - - - - - < 0 . 000 
MOL Y B DE N UM MG /l < 0 . 030 < 0 . 0 10 0 . 200 .093 0 . 0 12 
N I CK E L  MG /L - - - - - - - - < 0 . 040 - - - -- - - - - - - - - - - - - - - - - - - -

N I TRATE MG /L < 0 . 100 < 1 . 000 0. 980 - - - - - - -- < 0 . 100  
N I TR OGE N , K  Jl MG /l 7 . 700 - ----- - - 58. 000 - - - - - - - - - - - - - - - -

OR G .  CARBON MG /l 64. 500 4 . 600 1 16 .000 92 . 0 00 1 1 8. 0 00 
PB -210 PC I /l - ---- - - - < 1 . 500 - - - - - - - - - - - - - - - - - - - - - - - -

PH  SU  7 . 100 7 . 800 7 . 000 7 . 400 7 . 300 
PHO S PH ATE MG /l - - - - - - - - < 0 . 1 00 - - - - - - -- - - - - - - - - - - - - - - - -

P HO SPHOR US  MG /L - - - - - - -- - - - - - - -- - - - - - - - - - - - - - --- < 0 . 040 
PO-2l0 PC I /l - - - - - - - - < 1 . 000 - - - - - -- - - - - - - -- - - - - - - - - -

POTAS S I UM MG I'- 9 . 000 1 2 . 400 5 2. 500 53 . 0 00 53 . 000 
RA -226 PC I/l - - - - - - - - < 1 . 000 - - - - - - - - - - - - - --- - -- - ----
RA-228 PC I/L - ----- - - ---- - --- - - - - - - - - - - - - --- - - - -- - - - -



TAB LE F . 3 . 7 GR OUND -WATE R  Q UAL I TY NEAR THE P ROCES S IN G  S I TE ( Co n t i n ue d )  

UN I T  OF LaC : 588 588 589 589 589 
CO N ST I TU ENT ME ASURE DATE : 02/01/83 06/07 /85 02 /01/83 06/ 08/83 0 9/2 2/83 

S E LE N  I UM MG /L < 0 . 002 < 0 . 005 0 . 0 12 < 0 . 002 < 0 . 002 
SI LCON MG /L --- - - --- - ------- - - ------ - - - - - - - - - - --- - - -

S I L I C A  MG /L --- - -- - - 6 . 200 - - - - - --- - - ---- - - 1 7 . 000 
S I I_VER  MG /L - - - ---- - < 0 . 0 10 - - - - - - - - - - - -- - -- 0 . 0 04 
SOD I UM MG /L 1 41 . 000 1 1 1 . 000 10 90 . 000 1000. 000 1 300. 0 00 
STR ONT IUM  MG /l - - - --- - - 0 . 750  - - - - - - - - - - - - - --- - - - - - - - -
SULFATE MG /L 1 84 . 000 1 42 . 000 3630 . 000 3200 . 0 00 2900. 000 
SULF IDE MG/L ------ - - < 0 . 100 - - - ----- - - - - -- - - - - - - ----
TE MP , I N  -S I TU C -DEffiEE  - - - - - -- - - - - ---- - 1 3 . 000 1 8. 500 - - - - - - - -

TE MP ERATURE: C - DEGRE: E --- - - - - - 1 8. 000 - - ----- - - - - - - - - - - - - - -- - -
TH-230 PC I /L - - - - - - - - < 1 . 000 - - - - - - - - - --- - - - - - - ---- - -

T I N  MG /L - - - - - - - - < 0 . 005 - - ------ --- - - - - - - - - -----
TOTAL SOI_ I DS MG/L 878. 000 656 .000 6 400. 000 6030 . 0 00 61 50 .000 
TOTAL U P PM 0 . 010  - - - - - - - - 0 . 2 7 7  0 . 1 47 0 . 302 
TOX MG /l - - ---- - - 0 . 100 - - - - - - - - - - --- - - - - - - - - - - -

., U-234 PC I /L - - ------ 1 . 000 - - - - - - - - - - -- - -- - - - - - - - - -
I 

\.0 U -2 38 PC I/L -- - - - - - - 1 . 000 - - - - -- - - - - - - - - - - - --- - - --
(Xl 

URAN I UM MG /L - - - - -- - - -- - - - - - - --- - - - -- - - - ----- - - - - - ---
VAN AD I UM  MG /L 0 . 006  < 0 . 0 10 0 . 02 7  0 . 05 8  0 . 1 10 
Z I N C  MG /L < 0 . 010  < 0 . 005 0 . 050 0. 080 0 . 3 90 



TABLE  F . 3 . 7  GROU N D -WATE R QUAL I TY NEAR  THE PROCES S I N G  S I TE ( Co n t i n ue d ) 

UN I T  OF LOC : 589 589 590 590 590 
CON ST I TUENT  ME ASURE DATE : 03/ 25/85 06/07 /85 02 /02 /83 06/07/83 09/22/83 

ALK AL IN I TY MG /L CAC0 3 5 2 2 . 000 63 3 . 000 449 . 000 3 90 . 0 00 460 . 000 
AL UM I N UM MG /L < 0 . 1 00  < 0 . 100  - - - - - -- - - - - - - - - - 0 . 0 1 8  
AMMON I A MG /L - - - - - - - - - - - - - - - - -- - - ---- 12 . 100  - - - - - - - -

AMMON I UM MG /t 124 . 000 1 48 . 000 - - - - - - - - - - -- - - - - 1 8. 100  
AN T I MONY  MG /l < 0 . 003 < 0 . 003  - -- - - - - - - - - --- - - < 0 . 0 05 
ARS EN I C  MG /L < 0 . 010  < 0 . 010  < 0 . 001  < 0 . 001  < 0 . 001  
BAR I UM MG /L < 0 . 100 < 0 . 100 0 . 0 1 9  0. 030 0 . 0 70 
BOR ON MG /l 0. 600 0 . 600 - - -- - -- - - - - - - - -- - - -- - ---
CAD M I UM MG /t < 0 . 002 < 0 . 001 - - - - - -- - - - --- - - - 0 . 0 0 1  
CALC I UM  MG /l 590 . 000 665 .000 500. 000 493 . 000 480 . 000 
CHLOR I D E  MG /L 930 . 000 1 100. 000 736 . 000 9 90 . 000 6 70. 000 
CHROM I UM MG /L 0 . 020 < 0 . 0 10 0 . 002 0 . 003 0 . 002 
COBAL T  MG /L < 0 . 010  < 0 . 050 < 0 . 001  0 . 0 5 2  < 0 . 001  
CO ND , IN -S I TU UMHO/CM - - ------ - - - - - - - - 4810 . 000 3480 . 000 - - - -- - - -
CONDUCTAN C E  UMHO/CM 7 200. 000 7800. 000 - - ---- - - - - - -- - - - - - - - - - - -

'1 CO P PER MG /t 0 . 050 < 0 . 020  0 . 0 1 2  < 0 . 000 0 . 0 05 I 
1.0 CYAN I D E  MG /L < 0 . 0 10 < 0 . 0 10 - - ------ - - - -- - - - - - -- - - - -1.0 

FL UOR I D E  MG /l 0 . 300 0 . 400 - - - --- - - - - - - - - - - 0. 530 
GR OSS ALPHA PC  IlL 260 . 000 - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - -

GR OSS B E TA PC IlL  130 . 000 ------ - - - - - -- - - - - - - - - - - - - - - - - - - -

HYD . SU L F ID E  MG /L < 0 . 200 -- - - - - - - -- - - - - - - - - ---- - - - - - - - - - -

I RON MG /L 1 . 100  3 . 790 0 . 0 1 8  0 . 056 0 . 0 62 
LEAD MG /L < 0 . 0 10 < 0 . 0 10 - - - - --- - - - - - --- - 0. 020 
MAGNES  I UM  MG /L 310 . 000 360 . 000 407. 000 25 4. 000 420. 0 00 
MANGAN E S E  MG /t 2 . 000 2 . 1 80 0 . 3 60 0 . 3 80 1 . 2 30 
ME RCURY MG /t < 0 . 000 < 0 . 000 - ---- - - - - - - ---- - < 0 . 0 00 
MOL Y B DEN UM MG /t 0 . 0 60 0 . 0 10 0 . 1 30 0 . 1 0 1  0 . 0 1 5  
N I CK E L  MG /L < 0 . 040  0 . 1 10 - - - -- - - - - - - - - - - - - - - - - - - -
N I TRATE MG /t 39 . 000 < 1 .000 3 . 600 - --- - - - - 0 . 1 10 
N I TR OGEN , K JL MG /l -- - ---- - - - - - -- - - 8. 500 - - -- - - - - - - - - - - - -
OR G .  CARBON MG /t 1 6 . 000 13 . 700 81 . 900 79 . 7 00 98 . 1 0 0  
PB -210 PC I /L < 1 . 500 < 1 . 500 - - - - - - - - - - - -- - - - - - - - - - - -

PH  SU  6 . 900 7 . 000 7 . 100  7 . 100  7 . 100  
P HO SPHATE MG /t < 0 . 100  0 . 100  - -- - - - - - -- - - - --- - - - - - - - -
PHO SPHOR US  MG /t - -- - - - - - --- - - - - - - - - - - -- - - - --- - - - 0 . 100  
PO -2l0 PC I /l < 1 . 000 < 1 . 000 - - - - -- - - - - - - - - - - - - - -- - - -
POTASS IUM  MG /L 52 . 000 6 6 . 400 22 . 200 1 7 . 200  1 9 . 100  
RA-226 PC I /L < 1 . 000 < 1 . 000 - - - - - - - - - - - - - - - - < 0 . 600 
RA-228 PC I /L < 1 . 000 - - - - - - - - - ---- - - - - - -- - --- - - - -- - - - -



TAB LE F . 3 . 7  GR OU N D -WATER QUAL I TY N EAR THE  P ROCESS I NG  S I TE ( Co n t i n ued ) 

UN I T  OF LOC : 589 589 590 590 590 
CO N ST I TUENT ME ASURE DATE : 03/ 25/ 85 06/07/85  02 /02 /83 06/07/83 0 9/2 2/83 

S ELE N I UM MG /L < 0 . 005 < 0 . 005 < 0 . 002 < 0 . 002 < 0 . 0 02 
S I LCON MG /L ------- - --- - -- - - - - - ----- -- - - - --- - ----- - -
S I L I CA MG /L 7 . 100  7 . 200 - - - - - --- - - - - - --- 20 . 000 
S I LVER MG /L < 0 . 0 10 < 0 . 0 10 - ------- - - - - ---- < 0 . 002 
SOD I UM MG /L 1 120 . 000 1060 . 000 1030 . 000 700 . 000 830 . 000 
STR ONT IUM  MG /L 6 . 100  5 . 940 - - - - - - -- - - ---- - - - ------ -

SULF ATE MG /L 3400 . 000 3350 . 000 341 0 . 000 2100 . 000 2500 . 0 00 
SU LF  IDE MG /L -- - ----- < 0 . 100 - - - - - - - - -- - --- - - - - - - - - --
TE MP , IN  -S I TU C -DEGREE  - - - - ---- --- - - - -- 10 . 0 00 1 5 . 500 - - - - - ---
TE MP  ERATURE C - DEGR E E  13 . 000 13 . 000 - - - - - - - - - ------- - ----- - -

TH- 230 PC I/L  < 1 . 000 < 1 . 000 - - - - - - - - - - - - - - - - - - - - - - --
T I N  MG /L 0 . 010  < 0 . 005 - - - - - --- - -- - ---- - - - --- - -

TOTAL SOL I D S  MG /L 7 30 2 . 000 7 184 . 000 6560 . 000 46 70. 000 5600. 000 
TOTAL U P PM - - - - - - - - - - - -- - -- 0 . 376  0 . 1 3 5  0 . 1 6 2  
TOX MG /L 0 . 600 0 . 2 20 - - - - - - - - - -- - - - - - - - - - -- - -

--n U -234 PC I /L --- - - --- 99 . 000 - - - ---- - - - - - - - - - - - - - -- - -I 
I---' U -2 38 PC I /t -- - - - - - - 89 . 000 - ------ - - - ---- - - - - - - - - - -0 
0 URAN I UM  MG /L 0 . 27 0  - - - - - --- - ------ - - - - - - - - - - - - - - -- -

VAN AD IUM  MG /L < 0 . 010 0 . 0 10 < 0 . 0 10 0 . 0 5 5  0 . 0 04 
Z I N C  MG /L 0 . 100  0 . 0 3 1  0 . 020 0 . 040 0 . 0 70 



TAB LE F . 3 . 7  GR OUND -WATER QUAL I TY NEAR THE  P ROC ES S I N G  S I TE ( Co n t i n ue d ) 

UN I T  OF L OC :  590 590 
CON ST I TU ENT ME ASURE DATE : 03/ 25/ 85 06/07/85 

ALK AU N I TY MG /L CAC0 3 522 . 000 498 . 000 
AL UM I N  UM MG /L < 0 . 100 < 0 . 100  
.IlM MON I A MG I'- - - - ---- - ----- - - -

.IlMMON I UM MG I'- 1 7 . 400 8. 360 
AN T IMONY MG I'- 0 . 004 < 0 . 003 
ARS EN IC MG /L < 0 . 0 10 < 0 . 010  
BAR I UM MG /L < 0 . 100 < 0 . 100 
BOR ON MG I'- 0. 560 0 . 410  
CAD M I UM MG /L < 0 . 002 < 0 . 001  
CALC I UM MG /L 580 . 000 31 6 . 000 
CHLOR I D E  MG /L 830 . 000 459 . 000 
CHROM I UM MG I'- 0. 020 < 0 . 010 
COBALT MG /L < 0 . 0 10 < 0 . 050  
COND , IN -S I TU UMHO/CM - - - - - - - - - - - - - - --
CONDUCTAN C E  UMHO/CM 6 700 . 000 2 700 . 000 

,., CO PP ER MG /L 0 . 010  < 0 . 020  I 
I-' CYAN I D E  MG /L < 0 . 0 10 < 0 . 0 10 0 
I-' FL UOR I D E  MG I'- 0 . 30 0  0 . 500 

GR OSS ALPHA PC I lL 240 . 000 - - - - --- -

GR OSS BETA PC IlL  1 10 . 000 - - - - - - - -
HYD . SU L F ID E  MG /L < 0 . 200 - - - ---- -

I R ON MG /L 1 . 100  < 0 . 030 
LEAD MG /L < 0 . 010  < 0 . 0 10 
MAGNES  ruM  MG /L 340 . 000 1 7 7 . 000 
MANGAN E S E  MG /L 1 . 500 0 . 740 
ME RCURY MG /L < 0 . 000 < 0 . 000 
MOLY B DEN UM MG I'- 0 . 020 0 . 010  
N I CK E L  MG /L < 0 . 040 < 0 . 040  
N I TRATE MG /L 1 2 . 000 < 1 . 000 
N I TR OGE N , K JL MG /L - - ---- - - -- - -- - - -

OR G .  CARBON MG I'- 3 . 700 9 . 900 
PB -21O PC I /t < 1 . 500 < 1 . 500 
PH SU 6 . 700 7 . 000 
PHOSPHATE MG /L < 0 . 100  - - - - - - - -
P HO SPHOR US MG /L - - - --- - - --------
PO-2l0 PC I I'- < 1 . 000 < 1 . 000 
POTASS  ruM  MG /L 20 . 000 1 5 . 7 00 
RA-226 pe ril < 1 . 000 < 1 . 000 
RA -228 PC I /L < 1 . 000 - - - - - ---



TABLE  F . 3 . 7  GR OUND -WATE R  QUAL I TY NEAR THE P ROCESS IN G  S I TE ( Co n t i n ue d ) 

UN IT  OF LOC : 590 590 
CO NST I TUENT ME ASURE DATE : 03/ 25/ 85 06/07 /85 

SELE N I UM MG /L < 0 . 005 < 0 . 005 
S I LCON MG /L 8 . 500 - - - - - - --
S I L I CA MG /L 8 . 500 7 . 900 
S I LV ER  MG /L < 0 . 0 10 < 0 . 0 10 
SOD I UM MG /L 940 . 000 498. 000 
STR ONT I UM MG /L 5 . 900 2 . 970  
SULFATE MG /L 32 00. 000 1370 . 000 
SU L F  IDE  MG /L - - - - - - - - < 0 . 100  
TE MP  , IN  -S I TU C-DEGREE  - - - -- - - - - - - - - - - -

TE MP ERATURE C - DEGREE  13  . 000 1 3 . 0 00 
TH-230 PC I /L < 1 . 000 < 1 .000 
T I N  MG /L < 0 . 005 < 0 . 005 
TOTAL SOL ID S MG /L 6566 .000 32 92 . 000 
TOTAL U PPM - - - - - - - - - - - - - - - -
TO X MG/L 0. 500 0 . 280 

..,., U-234 PC I /L - - - - - - - - 31 . 
I 

....... U-238 PC I /L -- - - - - - - 28. 000 
0 

URAN IUM  MG /L 0 . 205 N - - - -----
VAN AD I UM MG /L < 0 . 10 0  0 . 020  
Z I N C  MG/L 0 . 050  < 0 . 005 



TABLE  F . 3 . 7 GROUN D -WATE R  QUALJ TY NEAR THE PRO CES S I N G  S I Tt: ( Co nt  i n  ue d )  

UN I T  OF LOC :  7 10  710 
CON ST I  TU E NT ME ASURE DATE : 03/21/85 06/ 07 /85 

ALK AL J N  I TY MG /L CAC03  53 5 . 000 507 . 000 
AL UMIN  UM MG /L < 0 . 100  < 0 . 10 0  
IIMMON I UM MG/L 45 . 000 24 . 90 0 
AN T IMONY  MG /L < 0 . 003  < 0 . 003  
ARS E N  IC  MG /L < 0 . 0 10 < 0 . 010  
BAR I UM MG /L < 0 . 100  < 0 . 10 0  
B ICARB ONATE MG /L -- - - - -- - -- - - - - --
BORON MG /L 0 . 310 0 . 3 7 0  
CAD M I U M  MG /L < 0 . 002 < 0 . 001 
CALC I UM  MG /L 590 . 000 524 . 000 
CHL OR I D E  MG /L 770 . 000 60 7 . 000 
CHROM I U M  MG /L 0 . 020  < 0 . 010  
COBAl T MG /L < 0 . 0 10 < 0 . 050 
CONDUCTAN CE  UMHO/CM 6700 . 000 4300 . 000 
COPPER MG /L 0 . 020  < 0 . 020  

" C YAN I D E  MG /L < 0 . 010 < 0 . 010 I 
>--' FL UOR I D E  MG /L 1 . 000 1 . 10 0  0 w GR OSS ALPHA PC I /L < 70 . 000 - - - - - - - -

GR OSS B ETA PC I /L 100 . 000 - - ------
4YD . SU L F ID E  MG /L < 0 . 200 - - - - ----
IRON MG /L 0 . 100 0 . 1 10 
lE AD MG /L < 0 . 0 10 < 0 . 010 
MAGNES  I UM MG /L 330 . 000 32 7 . 000 
M ANGAN E SE MG /L 2 . 700 2 . 910 
ME RCURY MG /L 0 . 000 < 0 . 000 
MOL Y B DEN UM MG /L 0 . 080 0 . 070  
N I CK E I_ MG /L < 0 . 040 < 0 . 04 0  
N I TRATE MG /L 3 . 000 < 1 . 000 
OR G. CARBON MG /L 7 . 200 8. 900 
PB -210 PC I /L < 1 .  500 < 1 . 5  
PH SU 7 . 10 0  6 . 850 
PHO SPHATE MG /L < 0 . 10 0  < 0 . 10 0  
PO -210 PC I /L < 1 . 000 < 1 . 000 
POTAS S IUM  MG /L 24 . 000 23 . 60 0  
RA-226 PC I /L < 1 . 000 < 1 . 000 
RA-228 PC I /L 1 . 000 - - - - ----



TABLE F . 3 . 7  GROU ND -WATE R  QUALI TY NEAR THE  PROCESS IN G  S I TE ( Co n t i n ue d ) 

UN I T  OF  LOC : 7 10  7 10  
CON ST I TU E NT ME ASURE DATE : 03/ 21/85 06/ 07 /85 

S ELE N I UM MG /L < 0 . 005 < 0 . 005 
S I LCON  MG IL - - ------ ---- - - - -
S I  L I C A  MG /L 7 . 800 8 . 200 
S I LV E R  MG /L < 0 . 010 < 0 . 010 
SOD IUM MG /L 780 . 000 665 . 000 
STR ONT IUM  MG /L 6 . 10 0  5 . 810 
SULFATE MG /L 3000. 000 2430 . 000 
S U L F I D E  MG /L - - - - - - - - < 0 . 10 0  
TE MP ERATURE C - DEGREE 1 1 . 500 1 6 .000 
TH-230 PC I /L < 1 . 000 < 1 . 000 
T I N  MG /L < 0 . 005 < 0 . 005 
TOTAL SOL IDS  MG /L 6204 . 000 56 58. 000 
TOX MG /L 0 . 200 0 2 10 
U-234 PC I/L 29 . 000 36 . 000 
U-238 PC IlL 23 . 000 30 . 700 

'1 VAN AD IUM MG/L < 0 . 010  < 0 . 010 I 
I---' Z I N C  MG /L 0 . 050  < 0 . 005 C) +:> 



TABLE F . 3 . 7  GROU N D -WATER QUAL I TY NEAR  THE  PROCE S S I N G  S I TE ( Co nt i n ue d ) 

UN I T  OF  LOC :  71 1 71 1 
CONST I TUENT  ME ASURE DATE : 03/ 27 /85 06/07/85 

ALK AL IN I TY MG I'- CAC03  385 .000 737 . 000 
AL UMIN UM MG/L < 0 . 100  < 0 . 100  
JlMMO N I UM MG I'- 2 . 10 0  0. 340 
ANT IMONY MG /L < 0 . 003 0 . 008 
ARS E N IC  MG /L < 0 . 0 10 < 0 . 010 
BAR I UM MG /L < 0 . 100  < 0 . 10 0  
B ICARBONATE MG I'- - - ---- - - -- - ---- -

BORON MG I'- 0. 070 0 . 810 
CAD M I UM MG /L < 0 . 002 < 0 . 001 
CALC IUM  MG I'- 390 . 000 31 3 . 000 
CHL OR I D E  MG I'- 300 . 000 316 . 000 
CHROM IUM  MG/L < 0 . 0 10 < 0 . 010 
COBALT MG I'- < 0 . 0 10  < 0 . 050  
CONDUCTAN CE  UMHO/CM 3400. 000 4880 . 000 
CO PPER  MG /L 0 . 010  < 0 . 020  

..,.., 
C YAN I D E  MG I'- < 0 . 0 10 < 0 . 010 I 

....... 
FL UOR I D E  MG /L 0. 400 0 . 800 0 

Ul 
GROSS ALPHA Pc r/L 90 . 000 - --- - - - -
GR OSS BETA PC I /L < 5 0 . 000 - - - - - - - -

HYD . SUL F ID E  MG /L < 0 . 200 - - - - - - --
I RON MG /L 0 . 100 0 . 760 
LE AD MG /L < 0 . 0 10 < 0 . 010  
MAG NE S I UM MG /L 1 40 . 000 420 . 000 
M ANGAN E S E  MG I'- 1 . 400 1 . 5 50 
ME RCURY MG /L 0 . 000 < 0 . 000 
MOL Y B DENUM MG /L 0. 010  0 . 05 0  
N ICK E L  MG /L < 0 . 040 < 0 . 040  
N I TRATE MG /L 2 . 000 < 1 . 000 
OR G. CARBON MG /L 5 . 400 26 . 10 0  
PB -210 P C I /L 2 . 300 < 1 . 500 
PH SU 6 . 700 7 . 100  
PHOS  PH ATE MG I'- < 0 . 100  < 0 . 100  
PO-210 PC I /L < 1 . 000 < 1 . 000 
POTAS S I UM  MG /L 1 2 . 000 13 . 10 0  
RA-226 PC I /L < 1 . 000 < 1 . 000 
RA-228 PC I /L < 1 . 000 - -- - - - - -



TABLE F . 3 . 7 GROUND-WATE R  QUAL I TY NEAR THE P ROCES S I N G  S I TE ( Co nt i n ue d ) 

UN I T  OF  LOC :  7 1 1  71 1 
CON ST I  TUE NT ME ASURE DATE : 03/ 27 /85 06/ 07/85  

SELE:N  I UM MG /L < 0 . 005 0 . 01 4  
S I LC ON MG /L - - ---- - - - -- - - - - -

S I L I CA  MG /L 9 . 000 9 . 800 
SI LV ER MG /L < 0 . 0 10 < 0 . 0 10 
SOD I UM MG/L 340 . 000 662 . 000 
STR ONT IUM  MG/L 3 . 200  3 . 410 
SULFATE MG/L 1 500. 000 2780 . 000 
SU L F  IDE  MG /L ------- - < 0 . 100  
TE MP ERATURE C - DEGRE E 1 1 .  500 1 5 .000 
TH-230 P C I /L < 1 . 000 < 1 . 000 
T I N  MG /L < 0 . 005 < 0 . 005 
TOTAL SOL IDS MG /L 3008 . 000 548 6 .000 
TOX MG/L < 0 . 10 0  0 . 200 
U- 234 P C I /L 9 . 000 25 .000 
U -238  P C I /L 8 . 000 1 6 . 000 

"Tl VAN AD IUM MG/L < 0 . 010  0 . 020 
I Z I N C  MG /L 0 . 060 0 . 0 18  ........ 

<:) 
m 



TABLE  F . 3 . 7  GROUND-WATE R  QUAL I TY NEAR THE  P ROCES S I N G  S I TE ( Co n t i n ued ) 

UN I T  OF LOC :  712  712 724 724 724 
CON ST I TU E NT MEAS URE DATE : 03/ 26/85 06/07/85 03/ 30/85 06/ 07 /85 06/ 0 7 /85  

ALK AL IN  l TV MG/L CAC0 3 10 1 6 .000 49 4. 000 201 4. 000 1 78 5 . 000 1 78 5 . 000 
AL UM IN  UM MG/L < 0 . 10 0  < 0 . 10 0  < 0 . 10 0  < 0 . 10 0  < 0 . 10 0  
AM MO N I UM MG /L 0 . 2 90 1 5 . 700 1 . 200 1 . 000 1 . 700  
AN T I MONY MG/L < 0 . 003 < 0 . 003 < 0 . 003 < 0 . 003  < 0 . 003 
ARS E N  I C  MG /L < 0 . 010  < 0 . 010 < 0 . 0 10 < 0 . 0 10 < 0 . 0 10 
BAR I UM MG /L < 0 . 10 0  < 0 . 10 0  5 . 10 0  5 . 540 5 . 2 90 
13 I CARBONATE MG/l -------- --- - ---- - --- - - -- - ------- - - ------
BOR ON MG /L 0 . 580 0 . 6 40 0 . 760 0 . 910 0. 850 
CADM I U M  MG /L < 0 . 002 < 0 . 001 < 0 . 002 < 0 . 001 < 0 . 001  
CALC ruM  MG/L 350 . 000 241 . 000 26 . 000 22. 400 20. 800 
C HL OR I D E  MG/L 350 . 000 208. 000 1 600. 000 1 520 . 000 1 51 0 . 000 
CHROM I UM  MG /L 0. 020 < 0 . 010  < 0 . 010  < 0 . 010  < 0 . 0 10 
COB AL T MG /l < 0 . 010  < 0 . 05 0  < 0 . 010  < 0 . 050 < 0 . 05 0  
CONDUCTAN C E  UMHO/CM 5400. 000 2 379 . 000 6 900. 000 5300. 000 5300. 000 
CO PPER MG /L < 0 . 0 10 < 0 . 020 0 . 020  < 0 . 020  < 0 . 020 

-n C YAN I D E  MG /L < 0 . 010  < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 0 10 I 
I--' FL UOR I D E  MG /L 0 . 900 0 . 400 2 . 600 2 . 100  2 . 100  0 
-...j GR OSS ALPHA PC  IlL 50 . 000 < 60 . 000 - - - - ---- - - - - ---- --- - - - - -

GR OSS B ETA P C I /L < 5 0 . 000 - - ------ < 50 . 000 - --- - --- --------
HYD . SULF ID E MG /l < 0 . 200 - --- - - -- < 0 . 200 - - ------ --------
IRON MG /l 1 . 200 0 . 890 0 . 200 0. 1 5 2  0 . 1 61 
LE AD MG /l < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 010  < 0 . 0 10 
M AGNES  ruM  MG/L 360 . 000 9 7 . 10 0  7 . 800 7 . 3 30 7 . 3 40 
M ANGAN E S E  MG /L 1 . 10 0  8 . 740 < 0 . 050 < 0 . 0 10 < 0 . 010  
ME R CURY MG /L < 0 . 000 < 0 . 000 < 0 . 000 < 0 . 000 < 0 . 000 
MOLY BDENUM  MG /L 0. 060 < 0 . 010  < 0 . 010  < 0 . 010  < 0 . 0 10 
N I CK E L  MG /l < 0 . 040 0 . 05 0  < 0 . 040  < 0 . 040 < 0 . 040 
N I TRATE MG /L 8 . 000 < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 
OR G .  CARBON MG /l 53 . 60 0  1 7. 700 38. 200 1 6 . 600 1 7  . 0 00 
PB -210 P C IIL < 1 . 500 < 1 .  500 < 1 . 500 < 1 . 500 - -------
PH  SU  7 . 10 0  7 . 100  7 . 500 7 . 700 7 . 7 00 
PHOSPHATE MG /L < 0 . 100  2 . 040 < 0 . 100  < 0 . 10 0  < 0 . 10 0  
PO-2l0 PC  IlL  < 1 . 000 < 1 . 000 < 1 . 000 < 1 . - -- - ----
POTASS r uM  MG/l 12 . 000 1 5 . 300 7 . 000 3 1 . 100  1 8. 200 
RA-226 PC I /L < 1 . 000 < 1 . 000 1 . 600 3 . 000 - - ------
RA-228 PC IlL < 1 . 000 - - - - - -- - 1 . 200 - ------- --- - - ---



TABLE F . 3 . 7  GR OU N D -WATE R  QUAL I TY  N E AR THE  PROCES S I N G  S I TE ( Co nt i n ue d ) 

UN I T  OF LOC :  712  712  724  724 724 
CO N ST I TU E NT ME ASURE DATE : 03/26/85 06/07/85 03/30/85 06/ 07 /85 06/ 07 /85  

SELE N I UM MG /l 0 . 009  0 . 005 < 0 . 005 0 . 006 0 . 006 
S I LCON MG /L - - - - - - - - --- - - - - - - -- - - - - - - - - - - - - - - - - - - - - -

S I L I C A  MG/L 8 . 100 7 . 700 4 . 500 4 . 700 4. 400 
S I LVER MG /L < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 010  < 0 . 010  
SOD IUM  MG /L 7 30 . 000 231 . 000 1 780 . 000 1 700. 0 00 1 6 60 . 000 
STR ONT I UM MG /L 3 . 800 2 . 10 0  3 . 700 3 . 6 40 3 . 490 
SULFATE MG /L 2700 . 000 831 . 000 6 . 000 20 . 300 1 0 . 400 
SULF I DE  MG /L - - - - - --- < 0 . 10 0  - ------- < 0 . 10 0  < 0 . 10 0  
TE MP ERATU RE C - DE GRE E 1 1 . 000 1 5 .000 1 4 . 0 00 1 5 . 000 1 5 . 000 
TH- 230 pe ril < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 - - - - - ---
T I N  MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 0 05 < 0 . 005 
TOTAL SOL IDS  MG /L 53 82 . 000 207 2 . 000 45 76 . 000 443 8. 000 4450. 000 
TO X MG /L < 0 . 10 0  < 0 . 010  0 . 100  < 0 . 10 0  0 . 1 80 
U-234 PC  I lL 2 3 . 000 9 . 000 5 . 000 < 1 . 000 - - - - - - - -
U-238 pe ril 1 7  . 000 6 . 000 4. 000 < 1 . 000 - - -- - -- -

"T] VAN AD ruM MG /L < 0 . 010  < 0 . 010  < 0 . 0 1 0  0 . 0 10 < 0 . 0 10 I 
t--' Z I N C  MG /L < 0 . 050 < 0 . 005 0 . 080 < 0 . 005 < 0 . 0 05 0 
co 



TABLE  F . 3 . 7 GR OU N D -WATER QUAL I TY N E AR THE  PROCES S IN G  S I TE ( Cont i n ue d ) 

UN I T  OF  LOC : 7 24 724 724 725 7 25 
CO N ST !  TUE NT ME ASURE DATE : 06/ 07 /85 06/07 /85 06/07 /85 03/29/ 85 03/ 29/ 85 

ALK AL I N  I TY MG /L CAC0 3 1 78 5 . 000 1 785 . 000 1 785 . 000 2000. 000 2000. 000 
AL UMIN UM MG /L < 0 . 100  < 0 . 100  < 0 . 10 0  < 0 . 10 0  < 0 . 10 0  
AM MON IUM  MG /L 1 .  700 1 . 700 1 . 400 2 . 30 0 2 . 200  
AN T I MONY MG /L < 0 . 003 < 0 . 003 < 0 . 003 < 0 . 003 < 0 . 003 
AR SEN I C  MG I'- < 0 . 010  0 . 010  < 0 . 0 10 < 0 . 010  < 0 . 010  
BAR I UM MG /L 5 . 320 5 . 490 5 . 930 1 . 800 1 . 800 
B ICARBONATE MG /L - - - - --- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - -
BOR ON MG /L 0 . 850 0 . 860 0 . 860 0 . 0 7 0  0 . 080 
CAD M I UM MG /L < 0 . 001 < 0 . 001 < 0 . 001 < 0 . 002 < 0 . 002 
CALC IUM  MG /L 21 . 100  2 1 . 800 22 . 900 540 . 0 00 5 74 . 0 00 
CHLOR I D E  MG/L 1 560 . 000 1 500 . 000 1 600 . 000 2400.000 2 300. 000 
CHROM I UM  MG I'- < 0 . 0 10 < 0 . 010  < 0 . 0 10 < 0 . 0 10 < 0 . 0 10 
COB ALT MG /L < O . OSO < 0 . 050 < 0 . 050 < 0 . 010  < 0 . 0 1 0  
CONDUCTAN C E  UMHO/CM 5300 . 000 530 0 . 000 5300 . 000 1 7000 . 0 00 1 7000. 000 
CO PPER MG /L < 0 . 020 < 0 . 020  < 0 . 020 < 0 . 0 10 < 0 . 0 10 

., C YAN I D E  MG /L < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 000 < 0 . 0 10 I 
I--' FL UOR I D E  MG/L 2 . 200 2 . 10 0  2 . 000 0 . 800 0 . 800 0 
ill GROSS ALPHA PC I /'- - - - - - - - - - - --- - - - - - -- - - - - 220 . 0 00 100. 000 

GROSS BETA PC I /L - - - - - - - - - - -- - --- - - - - - - - - 90 . 0 00 < 5 0 . 000 
HYD . SU L F  ID E MG I'- --- - - -- - - - - - - - - - - - --- - - - 4. 700 3 . 400 
IRON MG /L 0 . 1 5 2  0 . 1 48 < 0 . 0 30 < 0 . 050 < 0 . 050  
LEAD MG /L < 0 . 0 10 < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 0 10 
M AG NES I UM  MG I'- 7 . 10 0  7 . 370 6 . 400 0 . 040 4 . 200 
M ANGAN E S E  MG /L < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 050  < 0 . 050  
ME  RCURY MG /L < 0 . 000 < 0 . 000 < 0 . 000 < 0 . 000 0 . 0 00 
MOL Y BDENUM MG I'- < 0 . 010  < 0 . 010  < 0 . 0 10 0 . 0 80 0 . 900 
N I CKEL MG /L < 0 . 040 < 0 . 040 < 0 . 040 < 0 . 040 < 0 . 040 
N I TRATE MG /L < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 
OR G .  CARBON MG /L 1 7 . 200 1 7 . 000 1 6 . 500 7 . 100  7 . 0 00 
PB -210 P C I /L - - - - - - - - - - - - - - -- ------- - < 1 . 5 00 < 1 . 500 
PH SU 7 . 700 7 . 700 7 . 7 00 1 2 . 600 12 . 600 
PHO SPHATE MG /L < 0 . 100  < 0 . 10 0  < 0 . 10 0  < 0 . 100  < 0 . 10 0  
PO-2l0 PC I /L - - - - - - - - - - - - - - - - - - - - --- - < 1 . 000 < 1 .000 
POTAS S IUM  MG /L 30 . 000 2 1 . 600 3 1 . 10 0  59 . 000 5 7 . 200  
RA-226 P C I /L - - - - - - - - - -- - - --- ---- - - - - 5 . 000 4. 000 
RA-228 PC I /L - - - - - - - - ----- - - - --- - - - - - < 1 . 000 1 . 300  



TABLE F . 3 . 7  GR OUND-WATE R  QUAL I TY NEAR THE  P ROCES S IN G  S I TE ( Co n t i n ue d ) 

UN IT  OF  LOC :  724 724 724 725 7 25 
CO NST I TUENT ME ASURE DATE : 06/07 /85 06/ 07 /85 06/ 07 /85  03/ 29/ 85 03/ 29/ 85 

SELEN I UM MG /l 0 . 005 0 . 007  0 . 00 7  < 0 . 005 < 0 . 005 
S I LCON MG/L - - - - - - -- - - - - --- - -- - - - --- - - - - - - -- - - - - ----
S I L I CA  MG /L 4 . 400 4 . 60 0  4 . 400 1 . 80 0  1 . 800 
S I LV ER MG /l < O . O lD  < O . O lD  < 0 . 010  < O . O lD  < 0 . 0 10 
SOD I UM MG /l 1 690 . 000 1 690 . 000 1 690 . 0 00 2080 . 0 00 1 900. 0 00 
STR ONT I U M  MG /L 3 . 460 3 . 540 3 . 720 1 1 . 000 10 . 600 
SU LFATE MG /l 10 . 200 9 . 600 10 . 000 120 . 000 1 90 . 000 
SU L F  I DE  MG /l < 0 . 10 0  < 0 . 10 0  < 0 . 10 0  - - - - - - - - - -- -----
TE MP ERATURE C - DE ffi E E  15 .000 1 5 .000 1 5 . 0 00 1 2 . 000 12 . 000 
TH-230 P C I /L - --- - - - - - - ------ - - - - - - - - < 1 . 000 < 1 . 000 
T IN  MG /l < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 
TOTAL SOL ID S MG /L 4428 . 000 4430 . 000 4468. 000 61 74 . 000 61 78. 000 
TO X MG /L 0 . 200 < 0 . 10 0  0 . 1 40 0 . 200 < 0 . 10 0  
U -234 PC  I/'- -------- - - -- - - - - - - - - --- - < 1 . 000 < 1 . 000 
U -238 PC I/L - - - --- - - - - - - - - - - --- - - --- < 1 . 000 < 1 . 000 

., VAN AD IUM  MG /L 0 . 0 10  < O . O lD  0 . 0 10  < 0 . 010  < O . OlD  I 
>---' Z I N C  MG /L < 0 . 005 < 0 . 005 < 0 . 005 0 . 100  0 . 0 90 >---' 
0 



TABLE F . 3 . 7 GI<OU N D  -WA TE R QUAL I TY NEAR THE  PROCESS I NG  S I TE ( Co nt i n ue d ) 

UN I T  OF lOC : 725 
CO N ST !  TU E NT ME ASURE DATE : 06/ 07 /85 

AlK AU N I TY MG/l CAC03  83 5 . 000 
AL UM IN UM MG /l < 0 . 10 0  
PM MO N IUM  MG /l 2 . 000 
IWT IMON Y MG /L < 0 . 003  
ARSEN I C  MG /l 0 . 010  
BAR I UM MG /l 1 . 050 
B I CARB ONATE MG /l - - -- - - - -

BOR ON MG /L 0 . 360 
CADM I UM MG /L < 0 . 001 
CALC I UM  MG /L 210 . 000 
CHLOR I D E  MG /L 3 720 . 000 
CHROM I UM MG /L < 0 . 010  
COBAl T MG /l < 0 . 050 
CONDUCTAN C E  UMHO/CM 13250 . 000 
CO PPER MG/L < 0 . 020  

" C YAN I D E  MG /L < 0 . 010  I 
f-' FL UOR I D E  MGA 0 . 500 f-' 
f-' GR OSS ALPHA  PC I /L - --- - - - -

GR OSS BETA PC I /l - --- - - - -

HYD . SU l F  I DE  MG /L - - - - - ---
IRON MG/L 1 1 1 . 000 
lEAD MG /L < 0 . 010  
MAGNES  I UM  MG /L < 0 . 010  
MAN GAN E S E  MG/L < 0 . 010  
ME RCURY MG /L 0 . 0 00 
MOLY BDENUM MG /l 0 . 0 30 
N I CK El  MG /L < 0 . 040  
N I TRATE MG /L < 1 . 000 
OR G .  CARBON MG /L 4. 400 
PB-210  PC I/l < 1 .  500 
PH SU 1 1 .  900 
PHOS PHATE MG /l < 0 . 10 0  
PO-210 PC I lL < 1 . 000 
POTASS I U M  MG /L 37 . 400 
RA-226 PC I /l 2 . 000 
RA -228 PC I/l - - - - - - - -



TABLE F . 3 . 7  GROU N D -WATER QUAL I TY NEAR THE  P ROCES S I N G  S I TE ( Co nt i n ue d ) 

UN I T  OF LOC : 725 
CONSTI  TUE NT ME ASURE DATE : 06/ 07 /85 

SELE N I UM MG/L 0 . 0 1 6  
S I LCON  MG /L ----- - - -
S I L I CA MG /L 5 . 500 
S I LVER  MG /L < 0 . 0 10 
SOD I UM MG /L 2530 . 000 
STR ONT IUM  MG /L 4. 4 70 
SULFATE MG /L 79 . 200 
SU LF  I DE  MG/L 0 . 200 
TE MP  ERATURE C - DEGRE E 1 4. 000 
TH-230 PC  I/L < 1 . 000 
T I N  MG /L < 0 . 005 
TOTAL SOL I D S  MG /L 7 1 6 4. 0 00 
TOX MG /L < 0 . 10 0  
U-234 PC I/L < 1 . 000 
U-238 PC I/L < 1 . 000 

" VAN AD IUM  MG /L 0 . 030 I 
I-' Z I N C  MG /L < 0 . 005 I-' 
N 



TABLE F . 3 . 7  GR OU N D -WATE R  QUAL I TY NEAR THE PROCESS IN G S I TE ( Co nt i n ue d ) 

UN I T  OF LOC : 727  727  728 7 28 7 28 
CON ST I TUE NT ME ASURE DATE : 03/ 29/ 85 06/ 07/85 03/ 25/ 85 06/ 07 /85 06/ 0 7/85 

ALK AU N I TY MG /L CAC03  1 60 0 . 000 1 468 . 000 441 . 000 558. 000 5 58. 000 
AL UM I N UM MG /L < 0 . 100  < 0 . 100 < 0 . 10 0  < 0 . 10 0  < 0 . 10 0  
PMMON I UM MG /L 0 . 2 90 0 . 010 17  . 100  7 . 920 7 . 810 
AN T I MONY MG I'- < 0 . 003 < 0 . 003 0 . 003  < 0 . 003 < 0 . 003 
ARS EN I C  MG /L < 0 . 0 10 < 0 . 0 10 < 0 . 0 10 < 0 . 51 0  < 0 . 0 10 
BAR I UM MG /L 0 . 400 0 . 510  < 0 . 10 0  < 0 . 10 0  < 0 . 10 0  
BOR ON MG /L 0 . 600 0 . 6 40 0 . 51 0  - - - - - - - - 0 . 490 
CAD M I UM MG I'- < 0 . 002 < 0 . 001 < 0 . 002 < 0 . 001  < 0 . 001  
CALC IUM  MG /L 18 . 000 7 . 100 548 . 000 32 8. 000 328. 000 
C HL OR I D E  MG /L 360 . 000 3 1 2 . 000 800. 000 436 . 000 43 6 . 0 00 
C HROM I  UM MG /L < 0 . 010  < 0 . 010  0 . 020  < 0 . 0 10 < 0 . 0 10  
COBAL T  MG /L < 0 . 010  < 0 . 050 < 0 . 010  < 0 . 050  < 0 . 050  
CON DUCTAN C E  UMHO/CM 3200 . 000 3150 . 000 6300. 000 2820 . 0 00 2820 . 0 00 
CO PPER MG /L < 0 . 010  < 0 . 020  0 . 010  < 0 . 020 < 0 . 020  
C YAN IDE  MG /L < 0 . 0 10 < 0 . 0 10 < 0 . 010  < 0 . 010  < 0 . 0 10 

., FL UOR I DE  MG /l 2 . 800 2 . 400 0 . 400 0 . 500 0 . 500 I 
........ GR OSS ALPHA  PC I /L 45 .000 -- - - ---- 120 . 000 - -- - - - - - - ------ -........ 
w GROSS BETA PC I /L < 50 . 000 - -- - - - - - 90 . 000 - ------- - - - -- - - -

HYD . SUL F ID E  MG I'- < 0 . 200 - - - - - - - - < 0 . 200 - - - - - - - - - - -- - ---
IRON MG /L < 0 . 050 0 . 0 60 2 . 50 0 1 . 580 1 . 580 
LE AD MG /L < 0 . 010  < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 0 10 
MAG NES IUM MG /l 6 . 000 1 . 850 368. 000 1 86 . 000 1 82 . 000 
MANGAN E S E  MG/L < 0 . 050 0 . 020  1 . 700 0 . 950 0 . 900 
ME RCURY MG /L 0 . 0 00 < 0 . 000 < 0 . 000 < 0 . 000 < 0 . 000 
MOL Y B DENUM MG /L < 0 . 010  < 0 . 010  0 . 0 30 < 0 . 010  < 0 . 010  
N I CK E L  MG /L 0 . 050 < 0 . 040 < 0 . 040 < 0 . 040 0 . 040 
N I TRATE MG /L < 1 . 000 < 1 . 000 18. 000 < 1 . 000 < 1 . 000 
OR G .  CARBON MG /L 5 . 10 0  5 . 400 1 10 . 000 1 2 . 200 1 2 . 000 
PB -210 PC I /L < 1 . 500  < 1 . 500 < 1 . 500 < 1 .  500 - - - - ----
PH SU 8 . 60 0 8. 200 8. 000 7 . 200 7 . 200 
PHO SPHATE MG I'- < 0 . 10 0  < 0 . 100  < 0 . 100 < 0 . 100  < 0 . 10 0  
PO-2l0 pe r il < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 - - - - -- - -
POTASS IUM  MG I'- 6 . 800 7 . 0 80 21 . 200 1 6 . 900 1 6 . 800 
RA-226 PC I/L < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 - - - - - ---
RA -228 PC I /L < 1 . 000 - --- - - - - < 1 . 000 - ---- - - - - - - -- - - -



TABLE F . 3 . 7  GR OU N D -WATE R  QUAL I TY NEAR  THE  PROCES S IN G  S I TE ( Co nt i n ue d ) 

UN I T  OF LOC : 727  727  728 728 7 28 
CONST I TU E NT ME ASURE DATE : 03/ 29/ 85 06/ 07 /85 03/ 25/ 85 06/ 07/85 06/ 07/85 

SELE N I UM MG /L < 0 . 005 < 0 . 005 < 0 . 0 05 < 0 . 005 < 0 . 005 
S I LCON MG /L - - - ----- - - - - - -- - - - - - -- - - - - - - ---- - - - - - - - -
S r L I CA MG /L 5 . 800 5 .000 8. 900 8. 700 8. 300 
S I LVER  MG /L < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 0 10 < 0 . 0 10 
SOD I UM MG /L 880 . 000 840 . 000 960 . 000 536 . 0 00 53 1 . 000 
STR ONT I UM MG /L 0. 400 0 . 360 6 . 300 3 . 1 90 3 . 300 
SU LFATE MG /L 9 . 000 12 . 700 3400 . 000 1 430 . 0 00 1 450.000 
SULF IDE  MG /L - - - - - - - - 0 . 2 00 - - - - - - - - < 0 . 100  < 0 . 10 0  
TEMP ERA TURE C - DEGREE  7 . 000 1 4. 000 1 1 . 000 1 2 . 000 12 . 000 
TH-230 pe r il < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 - - - -----
TH-230 PC I/G - - - - --- - - - - - - - - - - - ----- - - - - ----- --- - - - - -
T I N  MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 
TOTAL SOL IDS MG /L 2098. 000 2 1 18. 000 6 600. 0 00 3638. 000 3684. 000 
TO X MG /L 0 . 100 < 0 . 10 0  - - - ---- - 0 . 240 0 . 2 90 
U -2 34 PC I /L 2 . 900 3 . 000 61 . 000 33 . 000 - - --- - - -

.,., U -2 38 PC IIL 1 . 80 0  2 . 000 4 7 . 000 28. 000 I - -- - - - - -
I--' VAN AD IUM MG /L < 0 . 010  0 . 050 < 0 . 0 10 0 . 02 0  < 0 . 0 10 I--' 
� Z I N C  MG /L < 0 . 050 < 0 . 005 < 0 . 050 < 0 . 005 < 0 . 005 



TABLF F . 3 . 7  GR OUND-WATER QUAL I TY NEAR THE  PROCES S IN G  S IT t:  ( Co n t i n ue d ) 

UN I T  OF LOC : 7 28 728 728 729 729 
CON ST I TU E NT ME ASURE DATE : 06/07 /85 06/ 07 /85 06/ 07 /85 04/01/85 06/ 0 7 /85 

ALK AL IN I TY MG IL CAC03  5 58. 000 558. 000 5 58. 000 400. 000 435 .000 
AL UM IN UM MGIL < 0 . 100  < 0 . 100  < 0 . 10 0  0 . 200  < 0 . 10 0  
PM MON I U M  MG/L 7 . 2 30 7 . 440 7 . 580 1 1 .  500 4. 450 
AN T I MONY  MG IL < 0 . 003 < 0 . 003 < 0 . 003 0 . 003 < 0 . 0 04 
ARS E N I C  MG /L < 0 . 010  < 0 . 0 10 < 0 . 010  0 . 0 1 3  0 . 0 10 
BAR I UM MG I'- < 0 . 100  < 0 . 100  < 0 . 100  0. 200 0. 310 
BOR ON MG /L 0. 490 0 . 480 0 . 500 0. 320 0. 530 
CADM I U M  MG /L < 0 . 001 < 0 .001  < 0 . 001  < 0 . 002 < 0 . 001  
CALC  IUM  MG/L 324 . 000 320 . 000 31 1 . 000 1 10 . 000 37 . 600  
C HL OR I D E  MG I'- 422 . 000 432 . 0 00 463 . 000 2 300. 0 00 3480 .000 
C HROM I UM MG/L < 0 . 010  < 0 . 010  < 0 . 0 10 0 . 0 30 < 0 . 0 1 0  
COBAL T MG I'- < 0 . 050 < 0 . 050  < 0 . 0 50 < 0 . 0 10 < 0 . 050 
CON DUCTAN CE  UMHO/CM 2820 . 0 00 2820. 000 2820 . 000 9000. 000 8000. 000 
COPPE R  MG IL < 0 . 020 < 0 . 020  < 0 . 02 0  0 . 04 0  < 0 . 020  
C YAN IDE  MG /L < 0 . 010  < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 010  

" FL UOR I D E  MG /L 0 . 500 0 . 500 0 . 500 2 . 600 1 . 300  I 
>-' GROSS ALP HA  PC  I/L 70. 000 - - - - - - - ->-' - - - - --- - -- - - --- - - - - - - ---
tn GR OSS B ETA PC I IL < 50 . 000 - - --- - - -- ---- - - - -- - -- - -- - - --- - - -

HYD . SULF ID E MG IL - - - - ---- -- - - - - -- - - - - - - - - 3 . 200 - -- - - - - -

IRON MG IL 1 . 450 1 . 530 1 . 51 0  < 0 . 050  < 0 . 0 30 
LE AD MG /L < 0 . 010  < 0 . 010  < 0 . 010  < 0 . 010  < 0 . 0 10 
MAG NES  IUM  MG /L 190 . 000 1 88. 000 1 79 . 000 0. 200 4. 7 20 
MANGAN ES E  MG IL 0. 950 0 . 940 0 . 900 < 0 . 050  < 0 . 0 10 
ME RCURY MG IL < 0 . 000 < 0 . 000 < 0 . 000 0 . 000 < 0 . 000 
MOL Y B DE N UM MG/L < 0 . 0 10 0 . 0 10 < 0 . 0 10 0. 1 2 0  < 0 . 0 10 
N I CK E L  MG /L < 0 . 040 0 . 040 < 0 . 040  < 0 . 040 < 0 . 040  
N I TRATE MG /L < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 
OR G .  CARBON MG/L 1 2 . 000 1 1 . 200 1 1 . 800 - - -- - - -- 3 . 600 
PB -21O PC I /L - - - - - --- - - - - -- - - - - - - --- - < 1 . 500 < 1 . 5 00 
PH SU 7 . 200 7 . 200 7 . 200  1 1 .  500  9 . 200 
PHO S PHATE MG /L < 0 . 100  < 0 . 10 0  < 0 . 100  < 0 . 100  < 0 . 10 0  
PO-210 PC I/L  - - - - - --- - -- - ---- - -- - ---- < 1 . 000 < 1 . 000 
POTASS I UM  MG /L 1 7 . 000 1 6 . 700 1 6 . 90 0  22. 000 1 5 . 400 
RA-226 PC I/L - - -- - - - - - ------ - --- - ---- < 1 . 000 < 1 . 000 
RA-228 PC I IL - ---- - - - - ----- - - - ----- - - < 1 . 000 - - - - ----



TABLE F . 3 . 7  GR OU N D -WATE R  QUAL I TY NEAR THE  PROCES S IN G  S I TE ( Co n t i n ue d ) 

UN I T  OF  LOC : 728 728 728 729  729  
CONST I TUE NT ME ASURE DATE : 06/07/85 06/ 0 7 /85 06/ 07 /85 04/01/ 85 06/ 07/85 

S ELE N  TUM  MG /L < 0 . 005 < 0 . 005 < 0 . 005 0 . 0 1 1 0 . 008 
S I LCON MG /L - - - - - - - - - - --- - - - ---- - - - - - - - - --- - - - - - - - - -

S I L I CA  MG /L 8 . 900 8 . 700 8 . 100  1 2 . 300 5 . 30 0  
S I LVER MG /L < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 0 1 0  < 0 . 0 10  
SOD IUM  MG /L 526 .000 531 . 000 522. 000 1 780 . 000 2280 . 000 
STR ONT IUM  MG /L 3 . 200 3 . 1 40 3 . 1 60 2 . 400 2 . 6 40 
SULFATE MG /L 1 400. 000 1 430 . 000 1 5 70 . 000 330 . 000 99 . 0 00 
SU L F  IDE  MG /L < 0 . 100  < 0 . 10 0  < 0 . 100  - --- - - - - < 0 . 100  
TE MP ERA TURE C - DE ffi E E  12 . 000 1 2 . 000 1 2 . 000 1 4. 0 00 1 5 . 000 
TH-230 PC I/l  - - - - - --- -- - - - - -- - - - - - - - - -- - - - - - - < 1 . 0 00 
TH-230 PC I /G - - - - - - - - --- - ---- - - - ----- < 1 . 000 - --- - - - -
T I N  MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 0 05 
TOTAL SOL IDS MG /L 3668. 000 3638. 000 3672 . 000 4842 . 0 00 6280 . 0 00 
TO X MG /L < 0 . 100  0 . l 30 0 . 1 40 - - -- - - - - 0 . 540  
U -234 PC I /L - - - - - --- -- - --- - - - - - - - - -- < 1 . 000 7 . 000 

-n U -238 I PC I /L - - - - - - - - - - - - - - - - --- - - - - - < 1 . 000 2 . 000 
t-' VAN AD T UM MG /L < 0 . 010  < 0 . 010  0 . 020  0 . 1 10 0 . 0 10 t-' 
m ZI N C  MG/L < 0 . 005 < 0 . 005 < 0 . 005 2 . 900 < 0 . 0 05 



TABLE  F . 3 . 7  GR OU N D -WATER QUAL I TY N EAR THE PROCES S IN G  S I TE ( Co n t i n ued ) 

UN I T  OF lOC : 7 31 731  732 732 7 33 
CONST I TU ENT  ME ASURE DATE : 03/ 26/ 85 06/07/85 03/ 26/ 85 06/ 07 /85 03/ 25/ 85 

AlK AU N ITY MG /L CAC03  1900. 000 1 505 .000 46 6 . 000 509. 000 690 . 000 
AL UM I N UM MGI'- 0. 200 0 . 2 30 < 0 . 100  < 0 . 100  < 0 . 100  
JV.1MON I UM MG /l 3 . 680 5 . 3 90 0 . 2 90 0 . 51 0  0 . 860 
.AN T I MONY MG /l < 0 . 003 < 0 . 003 0 . 003 < 0 . 003 < 0 . 003 
ARS E N I C  MG I'- < 0 . 0 10 < 0 . 0 10 < 0 . 010  < 0 . 0 10 < 0 . 010  
BAR I UM MG /L 0 . 800 0 . 490 < 0 . 100 < 0 . 100  < 0 . 100  
80R ON MG I'- 0 . 020  < 0 . 010  0 . 51 0  0 . 700 0 . 810  
CADM I UM MG /l < 0 . 002 < 0 . 001 < 0 . 002 < 0 . 001 < 0 . 002 
CALC TUM  MG /l 32 0 . 000 1 94. 000 540. 000 665 .000 510 . 000 
CHLOR I D E  MG/l 300 . 000 554. 000 930 . 000 1 130 . 000 1 100. 000 
CHROM I UM MG I'- < 0 . 0 10 < 0 . 010 0 . 020 < 0 . 010  0. 030 
COBALT MG /l < 0 . 010  < 0 . 050 < 0 . 0 10 < 0 . 050  < 0 . 010  
CONDUCTAN C E  UMHO/CM 9900 . 000 7000 . 000 7600 . 000 6000 .000 - - - - - - - -

CO PPER MG /L 0 . 030 0 . 0 30 0 . 010  < 0 . 020 0 . 010  
"T] C YAN I D E  MG /l < 0 . 010  < 0 . 0 10 < 0 . 010  < 0 . 0 10 < 0 . 0 10 

I FL UOR I D E  MG /L 0. 800 0 . 500 0 . 900 0 . 900 0 . 500 >-' 
>-' GR OSS ALPHA  PC  I /l < 40. 000 - - - - - - - - 105 .000 - - - - - --- 1 85 . 000 '.J 

GROSS BETA PC I /l 1 60 . 000 - - - - - --- 60 . 000 - - --- - - - 60 . 0 00 
HYD . SUL F ID E  MG /l 5 . 000 - - - -- - - - < 0 . 200 - - - - - --- < 0 . 200 
I RON MG /l < 0 . 050 < 0 . 0 30 0 . 200 0 . 080 4. 200 
LE AD MG /L < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 010  < 0 . 010  
MAGNES  I UM MGI'- < 0 . 0 10 < 0 . 010  500. 000 585 . 000 480. 000 
MANGAN E S E  MG/l < 0 . 050 < 0 . 010  1 . 000 0 . 850 2 . 200 
ME R CURY MG /l < 0 . 000 < 0 . 000 < 0 . 000 < 0 . 000 < 0 . 0 00 
MOL Y B DEN UM MG/L 0 . 0 60 0 . 0 2 0  0 . 040 0 . 0 30 0. 030 
N ICK EL  MG /L < 0 . 040 < 0 . 040 < 0 . 040 < 0 . 04 0  < 0 . 040 
N I TRATE MG /L 1 . 000 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 
OR G .  CARBON MG /l 20 . 600 20 . 800 - - - - --- - 1 2 . 000 522. 000 
PB -210 PC I /l < 1 . 500 < 1 . 500  < 1 . 500 < 1 . 500 < 1 . 500 
PH SU 12 . 600 1 2 . 500 6 . 950 7 . 0 00 6 . 800 
PHOSPHATE MG /l < 0 . 10 0  < 0 . 100  < 0 . 100 < 0 . 100  < 0 . 100  
PO-210  PC I /l < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 
POTAS S I UM MG /L 1 69 . 000 96 . 800 9 . 500 1 2 . 200 1 2 . 000 
RA-226 PC I /l < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 
RA -228 PC  I lL < 1 . 000 - - - - - - - - < 1 . 000 - - - - - - - - < 1 . 000 



TABLE F . 3 . 7 GROU N D -WATE R  QUALI TY NEAR THE  P RO CES SI N G  S I TE ( Co n t i n ue d ) 

UN I T  OF LOC : 7 31 731 732 7 32 733  
CONST I TUENT ME ASURE DATE : 03/ 26/85 06/07 /85 03/ 26/ 85 06/ 07/85 03/ 25/ 85 

SELE N I UM MG /l < 0 . 005 0 . 00 7  < 0 . 005 0 . 00 7  < 0 . 005 
S I LCON MG /l - - - ----- -- - - - - - - --- - - - - - - - - ----- -- - - ----
S I L ICA MG /l 1 . 600  1 . 200  6 . 700 6 . 800 9 . 200 
S I LVER  MG /l < 0 . 010 < 0 . 0 10 < 0 . 0 1 0  < 0 . 0 10 < 0 . 0 1 0  
SOD I U M  MG /l 790 . 000 824 . 000 980 . 000 1060 .000  1230 . 0 00 
STR ONT IUM  MG IL 18. 700 10 . 90 0  6 . 800 6 . 870  7 . 900  
SU LFATE MG /l 240 . 000 10 7 . 000 3400 . 000 3790 . 000 3400. 0 00 
SU LF  I DE  MG/l -------- 0 . 300 - - ------ < 0 . 100  - - ---- - -

TEMP ERATU RE C - DEGRE E 13 . 000 1 8. 000 12 . 000 1 4. 500 1 5 . 000 
TH-230 P C I /L < 1 . 000 < 1 .000 < 1 . 0 00 < 1 . 000 < 1 .000 
TH-230 P C I /G - - ------ -- - - - - - - --- - ---- - - - ----- -- - - - ---
TIN  MG /l < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005  < 0 . 005 
TOTAL SOL IDS MG/l 2994. 000 2740. 000 7504. 000 786 4. 000 792 2 . 0 00 
TO X MG /L 0 . 200 0 . 1 50 < 0 . 100  0 . 1 60 - - - - - - - -

U -234 PC I /L < 1 . 000 < 1 . 000 53 . 000 58. 000 39. 000 
...,., U -238 P C l IL < 1 . 000 < 1 . 000 36 . 0 00 38. 000 25 . 000 

I 
>-' VAN AD IUM MG /l 0 . 0 10 < 0 . 010  < 0 . 0 10 < 0 . 0 10 < 0 . 0 10 >-' 
OJ Z I NC  MG /l < 0 . 050 0 . 005 < 0 . 050 < 0 . 005 0 . 050  



T.I\BLE F .  3 . 7  GR OU N D -WA TE R Q UAL J TY NEAR THE  PROCESS  I NG  S I TE ( Cant  i n  ue d )  

UN IT  OF LaC : 733  735  735 7 36 7 36 
CON ST I TUE NT ME ASURE DATE : 06/ 07 /85 03/ 29/85 06/ 07 /85 03/ 2 2/85 06/ 07/85 

ALK AL I N  I TY MG/L CAC03  56 8. 000 350 . 000 393 . 000 581 . 000 5 79 . 000 
AL UM IN UM MG /L < 0 . 100  0 . 700 < 0 . 100  < 0 . 100 < 0 . 100  
.aM MO N I UM MG /L 0. 5 40 1 8. 100 9 . 040 0. 370  0. 30 0  
AN T IMONY  MG /L < 0 . 003 < 0 . 003 0 . 008 < 0 . 003 < 0 . 003 
AR SEN I C  MG A < 0 . 010  0 . 0 1 1  0 . 020  < 0 . 0 10 < 0 . 0 10 
B AR I UM MG A < 0 . 100 < 0 . 100 < 0 . 100 < 0 . 100  < 0 . 100  
BOR ON MG/L 0 . 840 0 . 1 90 0 . 630 0 . 7 30 0 . 7 70 
CAD M I UM MG A < 0 . 001  < 0 . 002 < 0 . 001 < 0 . 0 02 < 0 . 001  
CALC  IUM  MG /L 610 . 000 48 . 000 1 6 . 300 5 70. 000 665 . 000 
C HL OR I D E  MG /L 1250 . 000 270. 000 500. 000 890 . 0 00 10 60 . 0 00 
C HROM I U M  MG /L < 0 . 0 10 0 . 0 30 < 0 . 010  0 . 030 < 0 . 0 10 
COBAL T MG A < 0 . 050 < 0 . 0 10 < 0 . 050 < 0 . 010  < 0 . 050 
CONDUCTAN C E  UMHO/CM 6800 .000 2400 . 000 241 5 . 000 9300. 000 7930 . 0 00 
CO PPER MG /L < 0 . 020  0 . 2 20 < 0 . 020 0 . 020 < 0 . 020  
CYAN I D E  MG /L < 0 . 0 10 < 0 . 010  - ---- - - - < 0 . 0 10 < 0 . 010  

-n FL UOR I D E  MG /L 0. 700 2 . 100  3 . 400 0 . 500 0 . 800 I 
t-' GR OSS ALPHA PC I /L - --- - - - - - - - - ---- - - - ---- - 345 . 000 - - - - - ---t-' 
'-0 GR OSS BETA PC I /L - ---- - - - - -- - - - -- - - - - - - -- 60 . 0 00 - - - -----

HYD . SU L F IDE  MG /L -- - ---- - < 0 . 200 - --- - - - - < 0 . 200 - -- - - - - -

I RON MG /L 2 . 040  0 . 100 < 0 . 030 0 . 500 0 . 0 90 
LE AD MG /L < 0 . 010  < 0 . 0 10 < 0 . 0 10 < 0 . 010  < 0 . 0 10 
MAGNES I UM MG A 555 .000 0 . 200 < 0 . 0 10 490 . 0 00 5 75 . 000 
MANGAN ES E  MG/L 2 . 1 70 < 0 . 050 < 0 . 010  2 . 700 3 . 000 
ME RCURY MG /L < 0 . 000 0 . 000 < 0 . 000 0 . 000 < 0 . 0 00 
MOL Y B DEN UM MG A < 0 . 010  0 . 1 20 0 . 060 0 . 030 < 0 . 010  
N I CK E L  MG /L 0. 060 < 0 . 040  0 . 050 0 . 100  0. 040 
N I TRATE MG /L < 1 . 000 1 . 000 < 1 . 000 25 . 000 34. 000 
OR G.  CARBON MG /L 20 . 700 - - - - - - -- - ---- - - - 55 . 300 2 1 .000 
PB -210 PC I IL < 1 . 500 - -- - ---- < 1 . 500 < 1 . 500 < 1 . 500 
PH SU 6 . 800 1 1 . 800 10 . 800 6 . 800 7 . 000 
PHO SPHATE MG/L < 0 . 100  < 0 . 100  < 0 . 100 < 0 . 100  < 0 . 100  
PO -2l0 PC I /!- < 1 . 000 - - - - --- - < 1 . 000 < 1 . 000 < 1 . 000 
POTAS S IUM  MG /L 12 . 800 6 . 500 5 . 580 1 5 .0 00 1 5 . 600 
RA -226 PC I /L < 1 . 000 - - - - -- - - - - ---- - - < 1 . 000 < 1 . 000 
RA-228 PC I /L - - - - -- - - - - - - ---- - - - ----- < 1 . 000 - - --- - - -



UN IT  OF  
CONST I TU E NT ME ASU RE 

S ELF. N  I U M  MG /l 
S I LCON  MG /l 
S I L I C A  MG /l 
S I LVER  MG /L 
SOD I UM MG /L 
STR ONT IUM  MG /l 
SULFATE MG /L 
SU LF  ID E MG /L 
TE MP ERATURE C - DEGR E E  
TH-230 PC I /L 
TH-230 PC I /G 
T I N  MG /L 
TOTAL SOL ID S MG /l 
TOX MG /L 
U -234 PC I/L 

--n U -2 38 PC l lt I 
>-' VAN AD I UM  MG /L N 0 Z I N C  MG /l 

TABLE F . 3 . 7  GROU N D -WATE R  QUAL I TY NEAR THE PROCES S I N G  S I Tt ( Co nt i n ued ) 

LaC : 733  735 
DATE : 06/07/85 03/ 29/85 

< 0 . 005 0 . 0 2 4  
- - - - - --- --- - - ---

7 . 800 20 . 400 
< 0 . 010  < 0 . 010  

1 1 90 . 000 370. 000 
7 . 100 0 . 700 

3490 . 000 210 . 000 
< 0 . 100  - - - -- - - -

1 8. 000 13 . 000 
< 1 .000 - - --- - - -

--- - - --- - - - - - ---
< 0 . 005 < 0 . 005 

80 92 . 000 - -- - - - - -

0 . 3 90 - - - - - - - -

43 . 000 - - - - - ---
29 .000 - -- - - - - -

< 0 . 0 10 0 . 2 30 
< 0 . 005 < 5 . 300  

735 
06/ 07/85 

0 . 0 1 6  
- - - -- - - -

21 . 600 
< 0 . 010  
5 25 . 000 

0 . 300 
3 12 . 000 

- - - - ----
1 7  . 000 

< 1 . 000 
------ - -
< 0 . 005 

- - - - - - - -

- - ---- - -
< 1 . 000 
< 1 .000 

0 . 1 50 
< 0 . 005 

7 36 
03/ 22/85 

< 0 . 005 
- - - - - - - -

10 . 300 
< 0 . 0 10 

1370 . 000 
6 . 500 

4100. 000 
- - - - - - - -

10 . 0 00 
< 1 .0 00 

- - - - ----
< 0 . 005 

8728 . 000 
0 . 500 

6 6 . 000 
49 . 0 00 

< 0 . 0 10 
0 . 0 60 

7 36 
06/07/85 

< 0 . 005 
- - - ---- -

1 1 . 200  
< 0 . 0 10 

1200. 000 
7 . 490 

389 0 . 0 00 
< 0 . 1 00 

1 5 . 000 
< 1 . 000 

- - - - - -- -

< 0 . 005 
8 792 . 000 

0 . 1 70 
60 . 000 
60 . 0 00 

0 . 020 
< 0 . 005 



TABLE F . 3 . 7 GROU N D -WATER  QUALI TY NEAR THE PROCES S I N G  S I TE ( Co nt i n ue d ) 

UN IT  OF lOC : 7 37 737  7 38 738  7 3 9  
CON ST I TUENT ME ASURE DATE : 03/ 22/85 06/ 07 /85 03/ 25/ 85 06/ 07 /85 03/ 22/85 

AlK Al IN I TY MG /l CAC03  470 . 000 463 . 000 603 . 000 6 43 . 000 486 . 000 
Al UM IN  UM MG /l < 0 . 100  < 0 . 100  < 0 . 100  < 0 . 100  < 0 . 100 
.llMMON I UM  MG /L 0 . 540 0 . 5 70 0 . 6 60 0 . 750  0. 420 
AN T I MONY MG /l < 0 . 003  < 0 . 00 3  0 . 004 < 0 . 003 0 . 004 
ARS EN IC MG /l < 0 . 010 < 0 . 0 10 < 0 . 010  < 0 . 010  < 0 . 0 10 
8AR I UM MG /l < 0 . 100  < 0 . 100  < 0 . 100  < 0 . 10 0  < 0 . 100  
80R ON MG /l 0 . 690 0 . 830 0 . 760 0 . 920 0 . 7 70 
CADM IUM  MG /l < 0 . 002 < 0 . 001  < 0 . 0 02 < 0 . 001  < 0 . 002 
CALC I UM MG /l 550 . 000 6 40. 000 470. 000 42 2. 000 540 . 0 00 
CHlOR I D E  MG /l 880 . 000 1080 . 000 6 70. 000 944. 000 9 70. 000 
CHROM I UM MG /l 0 . 0 30 < 0 . 010  0 . 030 < 0 . 0 10 0. 030 
COBAL T MG /l < 0 . 0 10 < 0 . 050  < 0 . 0 10 < 0 . 050  < 0 . 0 10 
CONDUCTAN C E  UMHO/CM 8900 . 000 7800 .000 7000. 0 00 5500. 000 8300. 000 
CO PPER MG /l 0 . 020  < 0 . 02 0  0 . 040  < 0 . 020  0 . 010  
C YAN I D E  MG /l < 0 . 0 10 < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 0 10 

., FL UOR I D E  MG /l 1 . 000 1 . 100  0 . 400 0 . 600 0 . 900 I 
I---' GR OSS ALPHA pe ril 1 85 .000 1 70 . 000 < 90 . 000 N - - - - - - - - - - - - - - --
I---' GROSS BETA PC IlL  60 . 000 125 .000 < 5 0 . 000 - -- - - - - - - -- - - -- -

HYD . SUL F ID E  MG /l < 0 . 200 - --- - - - - < 0 . 200 - - - - - - - - < 0 . 200 
I RON MG /l 1 . 700 0 . 60 0  10 . 0 00 9 . 9 70 3 . 400 
lE AD MG /L < 0 . 010 < 0 . 010  < 0 . 0 10 < 0 . 0 10 < 0 . 0 10 
MAGNES  IUM  MG /l 540 . 000 625 . 000 330 . 000 41 5 . 000 520 . 000 
M ANGAN ES E  MG /l 2 . 600 2 . 420 1 . 600 1 . 400 1 . 800 
ME RCURY MG /L < 0 . 000 < 0 . 000 0 . 000 < 0 .000 < 0 . 000 
MOL Y B DEN UM MG /l 0. 1 10 0 . 080 0 . 020  < 0 . 010  0 . 1 10 
N I CK E L  MG /L < 0 . 040 < 0 . 040  < 0 . 040 < 0 . 040  < 0 . 040 
N I TRATE MG /l < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 
OR G .  CARBON MG /l 1 8. 0 00 13 . 300 1 1 . 300  10 . 800 1 4. 200 
PB -210 PC  I II < 1 . 500 < 1 . 500  < 1 . 500 < 1 . 500 < 1 . 500 
PH  SU  6 . 600 7 . 100  7 . 000 7 . 1 50 6 . 900 
PHOS PH ATE MG /L < 0 . 100  < 0 . 100 < 0 . 100  < 0 . 100  < 0 . 100 
PO-2l0 pe r il < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 0 00 
POTASS I UM MG /l 12 . 000 1 5 . 1 00  1 8. 0 00 21 . 600 1 1 .  000 
RA-226 PC I /l < 1 . 000 < 1 . 000 < 1 . 000 < 1 .000 < 1 . 000 
RA-228 PC I /l < 1 . 000 - - - - - - - - < 1 . 000 - - - - - - - - < 1 . 000 



TABLE F . 3 . 7  GR OU N D -WATER QUAL I TY NEAR THE PROCESS I NG  S I TE ( Co nt i n ue d ) 

UN IT  OF LOC : 737  737  738 7 38 7 3 9  
CO N ST I TU ENT ME ASURE DATE : 03/ 22/85 06/07/85  03/ 25/ 85 06/ 07/85 03/ 22/85 

S ELE N  I UM MG /L < 0 . 005 < 0 . 005 < 0 . 005 0 . 0 05 < 0 . 0 05 
S I LCON MG /L - - - - - -- - - - - - - - - - - ----- - - - -- - - - - - - - - --- - -
S I L J  CA  MG /L 8 . 700 8. 500 12 . 300 1 1 . 400 10 . 0 00 
S I LVER  MG /L < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 0 1 0  < 0 . 010  
SOD I UM MG /L 1 1 90 . 000 10 70 . 000 1 1 10 . 000 1200. 000 1260 . 0 00 
STR ONT I UM MG /L 7 . 30 0  7 . 1 90 5 . 800 5 . 560 7 . 400 
SU LFATE MG /L 3800. 000 3770 . 000 2900. 000 30 50 . 000 4000. 000 
SU LF IDE MG /L - - - - - - - - < 0 . 100  - - - - - - - - 0 . 100  - - ----- -

TEMP ERATURE C - DEGR E E  12 . 000 1 6 .000 13 . 0 00 1 5 .000 1 4. 000 
TH-230 P C I /L < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 < 1 .000 
TH-230 P C I /G - - - - - - - - - - --- - -- - - - - - - - - ---- - - -- - - - - - - - -

T I N  MG /L 0 . 005 < 0 . 005 < 0 . 005 < 0 . 0 05 < 0 . 005 
TOTAL SOL IDS MG /L 8134. 000 8300 . 000 12 134. 000 6870. 000 8324. 000 
TOX MG /L 0 . 600 0 . 1 10 0 . 400 0 . 1 60 0 . 600 
U -234 PC I /L 36 . 000 40 .000 54. 000 52 . 000 8324. 000 

-n U -238 PC I /L 24 . 000 26 .000 41 . 000 40 . 0 00 24 . 000 I 
>-' VAN AD IUM MG /L < 0 . 010  0 . 020 < 0 . 010  0 . 02 0  < 0 . 0 1 0  N N ZI N C  MG /L 0 . 0 90  < 0 . 005 0 . 200 < 0 . 005 0 . 0 60 



TABLE F . 3 . 7  GR OUND-WATE R  QUALI TY NEAR THE  PROCES S ING  S I TE ( Co n t i n ued ) 

UN I T  OF lOC :  7 3 9  740 740 741 741 
CO N ST I TUE NT ME ASURE DATE : 06/ 07 /85 03/ 22/85 06/ 07/8 5  03/ 26/ 85 06/ 0 7 /85 

ALK AU N I TY MG /L CAC0 3 498. 000 508. 000 503 . 000 1 7 7 . 000 32 5 .  
AL UM IN UM MG /L < 0 . 100 < 0 . 100 < 0 . 100 < 0 . 100 < 0 . 100  
flMMON I UM MG /L 0. 440 49 . 000 42 . 7 00 3 . 200 1 . 900  
AN T I MONY MG /L < 0 . 003  < 0 . 00 3  0 . 003  < 0 . 003 < 0 . 0 03 
ARS EN IC  MG /L < 0 . 0 10 < 0 . 010  < 0 . 0 10 0 . 0 10 < 0 . 0 10 
BAR I UM MG /L < 0 . 100  < 0 . 100  < 0 . 100  0 . 200 0 . 260 
BOR ON MG /L 0. 790 0 . 6 70 0 . 6 70 0 . 720 0 . 6 30 
C AD M I UM MG /L < 0 . 001 < 0 . 002 < 0 . 001  < 0 . 002 < 0 . 001  
CALC I UM  MG /L 630 . 000 51 0 . 000 600 . 000 42 . 300 41 . 400 
C HL OR I D E  MG /L 1 1 30 . 000 650 . 000 70 7 . 000 1 900. 000 2020 . 0 00 
CHROM I UM  MG /L < 0 . 010  0 . 020- < 0 . 0 10 < 0 . 0 10 < 0 . 010  
COBALT MG /L < 0 . 050 < 0 . 010  < 0 . 050 < 0 . 0 10 < 0 . 050  
CONDUCTAN C E  UMHO/CM 8024. 000 7000 . 000 6344. 000 6200. 000 5000. 000 
CO PPER MG /L < 0 . 020 0 . 020  < 0 . 020  < 0 . 0 10 < 0 . 020 
C YAN I D E  MG /L < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 0 10 < 0 . 010  

., Fl UOR I D E  MG/L 1 . 000 0 . 60 0  0 . 600 0 . 900 0 . 900 I 
I-' GR OSS ALPHA PC I/L 245 .0 00 < 5 0 . 000 N -- - - ---- - - - - - - - - - - - - -- - -
w GR OSS BETA PC I/L 100 . 0 00 < 5 0 . 000 - - - - - - - - - ---- - -- - - -- - - - -

HYD . SUL F ID E  MG /L - - - - - - - - < 0 . 200 - - --- - - - < 0 . 200 - - - - ----
I RON MG /L 1 . 4 70 0 . 400 0 . 080 < 0 . 050 < 0 . 030 
LEAD MG /L < 0 . 010 < 0 . 0 10 < 0 . 010  < 0 . 010  < 0 . 0 10 
M AGNES  I UM  MG /L 60 0 . 000 410 . 000 470. 000 7 . 500 1 . 940 
M ANGAN E S E  MG /l 1 .  760 3 . 700 2 . 960 < 0 . 050 < 0 . 0 10 
ME RCURY MG /L < 0 . 000 < 0 . 000 < 0 . 000 < 0 . 0 00 < 0 . 000 
MOLY B DEN UM MG /L 0 . 1 40 0 . 1 10 0 . 050 < 0 . 0 10 0. 020 
N I CK E L  MG /L < 0 . 040 < 0 . 040  < 0 . 040 < 0 . 040 < 0 . 040 
N I TRATE MG/L < 1 . 000 2 . 000 < 1 . 000 < 1 . 000 < 1 . 000 
OR G .  CARBON MG/L 23 . 300 1 1 .  400 1 1 . 400 1 . 300  4. 600 
PB -210 PC I /L < 1 . 500 < 1 .  500 < 1 . 500 < 1 . 500 < 1 . 500  
P H  S U  7 . 300 6 . 800 6 . 900 9 . 200 8 . 7 00 
PHO S PH ATE MG /L < 0 . 100 < 0 . 100  < 0 . 100  0 . 100  < 0 . 10 0  
PO -210 PC I IL < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 
POTASS IUM MG /l 1 2 . 800 27 . 000 29. 400 9 . 000 1 5 . 700 
RA-226 PC I /L < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 
RA-228 PC I /l - - - - - - -- < 1 . 000 - - - - - - - - < 1 . 000 - - --- - - -



TABLE F . 3 . 7  GR OU N D-WATE R  QUAL I TY NEAR THE PROCES S I N G  S I TE ( Co nt i n  ued )  

UN I T  OF laC : 7 39  740 740 741 741 
CON ST I TUE NT ME ASURE DATE : 06/07 /85 03/ 22/85 06/ 07 /85 03/ 26/ 85 06/ 0 7 /85 

S ELE N I UM MG /l < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 0 . 0 05 
S I lCON MG/l - - - - - - - - ---- - - - - - - - ----- - - ------ --- - - - - -

S I l rCA MG /l 8 . 800 9 . 400 8. 200 9 . 90 0  5 . 800 
S I L VER MG /L < 0 . 010  < 0 . 010  < 0 . 010  < 0 . 0 10 < 0 . 0 10 
SOD I UM MG/L 1 1 50 . 000 980 . 000 853 . 000 1300 . 000 1280 . 0 00 
STR ONT IUM  MG /L 6 . 930 5 . 400 5 . 380 1 . 600 1 . 840  
SULFATE MG /l 3680 .000 3600 . 000 3260 . 000 46 . 000 25 . 900 
SUlF  I DE  MG /l < 0 . 100 - ------- < 0 . 100  - - ------ < 0 . 10 0  
TE M P  ERA TURE C - DEGRE E 1 7 . 000 10 . 000 1 5 . 000 1 4. 500 1 5 . 000 
TH-230 PC I /l < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 
TH-230 PC I /G -------- - ------- - --- - --- - - - - - --- - - - - - ---
T I N  MG /l < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 0 05 < 0 . 005 
TOTAL SOL I D S  MG /l 8444. 000 6876 . 000 6872 . 000 3308. 000 3798. 0 00 
TOX MG /l 0 . 1 30 < 0 . 100  < 0 . 1 00  0 . 100  0 . 650  
U -234 PC I /l 36 . 000 75 . 000 65 . 000 < 1 . 000 1 . 000 

., U -238 PC I /l 24 . 000 70 . 000 65 . 000 < 1 . 000 < 1 . 000 I 
>-' VAN AD IUM MG /l 0 . 030 < 0 .0 1 0  < 0 . 0 10 0 . 050 < 0 . 0 1 0  N .p, Z I N C  MG/l < 0 . 005 0 . 0 70 < 0 . 005 < 0 . 050  < 0 . 005 



TABLE  F . 3 . 7 GROU N D -WATER  QUAL I TY NEAR THE PROCES S I N G  S I TE ( Co nt i n ue d ) 

UN I T  OF LOC :  742 74 2 743 743 744  
CON ST I TUENT ME ASURE DATE : 03/ 22/85 06/07 /85 03/ 21/85 06/07 /85 03/ 21/85 

ALK AL IN  ITY MG /l CAC0 3 53 5 .000 502 . 000 447 . 000 32 5 .  46 2 . 0 00 
AL UMIN UM MG /L < 0 . 100  < 0 . 100  < 0 . 100  < 0 . 1  < 0 . 100  
Jll.1MON I UM MG /L 0 . 510 0 . 540 6 . 050 5 . 42 1 . 60 0  
AN T I MONY  MG /L < 0 . 003 0 . 003  < 0 . 003  < 0 . 003  < 0 . 003  
ARS EN I C  MG /L < 0 . 010  < 0 . 010  < 0 . 010  < 0 . 0 1  < 0 . 0 10 
BAR I UM MG /L < 0 . 100  < 0 . 100  < 0 . 100  < 0 . 1  < 0 . 10 0  
BOR ON MG /L 0 . 700 0 . 790 0 . 3 30 0 . 26 0 . 250  
CAD M I UM MG /L < 0 . 002 < 0 . 001  < 0 . 002 < 0 . 001  < 0 . 0 02 
CALC T UM  MG /L 5 70 . 000 655 . 000 66 .000 92 .  260 . 0 00 
CHLOR I D E  MG /L 590 . 000 6 73 . 0 00 650. 000 838. 450 . 000 
CHROM I UM MG /L 0 . 0 30 < 0 . 010  0 . 040  < 0 . 010  0 . 0 70 
COB AL T MG /L < 0 . 010  < 0 . 050 < 0 . 010  < 0 . 05  < 0 . 010  
CO NDUCTAN C E  UMHO/CM 6900 . 000 6100 .000 5900. 0 00 4500 .  3200.000 
CO PPER MG /L 0 . 0 10 < 0 . 020 0 . 0 30 < 0 . 02 0 . 0 10 
CYAN I D E  MG /L < 0 . 010  < 0 . 010  < 0 . 010  < 0 . 0 1  < 0 . 0 1 0  

" FL UOR I D E  MG /L 0. 700 0 . 80 0  0 . 300 0 . 4  0 . 400 
I 

GROSS ALPHA PC I/L < 60 . 000 < 40. 000 80 . 000 ....... - - - - - --- - - - - --- -
N GR OSS BETA PC I /L 80 . 000 < 50 . 000 50 . 000 <.n - - - - - - - - - - - - - - - -

HYD . SUL F ID E  MG /L < 0 . 200 - -- - - --- < 0 . 200 - - - - - --- < 0 . 200 
IRON MG /l 5 . 700 0 . 560 < 0 . 050 0 . 1 1  1 . 0 00 
LE AD MG /L < 0 . 010  < 0 . 010  < 0 . 010  < 0 . 0 1  < 0 . 0 1 0  
MAG NES I U M  MG /L 460 . 000 550 . 000 24. 0 00 4. 0 7  1 40 . 0 00 
MANGAN ES E MG /L 4 . 600 2 . 7 70 < 0 . 050 < 0 . 0 1  2 . 0 00 
ME RCUR Y MG /L < 0 . 000 < 0 . 000 < 0 . 000 0 . 000 < 0 . 000 
MOL Y B DENUM MG /L 0 . 040  0 . 0 10 0 . 020 < 0 . 0 1  0. 020 
N I CK E L  MG /l < 0 . 040 < 0 . 040 < 0 . 040  < 0 . 04 < 0 . 040 
N I TRATE MG /L < 1 .000 2 . 000 < 1 . 000 < 1 .  < 1 . 000 
OR G.  CARBON MG /l 56 2 . 000 13 . 400 7 . 700 5 . 6  10 . 200 
PB -210 PC I /L < 1 . 500 < 1 . 50 0  < 1 . 500 < 1 . 5  < 1 . 500 
PH SU 6 . 700 7 . 000 1 0 . 200 1 1 . 4  7 . 0 5 0  
PHO SPH ATE MG /L < 0 . 100  < 0 . 1 00 < 0 . 100 < 0 . 1  < 0 . 100  
PO -210 PC I /L < 1 . 000 < 1 . 000 < 1 . 000 < 1 .  < 1 . 000 
POTAS S I UM MG /L 9 . 600 1 1 .  400 12 . 000 13 . 3  8 . 90 0  
RA -226 PC I /L < 1 .000 < 1 .000 < 1 . 000 < 1 .  < 1 . 0 00 
RA-228 PC I /L < 1 . 000 - - - - - - - - < 1 . 000 - - - - - - - - < 1 . 0 00 



TABLE F . 3 . 7  GR OU N D -WATE R  QUAL I TY  N E AR THE PROCES SI N G  S I TE ( Co nt i n ue d ) 

UN I T  OF LOC:  742 74 2 743 743 744 
CO N ST I TU E NT ME ASURE DATE : 03/ 22/85 06/07 /85 03/ 21/85 06/ 0 7 /85 03/ 21/85 

SELE N I UM MG /L < 0 . 005 < 0 . 005 < 0 . 005 0 . 009  < 0 . 005 
SI  LCON MG /L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - -

S I L I C A  MG /L 1 1 . 100 9 . 700 5 . 500 4. 2 8. 200 
S I LVER  MG /L < 0 . 010  < 0 . 010  < 0 . 010 < 0 . 0 1  < 0 . 0 10 
SOD I UM MG /L 870 . 000 800. 000 / 1340. 000 1340.  420 . 000 
STR ONT I UM MG/L 6 . 500 5 . 820 3 . 900 3 . 74 2 . 800 
SULF ATE MG /L 3600. 000 3460 . 000 2000. 000 1 900.  1200. 0 00 
SULF IDE  MG /L - --- - - - - < 0 . 100 - - - - - - - - 0 . 6  - - - - - ---
TE MP  ERATURE C - DEGR E E  12 . 000 1 5 .000 13 . 500 1 3 . 5  10 . 500 
TH- 230 PC I /L < 1 . 000 < 1 . 000 < 1 . 000 < 1 . < 1 . 000 
TH-230 PC I /G - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - -- - - ---
T I N  MG /L 0 . 005 < 0 . 005 < 0 . 0 05 < 0 . 005 < 0 . 005 
TOTAL SOL ID S MG /L 6828 . 000 7126 .000 4034 . 000 43 1 6 .  446 2 . 000 
TOX MG /L 0 . 500 0 . 490 0 . 600 0 . 1 5  8. 200 
U -234 PC I /L 41 . 000 31 .000 < 1 . 000 < 1 .  1 9 . 000 

"Tl U -238 PC I /L 31 . 000 31 . 000 < 1 . 000 < 1 .  1 4. 000 I 
....... VAN AD I UM MG /L < 0 . 010  < 0 . 010 < 0 . 0 10 0 . 0 1  < 0 . 0 10 N m Z I NC  MG /l 0 . 0 80 < 0 . 005 < 0 . 050 < 0 . 005 0 . 0 90 



TABLE" F . 3 . 7 G� OUND-WATE R  QUALI TY NEAR THE  PROCES S I NG S I TE ( Co nt i n ue d ) 

UN I T  OF LOC : 744 74 4 744 744 744 
CO N ST I TU E NT ME ASURE DATE : 06/ 07 /85 06/07 /85  06/ 07 /85  06/ 07 /85 06/ 0 7/85 

ALK AL J N  I TY MG /L CAC03  332 . 000 332 . 000 332 . 0 00 332. 000 332 . 000 
AL UM I N  UM MG /L < 0 . 100 < 0 . 100  < 0 . 100  < 0 . 1 00 < 0 . 1 00 
JlM MON I UM MG /L 1 . 200 1 . 200 2 . 200 1 . 300  1 . 600  
ANT IMONY  MG /t < 0 . 003  < 0 . 003 < 0 . 003  < 0 . 003 < 0 . 0 03 
ARS EN IC MG /L < 0 . 010  < 0 . 0 1  < 0 . 0 1  < 0 . 01  < 0 . 0 1 
BAR I UM MG /L < 0 . 100  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
BOR ON MG /L 0 . 2 30 0 . 2 3  0 . 24 0 . 2 3  0 . 2 4  
CAD M I U M  MG /L < 0 . 001 < 0 . 001 < 0 . 001 < 0 . 001 < 0 . 001  
C ALC IUM  MG /L 242 . 000 234. 000 237 . 000 240. 000 2 36 . 0 00 
CHLOR I D E  MG /L 202 . 000 204 . 000 1 99 . 000 204. 000 202 . 000 
CHROM I UM MG /L < 0 . 0 10 < 0 . 0 1  < 0 . 01 < 0 . 0 1 < 0 . 0 1  
COB AL T MG /t < 0 . 050 < 0 . 05 < 0 . 05 < 0 . 05 < 0 . 05 
CONDUCT AN CE UMHO /CM 2150 . 000 2150 . 000 2 150 . 000 2150 . 000 21 50. 000 
CO P PER MG /t < 0 . 020 < 0 . 02 < 0 . 02 < 0 . 02 < 0 . 02 
C YAN I D E  MG /L < 0 . 010 < 0 . 01  < 0 . 0 1  < 0 . 01  < 0 . 0 1  

'1 FL UOR I D E  MG /L 0. 600 0 . 6  0 . 6  0 . 6  0 . 6  I 
I-' GR OSS ALPH A  PC I / L  N --- - - - -- - - --- - - - - - - -- - -- - - - - - - - - - - - ---- -
'--.I GR OSS BETA PC I /L - - - - ---- - - - ----- - - - - - - - - - - - - - --- ----- - - -

HYD . S U LF  IDE  MG /L - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -- - - -
IRON MG /L 0 . 100  0 . 1 1  0 . 1 2  0 . 1 1  0 . 1 2  
L E  AD MG /t < 0 . 0 10 < 0 . 01  < 0 . 01  < 0 . 01  < 0 . 0 1  
MAG NES I UM MG /L 1 44. 000 1 44 .  1 42 .  1 42 .  1 43 .  
MANGAN E S E  MG /L 1 . 1 90 1 . 1 6  1 . 1 5 1 . 1 9  1 . 2  
ME RCURY MG /L < 0 . 000 < 0 . 000 < 0 . 000 < 0 . 000 < 0 . 000 
MOLYB DEN UM MG /l 0. 020 < 0 . 0 1  < 0 . 01  0 .01  0 . 02 
N I CK E L  MG /L < 0 . 040 < 0 . 04 < 0 . 04 0 . 04 < 0 . 04 
N I TRATE MG /L < 1 . < 1 .  < 1 .  < 1 . < 1 . 
OR G .  C ARBON MG /L 9 . 4  9 . 8 10 . 4  9 . 4  9 . 2  
P B  -210 PC I /L < 1 . 5 - - - - - --- --- - - - - - - - --- - - - - - - --- - -
PH  SU 7 . 4  7 . 4  7 . 4 7 . 4  7 . 4 
PHO S PH ATE MG /L < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
PO-2l0 PC I /L < 1 .  - - - - - - -- - -- - - - -- - - - ----- - - - - ----
POTAS S I U M  MG /L 9 . 02 9 . 1  8 . 9 7  9 . 05 8 . 89 
RA-226 PC I /L < 1 .  - - - --- - - -- - - - - - - - - - - - - - - - - - - - - - -

RA-228 PC I /L - - - - --- - - - - ---- - --- - - - - - - - - ---- - - - - - - -- -



TABLE F . 3 . 7  GROU N D -WATE R  QUALI TY NEAR THE PROCES S I N G  S I TE ( Co n t in ued ) 

UN I T  OF LOC : 744 744 744 744 744 
CON ST I TU E NT ME ASURE DATE : 06/ 07 /85 06/ 07 /85  06/ 0 7 /85 06/07 /85 06/ 0 7/85 

SELE N  I UM MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 
S I LCON MG /t -------- - ------- ---- - --- -------- - - ---- - -
S I U CA MG /L 6 . 7  6 . 7  6 . 6  6 . 7  6 . 6  
S I LVER  MG /L < 0 . 0 1  < 0 . 0 1  < 0 . 0 1  < 0 . 0 1  < 0 . 0 1  
SOD IUM  MG /L 30 9. 31 2 .  310 . 31 2 .  304 .  
STR ONT I UM MG /L 2 . 41 2 . 36 2 . 3 3  2 . 3 7  2 . 28 
SU LFATE MG /L 1 1 5 0 .  1 120 .  1 1 10 .  1 150 .  1 1 40 .  
SULF I D E  MG /L < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
TEMP ERA TURE C - DEGRE E 1 4. 1 4. 1 4. 1 4. 1 4. 
TH-230 PC I /L < 1 .  - - - ----- - - ------ ------- - --------
TH-230 PC I /G ------ - - - ------- -------- -------- ---- ----
T I N  MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 0 05 < 0 . 005 
TOTAL SOL ID S MG /t 2386 . 241 0 .  2456 . 2438.  2430 .  
TO X MG /t 0 . 3 1 0 . 2 9 0 . 2 9  < 0 . 1  < 0 . 1  
U -234 PC I /L 19 . 3  ------- - -------- -------- -- - - - - - -

T] U -238 PC I /L 13 . 4  I ------- - -- - - - --- - - - - ---- --- - ----
>-' VAN AD I UM MG /L 0 . 02 0 . 02 < 0 . 0 1  < 0 . 0 1  < 0 . 0 1  N OJ ZI N C  MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 



TABLE F . 3 . 7  GR OU N D -WATE R  QUAL I TY NEAR THE PROCES S IN G  S I TE ( Co n t i n ued ) 

UN I T  OF lOC : 745  745 746 746 74 7 
CO N ST I TUENT ME ASURE DATE : 03/30/85 06/07/85 03/22/85 06/ 07/85 03/ 22/85 

AlK AL IN I TY MG /L CAC03  460 . 000 343 . 41 7. 000 46 4. 5 20 . 000 
AL UMI N UM MG /L 0 . 300 < 0 . 1  < 0 . 100 < 0 . 1  < 0 . 10 0  
IV>1MON I UM MG /L 0 . 6 40 0 . 51 0 . 2 90 0 . 34  95 . 900 
AN T I MONY  MG /l < 0 . 003  < 0 . 00 3  < 0 . 003 < 0 . 003  < 0 . 003 
ARS EN I C  MG /L < 0 . 0 10 < 0 . 0 1  < 0 . 0 10 < 0 . 0 1  < 0 . 0 10 
BAR I UM MG /L < 0 . 100 < 0 . 1  < 0 . 100 < 0 . 1  0 . 10 0  
80R ON MG /l 0 . 600 0 . 58 0 . 580 0 . 83 0 . 420 
CADM I UM MG /L < 0 . 002 < 0 . 001  < 0 . 002 < 0 . 001  < 0 . 002 
CALC I UM MG /L 490 . 000 43 1 .  490 . 0 00 59 5 .  580 . 000 
C HL OR I DE MG /L 34 4 . 000 3 � .  460 . 000 63 7 .  740 . 000 
CHROM I UM MG /L 0 . 020 < 0 . 01  < 0 . 0 10 < 0 . 0 1  0 . 020  
COBAl T MG /l < 0 . 010  < 0 .05 < 0 .0 10 < 0 .05  0 . 0 10 
CONDUCTAN C E  UMHO /CM 530 0 . 000 3�0.  5500 .000 5000. 7000 . 000 
COPPER MG /L 0 . 020  < 0 . 02 < 0 . 010  < 0 . 02  0 . 0 30 
CYAN I D E  MG /l < 0 . 0 10 < 0 . 0 1  < 0 . 0 10 < 0 . 0 1  < 0 . 0 10 

'1 FL UOR I D E  MG /l 0 . 700 0 . 8 1 . 100  1 . 5  0 . 400 
I GROSS ALPHA PC I /l 80 . 000 2 30 . 000 < 6 5 . 000 f-' -- - ----- - - - - - - - -

N GR OSS BETA PC I IC < 50 . 000 < 50 . 0 00 90 . 000 \.0 - -- - ---- ------ - -
HYD . SU l F  IDE  MG /L < 0 . 200  - - - - ---- < 0 . 200 - ------ - < 0 . 20 0  
I RON MG /l 2 . 200 1 . 24 0 . 800 1 . 1 5  3 . 400 
lE AD MG I'- < 0 . 0 10 < 0 . 01 < 0 . 0 10 < 0 . 0 1  < 0 . 0 10 
MAG NES rUM  MG /l 340 . 000 401 .  380 . 000 5 70 .  300. 000 
MANGAN E S E  MG /L 1 . 800 1 . 4 7  2 . 300  1 . 7 7 4. 000 
ME RCURY MG I'- < 0 . 000 < 0 . 000 < 0 . 000 < 0 . 0 00 < 0 . 000 
MOLYBDEN UM MG /L 0 . 040  0 . 0 1  0 . 1 20 0 . 1 1  < 0 . 0 10 
N ICK E L  MG I'- < 0 . 040 < 0 . 04 < 0 . 040 < 0 . 04 0 . 080 
N I TRATE MG /l < 1 . 000 < 1 .  < 1 . 000 < 1 . 2 . 000 
OR G .  CARBON MG /l 9 . 10 0  1 1 . 2  5 25 . 000 1 7 . 4  - -------
PB -210 PC I /l < 1 . 500 < 1 . 5 < 1 . 500 < 1 . 5 < 1 .  500 
PH SU 6 . 700  6 . 8  6 . 700 7 . 25  6 . 800 
PHO S PHATE MG /l < 0 . 10 0  < 0 . 1  < 0 . 100 < 0 . 1  < 0 . 100  
PO - 2l0 pe r il < 1 .0 00 < 1 .  < 1 . 000 < 1 . < 1 . 000 
POTASS I UM MG /L 6 . 800 7 . 94 1 2 . 000 1 1 . 5 36 . 000 
RA-226 PC I IC < 1 . 000 < 1 .  < 1 . 000 < 1 .  < 1 . 000 
RA-228 PC I IC < 1 .000 - - - - ---- < 1 . 000 - - - - ---- < 1 . 000 



TABLE F . 3 . 7 GR OUND-WATE R  QUAL I TY N EAR  THE PROCES S IN G  S I TE ( Co n t i n ue d ) 

UN IT  OF LOC : 745 745 746 746 74 7 
CONST I TU E NT ME ASURE DATE : 03/30 /85 06/07 /85 03/22/85 06/ 07 /85 03/ 22/85 

SELE N I UM MG /L < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005  < 0 . 005 
S I  LCON  MG /L - - - - -- - - - - -- - - -- - - - - - - - - - - - - - - - - - - - - - - - -

S I L I CA MG /l 10 . 400 7 . 9  10 . 500 9 . 9  10 . 300 
S I LVER  MG /L < 0 . 010  < 0 . 0 1  < 0 . 0 10 < 0 . 0 1  < 0 . 0 10 
SOD I UM MG /L 620 . 000 585 . 650 . 000 74 7 .  880 . 000 
STR ONT I UM MG /L 4 . 800 4 . 89 5 . 600 5 . 87 6 . 0 00 
SULFATE MG /l 2700 . 000 2620 . 2900 . 000 3410 . 3100. 000 
SULF IDE MG /l - - --- - - - < 0 . 1  - - - - - - - - < 0 . 1  - - - - - - - -
TEMP ERATURE C - DEGR E E  10 . 000 1 6 . 5 13 . 000 1 6 . 10 . 000 
TH-230 PC I /L < 1 . 000 < 1 . < 1 . 000 < 1 . < 1 . 000 
TH-230 PC I /G -- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -

T I N  MG /l < 0 . 005 < 0 .005 < 0 . 005 < 0 . 005 < 0 . 005 
TOTAL  SOL IDS MG /l 5458. 000 53 76 . 60 38. 000 6878. 6 780 . 000 
TO X MG /l 0. 300 0 . 1 3  0 . 100 < 0 . 1  0 . 7 00 
U -234 PC I /L 1 7  . 000 1 9 .  2 2 . 000 30 . 29 . 000 

--n U-238 PC I /l 1 1 . 000 1 2 .  1 6 . 000 20 . 1 9 . 0 00 
I 

I--' VAN AD IUM  MG /l < 0 . 0 10 0 . 0 1  < 0 . 0 10 0 . 0 1  < 0 . 0 10 w 0 ZI N C  MG /L 1 . 000 < 0 . 005 < 0 . 050 < 0 . 005 0 . 100 



TABLE F . 3 . 7  GR OU N D -WATER QUAL I TY NEAR THE PROCES S IN G  S I TE ( Co nt i n ue d ) 

UN I T  OF LaC : 74 7 
CO N ST I TU E NT ME ASURE DATE : 06/ 07 /85 

ALK AL IN I TY MG /L CAC0 3 5 71 . 
AL UMI N UM MG /L < 0 . 1  
AM MO N I UM MG /L 128.  
ANT I MONY MG /L < 0 . 003  
ARS E N  IC  MG /L < 0 . 01  
BAR I UM MG /L < 0 . 1  
BOR ON MG /L 0 . 58 
CAD M I UM MG /L < 0 . 001 
CALC I UM MG /L 645 . 
C HL m  I D E  MG /L 1030 . 
C HROM I UM MG /L < 0 . 01 
COBAL T MG /L < 0 . 05 
CONDUCTAN C E  UMHO/CM 5500 .  
CO P PER MG /L < 0 . 02 

"TJ C YAN I D E  MG /L < 0 . 01 
I FL UOR I D E  MG /L 0 . 6  I-' 

w GR OSS ALPHA PC I IL - - - - -- - -
I-' 

GROSS  BETA PC  I II -- - - --- -

HYD . SU L F  IDE MG IL - - - - --- -

I RON  MG /L 2 . 0 1 
LJ:AO MG IL < 0 . 0 1  
MAG NES I UM MG IL 434 .  
MANGAN ES E MGIL 3 . 1 3  
ME R CURY MG /L < 0 . 000 
MOLYBDENUM MG /L < 0 . 01  
N I CK E L  MG /L 0 . 04 
N I TRATE MG IL < 1 . 
OR G .  CARBON MG /L 12 . 8  
PB -210 PC l IL < 1 . 5 
PH  SU 7 .  
PHOSPH ATE MG /L < 0 . 1  
PO -2l0 pe r IL < 1 .  
POTAS S I UM MG IL 39 . 7 
RA-226 pe r IL < 1 .  
RA-228 pe r IL - - - - ----



TABLE F . 3 . 7  GROU N D -WATER QUALI TY NEAR  THE PROCES S IN G  S I TE ( Conc l u ded ) 

UN I T  OF LOC : 74 7 
CON ST I TU ENT ME ASU RE DATE : 06/ 07/85  

SELE N I UM MG /L 0 . 005 
S ILCON MG /L -- - - - - - -

S I L ICA  MG /L 5 . 8  
S I LVER  MG fI- < 0 . 0 1 
SOD IUM  MG fI- 1000. 000 
STR ONT IUM  MG /L 5 . 81 
SULFATE MG /L 3360 . 
SULF IDE  MG /L < 0 . 1  
TEMP ERATURE C - DEGRE E 13 . 000 
TH-230 PC I /L < 1 . 000 
TH-230 PC I/G  - - - - - - - -

T I N  MG /L < 0 . 005 
TOTAL SOL I D S MG fI- 7 1 74 . 000 
TOX MG fI- 0 . 6 5  
U - 234 PC I /L 36 . 000 
U -238 PC I /L 24 . 

" 
VAN AD I UM MG /L < 0 . 01  I 

I--' 
Z I N C  MG /L < 0 . 005 w � 
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o Al though  wel l 588 shows some i n d i cat i on s  of con tam i n a
t i on ;  e . g .  t he  presence of van ad i um i n  a s amp l e tak en 
i n  February, 1 983 , k ey con s t i tuen ts ( e . g . ur an i um ,  
TD S )  had l ower concentrat i o ns  a t  588 th an a t  any other 
we l l  samp l ed d ur i n g recen t i n ves t i g at i on s .  

o Water qua l i ty for the g i ven we l l s  i s  s i mi l ar to that 
for a l l uv i a l we l l s  sever a l  m i l es from the ta i l i n gs 
( see  data for Bureau of Recl amat i o n we l l s 711  an d 71 2 ,  
Tab l e  F . 3 . 7 ) . 

o The we l l s  an d the  ta i  1 i n gs are sep arated by a s urface 
water body ( d uck pond )  wh i ch wou l d  m i n i mi ze grou n d 
water f l ow from t h e  ta i l i n g s  toward t h e  wel l s .  
Therefore the  s amp l e s col l ected from these we l l s  have 
not  been i n f l uenced by contami na t i on from the  ta i l i n gs  
p i  l e . 

Water qua l i ty for s amp l e s tak en from we l l  743 i s  def i n ed 
as background for the  Mancos Sh a l e ,  based on two r easons : 

o The we 1 1  
ta i l i n g s . 

i s  hyd rau l i ca l ly  up grad i en t  from the 

o Water qua l i ty for a s amp l e  tak en from the  we l l  i s  s i m
i l ar to or be t ter i n  qua l i ty than reported water qua l 
i ty for other mon i to r i n g we l l s comp l eted i n  Man cos 
Sh a l e  i n  the area  ( e . g . ,  U . S .  Bureau of Recl amat i o n ,  
1 978 )  . 

Background  water qua l  i ty for the Dakota  San d s  tone was 
mo re d i ff i c u l t  to def i n e than backgrou nd  i n  the a l l u v i um or 
Mancos Sh a l e .  An exten s i ve s tudy of the  ar te s i an water s up p l y 
of the  Grand Junc t i o n  area  d i d not  i n c l ude s amp l e s from we l l s  
comp l eted i n  t he  Dakota  San d stone  ( Lohman , 1 965 ) . I t  d i d ,  how
ever , prod uce qua 1 i t at i ve  reports on the water qua 1 i ty i n  the  
Dakota  San d s tone  ( Lohman , 1965 ) : li The water gener a l l y  i s  too 
poor for use  • . .  II 

I t  i s  a l s o  reported th at l oca l l y ,  water from e i ther the  
B urro Canyon Format i on or Dakota  San d s tone  or bo t h ,  i s  sat i s 
factory for domes t i c  use ( Lo hman , 1965 ) . Becaus e of th i s  ap 
paren t spat i a l var i ab i l i ty i n  the  qua l i ty of water i n  the  
Dakota  San d s tone , prob l ems i n  def i n i n g back grou n d  qua l i ty for 
the  Dakota Sands tone near the  s i te were i de n t i f i ed :  

o Samp l es from domest i c  we l l s comp l eted i n  the  Dak ot a 
San d stone m i g h t  not be represen tat i ve of qua l i ty near 
the s i te .  

o The Mancos Sha l e  th i n s  from the  east end of the s i te 
toward the wes t .  A we 1 1  dr  i l l ed throu gh the  up -
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gr ad i ent  a l l uv i um m i gh t  not be represen tat i v e o f  back 
ground  qua l i ty for the Dakota  Sands tone be l ow t he  
downgrad i en t  a l l uv i um ,  where there i s  probab l y  more i n 
terac t i on be tween water i n  the  a l l uv i um an d the Dak ot a  
Sands  tone . 

These prob l ems i n d i cated the need to dr i l l  a back grou n d  
we l l  i n  t h e  Dakota  San d s tone wh i ch was n o t  on l y  be l ow t h e  
downgrad i en t  a l l uv i um , b u t  reasonab l y  certa i n o f  be i n g  uncon 
tam i n ated . A nest  of we l l s were  dr i l l ed on one of the  i s l an d s  
we st o f  t h e  s i te ,  i n c l ud i n g we l l s  i n  t h e  Man cos Sh a l e  an d 
Dakota  Sands  tone . Water qua 1 i ty from the we l l i n  the Dakot  a 
San d s tone  ( 72 5 )  i s  def i n ed as back gro und based on the fo l l ow
i n g reason s :  

o F l ow i n  the Dakota San d s tone i s  p robab l y  from sout h t o  
north ; based on the  d i p  of the bed s , an d i d e n t i f i c a
t i on of the prob ab 1 e rech arge are a  as the outcrop ar 
ea , wh i ch i s  to the south  of the s i te ( Lohman , 1 96 5 ) . 

o The a l l uv i um over l y i n g  the Man cos Sh a l e  an d Dak o t a  
Sandstone near t h e  back ground  we l l  i s  sep arated from 
the contam i n ated por t i on of  the a l l u v i um i n  the i mmed i 
ate v i c i n i ty of th e ta i l i n gs by an arm of  the Co l o rad o  
R i ver . 

o Water qua l i ty for s amp l es at an ad j acent  we l l  comp l et
ed in  the Man cos S h a l e  ( 72 7 )  d i d  not s how i n d i cat i on s  
of contami nat i on .  

The d i s tr i b ut i on of key chem i ca l  con s t i tuents  i n  grou n d  
water i s  d i scus sed be l ow ,  i nd i cat i n g  t h e  d i s t i n c t i on be tween 
contami nants  wh i ch h ave  a read i l y def i n ab l e  p l ume ( e . g .  p at
terned d i str i b ut i o n )  an d those  wh i ch a l though e l evated , h av e  a 
sporad i c  d i s tr i b ut i on . Emp has i s i s  on s amp l es co l l ected i n  
March , 1 985 ,  for a mon i  tor i n g  we l l network exp an ded  from t h at 
used for co l l ec t i o n  of prev i ous s amp l e  set s .  

A l umi n um .  Bac k ground  concen trat i on s  o f  a l umi n um ap pear 
to be near the l ower de tect i on l i mi t  ( LDU of 0 . 001  to 0 . 1  
mg/ l . Samp l es co l l ected i n  September ,  1 983 , de tected a l um i n um 
at l ev e l s of 0 . 1 7  to 0 . 51 m i l l i gr ams p er l i ter  ( mg / l ) n ear t he 
ta i l i n gs  an d 0 . 018  to 0 . 1 9 mg/ l  downgrad i en t  of the ta i l i n g s . 
Samp l es co l l ected i n  March , 1985 ,  were ana lyzed us i n g  a LDL  o f  
0 . 1  mg/ l . Al  umi n um was de tected i n  o n e  up grad i en t  a l l u v i  a l  
we l l  ( 745 )  at a concentrat i on o f  0 . 3  mg / l  an d i n  t hree  
down g r ad i en t  we l l s  comp l eted i n  bedrock ( 729 ,  7 3 5 ,  7 3 1 ) at  c on 
cen trat i on s  of 0 . 2  to 0 . 7  mg/ l . 

Ammon i um .  Ammon i um i s  a key i n d i cator of  con tam i n a-
t i on .  At back grou nd  a l l u v i a l we l l s ,  conce ntr at i on s  do n ot ex
ceed 2 . 1  mg/ l . Be l ow or n ear the ta i l i n g s ,  concen trat i on s  i n  
the  a l l uv i um ran ge be tween 18 an d 393 mg/ l  for s amp l e s c o l -

F - 1 3 7  



l ected i n  March , 1 985 .  Down g r ad i en t  concentrat i on s  i n  the  
a l l uv i um ran ged from background  l e ve l s up  to 1 24 mg / l . A 
p l ume extend s  at l e as t 1 100 feet  b ut l es s  t h an 2600 feet 
down g r ad i e nt  i n  the a l l u v i um ( F i g ure  F . 3 . 1 5 ) . We l l s  comp l e ted 
i n  the  s h a l l ow be drock a l s o  s how e l evated l e ve l s of ammon i um ,  
rang i n g from back grou n d  ( 6 . 05 mg / l ) t o  18 . 1 mg / l . An i n du s tr i 
a l  dra i nage  ( f l ood -contro l ) we l l  ( 7 1 0 )  had a repo rted conce n 
trat i on o f  4 5  mg / l  i n  Marc h ,  1 985.  I t  i s  n o t  certa i n i f  th i s  
con cen trat i on rep resents  contam i n at i on from the mi l l  t a i l i n g s  
or  from an other source . No other i n d i c at i on s  o f  contam i n a t i on 
were found  at th i s  we l l  w i th the pos s i b l e  excep t i on of e l evat
ed uran i um ( see  be l ow ) . 

Arsen i c .  Back ground ar sen i c  concen tr at i on s  ap pear to 
be the LD L of 0 . 01  mg / l . Samp l e s co l l ected from a l l u v i  a l  
we l l s  i n  Marc h ,  1985 , fou n d  arsen i c  above  t h e  LD L on l y  i n  
we l l s n ear o r  be l ow t h e  ta i l i n g s ,  at l eve l s  be tween 0 . 0 1 5  an d 
0 . 0 19  mg /l . Down grad i en t  we l l s  comp l eted i n  the  s h a l l ow bed 
rock s howe d arsen i c  at concen trat i o ns  be twe en 0 . 010 an d 0 . 0 1 3  
mg /l . W i t h i n  t h e  s h a l l ow be droc k a detectab l e  p l  ume o f  ar se
n i c  probab l y  ex ten d s  at l e as t  2000 feet b ut l es s  th an 3000 
feet down g r ad i en t  from the ta i l i n g s  ( F i g ure  F . 3 . 16 ) . 

Arsen i c  i n  the  bedrock may rep resen t res i d ua l  con t am i n a
t i on .  D ur i n g  ac t i v e mi l l i n g  ar se n i c  concen tr at i o n s  i n  the  a l 
l uv i um cou l d  have  been h i g h en ough  to act as a s ource  of 
con tami n at i on for the unde r l y i n g  Mancos Sh a l e .  F l ow through  
t he  re l at i ve l y  h i g h perme ab i l i ty a l l uv i um cou l d  have f l us hed 
ar sen i c  out of the a l l u v i um ( no arsen i c  was me as ured i n  
down g r ad i en t  s amp l e s from a l l u v i a l  we l l s ) ,  where as f l ow i n  the  
re l at i ve l y  l ow permeab i l i ty s h al e d i d not f l us h  out  the 
ar sen i c .  

Boron . Con centrat i o n s  of bo ron i n  s amp l e s co l l ected i n  
March , 1985 , were very s i mi l ar to back ground  concentr at i on s .  

Cadmi um . Back ground  concentrat i o n s  of cad i um ap pear to 
be the LDL of 0 . 001 mg / l . Samp l es co l l ected i n  March , 1 985 ,  
s h owed cadm i um i n  on l y  two  we l l s ( 583 , 584 ) comp l eted be l ow 
the  ta i l i n g s , at concentrat i on s  of 0 . 0 10 an d 0 . 097  mg /l . 

C h romi um . Bac k ground  concentrat i o n s  of chromi  um ap pear  
to be be tween the LDL  of 0 . 0 1  mg /l  an d 0 . 03 mg / l . On l y  three 
we l l s  s amp l ed in  March , 1 985 , fa l l ou ts i d e  th i s  r ange  ( 743 ,  
744 ,  582 ) . E l e vated concen trat i on s  of chrom i um do not seem to  
be  as soc i ated w i th the  ta i l i n gs . 

Coba I t . Back ground  concen trat i o n s  of coba l t  ap pear to 
be at the LDL . Samp l e s co l l ected i n  Marc h ,  1 985 , s h owed e l 
ev ated concen trat i o n s  of cob a l t on l y  i n  we l l s  comp l eted be 
neath the ta i l i ng s  ( 583 , 584)  or evaporat i on pond  ( 74 7 ) . 

I ron . I ron  concentrat i o n s  are qu i te var i ab l e  i n  bac k -
grounda1 l uv i a l wel l s ,  r an g i n g  be tween t h e  LDL t o  3 . 4  mg / l . 
I ron  concentrat i o ns i n  March , 1 985 , are qu i te var i ab l e  
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near the ta i l i n g s , r an g i n g  up to 16  mg / l . There i s  no ap par
en t down g r ad i e nt  p l ume of  i ro n  in  the  a l l uv i um or the s ha l l ow 
bedrock . 

Manganese . Man ganese  i s  ab sent  i n  s h a l l ow bed rock 
we l l s excep t for one we l l comp l eted be neat h  the ta i l i n g s .  
Bac k grou n d  concen trat i o n s  o f  man ganese  i n  a l l uv i  a l  we l l s  ap 
pear to r ange  from 1 . 1  to 2 . 6  mg / l . Samp l es co l l ected i n  
March , 1985 , s howed e l evated concentrat i on s  be l ow o r  near  t he 
ta i l i n g s , r an g i n g  up to 4 . 8  mg / l . There  i s  no  ap parent 
down g r ad i en t  p l ume . 

Mo l ybden um . Mo l yb den um i n  grou n d  water i s  common l y  a s-
soc i ated w i th ur an i um m i l l  ta i l i n g s . Mo l ybden um i s  a l s o  com
mo n in the waters of Co l orado . I t  has been me as ured at a 
co n cen trat i on  of 0 . 033 mg /l  i n  the  Co l or ado  R i ver be l ow 
G l enwood Spr i n gs , and  at a concen tr at i o n  of 0 . 087  mg / l  i n  the  
Co l or ado  R i v er be tween Kremml i n g an d Dot sero ( Voege l i  an d 
K i n g ,  1969 ) . Back grou n d  conce n tr at i on s  i n  the  a l l u v i  a l  g ro u n d  
water are prob ab l y  s u bject t o  a re l at i v e l y  h i g h de gree o f  un 
cer ta i nty ,  but  appe ar to r ange  up to 0 . 1 2  mg / l . 

Mo l ybden um appe ars  to be present  i n  e l evated concen tr a
t i on s  be l ow the ta i l i n g s ,  where concen trat i o n s  up to 0 . 53  mg / l  
were me as ured i n  Febr u ary,  1983 . Based o n  an upper backgrou n d  
co ncentrat i on o f  0 . 12  mg / l , an d a l so l ook i n g at the s p at i a l 
var i at i on s  i n  concentrat i on ,  there does  not  ap pear to be a 
down g r ad i en t  p l ume . 

N i cke  1 .  Back grou n d  concentrat i on s  of n i  cke  1 ap pear to 
be at or be l ow the LDL of 0 . 04  mg / l . E l e vated concen tr at i o n s  
were fou nd  be l ow t h e  t a i  1 i n g s  an d evapor at i on pon d s , r an g i n g 
up to 0 . 29 mg/l  i n  March , 1985.  On e down g r ad i en t  a l l u v i a l  
we l l  ( 736 )  h ad a concen tr at i on of 0 . 10 mg / l , an d on e deep  bed 
rock we l l  wes t  o f  the ta i l i ng s  h ad a pos s i b l e  an oma l ou s  concen 
tr at i o n  of 0 . 05 mg / l . 

Rad i um-226 . Back grou nd  concen trat i on s  of r ad i um-226 i n  
the  a l l uv i um are l e s s  t h an LD L of one  pC i / l . Bac k grou n d  con 
cen trat i on s  i n  the D ak o t a  S an d s tone  are mo re d i ff i c u l t to de
term i n e .  A nat i ona l s ur vey of  ur an i um an d rad i um 
concentrat i on s  i n  g ro u nd  water fou n d  th at i n  the  Co l or ad o  
P l ateau , wh i ch i n c l ude s Gran d J un ct i o n ,  i n terpret at i on o f  
grou n d  water i s  comp l i cated by t h e  ab undance o f  ur an i um depo s 
i t s  ( Scott an d B arker , 1 962 ) : 

li The regi on i s  the  c h i ef ur an i um prov i n ce of the Un i ted 
States , both area l l y  an d quan t i t at i v e l y .  It  was not po s 
s i b l e  before prep arat i o n  of th i s  report to  c o l l ect s uf f i 
c i en t  s amp l es o f  ground  water for s t at i s t i ca l t re atmen t 
from source s k n own to be u nas soc i  ate d  w i  th ur an i  um 
depos i ts . 1I 

As an a l ternate me an s of ch arac ter i z i n g back grou n d ,  the  
recommendat i on of  the s ame authors  was fo l l owed ( Scott an d 
Barker , 1962 ) : li The s t at i s t i c a l  res u l t s  from the we stern 
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s t ab 1 e regi  on m i  g h t  ten t at i v e l y  be u sed to eva 1 uate t h i  s re
g i on , for  these  two reg i o n s  were coexten s i v e before the  
Laram i d e  orogeny . "  The " an oma ly  thres ho l d "  for the wes tern 
stab l e  reg i on  i s  7 . 3  pC i / l  ( Scott  and Barker , 1 962) . 

A s i n g l e water s amp l e from a we l l  comp l eted be l ow the  
t a i l i n g s  h ad a r ad i um-226 con cen trat i o n of 29 pC i / l , an d s e ver
a l  water s amp l e s from be l ow the tai l i n gs have  had concen tr a
t i on s  of 15 to 18 pC i / l . Rad i um-226 has not been de tected at 
any we l l s away from the ta i  1 i n g s ,  excep t for concentrat i on s  of  
1 . 6  to 5 . 5  pC i / l  at  two bedrock we l l s  to the wes t  of the  s i te 
( 724 , 725 ) , wh i c h i s  be l ow the " an om a l y  thr e s ho l d "  used  to de
f i ne background . 

Se l en i um .  The background  concen trat i on o f  se l en i um ap -
pears  to be at or be l ow the LD L of 0 . 002 mg / l  or 0 . 005  mg /l . 
E l ev ated concen tr at i on s  of se l en i um are as soc i ated w i th the 
ta i l i n g s , part i c u l ar l y at one we l l  ( 584) where concen tr at i on s  
h ave  re ached 0 . 240 mg / l . Two down gr ad i en t  we l l s  ( 729 ,  735 ) 
comp l eted i n  the  s h a l l ow bedrock a l s o  s how concen tr at i on s  of  
s e l en i um at concen tr at i on s  of 0 . 0 1 1  an d 0 . 024 mg /l  i n  Mar c h ,  
1 985 . There i s  n o  apparent down grad i en t  p l ume i n  the  
a l l u v  i um . 

S u l fate . Back ground  concentr at i on s  of s u l fate are s u b-
ject  to uncerta i n ty d ue to the hydro geo l og i c  sett i n g  of the  
s i te .  S ha l l ow ground  water i n  the  Gran d J unc t i on are a can  
have  s u l fate concen tr at i o n s  exceed i n g 9000 mg / l  ( U . S . B ureau 
of Rec l amat i on ,  n o  date ) . A l l uv i a l ground  water very n e ar the 
Co l orado  R i ver m i g h t  be  expec ted to  h av e  concen trat i on s  l es s  
than 500 mg / l  d ur i n g some season s .  Concen tr at i o n s  o f  s u l fate 
be l ow the tai l i n g s  are l es s  than 4500 mg / l  an d ex ceed the con 
cen trat i on s  wh i ch m i g h t  be expec ted very near  the r i v e r .  
A l t hough concen trat i o n s  o f  s u l fate down gr ad i en t  o f  t h e  ta i l 
i n gs are h i g h , the  contr i b ut i on  of the tai l i n g s  i s  not  c l ear .  
The s pat i a l d i s tr i b ut i on of s u l fate i n  March , 1 985 , was s uch  
that no c l ear l y  de f i n ab l e  p l ume of  s u l fate was  read i l y  
ap paren t .  

To ta l  d i s s o l ved s o l i d s .  Con centrat i o n s  of total  d i s -
so l ved so l i d s  ( TD S )  i n  the a l l uv i um r an g e  from s e as ona l l ows 
of l e s s  than 900 mg / l  up grad i en t  of the tai l i n g s  ( 588) up to a 
l oc a l  h i gh of 1 2 , 000 mg / l  ( 7 38) . The h i g he st  concen tr at i on s  
off the s i te ( 7 38) exceed the h i g he st  concen tr at i o n s  me as ured 
be l ow the ta i l i n g s  by a factor of thre e ,  and are probab l y  a re
s u l t  of ot her sources  of contam i na t i o n  ( Sect i on  F . 3 . 2 . 5 ) , r ath
er  than contam i n at i on from the  ta i l i n g s . The re i s  n o  read i l y  
ap p aren t down g r ad i en t  p l ume i n  the  a l l uv i um .  On the bas i s  of 
TD S ( Hem , 1 970)  wate r qua l i ty i n  the a l l uv i um r an ges from sea
sona l l y fres h to br ack i s h to s a l ty .  I t  i s  predom i n an t ly  
br ack i s h .  

Water qua l i ty i n  the  Man cos  Sh a l e  an d Dakota  San d s tone 
near the s i te can be c l as s i f i ed as br ack i s h .  There i s  no  read 
i l y ap paren t TD S p l ume i n  the s h a l l ow bed roc k .  
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Ur an i um.  Back ground  conce n tr at i on s  of ur an i um in  s h a l -
l ow ground  water vary , reac h i n g at l e as t 40 pC i / l  ( B ureau  o f  
Rec l amat i on we l l  71 2 )  an d h ave  be en me as ured a s  l ow a s  6 . 8  
pC i / l ( we l l 588) . Ur an i um concentr at i on s  f l uctu ate s e as o na l l y 
by a factor  of two to s i x . Bel ow the  ta i l i n g s ,  concen tr at i o n s  
h ave  been me as ured a s  h i gh a s  610 pC i / l ( 584 ) . 

A p l ume of ur an i um e l evated abo ve  back grou nd  con cen tr a
t i on s  extends  down g r ad i en t  of the ta i l i n g s  ( F i g ur e  F . 3 . 1 7 ) . 
Concen tr at i on s  are 100 pC i / l  at a d i s tan ce of ap prox i mate l y  
2000 feet  from the s i te ,  an d 80 pC i / l  a t  a d i s t ance  o f  ap prox
i mate l y  3000 feet from the s i te .  We l l s  2000 feet n orth to 
northwe s t  of the ta i  1 i n g s  ( 73 7 , 739 )  are cro s s - gr ad i  ent from 
the  ta i l i n g s . Conce n tr at i o n s  at these we l l s were me as ur ed at 
58 an d 60 pC i / l for s amp l es t ak en i n  Mar ch , 1 985 .  Beca u s e  o f  
t h e  var i ab i l i ty an d kn own h i gh concen trat i on s  of ur an i um i n  
the  background , i t  i s  not  cer ta i n  i f  these  concen tr at i on s  r e 
f l ect contami nat i o n .  The re a r e  no corre l at i ve i n d i cators  of  
con t am i n at i on at  th e se we l l s  ( e . g . e l evated conce n tr at i on s  o f  
ammon i um,  vanad i um ,  o r  other con s t i tuen t s  as soc i ated w i th m i l l  
t a i  1 i n gs ) . 

Back ground  concentrat i on s  of ur an i um i n  deep be drock  
we l l s may be  d i s cerned from prev i ous  stud i es of geochem i s try 
i n  the are a .  A s amp l e  pop u l at i o n  of 30 ( Markos  an d Bu s h ,  
1 983 a )  i n c l uded s e vera l  arte s i an we l l s  an d found a me an ur an i 
um c on cen tr at i on of 0 . 0 1 2  ppm ( 8 . 2  pC i / l ) ,  w i th a r an ge c a l c u
l ated maxi mum of 0 . 034 ppm ( 23 . 1  pC i / l ) .  A comp i l at i on o f  
d a t a  o n  ur an i um concentrat i on s  i n  g round  water fou n d  too l i t
t l e  d ata  to prod uce s t at i s t i c s  for the geote c ton i c  reg i on 
wh i ch i n c l ude s  Grand J unct i on ,  b ut recomme nded the u se  of  d a t a 
for an other reg i on where i n  the " an om a l y  thres ho l d "  for  ur an i um 
was  0 . 048 mg / l  ( 32 . 64 pC i / l ) ( Scott  an d B arker , 1 962 ) . 
Concentrat i on s  i n  s amp l es co l l ected i n  Marc h ,  1 985 , i n  bed rock 
we l l s  near the ta i l i n g s  were a l l w i th i n  the  r an g e  c a l c u l ated 
maxi mum an d be l ow the anoma l y  thresho l d .  Ur an i um h as n ot 
s hown a tendency to m i g r ate i n to the bedrock . S ha l l ow be d rock  
we l l s  ( 729 ,  735 ,  741 ) wh i ch ex h i b i t other i n d i cat i on s  of  con 
tam i nat i on ( see  be l ow )  a l l h ad ur an i um concen tr at i on s  be l ow 
the  l ower detect i on l i mi t . 

One up grad i en t  i n d u s tr i a l d r a i nage  we l l  ( 71 0 )  h ad a re
ported ur an i um concen trat i on of 52 pC i / l . Th i s  i s  mo re t h an 
25 percent  abo ve  the h i gh e s t  me as ured back ground  c oncen tr at i on 
of 40 pC i / l an d may represent  con tami n at i o n .  

V an ad i um.  Back ground concentrat i o n s  of vanad i um  ap p e ar 
to be the LD L of 0 . 0 1  mg / l . For water s amp 1 e s  co 1 1  ected i n  
March , 1 985 , vanad i um was  seen at a few we l l s .  Be l ow t he  t a i l 
i n g s  ( 584) concen trat i o n s  reac hed 7 . 48 mg / l . Down g r ad i en t  o f  
t h e  ta i l i n g s  vanad i um i s  seen i n  we l l s  comp l eted i n  t h e  s h a l 
l ow bed rock ( 72 9 ,  741 , 7 35 ,  731 ) . No vanad i um was repo r ted  
for a l l uv i a l  we l l s  s amp l ed in  March , 1 985 . 
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Z i n c .  Background  concen tr at i on s  of z i nc probab l y  r an g e  
up t o  0 . 1  mg /l . For water samp l es co l l ected i n  Marc h ,  1 985 , 
e l evated concentr at i on s  are apparen t be l ow the ta i l i ng s  to 4 . 1  
mg / l  ( 584 ) , at one we l l  up g r ad i en t  of the ta i l i n g s  ( 745 )  at 
1 . 0 mg / l , and i n  s h a l l ow bed rock we l l s down g r ad i en t  of the 
t a i l i n g s  ( 72 9 ,  735 ) at  concentrat i on s  up  to  5 . 3  mg / l . No e l 
e vat i o n i s  read i l y  app arent at down g r ad i en t  a l l uv i a l  we l l s .  

Other r ad i o i sotope s .  Samp l es co l l ected i n  March , 1 985 ,  
found  no detectab l e  conce n tr at i on s  of  p o l o n i um-210  or thor i um-
230 , for a LD L of one pC i / l . Lead -210  was reported  i n  on e 
background  we l l ( 7 1 1 )  at 2 . 3  pC i / l  and  at on e we l l  be l ow the  
ta i l i n g s  ( 584)  at  2 . 8  pC i / l . 

Organ i c  compounds . Organ i c  compo u nd s  were u sed i n  the  
m i l l i n g  proce s s  at  Grand  J unct i on ,  i n c l ud i n g d i ( 2-ethy l hexy l ) 
phos p hor i c  ac i d  ( E HPA ) , an d tr i b uty l p hos phate  ( TB P )  d i s s o l ved  
i n  No . 2 fue l o i l ( Mer r i tt ,  1 9 7 1 ) . Tot a l  organ i c  c arbo n ( T0c ) 
an d to ta l  organ i c  h a l ogen ( TOX ) were u s ed as a sc reen i n g g u i de 
i n  an at tempt to de term i n e i f  organ i c  compou n d s  were present  
i n  ground  water near  the s i te .  Con centrat i on s  of  TOC an d TOX 
are repo rted i n  Tab l e  F . 3 . 6 .  

Bec a us e  TOC an d TOX were fo u nd  i n  the  ground  water , t he  
fo l l ow i n g  se l ected we l l s were s amp l ed for  an a l ys i s  of  organ i c  
compound s :  

581 , 583 
732 , 736  
7 3 7  
744 , 746 
74 7 

( be l ow tai l i n g s ) 
( dow n g r ad i en  t ) 
( c ros s - gr ad i en t ,  north  of ta i l i n g s ) 
( up g r ad i en t )  
( be l ow evapo rat i o n  pon d ) . 

An an a l ys i s  of wate r samp l e s was do n e  for EPA pr i or i ty 
po l l utan t s  an d up to 10 ot her compou nd s . No o rgan i c  compou nd s  
we re reported  w i th t he  fo l l ow i n g  excep t i on : 

o Methy l ene  c h l o r i de , fo u nd  i n  four an a l yses  at f i v e to 
ei g h t  parts  per b i  1 1  i on ( pp b ) , an d tho u g ht  to be from 
l abor atory con tam i n at i on .  

o Tet r ahydrofuran , rep orted  at we l l  583 at 46 pp b .  The 
s ugge s ted perm i s s i b l e  con centrat i on i n  water i s  8100 
ppb ( S i t t i g ,  1 981 ) . 

o B i s ( 2- ethyl hexy l ) p h t ha l ate , repo rte d  at up grad i en t  
we l l  746 at 150 pp b .  

o N i n e a l k anes , repo rted at up g r ad i en t  we l l  746 at con 
cen t r at i o n s  be tween 26 to 72 ppb . 

The Gran d J unct i on ta i l i n g s  are i n  an area where there i s  
s u bs t ant i a l i n d us tr i a l , commerc i a l ,  an d ag r i c u l t u r a l  ac t i v i ty 
wh i c h wo u l d  i n vo l ve  the us e of or gan i c  chem i c a l s .  Th e de tec 
t i on  of organ i c  chem i ca l s  i n  grou n d  water at up grad i en t  
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we l l  746 can probab l y  be attr i b uted to one of thes e s ource s ,  
a s  can the detect i on o f  on e compou n d  be l ow the tai l i n g s  ( we l l 
583 )  at a concen tr at i on we l l  be l ow the s u g ge s ted  perm i ss i b l e  
con cen trat i on i n  water . There i s  no ap p aren t organ i c  con t am
i n at i on of ground  water as so c i ated w i th the ta i l i n g s .  

F . 3 . 1 . 7  Prox i m i ty of s i te to s urface water 

The ta i l i n g s  are i mmed i ate l y  ad j ac en t to and hyd r au l i ca l 
l y  con nected to the Co l or ad o  R i v er . At t i me s  o f  h i g h r i v e r  
s tage t h e  Co l or ado  R i ver f l ows d i rec t l y  aga i n st the c ov er ed 
ta  i 1 i n g s . The other prom i n en t  nearby bod i  es  of s ur face w ater 
are a d r ai nage  d i tch  i mmed i  ate l y  ad j acen t to the e as t  end  of 
the tai l i ng s ,  a d r ai nage  d i tch wh i ch f l ows n or th- south  ap prox 
i mate l y  1500 feet e as t  of the ta i  1 i n g s ,  an d a d uck  pond  near 
t h e  east  end of the  t ai l i n g s .  ( F i g ur e  F . 3 . 10 ) . N umerou s  oth
er  major  an d mi nor cana l s ,  l ater a l s ,  d r a i n ag e  d i tch e s ,  an d 
ep hemer al d r a i nages  are w i th i n  three m i l es of the ta i l i ng s .  
The d i s c h arge  of con t ami n an t s  to s urface  water i s  d i scus sed i n  
Sec t i on F . 3 . 2 . 4 . 

F .  3 . 2  P HY S I CAL AN D CHEM I CA L  CHARACTERI ZATI ON OF WASTE AN D CON TAM I NAN T 
TRAN SPORT 

The p hys i ca l  an d chem i c a l  c h arac ter i z at i o n  of was te an d con tam i n an t  
tran sport  h as s e vera l  p urpo se s :  

o I den t i f i cat i on o f  the poten t i a l  contami nants . 

o Determ i nat i o n  of wh i ch con tam i n an t s  h ave  mi g r ated from the 
t a i l i n g s . 

o I dent i f i cat i on of the extent an d re l at i ve concen tr at i on of con
t am i nat i on ,  e . g . ,  t h e  contami nant  p l ume . 

o Determ i n at i on of the r ate of con t ami nant  m i g r at i on .  

o Determ i nat i o n  of the extent to wh i ch con t am i n ated grou nd  water 
i s  d i s c h arg i n g  to hyd r au l i ca l l y  connected s urface  water . 

o Sep arat i on of the con t ami n at i on  d ue to m i l l  ta i l i n g s  from other 
contam i nant  source s .  

F . 3 . 2 . 1  Geochem i s try of waste 

The geochem i c a l  sett i n g  of the poten t i a l l y  affected hydro
ge o l o g i c en v i ronment  has  been stud i ed  i n  de t ai l on a s i te 
spec i f i c  bas i s . Per t i n en t  f i n d i n g s  o f  these  stud i e s  are 
d i s c u s sed be l ow .  

M i  1 1  i ng .  The Grand J unct i on m i l l  w a s  operated as an ac -
i d - l e ach  proces s .  Re l at i v e  to other ac i d  l e ac h  ta i l i ng s ,  the  
p H  i s  about  two pH  u n i t s  h i g h er ( l es s  ac i d i c ) : r an g i n g  
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F . 3 . 2 . 2  

from 4 . 0 to 6 . 5  w i th a medi an of 5 . 5 .  Both hydroc h l or i c  an d 
s u l f ur i c  ac i d  were used d ur i n g the m i l l i n g p roces s .  Iro n ,  am
mo n i  a, an d s a l t  ( N aC l ) were other prom i n en t  con s t i tue nt s  as s o
c i ated w i th the  mi l l i n g  p roce s s  ( Merr i tt ,  1 9 71 ) . 

Ta i l i n gs . The w ater - s o l u b l e con cen trat i on of chem i c a l  
con s t i tuen ts  i n  the  ta i l i ng s  i s  an i n d i cator o f  wh i c h con s t i t
uen ts rep res ent  poten t i a l  contam i n at i o n .  Among  the cons t i t
uen ts  wh i c h  have  be en fou nd  to be pre sen t i n  the  ta i l i n g s  i n  
w ater- so l ub l e  form at concen tr at i on s  abo v e  background  l e ve l s 
are ur an i um ,  vanad i um ,  arsen i c , cadm i um ,  an d mo l ybden um .  The 
s o i l s  i n  the ev ap o r at i on ponds  a l s o  conta i n  water-so l u b l e con 
cen tr at i on s  of ar se n i c ,  ur an i um ,  an d vanad i um wh i c h  are above  
back g round  concen tr at i on s  ( Marko s an d Bus h ,  1 983a ) .  

Comp a r i son of ur an i um an d rad i um dat a  for ta i l i n g s  ver s u s  
ad j ace n t ,  con tam i nated s o i l s  s hows d i fferences ( Markos an d 
B us h ,  1 983a ) .  The m i g r at i on of r ad i um i s  muc h l es s  than t h at 
of u r an i um .  Ur an i um  c an b e  expected t o  be mo re mob i l e  th an r a
d i um be caus e i t  forms  s u l f ate an d carbonaceou s comp l exe s , 
whereas r ad i um forms  prec i p i tates w i th s u l fate an d carbon ate . 

The tai l i n gs a l so  conta i n h i gh concen tr at i on s  of the an 
i on s  s u l f ate an d ch l or i d e . The h i g h concentrat i on s  of these  
an i on s  an d the  ac i d i c  cond i t i o n s  of  the  tai l i n g s  enh ance the  
mo b i l i ty of  mos t  e l emen t s ,  i n c l ud i n g s uch  e l emen ts as th e wa
ter s o l ub l e  con s t i tue nt s  l i s ted abo ve  as we l l as  s e l en i um ,  
i ron , and  a l um i n um .  

The mob i l i ty of these con s t i tue n t s  decreas e s  i n  the  
ground  water rel at i v e to the i r  mob i l i ty i n  the  ta i l i n g s .  The 
mi grat i o n r ates  of these  con s t i tue nt s  i s  l es s  th an the g roun d 
water seep age ve l oc i ty d ue t o  geochem i ca l  ret arda t i on proces s 
e s  s u c h  a s  prec i p i tat i on an d ad s orpt i on . 

Some d at a  on the l each i n g be h av i or of the ta i l i n g s  i n  
fres h water are av a i l ab l e  ( Veyer a ,  1 980 ) , an d are presented  i n  
Tab l e  F . 3 . 8  an d F i g ur e  F . 3 . 18 .  The s e  d ata  i n d i cate th at k ey 
co n s t  i tuen ts  h ave  1 e ached from the ta i l i n g s . The mob i l i ty of 
many of these  con s t i tue nt s  decreases  in  the  ground  water . 
Sect i on F . 3 . 1 . 6 d i s c u s ses wh i c h con s t i tuen t s  are detected 
abo ve back ground  concen trat i o n s  i n  ground  water . 

Water-qua l i ty i mpac ts  

Water-qua l  i ty i mp acts  are  eva l u ated for  three case s : ex
i s t i n g  cond i t i ons , re l ocat i o n  of the ta i l i n g s , and  i mp ac ts for 
s t ab i l i z at i on on the  s i te .  

E x i s t i n g i mp acts . Water qua l i ty for the affected hyd ro-
ge o l og i c  reg i me is  de scr i bed i n  Sect i on F . 3 . 1 . 6 .  The concen 
trat i on  of se ver al con s t i tue nt s  exc eed s EPA  s t andards  for 
dr i nk i ng water as a res u l t  of ta i l i n g s  l e ac h ate . The ta i l i n g s  
h ave  not caus ed th e qua l i ty o f  the Co l or ado  R i ver  to 

F - 1 44 



Tab l e  F . 3 . 8  Chem i ca l  an a l ys i s  of f i r s t  eff l uen t  s amp l e  for 
d i s t i l l ed w ater l e ac h i n g  test  

So l i d  we i g h t  ( g ) 
F i r st samp l e  we i g ht  ( g )  

So i l typ e 

C a  
Mg 
N a  
K 
P 
A l  
F e  
Mn 
Ti  
C u  
Zn  
N i  
Mo 
Cd 
C r  
Sr 
B 
B a  
Pba H 9 a As  
Sea 

HC03 S04 C l  
N03 p H  
Con d 
Tds 

ppm 
ppm 
ppm 
p pm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
mg/l  

NO  - Not determ i n ed 

1 , 000 
273 . 8  

Beach sand  

68 7 . 00 
1 6 9 . 00 
31 4 . 00 

1 2 . 00 
0 . 60 
0 . 30 
0 . 03 
0 . 3 6 
0 . 0 1 
0 . 0 7  
0 . 04 
0 . 05 
2 . 68 
0 . 0 1 
0 . 02 
2 . 80 
0 . 1 9 
0 . 08 
0 . 10 
0 . 01  
1 . 60 

10 . 70 
124 . 00 

2 , 330 . 00 
504 . 00 

96 . 00 
6 . 40 

4, 700 . 00 
4 , 560 . 00 

1 , 1 70 
275 . 0  

S l i me s 

60 7 . 00 
2 , 230 . 00 
6 , 880 . 00 

84 . 00 
1 . 00 

76 . 00 
1 . 5 3 
7 . 84 
0 . 08 

1 3 . 00 
225 . 00 

7 . 51 
0 . 3 1 
6 . 44 
0 . 08 
6 . 3 9  
1 .  60 
0 . 1 3 
5 . 80 

0 . 00 
10 , 800 . 00 
10 , 640 . 00 

NO 
4 . 30 

35 , 800 . 00 
35 , 560 . 00 

aHg , As , Se determ i ned  by N aBH 4 red uc i n g  techn i q ue ( vap or  generat i on )  to 
avo i d  s pectra l  i n terference . 

Ref . Veyer a ,  1 980 . 
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fa l l ou t s i d e  Co l or ad o  water qua l i ty s tandards . Th e backgrou nd 
q ua l i ty of the g round  water i s  p redom i nan t l y  br ac k i s h ,  and  the 
affected sys tem i s  not curren t l y  u sed for any p urpo s e . 

R e l ocat i o n  of the  ta i l i ngs - re s i d ua l  effects at the pro
ces s i ng s i te . If  the  ta i l i n g s  are re l ocated to an a l terna te 
d i s po s a l  s i te ,  i mp ac t s  to wate r qua l i ty near the p roces s i n g 
s i te wou l d  be d ue to res i d ua l  con tam i n at i on i n  the grou nd  wa
ter , and pos s i b l y  sorbed or prec i p i tated con tami nan t s  i n  the  
a l l uv i um .  The i mp ac t s  to  ground  wate r at  the Cheney Re servo i r  
and Two Ro ad s i te s  are d i scus s ed i n  Sect i on s  F . 4  and F . 5 ,  
respec t i ve l y .  

EP A standards  req u i re an eva l uat i on of the p er s i s tence  
and p erman ence of ad verse  effect s of the  ground water . A m i x
i n g  ce l l mode l  was u s ed to eva l uate the per s i stence of res i d 
u a l  con tami nat i on at Grand Junc t i on . A s i n g l e ce l l mod e l  f or 
water qua l  i ty i s  created by as s i g n i  n g  a wate r q ua 1 i ty to e ac h  
component  o f  t h e  water ba l an ce for t h e  ce l l .  A m i x i n g  ce l l 
mod e l  was chosen  because : 

o The var i ed f l ow d i rec t i on w i th i n  the  s h a l l ow g round  wa
ter wou l d  tend to mak e the sys tem an a l ogous  to a m i x
i n g ce l l .  

o A s i n g l e ce l l m i x i n g  ce l l mode l  i s  s i rrp l e and i s  e asy 
to u se . 

The mi x i n g  ce l l mod e l  for the  a l l uv i a l  system h as the fol 
l ow i n g  features :  

o The water ba l an ce con s i s t s  of grou nd-w ater i n f l ow , 
t ran s i en t  storag e ,  an d ground-w ate r outf l ow .  Net i n 
f i l trat i on an d seep age to , o r  from , d eeper aqu i fers  i s  
con s i d ered neg l i g i b l e . 

o Th e m i x i n g ce l l i s  treated as a comp l ete l y  m i xed sys 
tem . D i spers i v i ty i s  not tre ated exp l i c i t l y ,  but i s  
con s i de red on l y  i n  t hat i t  enh ances  m i x i n g  and es sen 
t i a l l y ,  creates  a d i l ut i on prob l em .  

o Geochem i c a l  re t ardat i on ( i . e .  sorp t i on ,  prec i p i ta-
t i on ) ,  de sorp t i on ,  an d r ad i oac t i v e  decay are not con 
s i dered . Th i s  as sump t i o n  overes t i mate s con t am i nan t 
m i g r at i on r ate s an d may underes t i mate f l us h i n g  t i me s .  

o Ti me i s  d i scret i zed o n  an an n ua l  bas i s .  

A schemat i c  i l l us tr at i on of the concep tua l  mod e l  and the  
eq uat i on s  rep resen t i n g  the  mod e l  are  s h own i n  F i g ure  F . 3 . 1 9 .  
Th e res u l t s  of the mode l for the grad ua l  d i l ut i on of  uran i um 
are presented i n  Tab l e F . 3 . 9 .  A r ange  of res u l t s  i s  found , d e
pend i n g  o n  the i n i t i a l concentrat i on s  i n  the  grou n d -w ater back 
ground  con cen trat i on s ,  vo l ume of a l l uv i a l  ground water be l ow 
the  tai l i n g s  ( ca l c u l ated us i n g  dra i n ab l e  poros i ty ) , and the 
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Tab l e F . 3 . 9  Res u l t s  of m l x l ng ce l l mod e l  for res i d ua l  ur an i um 
concentrat i on i n  ground  water 

A ve r ag e  i n i t i a l  Eff l uent  con cen tr at i on se 

Gro u n d -water Background  
b 

Ce l l  con cen trat i on
d 

f l  u x  r ate a concentrat i on vo l umec under ta i l i n g s  

5 . 7  x 106 20 7 . 0  x 1 0  7 600 

1 . 6 x 10  
7 20 1 . 4  x 108 600 

1 . 0 x 10 
8 

20 2 . 5  x 10  
8 

600 

1 . 6 x 10  
7 

20 1 .  4 x 10  8 
125  

1 . 6 x 10 7 20 1 .  4 x 108 300 

1 . 6 x 10 7 6 . 8  1 . 4  x 108 300 

1 . 6 x 10 7 40 1 . 4  x 108 300 

� I n  l i ter s  per yea r ,  from Tab l e  F . 3 . 4 . 
I n  p C i / l , from Tab l e  F . 3 . 6 .  

� I n l i ter s ,  from Tab l e  F . 3 . 5 .  
I n  p C i / l , h i g h e s t  s e as on a l  concen trat i on s be l ow ta i l i n g s , from Tab l e  F . 3 . 6 .  e I n  p C i / l , for g i ven  n umber o f  ye ars  after remed i a l act i on . 

10 -irs --25 yrs 

285 102 

21 7 59 

40 20 

56 27  

1 1 5  39 

106 26 

1 28 5 7  

50 yr s 100 yr s 

32 20 

23 20 

20 20 

20 20 

21 20 

8 6 . 8  

41 40 



r ate of g round-w ater f l  u x .  Th i s  r an g e  i n  r e s u l  t s  g i  v e s  s ome 
i n d i c at i on of the sen s i t i v i ty of the mode l ,  and  of the p hys 
i c a l  sys tem , to the uncer tai nty or var i ab i l i ty i n  var i o u s  
f ac tors . 

The re s u l t s  of the mode l s how t h at res i d ua l  ur an i um wou l d  
be f l us hed from the aqu i fer w i t h i n  100 year s ,  b ut t h at concen
t r at i o n s  of  ur an i um greater than the  EPA ' s  hea l th ad v i sory l e v
e l  of 10  pC i / l  may p er s i st for  more th an 25  ye ars . Howe ver , 
background  concentrat i on s of ur an i um may be more t h an the ad v i 
sory l e ve l  ( Sect i on F . 3 . 1 . 6 ) . 

Res i d ua l  concentrat i on s  of con tam i n an t s  other t h an ur an i 
um  were not eva l uated w i th  the m l x l n g ce l l mod e l .  
Other  than ur an i um ,  on l y  ammon i um h ad a re ad i l y  de f i n ab l e  
p l ume i n  the  a l l uv i a l  ground  water . The s porad i c d i s tr i b ut i on 
of other con t am i nant s  i n d i  cate s that one  or more of se ver a l  
proce s se s  i s  occur r i n g :  

o The con s t i tuen t s  are 
geoc hem i ca l  retardat i on . 

s u bject to s u bs t an t i a 1 

o Th e effect s  of l e ach i n g of con s t i tue n t s  i n to grou nd  wa
ter are ob s c ured by the conce ntrat i on s  present  i n  the  
back ground  water : 

o The con st i tue n t s  ar e r ap i d l y f l us hed from the gro u n d  
water . 

Bec au s e  of the ab sence of def i n ab l e  p l ume s , an d con s i d er 
i n g t h e  ex i st i ng  an d expected u se  o f  the  a l l uv i a l  g round  w ater 
( none ) ,  i t  i s  con c l uded that thes e con tam i n an t s  other t h an ur a
n i um wou l d  be r ap i d l y  f l us hed from the a l l u v i a l  ground  water , 
re l at i ve to the  pred i c ted  t i me  requ i red to f l us h  ur an i um .  

Stab i l i z at i on o n  the s i te .  For s t ab i l i zat i on on the  
s i te ,  water -qua l i ty i mp ac t s  wou l d  be d ue to two causes : 

o Ex i st i n g  con t am i nat i on i n  the g ro u n d  water . 

o Con t i n u i n g contami nat i on of the ground  water by t ai l 
i n g s 1 e ac h ate . 

These  i mp ac t s  can be eva l uated by exp an s i on of the m i x i n g  
ce l l  mod e l  used to eva l u ate the water - qua l i ty i mp ac t s  o f  ta i l 
i n g s  re l oc at i on .  A n ew term i s  ad ded to the wate r ba l an ce to 
ac count  fo r i n f i l tr at i on through  the ta i l i n g s , an d a wate r 
qua l i ty descr i pt i on i s  attached t o  t h a t  term . 

There are no av a i l ab l e  d at a  on the concentr at i on of ur an i 
um w i th i n  the  ta i l i n g s  pore water , an d for the mi x i n g  ce l l mod 
e l  a concentrat i on of 600 pC i / l  w i l l  be as s umed ( 6 10  pC i / l  was  
the  h i ghe st  me asured concentrat i on of ur an i um in  a we l l com
p l eted be l ow the tai l i n g s ) . Bec ause  ground  water mo v e s  
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through  the ta i l i n g s , th i s  ap pears  to be a repres entat i v e  con 
centrat i on of the con t ami n an t  source  stren g th . 

Res u l t s  of mi x i n g  ce l l ca l c u l at i o n s  are p re sen ted  i n  
Tab l e  F . 3 . 10 fo r two d i fferent r ates  of i n f i l tr at i on corre
spon d i n g  to two d i fferent va l ues  of hyd r au l i c  con d uct i v i ty for 
the  cover ( Sect i on F . 3 . 3 . 2 )  an d for var i o u s  v a l ues of hyd r au 
l i c an d water-qua l i ty p arame ters . I t  can be conc l uded  th at 
the  concentrat i on of contami n an t s  i n  the  ground  water i s  re l 
at i ve l y  sen s i t i v e  to the r ate of i n f i l tr at i on through  the co
ver . For  the case  of  ur an i um ,  a h i gher  i n f i l tr at i on r ate 
i n d i  c ates  l ong -term concen trat i on s  i n  the r ange  of 39 to 235  
pC i / l , s e vera l  t i me s  EPA ' s  h ea l th ad v i sory l eve l . For  the l ow
er i n f i l tr at i on r ate , the mi x i n g  ce l l mode l i n d i c ates  l on g 
te rm concentrat i on s  of ur an i um of 8 . 8  to 5 2  pC i / l . Th i s  i s  
s l  i g h t ly be l ow to se ver a l  t i me s  abo v e  the EP A ' s  h e al th  ad v i s o
ry l ev e l . The r ange  i n  concentr at i on s  ref l ects  var i ab i l i ty i n  
background  concentr at i on s  an d hyd r au l i c  parame ters . 

For th e tox i c  non-rad i oact i v e  con tam i n an ts i n  the  ground  
water , a quan t i tat i ve as se s smen t was not performed . Ur an i um 
and  ammon i um are the on l y  con s t i tue n t s  for wh i ch a def i n i te 
p l ume cou l d  be de f i ned , wh i l e  oth er con s t i tuents  are sporad 
i c a l l y  d i s tr i b uted i n  a l l uv i a l  ground  water or are not  presen t 
at concen trat i on s  abo ve  backgrou nd  l e ve l s ( Sect i on F . 3 . 1 . 6 ) . 
Stab i l i zat i on on the s i te wou l d  i n c l ude remov a l  of the  ta i l 
i n g s  from the ground water , an d th u s  wou l d  remove the ma i n  
source  of the sporad i ca l ly  d i s tr i b uted con st i tuen t s .  Becaus e  
these  con s t i tuen t s  are not mob i l e  enough to deve l op a def i n 
ab l e  p l ume , remov a l  of the i r ma i n  source me an s th at they 
wo u l d  prob ab l y  be r ap i d l y  f l u s h ed from the  a l l uv i a l  g round  w a
ter ,  r e l at i v e  to the r ate of f l us h i n g  of ur an i um.  

F . 3 . 2 . 3  Exten t of con tami nant  p l ume 

I so - concentr at i on maps for those  con s t i tue n t s  for wh i ch a 
p l ume cou l d  be def i ned are pre sented  i n  Sec t i on F . 3 . 1 . 6 .  

F . 3 . 2 . 4  D i s ch arge of p l ume to s urface water 

Rev i ew of ex i s t i ng  d at a .  A s i te - spec i f i c  geoc hem i c a l  
i n ve s t i g at i on of the Gran d  J unct i on ta i l i n g s  ( Markos  an d B us h ,  
1983 a )  i n c l  uded exper ime n t s  to i n v e s t i g ate the po s s i b l e  mo ve
men t  of contami nan t s  i n to the Co l orad o  R i v er ( Bu s h  et a l . ,  
1980 ) . The se stud i e s  con c l uded  th at l iThe Co l or ado R i ver , how
ever , con ta i n s  no me as ur ab l e  con tam i n at i on from the t a i l i n g s . "  
( Marko s an d B us h ,  1 983a ) .  

Con t i n uo u s l y-mon i tored water-qua l i ty dat a from the 
Co l or ado R i ver system near Grand J unct i on are av a i l ab l e  from 
two s ource s : the U . S .  Geo 1 og i  ca 1 Sur vey ( USGS ,  var i o u s  date s )  
and the Rad i um Mon i tor i n g Networ k ( EP A ,  1 973 ) . A s  of 1983 ,  
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Tab l e  F . 3 . 1 0  Res u l t s  of  m l x l n g  ce l l mod e l  o f  ur an i um  co n ce ntr at i on i n  
gr ou nd  water fo r s t ab i l i za t i on on s i te 

Aver ag e i n  i t  i al 
Eff l ue n t co ncentr at i on s g B ack grou n d  Le ac h ate conce n -

Grou nd -wa�er concen6 I n f i  l tr et i on co nce n -d 
v����e tr at i on f f l  u x  r ate tr a t i on r ate tr at i on under t ai 1 i n g s  10 yrs  25 yrs  50 yrs  100 yrs 

5 . 7x10 6 20 B. 9 x 10 
-1  

600 7 . 0  x 10  7 
600 343 253 236 235  

5 . 7 x 106 20 B . 9 x 10  
-2 

600 7 . 0  x 10 
7 

600 292 1 2 2  61 52 

1 x lO B 20 B . 9 x 10 
-1  600 2 . 5  x l OB 600 5 7  3 9  3 9  3 9  

1 x lO B 20 B . 9 x 10  -2 600 2 . 5  x lOB 600 42 2 2  2 2  2 2  

1 x lO
B 

20 B . 9 x 10  -2  600 2 . 5  x 10  B 
125 25 22 22  2 2  

1 x lO B 6 . B  B. 9 x 10 -2 600 2 . 5  x lOB 125 13 B . B B. B B. B 

1 x lO
B 

40 B . 9 x 10 -2 600 2 . 5  x 10  B 
125  45 42 42 42 

� I n  l i ter s per year , f r om Tab l e  F . 3 . 4 .  

� �� ��j�!�r:r��O�a�!� l : · � :� : l l .  
I n  pC i / l , h ig hes t me a s ured concentr at i o n  be l ow t h e  tai l i n g s ,  from Tab l e  F . 3 . 6 .  � I n  l i ter s ,  f r om Tab l e  F . 3 . 5 .  
I n  pC i / l , h ig he st  s e aso n a l  co n centr ati on s be l ow t ai l in g s ,  f rom Tab l e  F . 3 . 6 .  g I n  pC i / l , for g i ve n  n umber o f  ye ars after r emed i a l ac t i o n .  



the  USGS reported  water-qua l  i ty i n format i on for s t at i o n s  at 
C ameo ( up s tream of Gran d J unct i on ) , the  G u n n i  son R i v er  near  
Grand  J unct i o n ,  an d the  Co l or ado  R i v er near  the Co l o r ad o - Ut ah 
s t ate l i ne . As of  1972  the Rad i um Mon i tor i n g  Network ( RM N ) re
ported water-q ua l i ty for  s t at i on s at  OeBeque ( up s tream of  
Grand  J unct i on ) , t he  G u n n i son R i ver  at Gran d  J unct i o n ,  and  t he  
Co l or ado  R i v er near Fru i ta ,  Co l or ado  ( down s tream of  Gran d 
J un ct i on ) . The RMN was red uc ed after 19 72 ,  and  i t s u sefu l n e s s  
was i mp a i red ( E PA ,  1 9 7 3 ) . 

The USGS dat a i n c l ude me as uremen ts  of spec i f i c  con d uc 
tan ce ,  common i on s  s uch  a s  ca l c i um,  magne s i um ,  s od i um ,  p o t as s i 
um,  a l k a l i n i ty ,  s u l fate , an d ch l or i de ; an d other d i s so l v ed  
co n s t i tue nt s  s uch  as arsen i c ,  bar i u m ,  cadm i um ,  chrom i um ,  co
ba l t , coppe r ,  i ron , l e ad ,  man gan e s e ,  merc ury , se l en i um ,  s i l 
ver , an d z i n c .  The RMN data  i n c l  ude me as uremen ts  of 
r ad i um-226 , ur an i um,  an d occas i on a l  me as uremen ts of tota l  a l 
ph a ,  g ro s s  be ta ,  thor i um- a l p h a ,  l e ad -2 10 ,  stron t i um-90 , and  po-
1 0n i um-2 1 0 .  

E v a l u at i on o f  USGS d a t a  for t h e  1982 water ye ar fa i l ed t o  
s h ow any me as urab l e  c h an ge s  i n  Co l or ado R i ver  water q ua l i ty a t 
tr i b ut ab l e  t o  t h e  ta i l i n g s . Th i s  i s  t o  be exp ec ted  d ue to s e v 
er a l  factors : 

o The re l at i v e l y  l arge  f l ow of the Co l o r ad o  R i v er wou l d  
d i l ute an d d i s p erse  con t am i nan ts or i g i nat i n g from t he  
t a i l i n g s . 

o The effect  of the ta i l i n g s  wo u l d  be overs hadowed by ef
fects of  i nf l ux of  the  Gun n i son R i ver  i n to t he  
C o l or ado  R i ver o ne  mi l e  down s tream of  the ta i l i n g s .  

o The i n f l u x  to the Co l orado  R i ver  of i rr i g at i on return  
f l ow , ur ban runoff,  an d ep hemer a l  d ra i nages  s hou l d  
over s h adow the effects  of the ta i l i n g s . 

E va l uat i o n  of the RMN data  for the ye ars  1 962  to 1 9 72  
s h owed no  ev i dence  of contam i n at i on i n  t he  Co l or ad o  R i v er 
wh i ch cou l d  be attr i b ut ab l e  to the Grand J unct i on ta i l i n g s ,  
even though  m i l l i n g op er at i on s  were act i v e  d ur i n g  the  t i me .  
The m i l l  s i te l i es  be tween up s tream s t at i on s on the Co l or ad o  
R i ver a t  OeBeque an d t h e  G u n n i son R i v er up s tream of Gran d 
J un ct i o n ,  an d th e down stream s tat i on on the Co l o r ad o  R i v er 
near Fru i ta .  The EP A s tated that r ad i um concentrat i on s  d i d  
not app rec i ab l y i n crease through  the reach  b ut ur an i um d i d  i n 
cr e ase  by abo u t  20 percen t .  P ar t  or a l l of th at i n crease  i s  
d ue to the h i g h concentrat i on s  of ur an i um i n  the  G u n n i son 
R i ver up s tream of Gran d  J unct i o n ,  wh i ch exceed con cent r at i o n s  
i n  the  Co l or ado  R i ver at OeBeque . I t  i s  ev i d ent  th at t here 
wou l d  be no  c l ear i nd i cat i on of ( e . g . ,  me as ur ab l e  c o ntam i n a 
t i on ) r ad i ome tr i c  con tam i n a t i on o f  the Co l orad o  R i ver  water by 
t he  Gran d  J unct i o n  ta i l i n g s  beca u se : 

o The re l at i v e l y  l arge  f l ow of the Co l or ad o  R i ver d i -
1 utes  k n own grou nd-w ater i n f l ow from be n e ath t he  
ta i l i n g s . 
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o The effects  of the ta i l i n g s  are over s h adowed by the  ef
fects of i n f l u x  of the G u n n i son R i ver i n to the 
Co l or ado  R i v er one m i l e  down s tr e am of the ta i l i n g s . 

o The amb i en t  concentr at i o n s  of r ad i on uc l i d e s  i n  
C o  l o r ado  R i  ver  water over s h adow the effects  o f  the 
Gr and J unc t i o n ta i l i n g s .  

o The c umu l at i v e effects  of ur an i um m i l l i n g on the  
Co l or ado  R i ver sys tem abo ve  Gran d J un c t i on  wou l d  tend 
to obsc ure the effects  of the  Grand  J unct i o n ta i l i n g s . 

I mpac t a s ses smen t .  A l t h o u gh the effects  of the Gran d 
J unc t i on tai l i n gs on Co l orado R i v er water qua l i ty h ave  not  
been  me as ured to  date , there i s  an  unme as ur ab l e  but  
e s t i matab l e  m i n i ma l  i mp act  on the water  resource . Th e degree  
of th i s  i mp ac t  may be  es t i mated for a g i v en w ater-qua l i ty con 
st i tuent  by ca l c u l at i n g  the d i l ut i on of th at c on s t i tuen t i n  
t he  Co l orado  R i ver . For examp l e , ca l c u l at i on s  cou l d  be based  
o n  an  averag e f l ow i n  the  Co l or ado R i ver abo ve  I mp er i a l  D am o f  
10 , 900 c u b i  c feet p er second ( USG S ,  1979 ) , ary aver ag e grou n d 
water f l  ux  _2m der t h e  ta i l i n g s  o f  7 . 1  x 1 0  1 i ter p er ye ar 
( 7 . 95 x 10 c ub i  c feet per second ) , and an aver ag e conce n 
t r at i on o f  tota l  d i s so l ved so l i d s  ( T9S )  o f  6000 mg / l  i n  the  
gr ound  water . The f l  u x  of  7 . 1  x 10 1 i ter s p er ye ar i s  i n  
the  r an ge of f l u xe s  ca l c u l ated us i n g Darcy ' s  l aw ( Sect i on 
F . 3 . 1 . 5 ) , an d i s  the same as ca l c u l ated i n  a prev i ou s  s tu dy 
( N US , 1983 ) . Based on these n umbe rs  a d i l ut i on fac to r  of 
1 3 7 , 000 i s  ca l c u l ated , and i n f l ux  of c on tami nated gIi>u n d  w ater 
i n to the Co l or ado R i ver wou l d  con tr i b ut e  4 . 4  x 10 mg / l  TD S 
to  the Co l or ado R i ver . A U . S .  Bureau  of Recl amat i on study 
( UR S ,  1983 ) es t i mated an an n u a l  l os s  of $540 , 000 for e ac h  i n 
cr e ase  of one mg / l  TD S i n  the  Co l orado  R i ver at I mp er i a l Dam 
( a l on g  the Ar i zona-Ca l i forn i a bo r der ) .  Based  on these  as s ump 
t i o ns  an d app rox i mate ca l c u l at i on s ,  the TDS l o ad d ue to the 
ta i l i n g s  may repres ent  an  an n u a l  l o s s  of $2 3 , 760 in  the  va l ue 
of  the resource to down s tream water u ser s . 

Us i n g  s i mi l ar as sump t i on s  hea l th effects  can � ad 
dres �d .  Us i n g  grou n d -w ater f l ow vo l ume s of 1 . 6  x 10 to 1 
x 10 l i ters  per ye ar (Tab l e  F . 3 . 5 ) , an av erage  c oncen tr a
t i on of u ran i um i n  the ground  water of 600 pC i / l , and a f l ow 
i n  the  Co l or ado R i ver  of 3780 cfs ( t h e  49-ye ar average  at 
C ameo ; USGS , 1 97 9 ) , the  i n f l u x  of c ontam i n ated g rouD� water i n 
to _2the C o l orado  R i ver wou l d  con tr i b ute 2 . 9  x 10 to 1 . 8  x 
10 pC i / l oppos i te the ta i l i n g s . Th i s  i s  an over-es t i mate 
be caus e 600 pC i / l  represents  the h i g hes t me as ured conc en tr a
t i on of ur an i um i n  the  grou nd  wate r ,  not  an av erag e .  He a l th 
ef fects  of i n ge st i n g  water are d i s c us sed i n  deta i l i n  Ap p en d i x 
I ,  R ad i at i o n Hea l th Effect s .  

F . 3 . 2 . 5  Contam i nant  so u rces  other  than m i l l  t a i l i n gs 

There are s e vera l  pote n t i a l  c on tam i nant  sources  ot her  
t h an m i l l  t a i l i n g s  w i th i n  the  pote n t i a l ly  affected hyd ro l o g i c 
sett i n g .  These  i nc l ude : 
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o I rr i g at i on return f l ow .  
o Urban run off . 
o L an df i l l s or b ur i ed tr as h .  
o I n d u s tr i a l ac t i v i t i e s .  

The mo s t  eas i l y i de nt i f i ab l e  s ou rce of grou n d -w ater  con 
t am i nat i on i n  the  are a  i s  i rr i gat i on retu r n  f l ow ,  i n c l u d i n g  
seep age  from cana l s ,  de ep perc o l at i on of i rr i gat i on wate r ,  an d 
urban seep age  from water ma i n s ,  sewer s ,  an d garde n i n g .  Th i s 
water p erc o l ate s throu g h  the a l l uv i um an d i n to the Man cos  
Sha l e , where i t  l e ac hes  s a l ts .  Con cen tr at i on s  of s a l t s exceed 
3000 to 4000 mg/l i n  the Mancos Sh a l e .  Th i s  l eac h ate mo ves  to
ward the ac t i v e  a l l uv i um a l ong  the Co l or ado R i v er an d then i n 
to the r i ver . The en t i re Gran d V a l l ey con tr i b utes  enou gh s a l t  
to the Co l or ad o  R i ver to i n crease the s a l i n i ty of the r i ver  at 
I mper i a l D am by more than 43 mg/ l  ( U . S .  Bureau  of Recl  amat i on ,  
1 9 78 ) . The an n u a l  cos ts  of th i s  l e ach ate can be es t i mated at 
mo re than $23 m i l l i on us i n g  a s i mi l ar es t i mat i on ap p ro ac h  as 
t he  one presented  abo ve  ( Sect i on F . 3 . 2 . 4 ) . 

The i mpacts  of urban ru noff on grou n d -w ater qua l i ty i n  
the  Grand J unc t i on area have  not be en q uan t i f i e d . I t  i s  k nown 
th at con tami nants  present  on s treet surfac e s  con tr i b ute  to w a
te r po l l u t i on ( E PA ,  1 972 ) . Among  the con tam i n an t s  k n own to be 
presen t on c i ty s treets are p hosphate s ,  n i trate s ,  heavy me t
al s ,  and  pest i c i de s .  

At on e bor i n g  l ocat i on down -grad i en t  of 
( 73 3 )  tras h was encoun tered . The exten t of th i s  
un kn own . Thi s mater i a l cou l d  con tr i b ute to 
con tami nat i o n .  

the  ta i l i n g s  I I I an df i 1 1 11 i s  
grou n d -w ater  

There are n umerous  i n d u str i e s  i n  the  v i c i n i ty of the ta i l 
i n g s . Sever al of these us e chem i ca l s  i n  the i r oper at i on s . The 
effects  of these  i n d us tr i e s  on ground-w ater qua l i ty ,  i f  any , 
are u n  known . 

F . 3 . 3 CL I MAT I C  E FF ECTS ON CONTAM I NAN T M IGRATION 

F . 3 . 3 . 1  C l i mate 

Th e c l i mate in the v i c i n i ty of Gran d  J unct i on i s  re l a
t i v e l y  dry . An n ua l  prec i p i tat i on av erages  abo u t  8 . 9  i n ches  
( 22 . 6  cm ) .  S i mmon s an d Gee  ( 1 98 1 )  repor t v a l ues of poten t i a l  
evapotr an s p i r at i on ( P ET )  for Grand J un c t i on  i n  the r an g e  of 
180 cm p er ye ar . Th us the rat i 0 of PET to preci  p i tat i on  i s  i n  
the  ran ge of sev en to e i  g h t .  Se l ected data  for pan evapo ra
t i on are s h own i n  Tab l e  F . 3 . 1 1 . 

F . 3 . 3 . 2  Contam i nant  mi grat i on i n  the  u n s aturated zone 

Ex i s t i n g  cond i t i on s . Dur i n g  the per i od of ac t i v e m i l l -
i ng an d up to the present  t i me ,  the i mp ac t  of con tam i n an t 
tran sport  i n  the  un s aturated zon e  has  been re l at i v e l y  m i nor . 
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Tab l e  F . 3 . 1 1 Se l ected pan  evaporat i on data  for the Grand J unct i on area 

Tot a l  evapor at i on 
Year Mon t h s  of record ( i n ches ) 

GRAN D  J UNCTION  6 ESE  

1 9 7 7  May-Sep tember 55 . 87  
19 78 May-September 54 . 9 3 
1 9 79 May-September 57 . 29 
1980 May-J u l y ,  September 41 . 78 

Averag e  ( per i od 
of record ) May- Sep tembe r 74 . 81 

MONTROSE  1 

1 9 7 7  Ap r i l , J une-Octobe r 38 . 2 3 
1 9 78 Ap r i  l -November 52 . 9 3 
1 9 79 Ap r i l -October 50 . 1 3 

1 980 May-October 45 . 90 
Average ( per i od 

of record )  Ap r i l - November 52 . 89 

Ref . NOAA, 1 9 7 7-1 980 . 
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The major i mp ac t s  to gro u n d  water h ave  be en the d r ai nage  of  
the  i n i t i a l l y  s atur ated tai l i n gs after depos i t i o n  and  the f l ow 
o f  ground  water thro u gh thos e por t i on s  of the ta i l i n gs wh i c h  
are be l ow the  water tab l e . 

F uture cond i t i o n s . I nf i l trat i on of i nc i de n t  prec i p i t a-
t i on through  the ta i l i ng s  can generate l e ac h ate wh i c h can  mo ve 
out of  the stab i l i zed s i te embankme n t .  I t  i s  d i ff i c u l t to pre
d i c t  the prec i p i tat i o n  wh i ch wo u l d  i nf i l tr ate ; howe ver , c a l c u
l at i on s  h ave  be en mad e to pro v i de  an up per bo u n d  on 
i n f i l t rat i on . 

A var i ety of me thod s are u s ed  to compen s ate for the d i ff i 
c u l ty i n  pred i c t i n g  i n f i l tr at i on r ate s .  Th e var i o u s  method s 
are br i ef l y  de scr i bed  be l ow ,  wh i l e pred i cted i n f i l tr at i on 
rates are presented i n  Tab l e  F . 3 . 1 2 .  

One conser vat i v e  me thod of ca l c u l at i n g an up p er bo u n d i n g  
va l ue o f  i nf i l tr at i on throu gh the  ta i l i ng s  embankment  i s  to 
as s ume a con st an t  satur ated f l u x  throu gh the c over ( me thod 1 ,  
Tab l e  F . 3 . 1 1 ) . Th i s  c a l c u l at i on u s e s  D arcy ' s  L aw to ca l c u l ate 
f l  u x :  

q = K �  
d l  

wh ere 

q = fl u x  ( l it ) 

K = sat u r ated hyd r au 1 i c cond uc t i v i ty ( l it )  

d h ld l  = hyd r a u l  i c g rad i e n t  

N e t  i nf i l trat i o n wou l d  probab l y  b e  s i g n i f i c an t l y  l es s  
th an ca l c u l ated w i th me thod 1 ,  beca us e  the  f l u x  o f  mo i sture i n 
t o  the cover i s  not  con s t an t  an d be cau se  mo i s ture a l s o  mo ves  
o u t  of the cover by evapotr an sp i r at i o n .  A l ower ,  more repre
sentat i v e va l ue of net  i n f i l tr at i o n  was ca l c u l ated u s i n g  the  
fo l l ow i n g  a s sump t i on s  ( me thod 2 ) : 

o The s l op i n g  embankme n t  cover promotes l atera l  r u n off  
of  exce s s  mo i s ture . 

o I n f i l trat i on  occurs  on l y  unde r  a s nowp ack or d ur i n g  
s i gn i f i cant  ( i . e .  mo re th an 0 . 1  i n ch ) prec i p i t at i on 
even t s .  

o A downward , un i t  hyd r au l i c g r ad i en t  ex i st s  on l y  u n der 
a s nowp ack or  d ur i ng s i g n i f i cant  prec i p i t at i on even ts . 

o Co n tr i b ut i on of s nowp ack to i n f i l trat i on i s  m i n i ma l , 
becau se  s n ows are 1 i gh t  an d they s e l dom rema i n on the  
grou n d  for l o ng  per i od s  of t i me ( U . S .  B ureau  of  
Recl amat i on , 1 978 ) . 
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Method 
a 

1 

1 

2 

2 

3 

4 

Tab l e  F . 3 . 1 2 Pred i c ted i nf i l tr at i o n  r ate through  the  cover 
at the Grand J un ct i on s i te 

Cover D ur at i on 
hyd r au l i c b ofc In f i l tr at i on 

con d uc t i v i ty f l ow r ate ( cm/yr ) 

1 x 10-6  
con s t an t 3 . 1 5  x 1 0

1 

1 x 10
- 7  

con s tan t  3 . 1 5  x 100 

1 x 10-6  
246 8 . 90 x 10- 1  

1 x 10- 7  
246 8 . 90 x 10

-2 

Dat a not  ava i l ab l e  

Not  ap p l i cab l e  

aMethod 1 i s  con s t an t  D arcy f l ow under u n i t hyd r au l i c g rad i en t ;  
Method 2 i s  con s t an t  D arcy f l ow d ur i n g  ra i nfa l l e ven ts > 0 . 1  i n c h ; 
Method 3 i s  wett i ng  front  ad vance d ur i n g ra i nfa l l even ts > 0 . 1  i n ch ; 

bMethod 4 i s  water ba l ance . 
I n  cm/sec . Hydr au l i c con d uc t i v i ty of cover wo u l d  be s p ec i f i ed i n  eng i nee r i n g  
de s i gn .  c I n  ho urs  per year .  
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o S i gn i f i cant net i n f i l tr at i on occ ur s  on l y  d ur i n g  days  
w i th prec i p i tat i on greater  th an 0 . 1  i nc h  of  prec i p i t a
t i on .  For prec i p i t at i on even t s  l es s  th an 0 . 1  i nc h ,  i t  
i s  as s umed  th at the over l yi n g rock  cover wou l d  c a u se  
l arge  i n tercep t i on l o s se s . For the  p er i od 1965- 198 1 ,  
t h e  area av er aged  4 1  days  w i th prec i p i tat i on g reater 
th an 0 . 1  i n ch ( Co l o r ad o  C l i mato l og i c a l  Off i c e ,  1 982 ) . 

o For days w i th prec i p i t at i on g re ater  th an or  eq ua l  to 
0 . 1  i n ch , the prec i p i tat i on occ ur s  over a s i x-hour pe
r i od .  F or  the per i od Janu ary, 1 981 , throu gh Mar ch ,  
1 985 , c l i mat i c  data  for Gr an d  J unct i on s hows t h at days 
w i th prec i p i t at i on greater t h an or eq ua l to 0 . 1  i nc h  
aver aged  5 . 5  hour s  of me as ur ab l e  p rec i p i t at i on ( NOAA, 
1 981 - 1985) . 

B as ed on these as s ump t i on s ,  a un i t  hyd r au l i c g r ad i en t  oc
curs  fo r a l i mi ted per i od : 

41 days x 6 hour s = 246 hou r s  days 

Th i s  ca l c u l ated d ur at i on of a downw ard ,  un i t  hyd r au l i c  
g rad i en t  i s  used  to ca l c u l ate an n u a l  net  i n f i l tr at i on ( Tab l e  
F . 3 . 1 1 ) . 

An a l ternate me an s ( method 3 )  of ca l c u l at i n g an n u a l  i n f i l 
t r at i on i s  made us i n g  a form u l a for ad v an cemen t of a we t t i n g  
front d ur i ng con s t an t  i n f i l tr at i on ( St a l l man , 1 96 7 ) : 

dw/hc + l o g 1/ ( 1  + dw/ h c )  = kt/ h cSc 

where 

as  

dw = dep th of wet t i n g  fro n t  at t i me t 

hc = pres sure  he ad acro s s  wett i n g  front 

k = satu r ated hyd r au l i c  con d uc t i v i ty 

t = t i me after the  ground  s ur f ace  i s  wetted  

Sc  = c h an ge i n  vo l umetr i c  water con ten t  acro s s  
t he  wett i n g  fro n t  

The u se  of  t h  i s eq uat i on for ca l c u l at i n g i n f i l tr at i on i s  
fo l l ows : 

o I nf i l tr at i on occ ur s  on l y  wh en there i s  a s ur f ac e  
source  of water , a l thou gh t h e  wet t i n g  fro n t  wou l d  c on 
t i n ue to ad vance after  the  s ource  i s  removed . 

o Sc e q ua l s the d i fference be tween the - 1 5  bar an d 
satur at i on mo i sture  percen t age . 
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o Net  i nf i l tr at i on occ ur s  on l y  d ur i n g  prec i p i t at i on 
even t s  of 0 . 1  i n ch  or g reater ( se e  method 2 for reas o n 
i n g ) , w h i ch a r e  a s s umed to l as t  s i x  hour s .  

o Net  i n f i l tr at i on equa l s  dw x Sc . 

Th i s method  was  not  used  for the Gro und  J un c t i on s i te ,  
b ut  was  u s ed for the Cheney Re servo i r  s i te ( Sect i on F . 4 ) . An 
a l ternat i ve me an s of e s t i mat i n g  t he  net  i n f i l tr at i on i s  to a s 
s ume t h at i t  wo u l d  be l e s s  th an or  equa l t o  th e ex i s t i n g  net  
i n f i l trat i on through  t he  un d i s turbe d  s o i l s  at  t he  s i te ,  a n d  e s 
t i mate t h e  ex i st i n g  i n f i l tr at i on r ate  us i n g  a water ba l an ce 
ca l c u l at i on ( method 4 ) . The reason i n g  beh i n d  t h i s es t i mate 
wou l d  be t h at the  en g i neered cover w i l l  have  a l ower p erme ab i l 
i ty th an the  u nd i s turbe d  s o i l s ,  wh i c h wou l d  t en d  to r e s tr i c t  
i n f i l t rat i on to l es s  th an ex i st i n g  r at e s .  I t  mus t be n ot ed 
t h at facto r s  other  th an the  p erme ab i l i ty of t he  s o i l c ontro l  
i nf i l tr at i o n ,  e . g .  evap otran sp i r at i on by the  ex i s t i n g  vege t a
t i on .  The ex i s t i n g  r ate of net  i nf i l tr at i on st i l l  prov i d e s  a 
q ua 1 i t at i v e  me asure  of wh at i n f i  l tr at i on throu gh  t he  co ver ed 
t a i l i n g s  cou l d  be . 

P rev i o u s  s t ud i es .  The Gran d J unct i on s i te was  u s ed to 
i n ve s t i g ate the  u se  of vegetat i on an d rock c overs  to s t ab i l i z e  
ur an i um m i l l  ta i l i n g s  ( Mayer e t  a l . ,  1 981 ) . Th e i n ve s t i g a t i on 
co ns i sted of s i mu l at i n g  mo i s tu r e  mo vement  through  t he  ta i l i n g s  
an d cover  1 ayer s .  The s i mu l a t  i o n  u s ed a v er s i on of t he  c omp u 
ter cod e , UN SAT ( Gup t a  e t  a l . ,  1 9 78 ) . The vers i on i s  c a  l l ed 
UN SATV an d accoun ts  for the i mportan t factors  i n f l  uenc i ng t h e  
un s aturated zon e :  

o Water i nf i l tr at i o n from prec i p i t at i on o r  i rr i g at i on . 
o Evapo r at i on .  
o Tr an sp i r at i o n .  
o Runoff .  
o Dr a i n a ge . 
o Water  vapor d i ffu s i on ( a  feature  of UNSATV ) . 

The s i mu l at i on s  were run  for a one-year p er i od to  i n i t i a l 
i ze t he  mode l ,  an d then for a two-year p er i od u s i n g  e i the r  t h e  
rep eated c l  i mat i c  d a t a  f o r  1 9 7 9  (wette s t  ye ar i n  1 9 7 6  to 1 9 79 
per i od )  or  th e rep eated cl  i mat i c  dat a for 1976 ( d r i e s t  year 
1 9 76 to 1 9 79 ) . 

The res u l t s  of the  s i mu l at i on s tu dy h av e  s e v er a l l i m i t a
t i on s  wh i ch re str i c t  the i r  ap p l i cab i l i ty to the  c ur rent  d e 
s i g n s  for s tab i l i z i n g  the  ta i l i n g s . I t  s hou l d  b e  noted th at 
a l though  the s i mu l  at i on s  are 1 i mi ted i n  the i r  ap p l  i c ab i l i ty ,  
th e s e  l i mi tat i on s  tend to overes t i mate mo i s ture mo v emen t an d 
t h u s , d i s c us s i on of these  l i mi tat i on s  fo l l ows : 

o The cover sys tem de s i g n  used  i n  the  s i mu l at i o n s  was  
q ui te d i fferent  from th e c ur rent  des i g n .  Mos t  s i g n i f
i can t i s  th at the s i mu l ated prof i l e  h ad a l ow
p erme ab i l i ty l ayer at dep th ( 1 . 3  meters ) w i th i n t he  
mu l t  i - 1  ayer cover , where as th e c ur rent  concep t u a l  d e -

F - 160 



s i g n has  a l ow-perme ab i l i ty l ayer near  the top of the  
co ver sys tem . The s i mu l ated cover  had a 1 . 3-meter 
th i ck l ayer of overbur den wh i c h cou l d  reta i n mo i s tur e ,  
ten d i n g  to dr i ve water down through the l ow
perme ab i l i ty cover . 

o Th e l ow- permeab i l i ty l ayer used  i n  the s i mu l at i on was 
on l y  1 5  cm th i c k , ap p rox i mate l y  on e - te n th ( 1 /10 )  the  
th i c knes s of the c ur rent  des  i g n . Us i ng  Darcy I s Law 
mod i f i ed for un saturated f l ow ( H i l l e l , 1 9 71 ) : 

q = -K  ( theta )  dh  

d l  
where 

q = f l u x  

K = un saturated hydrau l i c  conduct i v i ty 

th eta  = wate r conte n t  

d h/d l  = hyd r au 1 i c grad i e nt  

d h  = chan g e  i n  tota l  head 

d l  = l ength  of f l ow path  

I t  can  be  seen th at for  a g i ven va l ue of K an d a g i ven  
c h an g e  i n  head ac ros s a t a i  1 i n g s  sys tem ; the  g reater  the  
l en g t h  of  th e f l ow path  acro s s  the l ow- permeab i l i ty l aye r the 
sma l l er the f l u x .  The rat i o  K/d l  i s  some t i mes c a l l ed th e 
" Effec t i ven e s s  Fac tor " ( Bue l t an d Barnes , 1 981 ) . The c ur ren t 
de s i g n has an effec t i venes s  fac tor ap p rox i mate l y  four t i me s  
that o f  the s i mu l at i o n study . 

o The s i mu l at i on was p erformed u s i n g  a o ne-d i me n s i ona l 
mode l ,  therefore l ater a l  d r a i n age  was not con s i dered . 
And more i mportan t l y ,  t he  mode l does  not c a l c u l ate r u n 
o f f  d i rec t l y ,  an d do es  n o t  tak e  i n to ac cou n t  the ef
fects  of a s l oped s ur f  ace on ru noff . Th e c urrent  
conceptua l  des i g n  i n c l ude s a cover  top  s l ope  of two to  
four  p ercen t to promo te runoff ,  w i th s i de s l op e s  of 20 
percen t .  

I t  c a n  b e  conc l uded th at t h e  prev i o u s  s i mu l at i on s tudy 
( Maye r et a l . ,  1981 ) i n c l uded s e ver a l  aspects  wh i c h  wou l d  ten d  
t o  over e s t i mate net i nf i l tr at i on and wh i c h  l i mi t the ap p l i c a
b i l i ty of the s i mu l at i on s t udy to the c ur rent  des i g n . The c ur 
ren t  concep tua  1 des  i g n  wo u 1 d be mo re effec t i ve i n  m i  n i  mi z i  n g  
i n f i l trat i o n  an d l e ac h ate prod uc t i o n  th an the de s i g n used  i n  
the  prev i ous s i mu l at i o n st udy . 

The Grand J un c t i o n  ta i l i n g s  were a l s o  the l oc a t i o n  of a 
f i e l d  st udy of the u se  of vegetat i on and rock covers  ( Be ed l ow ,  
1984 ) . F i e l d  me as uremen t s  o f  matr i x  pote n t i a l  an d vo l ume tr i c  
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mo i s ture  for two sets  of two d ates  i n  1982 corrobor ate the  s i m
u l at i on s tu d i e s . Th e vegetated cover s howe d very l i tt l e  
ch an g e  i n  mo i st ure content re l at i v e t o  rock cover ( t h e  c h an ges  
i n  mo i sture  con tent  under the veg etat i v e  c over are near  the 
reso 1 ut i on of the neutron probe that was us ed  to mak e the 
me as uremen t s ) • 

The app l  i cab i 1 i ty of the f i e l d  s t udy to the c ur rent  de
s i g n i s  a l s o  l i mi ted by d i fferences be tween the  two cover de
s i g n s . The te st  p l o t s  were rel at i ve l y  f l at ( se e  F i g ur e  1 i n  
K i rk h am et a l . ,  1 982 ) , wh i c h wou l d  m i n i mi ze runoff .  The c ur 
ren t con cep t ua l  de s i g n  i n c l udes  a cover s l op ed three t o  four 
p ercen t ,  w i th s i d e s l opes  of 20 percen t ,  to promote runoff . 
The tes t p l ot s  h ad a l ow-perme ab i l i ty l ayer at dep th w i th over
burden  wh i c h cou l d  retai n mo i s tur e ,  wh i c h wou l d  ten d to dr i v e  
w ater through  t h e  l ow-permeab i l i ty l ayer . Al s o ,  t he  th i ck ne s s  
o f  t h e  l ow- permeab i l i ty l ayer i s  l es s  than i n  t h e  c ur rent  s i te 
de s i g n a l though  the  hyd r au l i c  con d uct i v i ty i s  l ower . The net  
resu l t  was t h at the c ur rent des i g n  has  a g reater effect i v enes s  
f actor than the te s t  p l ot .  Th ese  d i fferences a l l i n d i c ate 
t h at net i n f i l tr at i on wo u l d  ten d  to be l e s s  w i th the c ur re n t  
de s i g n t h an for t h e  t e s t  p l ot s .  

F . 3 . 4 .  EX I ST I NG  USAG E AND VALUE  OF WATER RESOURCES  

F . 3 . 4 . 1  Ground  water 

Us age . Uti 1 i z at i on of ground wate r i n  the Gran d 
J unct i on are a  i s  predom i n an t l y  from deeper conf i n ed aq u i fers 
r ather than from the s h a l l ow aqui  fers . The 1 ack of us  age of 
s h al l ow ground  water can be at tr i b ut ed to three fac tor s :  the  
poor q ua l  i ty an d l ow y i  e 1 d of  s h a l l ow aq u i  fers , an d the  ready 
ava i l ab i l i ty of a l ternate wate r s up p l i e s .  Reports  on the 
hyd rogeo l ogy of the Grand J unct i on are a  corroborate th i s  
( Lo hman , 1 965 ) : 

" I n the Grand J un c t i on  are a ,  u ncon f i n ed aq u i fers yi e l d  
but  1 i tt l e  water or w ater of poor qua l  i ty,  or bo th  • • .  

Where th i ck ,  the  a l l uv i um a l ong  the p r i n c i p a l  s treams 
probab l y  wo u l d  yi e l d con s i de r ab l e  w ater to proper l y  con 
struc ted  we l l s ,  b ut the water probab l y  wou l d  be too hard  
for dome s t i c or p u b l i c  s up p l i es .  It  wou l d  be  s u i t ab l e  
chem i ca l l y  for i r r i gat i on , b ut i r r i g at i on water from the  
r i ver s i s  ab un dan t l y  av a i l ab l e  at  l ower COSt . "  

I n  the  i mmed i ate v i c i n i ty of the ta i l i n g s  on l y  one u nreg
i s tered we l l ,  a n  i n d u s tr i a l d r a i nage  we l l up g r ad i en t  of  t he  
ta i l i n g s , i s  k n own to be  comp l eted i n  the  a l l u v i um .  Th i s  
up g r ad i en t  we l l i s  used  on l y  i n  s ummer mon t h s  when h i g h grou n d 
water l e vel s i n  t h e  a l l u v i um f l ood l an d  ad j acent  t o  the 
C o l o r ado  R i ver . Locat i on of the we l l  ( 71 0 )  i s  s hown i n  F i g ur e  
F . 3 . 1 . 
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There are four ar te s i an aqu i fers  i n  the  Grand J unct i on ar
ea , wh i c h  are ,  in  order of i mportance an d prod uc t i v i ty ,  
( Lo hman , 1 965 ) : 

o The E n tr ad a  S an d s tone . 

o The W i n gate San d s tone . 

o The l en t i c u l ar s an d s tone be d s  i n  the  S a l t Was h Membe r  
of t h e  Morr i son Format i o n  an d i n  s ome p l ac e s  i n  t h e  
Brus hy B as i n  Member . 

o The lJ akota  San d s tone an d sand stone i n  the  B u r ro C anyo n 
Format i on .  

The D ako t a  San d stone i s  the  up permost  arte s i an aqu i fer i n  
t he  v i c i n i ty of ta i l i n g s . No regi s tered we l l s  are k n own to be 
comp l eted i n  the  D ak o t a  San d s tone w i t h i n  the  poten t i a l ly  af
fected hyd rogeo l og i c  en v i ronment  of the ta i l i n g s . 

V a l ue .  The va l ue of s h a l l ow ground  wate r i n  the  v i c i n -
i ty of the ta i l i n g s  can be j ud g ed by the va l ue of a l terna t i v e  
water s up p l i e s i n  the are a .  The ac tua l va l ue i s  proba b l y  l es s  
t h an a l tern a t i v e  water s u p p l  i e s  because  of the poorer q ua l  i ty 
of the ground  water ver s u s  the qua  1 i ty of a l terna t i v e  water 
s up p l i es .  A r ate sched u l e  for de l i very of c i ty water i s  s hown 
i n  Tab l e  F . 3 . 1 3 .  

Tab l e  F . 3 . 1 3 Rat e sched u l e for wate r u sers  
w i th i n Grand  J unct i o n  c i ty l i mi ts 

Quan t i ty per  mon th 
( ga l l on s )  Charge  

F i r s t  3 , 000 
Next 7 , 000 
Next 10 , 000 
More than 20 , 000 

Ref . C i ty of Grand J unc t i o n ,  1 985 . 

$5 . 3 5 
$0 . 90 /1000 ga 1 .  
$1 . 0 5/ 1000 ga 1 .  
$1 . 25/1000 ga 1 .  

Beca us e ground  water i n  the  Dakota  San d s tone var i e s  s i g 
n i f i cant l y  i n  yi e l d  and q ua l i ty dep en d i n g  on l ocat i on ,  i t s va l 
ue must  be j ud ged accor d i n g  to y i e l d  an d qua l  i ty .  The Dakot a  
S an d s tone i s  n o t  ut i l i zed i n  t h e  n e a r  v i c i n i ty o f  t h e  ta i l 
i n g s , and  therefore has  on l y  a f ut ure  va l ue ( Sec t i on F . 3 . 6 ) . 

F . 3 . 4 . 2  Surface water 

U sage . The Co l or ado  R i ver  mai n s tream be l ow the ta i l -
i n g s  i s  used  by sever a l  s t ates  an d by Mex i co for var i o u s  p ur 
poses  i n c l ud i n g dome s t i c  us e ,  i n d us tr i a l  us e ,  i rr i gat i on , 
l i ve stock wate r i n g , and for f i s h and w i l d l i fe .  
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There are no  major domes t i c u sers  of Co l or ad o  R i v er w ate r 
for 200 m i  l e s down s tream from Gr an d  J un ct i on ( F B D U ,  1 9 7 7 ) . 
The norm a l  water s up p l i e s  for Gr an d  J un c t i on  are ob t a i n ed from 
Gran d Me s a  s urf ace wate r ,  the J un i  ata  an d Perdy Me s a  res er
vo i r s  be i n g  the major  sources . D ur i n g  dry s p e l l s ,  Gr an d 
J un ct i on can  u se  G u n n i son R i ver wate r ,  the  i n tak e be i n g  ap p ro x 
i mate l y  on e m i l e  up s tream from t h e  conf l uence  w i th t he  
Co l o r ado  R i ver . The Ute Water D i s tr i c t  u s e s  Co l or ad o  R i v e r  w a
ter d ur i n g dry s pe l l s ,  b ut i ts i n t ak e  i s  j us t  up s tream from 
P a l i sade  an d th erefore up s tream from the p i l e . 

V a l ue . I n  the  h i g hest  category of us e ,  mun i c i p a l  r ate  
sc hed u l es ar e i n d i cat i ve of  the  h i ghes t poten t i a l  v a l ue of  
Co l o r ado  R i ver water ( T ab l e  F . 3 . 1 3 ) . An other way to l o ok at  
v a l ue i s  to l ook at the  i ncrementa l  l os se s  d ue to p o l l u t i on of  
the  r i ver . A 1 983 study by  the Bureau of  Recl amat i o n h a s  e s t i 
mated an an n u a l  l os s  of $5 40 , 000 for e ac h  i n crease of o n e  mg / l  
i n  the  tota l  d i s so l ved so l i d s  ( TD S )  con te n t  o f  the  Co l or ad o  
R i ver a t  Imp er i a l D am ( UR S ,  1 983 ) . 

F . 3 . 5  ALTERNATE WATER SUP PL I ES 

The t ai l i n g s  have  not affected any ground  water t h at i s  c ur re n t l y  
us ed . Shou l d  the affec ted ground water b e  cons i d ered for u s e ,  there  
wou l d  be  poten t i a l a l terna te water s up p l  i e s . A l ternate water s up p l  i e s  
i n  the  potent i a l l y  affected hyd rogeo l og i c  sett i n g  wou l d  i n c l ude  s e ver a l  
source s : 

o Grand J unct i on  mun i c i p a l  water sys tem . 
o Commerc i a l  wate r s upp l y  ( de l i very by t an k er ) . 
o Dr i l l i n g of we l l s  i n to mu l t i p l e ar te s i an aqu i fers . 
o App ropr i at i on of Co l or ado  R i ver water ( s u bject to av a i l ab i l i ty ) . 

F . 3 . 6 FUTURE USAGE  AN D VALUE  OF WATER RESOURCES  

F . 3 . 6 . 1  Ground  water 

Us age . Fut ure us age of s h a l l ow gro u nd  water i n  the  af-
fected hyd rogeo l o g i c  en v i ronment  wi 1 1  be m i n i ma l  be c a u s e  of 
the  ava i l ab i l i ty of the c i ty wate r ,  the  season a l ly  l ow q ua l i ty 
of the a l l uv i a l  aqu i fer , an d the i mp ac t  of other  co ntam i nan t 
sources  on the  water ( Sect i on F . 3 . 2 . 5 ) . The on l y  k nown ex i s t
i n g us e of  the  a l l uv i a l  aqu i fer , at a we l l up grad i en t  of t he 
t a i l i n gs ,  occ ur s  on l y  seasona l l y wh en the  r i v er i s  at h i gh 
s tage ,  and  i s  on l y  for d r ai nage  of f l ooded l an d .  

F ut ure  us e of the up permos t ar te s i an aq u i fer i s  a l s o  ex
pec ted  to  be m i n i ma l : 

li The sand s tones i n  the D akota  San d s tone an d B ur ro C anyon 
Format i o n  are t apped by very few we l l s  b ut ,  bec a u s e  of 
the genera l l y  poor qua l  i ty of the water . . • very 1 i t t 1 e 
add i t i ona l deve l opment  of water from these  form at i o n s  i s  
1 i k e l y  or an t i c i pated . II ( Lohman , 1 965 ) . 
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F . 3 . 6 . 2  

V a l u e .  Est i mates o f  t h e  future va l ue o f  water re-
sources  are d i ff i c u l t to  es tab l i s h ,  an d are s evere l y 1 i mi ted  
as to  the  d ur at i on over wh i ch they can be  deemed re l  i ab l e .  
One  reason for th e uncerta i n ty of e st  i mates  of water va l ue i s  
t h at water va l ue i s  s tron g l y  re l ated to popu l at i on and w ater 
deman d ,  an d e st i mate s of pop u l at i on ch an ges  tend to be very 
s hort  term . I n  the  Gran d  J unct i o n are a  future  water deman d 
wo u l d  a l so  be t i ed to s uch  uncerta i n  factors as the econom i c s  
o f  o i l - sh a l e de ve l opmen t  ( o i l - s h a l e proce s s i n g  may cons ume 
l arge amount s  of water ) .  

Est i mat es  of the va l ue of s h a l l ow ground  water near  the 
Gran d  J un c t i on ta i l i n g s  mus t be based on the fac t  t h at i t  i s  
not  a d i  s crete water reso urce . The s ha l l ow ground  w ater i s  hy
dr au l i ca l l y  con ne cted  to the Co l orad o  R i v er an d any c aptur e of  
grou n d  water wou l d  d r aw water from the  r i ver . I t  cannot  be 
"m i n ed "  as can  some gro u n d -w ater systems , e . g .  there i s  n o  non 
renew ab l e  port i on of the a l l u v i a l  sys tem . 

Severa l  fac tors can be u sed  to q ua l i tat i ve l y  j ud g e  the f u 
t ure  va l ue o f  s h a l l ow ground  water n e a r  t h e  ta i l i n gs .  Th e se 
f actors  are : 

o Expected future  u s age ( l ow ) . 

o Extent  ( l i mi ted  to area ad j acen t to Co l orad o  R i ver ) . 

o Amo u n t  of sys tem wh i c h  i s  non -renew ab l e  ( n one ) . 

o Qua l i ty ver s us a l terna t i ve s our ces  ( poor-ex ceed s EPA  
dr i n k i n g  wate r s tan dards ) .  

o Ava i l ab i l i ty 
a v a i l ab 1 e ) • 

of a l ternat i v e s u p p l i e s  ( re ad i l y  

Based  o n  these  qua l i tat i v e  factor s , i t  can be con c l uded  
t h at the exp ected future  va l ue of  the s h a l l ow ground  wate r i s  
re l at i ve l y  l ow .  

S urface water 

U s age . I n  the  i mmed i ate v i c i n i ty of the ta i l i n g s ,  fu -
ture  us age w i l l  be m i n i ma l . Th i s  i s  beca u se  of the s ame rea
son s a s  the expected l ow use  of  ground water i n  the  area  ( t he  
re ady ava i l ab i l i ty of  good qua l i ty mun i c i p a l  wate r ) . 

V a l ue .  The va l ue of Co l or ado  R i ver wate r i n  the are a  
can be expected to i ncre ase . I n creas i n g  popu l at i o n ,  agr i c u l 
t u r a l  deve l opmen t ,  an d m i nera l  or  energy deve l opmen t  i n  the  
Gran d  J un c t i on are a  an d the Co l o r ado  R i v er Bas i n  wou l d  be  ex
pected  to  i n crease  deman d for  Co l orado  R i ver water . Th e i n 
creas i n g demand wo u l d  i n c rease  the va l ue p l aced on  the water . 
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F . 3 . 7  I MPACTS I N  AF FECTED HYDROGEOLOG I C  E NV I RONMENT  

Impacts  on  the affected hyd rogeo l o g i c en v i ronment  are  d i s c u s sed  
both  for  ex i st i n g  cond i t i on s  an d for fut ure  con d i t i on s .  Future  c on d i -
t i on s  can be affected by any of the a l ternat i ve ac t i on s :  

o No ac t i on . 
o Stab i l i zat i on on the s i te .  
o Re l oc at i o n to an a l ternate d i s po s a l  s i te .  

F . 3 . 7 . l  Human hea l th r i s k s  

He a l th effect s  of i n ge s t i n g  g ro u nd  water an d s ur face wa
ter are d i s c u s sed i n  deta i l i n  App en d i x I ,  Rad i at i on He a l th 
Effec t s . 

E x i  s t  i ng  cond i t i on s . To dat e ,  th ere are  no  k nown u s er s  
o f  ground  water i n  the affected hyd rogeo 1 o g i  c en v i  ronment an d 
th erefore t her e  are no  k n own human he a l th r i s k s  from the  i n ge s 
t i on o f  th i s  ground  water . 

F ut ure cond i t i on s .  For the no  ac t i on a l ternat i v e ,  i m-
pact s on grou n d -w ater an d s urf ac e-w ater qua 1 i ty wou 1 d p robab l y  
b e  abo ut  the s ame a s  ex i st i n g  cond i t i on s  ( Sect i on F . 3 . 1 . 6 ) . 
The probab i l i ty of human i n ge st i on of ground  water wou l d  be 
l ow ( Sect i on F . 3 . 6 . l ) . 

For s tab i l i zat i on on the s i te ,  contami nated grou n d  water 
wo u l d  be f l  us hed from the affected en v i ronmen t u n t i l i t  ap 
proac h ed back ground  cond i t i on s .  Un t i l the  f l us h i n g i s  com
p l ete , con c en t r at i on s of s ome con s t i tue nt s  ( e . g .  ar sen i c , 
cadmi um,  i ron , man gan e s e ,  s e l en i um ,  an d z i n c )  wou l d  exceed 
Fed er a l  d r i n k i ng  water  s tan dar d s  i n  the  ground  water be l ow the  
t a i l i n g s . D ur i n g  the t i me of  f l us h i n g  ( l es s  th an 100 years ) ,  
t he  probab i l i ty of h uman i n ge s t i on wou l d  be l ow d ue to the  l ow 
probab i l i ty of future  u se  of th i s  water ( Sect i on F . 3 . 6 . l ) . 
Poten t i a l  h uman hea l th effects  d ue to i n ge s t i on of s ur face wa
ter wo u l d  dec l i n e o v er th i s  same s hort p er i od . Uran i um c oncen 
trat i on s  wo u l d  per s i st at concen trat i on s  abo v e  back grou n d  
( Sect i on F . 3 . 2 . 2 ) . Human he a l th r i s k s  d ue t o  i n ge s t i on o f  
ground  water con ta i n i n g e l evated concentr at i on s o f  ur an i um 
wou l d  be m i n i ma l , becaus e the  expected u s e  of the  grou n d  w ater 
i s  l ow ( Sec t i on F . 3 . 6 . 1 ) . He a l th effec t s  are d i s c u s sed i n  
mo re  deta i l i n  App en d i x I ,  Rad i at i o n  He a l th Effect s .  

F . 3 . 7 . 2  D amage to crops  and vegetat i on 

There i s  no  k nown agr i c u l t u r a l act i v i ty over l y i n g  the  af
fec ted hydrogeo l og i c  sys tem . There has be en no  k n own i mp ac t  
t o  crops o r  vegetat i on .  The future  l i k e l i hood o f  damag e to 
crop s an d vegetat i on i s  m i n i ma l  because  of the urban sett i n g  
o f  the af fected hydrogeo l og i c sys tem . 
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F . 3 . 7 . 3  D amage to w i l d l i fe 

There have  been no  k n own i mp ac t s  to w i l d l i fe d ue to i n ge s
t i on of  con tami n ated ground  water . Con s i der i n g  the  mag n i tude 
of con tami nat i on re l at i v e to th at caused by other sources  
( e . g .  i rr i g at i on ret urn  f l ow ) , t he  l i k e l i hood of d amage at tr i b 
ut ab l e  t o  the  ta i l i ng s  i s  rel at i ve l y smal l .  

F . 3 . 7 . 4  Pers i stence and  p ermanence of adverse  effects 

Quan t i t at i ve an d qua l i tat i v e  conc l us i on s  on the  per s i s
ten ce of grou n d -w ater  con tam i n at i on are d i s c us sed  i n  Sec t i on 
F . 3 . 2 . 2 .  Based  on the l ack of k n own ad verse  i mp ac t s  at p re s
en t an d the proj ect i on of  decreas i n g  amount s  of  c on t am i n at i on ,  
per s i  stent  or p erm anen t ad verse  effects  are exp ec ted to be 
m i n i ma l . 

F . 3 . 8 AQUI F ER  RE STORATION 

For affec ted grou n d  water at UMTRA Project  s i tes the dec i  s i on on 
whether  to i n s t i tute  remed i a l act i on ,  wh at spec i f i c  ac t i on to t ak e ,  an d 
to wh at l ev e l s an aq u i fer s hou l d  be p rotected or res tored s hou l d  be made 
on a case -by-ca s e  bas i s  ( 40 CFR P ar t  1 9 2 . 20 ) . The dec i s i on mus t t ak e  i n 
to accou nt  se ver al  factors : 

o Tec hn i ca l  feas i b i l i ty of i mp rov i n g  the aqu i fe r i n  i t s hydrogeo l o 
g i c  set t i n g .  

o Cos t of ap p l i cab l e restorat i v e  o r  protec t i ve programs . 

o Prese n t  an d future  va l ue of the aqu i fer as a w ater resource . 

o Avai l ab i l i ty of a l ternat i v e water s up p l i e s . 

o The degree  to wh i c h h uman expos ure i s  l i k e l y  to occur . 

As i n d i c ated by the reg u l at i on s ,  remed i a l act i on s  for affected aqu i 
f er s  can be d i v i ded i n to two bas i c  ap proac hes : gro u n d -w ater protect i on 
and aqu i fer restorat i on . A remed i a l act i on s trategy c an a l s o be a c omb i 
nat  i on of these  two approaches . At the Gr an d  J unct  i on  s i te ,  grou n d 
water con tam i n at i on h a s  probab l y  a l re ady reac hed a max i mum p hys i c a l  
exten t bec aus e the con t am i n at i on has  been o n go i n g for a re l at i v e l y  l o n g  
t i me i n  an a l l uv i a l aqu i fer w i th re l at i ve l y  l arge an n ua l  f l u x ( i n f l ow 
an d outf l ow ) . Therefore , protect i v e me as ures wo u l d  h av e  on l y  future  ben 
ef i t  to the affected aqu i fer . P rotec t i ve meas ures are i n corpo r ated i n to 
the  remed i a l  act i on :  remov a l  of the tai l i n g s  to an a l ternate s i te o r ,  
for  s t ab i l i z at i on  i n  p l ace ,  remova l o f  t h e  ta i l i n gs  from the  g r o u n d  w a
ter an d use  of a l ow-perme ab i l i ty cover to m i n i mi ze i n f i l tr at i on .  Th e 
d i s c us s i on th at fo l l ows covers  on l y  aqu i fer res tor at i on .  
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F . 3 . 8 . 1 Techn i c a l  feas i b i l i ty 

Two bas i c  app roac hes  to aqu i fer res torat i on are p l ume c a p 
t u r e  a n d  p l  ume managemen t .  An aqu i fe r  res to r at i on p r o gr am 
co u l d  a l s o  be a comb i nat i on of the two app roache s .  Co s t  d i f
feren ces  be tween the var i ou s  techn i c a l  a l ter nat i v e s  w i l l  be 
d i s c u s sed s ep ar at e l y  from feas i b i l i ty.  

P l ume cap ture con s i s t s  of s ome me thod or me thod s of ob 
ta i n i n g contam i n ated g ro u nd  water , wh i c h i s  then p ump ed o r  fed 
by gr av i ty f l ow to a tre atment  fac i l i ty .  Amon g the  method s 
for ob t a i n i n g con tam i n ated gro u nd  water are d r a i n s ,  we l l s ,  
s ump s ,  and  tren ches . 

P l ume managemen t con s i s t s  of i njec t i n g  uncon t am i n ated w a
ter i n to the aqu i fer . The uncon tami n ated water d i sp l ac e s  t he 
p l ume , forc i n g i t  i n  a d i rect i on determ i ned  by the  i n j e c t i on 
set- up . I n ject i o n  can be performed u s i n g  we l l s o r  s pread i n g 
bas i n s .  The i n ject i o n  can be performed to obt a i n  se ver a l  
effec t s : 

o To k eep the p l ume aw ay from ex i s t i n g  or  poten t i a l  
groun d -water u ser s .  

o To force the p l ume toward a co l l ect i on sys tem . 

o To force the p l ume toward a d i sc h arge  are a .  

I n  t h e  case  o f  the contam i nated gro u nd  wate r a t  Gran d 
J un ct i o n ,  there are no  k nown ex i st i n g  g rou n d -w ater  u s e r s  
( Sect i on F . 3 . 4 ) downgrad i en t  o f  t h e  ta i l i n g s , an d on l y  on e 
up g r ad i en t  i n d us tr i a l we l l wh i c h  may h ave  been affected by t h e  
ta i l i n g s  ( Sect i on F . 3 . 1 . 6 ) . The up grad i en t  we l l  i s  on  t h e  
e d g e  o f  t h e  con tami n ated s h a l l ow g roun d water , and  i s  u s ed to  
co n tr o l  h i g h water l e ve l s wh i c h  f l ood a tru c k  sca l e  at  an i n 
d u s tr i a l fac i l i ty ad j acen t to the Co l or ado  R i v er . Th e water  
i s  p umped  back i n to the Co l orad o  R i ver , an d i s  r are l y  u s ed 
( Seever s ,  1985 ) . P l ume management  cou l d  be perfo rmed  to force 
co n tami n ated ground  water towar d a co l l ect i on sys tem o r  toward 
a d i sc h arge  are a .  The  d i s c harge  area  in  th i s  case  wo u l d  be 
the  Co l orado  R i ver . D i sc h arge  to the Co l orad o  R i v er wou l d  o n 
l y  tr an sfer contam i n at i on from one water resource  ( gr o u n d  w a
ter ) to an other ( s urface  water ) .  P l ume man ag eme n t  wou l d  be o f  
mo s t  be nef i t  i f  i t  i s  used  t o  force the p l ume toward a c o l l ec 
t i on system . 

P l ume capture  near  the Gran d J unct i on  ta i l i n g s  i s  c omp l i 
cated by bot h  p hys i ca l  an d c u l t ura l  features . The p resence  of  
the Co l or ado  R i ver ad j acent  to the  p l ume me an s t h at there i s  a 
re ady source  of rech arge to the a l l uv i a l  aqu i fer .  P u mp i n g  i n  
the  s h a l l ow aqu i fer wo u l d  i n duce  f l ow from the r i ver  to the  
dr a i n ,  we l l ,  s ump , or trench  ( F i g ure  F . 3 . 20 ) . The f l ow from 
the  ne arby r i v er d i l utes  the contam i n ated gro u n d  wate r .  
Therefore , a n  i n c re ased vo l ume o f  water wo u l d  be captured  an d 
treate d ,  an d thus  co st s  for e ac h  act i v i ty wou l d  be i n creased . 
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The amou n t  of i n d uced f l ow can be red uced by var i ou s  p ump i n g  
schemes ( e . g . more we l l s  p ump i n g  l es s  water)  o r  by i n s t a l l i n g  
a l ow- permeab i l i ty s l ur ry wa l l a s  a bar r i er ( F i g ur e  F . 3 . 2 1 ) . 
Each  of these  me as ures wo u l d  a l s o  i n crease cos t s  for p l ume 
capture . 

C u l tur a l  comp l i c at i on s  to aqu i fer re stor at i on at Gr an d 
J unct i on are d ue to the con tam i n ated ground  water under l y i n g  a 
pop u l ated are a  wi th a concen trat i on of c u l t ura l  features  
( b u i l d i n g s ,  ro ad s ,  p i pe s ,  and  th e l i k e ) . A c apture  s cheme may 
be d i ff i c u l t to i mp l emen t .  There may not be enough av a i l ab l e  
l an d  to effect i ve l y  i mp l emen t  trenche s .  Dra i n s  o r  we l l s  ( w i th 
t he  accomp any i n g p i p e l  i ne s  to the tre atment  p l  an t )  wo u l d  i n 
vo l ve trenc h i n g an d correspon d i n g  d i s r up t i on to the  commun i ty .  

P l ume treatment  can  be  ac comp l i s hed  i n  a coup l e  of  ways . 
There are var i o us  me thod s of remov i n g con tam i n a n t s  from wate r ;  
these  do not mer i t  fur ther d i sc us s i on excep t to conc l ude t h at 
i t  i s  tech n i ca l ly  feas i b l e  to c l ean up the captured  water , i f  
g i ven s uff i c i en t  mon etary resources . The tre atment  system can  
e i ther be  an  ex i st i n g one or one spec i f i ca l l y con s tructe d  for  
aqu i fer res tor at i on . 

An ex i s t i ng  treatment  sys tem cou l d  be ut i l i zed  by ro ut i ng 
con t ami n ated water i n to the ex i st i n g  waste water  ( sewag e )  
tre atmen t sys tem o f  the c i ty o f  Grand J unct i on . Th i s  h a s  the  
ad van tage of  the  us i n g ex i s t i n g waste tran sm i s s i on sy s tems 
( sewer s ) . I t  has the d i s advantage  of mi x i n g  the p l ume waste 
water w i th the norm a l  mun i c i p a l  was te water . Mun i c i p a l  was te 
water treatment  p l  an ts  us ua l l y  do not us e treatmen t 
techno 1 o g i  e s  de s i gned  to remove cons  t i tue n t s  s uch  as those  i n  
the  tai l i ng s  p l ume . D i fferent  capab i l i t i e s  cou l d  be ad ded  to 
the  ex i st i n g tre atment  p l an t ;  however , t hese mus t t re at not on 
l y  the captured p l ume but a l s o  the mun i c i p a l  waste water wh i c h 
i s  d i l ut i n g i t .  It  may be i n effect i ve to d i l ute a waste be 
fore trea t i n g  i t . 

A scheme for treat i n g  the captured  p l  ume can  a l s o  be a 
tre atment  sys tem n ear the mi l l  ta i l i n g s  s i te .  Th i s  scheme can  
be  any p hys i ca l , b i o l og i ca l , o r  c hem i c a l  me an s of remov i n g con 
tami  n a nt s  from the water . I t  can a l s o  be as s i mp  1 e a s  ev a p 
o r at i n g  t h e  con tami nated water , an d d i spos i n g o f  t h e  re s i d ua l  
s a l ts .  Th e ma i n  d i sadvantage  o f  tre atmen t at the s i te i n  
Grand J unc t i on i s  the neces s i ty for a was te-wate r tran sm i s s i on 
sy stem wh i c h  wo u l d  have to tran sect the many c u l t ura l  struc 
tures  i n  the  are a .  

F . 3 . 8 . 2  Cost  

Based on the  EPA  s t an dards  for i n act i ve ur an i um m i l l s ( 40 
CFR Part 192 )  i t  has been de term i n ed t h at aqu i fer restorat i on 
i s  not needed at the Grand J unct i on s i te .  Th i s  determ i nat i on 
took i n to account , as requ i red by the EPA  s t an dar d s ,  t he co st  
of  a restorat i on p rogr am .  The fo l l ow i n g  d i sc us s i on i s  i n c l ud 
ed to demo n s tr ate how cost  was con s i dered  i n  de term i n i n g the  
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need for aqu i fer res torat i on .  The es t i mat i on of costs wh i c h  
fo l l ows i s  not me an t to b e  a r i gorous  an a l ys i s ,  b ut on l y  an 
i n i t i a l i n ve s t i g a t i on  of ap p rox i mate cos t s .  For the  Gran d  
J un c t i on s i te th i s  i n i t i a l i n ve s t i gat i on o f  cos ts ap peared to 
be adeq uate for e va l uat i n g  the n eed for aqu i fer restorat i on . 

Remed i a l act i on for the Gran d  J unct i o n  ta i l i n g s  wou l d  i n 
c l  ude  dewater i n g  and was te-water treatme n t .  Th i s wou l d  i n  ef
fect c l e an up a l l uv i  a 1 g round  water be l ow an d ad j acen t to the 
s i te .  Aqu i fer re storat i on cou l d  be done for off- s i te areas 
w i th i n  the  exten t of contam i n a nt  p l ume s . 

I t  i s  pos s i b l e  to determ i n e s ome ap prox i mate costs  of an 
aqu i fer res torat i on progr am w i thout do i n g  a p rec i s e co st  es t i 
mate . Nece s s ary expen d i  tures for an aqu i fer re storat i on pro
gram can  be i d e n t i f i ed an d ap p rox i mate cos ts as s i g ned to them .  
At a m i n i mum ,  neces sary as pec t s  of an aqu i fe r  res tor at i on pro
gram for  the off- s i te a 1 1 u v i  a l  g round  water at  Gran d J unct i on 
wou l d  i n c l ude : 

o Wel l i n s ta l l at i on to capture con tam i n ated g rou n d  
water . 

o Pump s  to l i ft the water out of the we l l s .  

o P i p e  to carry the c aptu red water to a treatmen t p l an t .  

o Trench i n g  to p l ace  the p i p e  be l ow g r ad e . 

o Ro ad rep a i r  ( as p h a l t p av i n g )  wh ere the p i pe cros se s 
c i ty s treets . 

o A water treatment  p l an t or ad ded  capac i ty for the 
was te-water tre atme n t  p l an t  on t he  s i te .  

o Wel l ab an donmen t for the capture  we l l s .  

o Operat i on and ma i ntenan ce  of the  restorat i on sys tem . 

o Decommi s s i on i n g  of the we l l s  an d p i p e l i n e .  

Some approx i mate costs  are presented i n  Tab l e  F . 3 . 1 4 .  
The sys tem desc r i b ed i n  th i s  t ab l e  i s  fo r 20-foot-deep we l l s  
250 feet  ap ar t .  These  cos ts  cou l d  be sca l ed down depen d i ng  on 
how muc h of the p l ume i s  to be c aptured . 

Cos ts  cou l d  a l s o  be c h an g ed by c h an g i ng  we l l s p ac i n g .  
Note th at th e tab l e  doe s not i nc l ude co st s  for operat i on  and  
ma i n tenance , nor  for water tre atment  capac i ty ;  these costs  
wou l d  norma l l y  con st i tute  a major po r t i o n  of the  tota l  costs  
of  an  aqu i fer restorat i on program .  Thus  the tota l  cost  1 i s ted 
i n  the tab l e  cou l d  pos s i b l y be i nc reased by a factor of two or 
mo re to account  fo r water tre atment  capac i ty ,  operat i on ,  an d 
ma i n tenance . Con s i der i n g  the op t i on of sca l i n g  down the p ro
gram desc r i bed in  Tab l e  F . 3 . 1 4 an d the unaccoun ted cos t s ,  an 
aq u i fer res torat i on program at Grand  J un c t i on cou l d  cost  be 
tween a few h undred thous and do 1 1  ars to mo re than a m i  1 1  i on 
do l l ars . 
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Tab l e  F . 3 . 1 4 Approx i mate cos t s  for s ome expend i tures  req u i red 
for aqu i fer restorat i on 

Un i t Un i t 
I tem pr i ce ( $ )  de scr i p t i o n  Un i t s  Cos ts  ( $ )  

We 1 1  i n sta l l at i on 
ea semen t  p u rc h as e  - not i n c l ude d -
1 e g a  1 s ur vey - not i n c l ude d -
we 1 1  dr i l l  i n  g 30 feet 1 760 5 2 , 800 
4 - i nch  cas i n g ,  i n s t a l l ed 1 2  fee t 1 760 2 1 , 1 20 
1 00- gpm p ump 1975  un i t 88 1 73 , 800 
we l l  deve l opment  100 hour  1 76 1 7 , 600 
sett  i n  g pump 105 un i t  88 9 , 240 
f i e l d  en g i n eer 25 hour 200 5 , 000 

P i p e l i n e  i n st a l l at i o n  
easement purch ase - not i n c l uded -
l eg a l  s ur vey - not i n c l ude d -
en g i neer i n g  ( de s i g n )  - not i n c l ude d -
2 - i nch  P VC p i pe 2 feet 24, 000 48 , 000 
trench i n g  ( back h oe )  5 feet 24, 000 1 20 , 000 
asp h a  I t  p a v i  n g  2 sq uar e feet 2 , 000 4 , 000 
f i e l d  en g i n eer -not i n c l ude d -

M i  s c e  1 1  an eo u s  
fen c i n g ,  i n s t a l l ed 250 un i t 88 2 2 , 000 
e l ectr i c a l  hook - up 600 un i t 88 5 2 , 800 
water treatment  p l an t -not i n c l  uded -

Ope r at i on an d mai n tenance 
water treatment  -not  i n c l ude d -
e l ectr i c i ty ( p ump i n g )  2500 mon th 24 65 , 3 20 
water samp l i n g an d an a l ys i s  260 s amp 1 e 264 68 , 640 

Decomm i s s i o n i n g  
p u l l i n g  p ump 105 un i t  88 9 , 240 
pump res a l e 64% un i t  88 -1 1 1 , 232  
d i sman t l i n g  fence 30 u n i t  88 2 , 640 
trench i n g  ( back h oe ) 5 feet 24 , 000 1 20 , 000 
as p h a  I t  p a v i  n g  2 sq uare feet 2 , 000 4 , 000 
we l l  abandonmen t 263 un i t  88 23 , 1 44 

TOTAL COST 708, 1 12 
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Some other  cos ts  of an aqu i fer res  tor at i on progr am are 
not ad dressed  in  the  d i s c us s i on abo v e . Bec aus e the pro g r am 
wo u l d  be done  i n  a me tropo l i tan are a ,  t here  wou l d  be  ot her d i 
rect an d i n d i rect cos ts  s uch  as  traff i c  b ar r i er s ,  r e l ocat i on 
of u t i l i t i e s  or t u n ne l i n g  wh ere p i pe l i n e s  cro s s  ut i l i ty e as e 
men ts , tempor ary d i s rup t i on t o  b us i ne s s e s , among  other s .  It  
wo u l d  be d i ff i c u l t to q uan t i fy i n d i rect co st s  s u c h  as d i srup
t i on to b us i n e s se s .  

F . 3 . 8 . 3  Future  v a l ue  of the reso urce 

The future  va 1 ue of the affected ground w ater i s  di  s 
cus sed f u l l y  i n  Sect i on F . 3 . 6 .  

F . 3 . 8 . 4  Ava i l ab i l i ty of a l tern at i ve water s upp l i es 

Wat er us e i n  the  Gran d J unct i on are a i s  d i s c us sed  i n  
Sec t i on F . 3 . 4 . I n  the  are a  over l y i n g  the  p l ume of c on t am i n at 
ed ground  water , good qua l i ty potab l e  w ater i s  r e ad i l y  ava i l 
ab l e  from water mai n s .  There  i s  l i tt l e  reas o n  at present  for 
peop l e i n  the are a  i mmed i ate l y  ad j ac en t to the ta i l i n g s  to 
dr i l l  we l l s  i n to the a l l uv i a l  aqu i fer . 

F . 3 . 8 . 5  Degree of h uman expos u re l i k e l y  to occur  

Sev era l  c i r c ums t an ce s  i n d i cate t h at the l i k e l i hood of h u 
man expos ur e  to con t ami n ated s h a l l ow ground  water i s  l ow .  
These  are :  

o A water  d i s tr i b ut i on sys tem i s  a l ready i n  p l ace an d 
f u l l y  us ed i n  the are a  over l yi n g  con t am i n ated ground  
water . 

o The ex i st i n g  water d i s tr i b ut i o n  system can  be e as i l y  
hook ed i n to by future  deve l opment  i n  the  are a .  

o The s h a l l o w  ground  water an d Co l or ado  R i v er i n  t h e  gen 
er a l  area are k n own to be of poorer q ua l i ty t h an av a i l 
ab l e  w ater s up p l i e s . 

o The taste an d s hort-term effects  of i n ge s t i n g  cont am
i n ated gro u nd  water ( e . g . ,  l ax at i v e  effect s d ue to s u l 
fate ) wou l d  d i scour ag e  l on g -term us ag e ,  and  l o n g -term 
u s ag e  i s  nece s s ary to cau se  a h i gh p rob ab i l i ty of 
h arm .  

o On l y  on e ex i st i n g  user  i s  pos s i b l y w i th i n  the  ex tent  
of con t am i nated gro u nd  water , and  the  we l l  i s  u sed  for 
f l ood contro l . 
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F . 3 . 8 . 6  S ummary 

The need for aqu i fer res tor at i on i n  the  affected s h a l l ow 
gro u nd  water has  been con s i d ered u s  i n g  the  recommended  f actors  
of 40  CFR  P art 19 2 . 20 .  The fo l l ow i n g  conc l us i on s  h av e  be en 
re ached : 

o I t  i s  techn i ca l l y  d i ff i c u l t to i flll rove the  aqu i fer i n  
i ts hyd rogeo l og i c sett i n g .  The effort wou l d  be c omp l i 
cated by rech arge from the  n e arby r i v e r .  

o Con d uc t i n g  a n  aqu i fer resto r at i o n  prog r am cou l d  caus e 
a d i s ru p t i on to the  commun i ty .  

o In  monetary terms on l y ,  c o s t  o f  t h e  resto r at i v e  p ro
gram wo u l d  be re l at i v e l y  h i gh comp ared to the benef i t . 

o There are no  k nown users  of the  affected ground  water . 

o The presen t an d future  va l ue of t he  aqu i fe r as a water 
resource i s  muc h l ower th an the cos t of restorat i on .  

o A l terna t i v e  water s up p l i e s  are read i l y  av a i l ab l e  an d 
ar e c ur ren t l y  be i n g  used . 

o The degree  of human expos ur e  wh i ch i s  l i k e l y  to occur 
i s  l ow .  

o On e i n d u s tr i a l user up g r ad i ent  o f  the ta i l i n gs may be 
w i th i n  the affected ( e . g .  con t am i n ated ) hyd rogeo l o g i c 
sett i n g .  The we l l i s  used  pr i mar i l y  to con tro l h i g h 
water l e vel s wh i c h  occ ur d ur i n g  h i gh s t ag e  i n  t he  
Co l or ado  R i v er . Me as ur es ot h er th an aqu i fer resto r a
t i on wo u l d  seem appro p r i ate to en s ure  t h at there are 
no hea l th effects  from i n ge s t i on  of th i s  water . 

Based  on these  cr i ter i a , aqu i fer res to r at i on of  the  s h a l 
l ow ground  water i s  n e i ther a cos t effect i v e  nor  a n ece s s ary 
me an s of m i t i gat i n g  grou n d -w ater con t am i n at i on caus ed by the  
ur an i um m i l l  t a i l i ng s  at  Gr an d  J unct i on . 

F . 3 . 9  NO AC T I ON ALTERNA T I V E  

O n e  of th e a l ter nat i ve s  addres sed  i n  th i s  E I S  i s  t h e  " n o  ac t i on ll a l 
ternat i v e .  It  i s  d i ff i c u l t  to q uan t i fy the i mp ac t s  d ue to n o  ac t i on . 
On  a q ua l i tat i v e bas i s  i t  can be conc l uded th at the  i mp ac t s  wou l d  be 
very s i mi l ar to con d i t i on s  i n  the  ex i s t i n g  en v i ronmen t .  The fo l l ow i n g  
gen era l  con c l us i on s  can b e  reac h ed regard i n g  the  n o  ac t i on a l ternat i v e :  

o I n  the  s hort- term the ta i l i n gs wou l d  rem a i n i n  con t ac t  w i th t he  
grou n d  water an d wou l d  con t i n ue to ac t as a s ource  of c on t am i n a
t i on . Water - qua l i ty i mp ac t s  i n  the  s hort  term wou l d  be v ery s i m
i l ar to those  s e en i n  the  ex i st i n g  en v i ronmen t .  
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o I n  the  l on g -term there i s  a h i g h  p robab i l i ty t h at eros i on cou l d  
remo v e  the  ex i st i n g  tempor ary cover . Th e ta i l i n gs cou l d  b e  d i s 
per s ed over a w i der  are a  an d the  poten t i a l  for l e ac h i n g  o f  con 
t am i n a n t s  cou l d  be  i n creas ed . 

The water - q ua l i ty i rrp ac t s  d ue to the n o  ac t i on a l ternat i v e  w i l l  not  
be  furt her as s es sed  w i th i n  th i s  app en d i x .  More d e t ai l ed d i s c us s i on of  
the  i mp ac t s  of n o  ac t i on may be der i v ed by rev i ew i n g  the  de scr i p t i on of  
t h e  ex i s t i n g  hydrogeo l og i c  en v i ronmen t ( Sect i o n  F . 3 . 1 ) . 
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F . 4 POTENTI ALLY AF F ECTED HYDROGEOLOG I C  E N V I RONM ENT-CHENEY  R E S ER VO I R S I TE 

F . 4 . 1  CHARACTER I ZAT ION  OF HYDROGEOLOG I C  E N V I RONMENT  

F . 4 . 1 . 1 P re v i o u s  i n v e s t i gat i on s  

The Chen ey Res er vo i r  are a  h as been i n c l uded w i th i n  reg i on 
a l  hyd r o geo l o g i c stud i es ;  howe ver i t  h as been the  s u bject  of 
on l y  one s i te - sp ec i f i c  s tudy . The Co l orad o  Geo l og i c a l  S ur vey 
( CG S ,  1 982 ) p erformed a r econ na i s s an ce l ev e l  s tudy of the  l oc a 
t i on ' s  p oten t i a l  us e a s  a m i l l  t a i l i n gs  d i spos a l  s i te .  

F . 4 . 1 . 2 Recent i n ve s t i g at i on s  

The f i e l d  p rograms h ave  i n vo l v ed exp l or atory d r i l l i n g ,  hy
dr au l i c  te s t i n g ,  mon i tor i n g  we l l  i n s ta l l at i o n ,  an d water s am
p l i n g  i n  two p h as es . The  f i r s t  phase  was be gun  w i th d r i l l i n g  
i n  November to Decembe r ,  1 98 2 .  The s econ d p h as e  was be g un 
w i th d r i l l i n g  i n  Marc h ,  1 985.  

In  the  f i r s t  p h as e ,  s i x  exp l oratory bor i n g s  were  d r i l l ed 
and s amp l ed for s tr at i g r ap h i c  l o gg i n g  an d to ob t a i n  s o i l s am
p l es for l abor atory tes t i n g . These  bo r i n g s  were a l s o  u s ed for 
f i e l d  perme ab i l i ty tes ts . An add i t i on a l  three bo r i n g s  were 
dr i l l ed and used for mon i tor we l l i n s t a l l at i o n .  

I n  the  s econ d p h a s e ,  two bo r i n g s  were dr i l l ed for mon i tor
i n g  we l l  i n s t a l l at i on . These bo r i n g s  were s amp l ed d ur i n g  d r i l 
l i n g  for s trat i g r ap h i c  l o g g i n g . We l l con s tr uc t i o n  d e t ai l s  for  
both the  f i r st  an d s econd  p h as e s  are  presented  i n  Tab l e  F . 4 . 1 ,  
and we l l  l ocat i on s  are presen ted  i n  F i g ure  F . 4 . 1 .  

The f i r st  p h ase was cond uc ted  i n  accordan ce w i th a wo rk 
p l an for geotec hn i ca l  an d grou n d -w ater hyd r o l ogy work ( Go l d er  
Assoc i ates , 1 982 ) . A l l f i e l d  a nd  l aboratory wo rk i n  the  s ec 
on d p h ase was comp l eted i n  accordan ce w i th s t an da r d  operat i n g  
proced ures . The s e  s t an dard  oper at i n g  proced ur e s  are on f i  1 e 
w i th  the U . S .  DO E UMTRA P roject Off i ce i n  A l b uque r q ue ,  New 
Mex i co .  

F . 4 . 1 . 3 Strat i graphy 

The s trat i g r aphy of the d i s po s a l  s i te has  been  def i n ed 
throug h  a s er i e s  of bor i n g s  ( F i g ur e s  F . 4 . 2  through  F . 4 . 4 ) . 

On a hydrogeo l og i c  bas i s  the  s tr at i g r aphy can be d i v i de d  
i n to four zon e s : 

o A s urf i c i a l  l ayer of un con so l i d ated depos i ts .  

o The upper we athered zon e  of the Mancos S h a l e .  
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TABLE f . 4 . 1  CH E N E Y  RE S £ H V O I R  S I T E BOR E HOL E  AND WE L L  I N F ORMAT I ON 

SCRE E NE D  I N T E RVAL 

LOCAT I ON a NOR T  H b 
WE L L  TOTAL SUR F  AC E TOP OF - - - - - - - - - - - - - - - -

E A S T  b D I AME TE R  DE PT H  E L E VAT I ON CAS I NG B E G  DP LE NGTH 
I D  COOR D I NATE COOR D I NATE [ I N .  ] [ F T . ] [ F T MSL ] [ F TMSL ] [F I F O ]  [ F  T . ] 

501 1524 1 . 1  95359 . 8  5301 . BO 
502 142B l . 7  94 162 . 6  52 7 1 .  70 
503 1 3 348 . 9  92836 . 0  5238 . 40 
504 14 1 4 0 . 3  96238 . 6  5325 . 80 
505 1 3 1 3 2 . 9  94694 . 8  5 2 7 9 . 30 
506 1 1 834 . 9  9 3 1 98 . 0  5 2 3 3 . 10 
5 0 7  1 1 902 . 9  9326 1 . 4  2 . 000 53 . 40 5235 . 14 5236 . 54 32 . 40 2 1 . 0  
508 14 1 6 9 . 1  96 1 80 . 2  2 . 000 52 . 60 5324 . 06 5325 . 96 32 . 60 20 . 0  
509 1 4 3 36 . 4  94 1 30 . 7 4 . 000 102 . 50 52 7 1 . 5 7 52 7 3 . 0 7  B2 . 50 20 . 0  
701 14463 . 1  95021 . 4  2 . 000 4 0 . 00 5293 . 10 5295 . 02 28 . 00 10 . 0  
7U2 134 1 2 . 9  93568 . 3  2 . 000 39 . 50 5252 . 96 525 4 . 73 2 7  . 50 5 . 0  

a 50 1 - 506 c o r re s pond t o  GCH- l through GCH - 6  j n  DOE ,  1 98 3 ;  507-509 c o r r e s pond t o  GWCH- l 
through GWCH- 3 j n  DOE ,  1 9B3 . 

b S j te coord j nate sys tem j s  ba s ed on a t runc a t j o n  o f  mod j f j ed C o l o rado coord j na te system .  

BORE HOLE 
DE P T H  
[ F I F O ]  

4 9 . 83 
51 . 00 
50 . 00 
5 5 . 70 
50 . 50 
50 . 50 
52 . 00 
50 . 70 

105 . 00 
38 . 00 
3 7 . 50 
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o The l ower ,  l es s -weath ered port i o n  of  the Mancos  S h a l e .  

o The D akota  San d s  tone and other form at i on s  under l y i n  g 
the  Man cos  S h a l e .  

S u rf i c i a l l ayer . The Cheney Re s er vo i r  s i te i s  on a p ed 
i men t  s urface as can  be s een by the  un i form l y- s l o p i n g  s ur face 
of the Mancos  S h a l e  i n  F i g ur e s  F . 4 . 3 ,  F . 4 . 4 , an d F . 4 . 5 .  Th e 
un con so l i d ated depos i ts ,  based on the l o g s  of n i n e bo r i n g s ,  
r an g e  i n  th i ck n e s s  from 2 3 . 5  to 42 . 0  feet . A b rown t o  r edd i s h  
br own eo l i an s i l t  w i th s ome c l ay an d s an d  an d occa s i on a l  g r av 
e l  to bo u l de r  s i zed fragmen ts  of bas a l t , var i e s  from zero to 
two to three fe et at the s urface . Th i s  mater i a l i s  under l a i n  
by i n te r l ayered c l ay , s i l t , s an d ,  and g r av e l , w i th occa s i ona l 
l ayers  of cob b l e s  an d bo u l ders  of b as a l t .  Th i s  l ayer ap p arent 
l y  rep resen ts  m i xed a l l u v i a l  an d co l l uv i a l  dep o s i ts ,  an d h a s  
been mapped a s  a p ed i me n t  g rav e l  ( Co l e  an d Sexton , 1 981 ) . 

L i mi ted data  re gard i n g the geochem i c a l  c h aracter i s t i cs of  
the  s urf i c i a l l ayer are av a i l ab l e ,  an d are  presented i n  Tab l e s  
F . 4 . 2  an d F . 4 . 3 .  The occur rence of w ater i n  the  s ur f i c i a l  
zon e  i s  d i s c us sed i n  Sec t i o n  F . 4 . 1 . 5 .  

Weath ered M ancos  S h a l e .  At ot her l ocat i on s ,  i n c l ud i n g  
S h i prock , New Mex i co ( DO E ,  1 984 ) , i t  h as been de term i n ed th at 
the  up p er port i o n s  of the Mancos S h a l e wi 1 1  t ran sm i t  me as ur 
ab l e  quan t i t i es of water . The hyd r au l i c  prop er t i e s  of the 
Man cos  S h a l e  wo u l d  be  expected to vary depend i n g  on  l ocat i on 
and str at i g rap h i c  pos i t i on w i t h i n  the s h a l e .  At the  Cheney 
Res er vo i r  s i te data  are ava i l ab l e  regard i n g  the capac i ty of 
the  l oc a l  s h a l e  to tran sm i t  water : 

o None  of the 1 1  bo r i n g s  at the s i te encoun tered not i c e 
ab l e  amounts  o f  water i n  t h e  s ha l e  at t h e  t i me o f  
d r  i l l  i n g . 

o The two we l l s  comp l eted be l ow the top of the s ha l e  
( 50 7 ,  50 9 )  h ave  rema i ned  dry for over two ye ar s .  

o The three we l l s wh i c h  h ave  encoun tered grou n d  water 
ar e comp l eted p ar t l y  i n  the  up p er s h a l e  an d p ar t l y  i n  
the  o verb ur den . 

o I n - s i tu p erme ab i l i ty tests  ( Tab l e  F . 4 . 4 ) i n d i c ate t h at 
near one  of the  d ry we l l s ( 50 1 )  there  i s  l i tt l e  d i ffer
ence  be tween the  p erme ab i l i ty of the s h a l e  an d the  per
me ab i l i ty of the ove r l y i n g  uncon so l i d ated depos i ts .  
Th i s i s  a l s o  true for one of the  we l l s ( 508)  w i th me a
sur ab l e  grou n d  water . 

F -183 



., 
I 

t--' 
(Xl 
-P> 

2 00 0 2 00 400 
E2 -

S CALE IN FEET 

/'\ 
5216 

+ / 
503 

5205 + 
506 
s", 

Jo 

. " EMS �PE 

� 
IJ' ,.., 

� 
0 

\ 5233 \ 
\ + 
502 

01 I\) 
01 
0 

\ 
\ 

\ 
\ 

� 6'0 

\ 
\ 

\ 
\ 

\ 
\ 
I 

R - 2 - E  
? 

5279 
501\ 

\ 5�62 � 

� � 
701 / \  I 

'f., � 

\� I' ""-s, 

1 \<l'�<l' \\ 11 1 12 \ 

11' 
I'l <D 
o 

S"'> o 

c 

11' .., 
o 
o 

\ 
\ 
\ 

LEGEND 

- 52 2 0 -

5287 + 
504 

"'.;> 
\ -0 

5287 + 
504 

..,.. 
.;>'" o 

FIGURE F. 4.5 

I 
I S O-CONTOUR OF M A NCOS 
SHALE SURFACE I 
BORING LOCAT I O N  WITH SP OT 
ELEVAT I O N  OF M A N C O S  SH ALE I 
SURFACE 

__ ... _ J 

"'.;> % 

"'.;> "0 

"'.;> "'0 

T 
-
3 
• E 

� 
N 

, 

MANCOS SHALE SURFACE ISO-CONTOURS, 
CHENEY RESERVOI R SITE 



Tab l e  F . 4 . 2  Cat i o n -exchan g e  capac i ty res u l t s  

P ar ameter U '  
a n l t s  

Exchan geab l e  s od i um 22 . 1  
So l u b l e sod i um 19 . 2  

Exchangeab l e  potas s i um 0 . 28 
So l u b l e po t as s i um 0 . 04 

Exchangeab l e  ca l c i um  91 . 3  
So l u b l e  ca l c i um 5 . 69 

Exchan geab l e  mag nes i um 4 . 38 
So l u b l e magnes i um 1 . 2 2  

CEC  20 . 0  

S u l f ate 2 . 2 1 
C ar bon ate 9 . 50 

aA l l except s u l f ate an d carbonate data  exp res sed i n  mi l l i eq u i v a l en t s  per  100 
gr ams . Va l ues  for s u l f ate an d carbonate exp res sed i n  we i ght-percen t .  

Ref . N U S ,  1 983 . 
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Tab l e  F . 4 . 3  Mi n era l ogy an a l ys i s  of b u l k  and  c l ay- s i ze frac t i on s  of 
so i l s  at the Cheney Reservo i r  s i te 

P h a s e  Bu l k  s amp l e  

Ana  1 c i Ire 
Ank er i te ( Fe -do l om i te )  
Ap at i te 
C a l c i te 
C l ays ( s )  + ch l or i te 
C r i s tob a lTte 
Gyp s um 
Hemat i te 
K -fe l d s p ar 
M i  c a - i l l i te 
P l ag i oc l a s e -fe l d sp ar 
Pyroxe n e  
Q ua rtz 
S i d er i te 
Amorpho us  

P ha s e  

C a l c i te 
C h l or i te ( +kao l i n i te ? )  
Gyp s um 
K -fe l d spar  
M i  c a- i l l i te 
M i xe d - l ayer c l ays 
Mon tmor i l l on i te 
P l ag i oc l ase  f e l d s p ar 
Quartz  

a 1 7 • 8  we i g h t  p erce n t  l es s  th an 2 m i cron s .  

Ref . N US ,  1 983 . 
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Tab l e  F . 4 . 4  I n -s i tu p erme ab i l i ty tests  at Cheney Reservo i r  

Loc at i on a Depth i n terva l ( f t )  Permeab i l i ty ( em/s e c )  

12-22  -6 
4 x 10_6 2 1-31  1 x 10 _7 31 -40 <1 x 10_ 7 40-50 <1 x 10 

501  

50 2 10-1 4  2 x 10
-4 

20-31 -6 3 x 10_ 7 36-46 <1 x 10  7 41 -5 1  <1 x 10-

8-1 4 5 x 10
-5  

1 4-28 1 x 10- 7  

30-40 <1 x 10- 7  

40 -50 1 x 10-6 

503 

10- 18 3 x 10-5 

22-34 5 x 10-6 

35-44 6 x 10-5  

44-56 <5  x 10-8 

504 

8-18 1 x 10
- 5  

18-28 9 x 10
-6 

23-35  1 x 10-5 

38-5 1  1 x 10- 7  

505 

10- 1 9 6 x 1O-� 
21-29 1 x 10= 5 29-40 6 x 1 0_4 to 1 x 10_5 40 -5 1  1 x 10_5 

to 5 x 10  

506 

aBor i n g  l ocat i on s  are s hown i n  F i g ur e  F . 4 . 1  

Ref . N US ,  1 983 . 
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The se  data  s how th at the up per we athered Man cos  S h a l e  i s  
not  tr an sm i t t i n g  s i g n i f i cant  amoun t s  of water ;  howe ver , there 
may be zon e s  in  the upper we athered Mancos S h a l e wh i ch are 
tran sm i tt i ng  smal l amou n t s  of water , b ut these  zon e s  are l oca l 
l y  p er ched an d l ater a l l y  d i scon t i n uo u s . 

Commun i cat i on w i th deep aqu i fer s . The Co l or ado  
Geo  1 o g i  ca  1 S urvey reports  that  the  s i te ap pears  to be  under
l a i n  by abo ut  300 to  700 feet  of  Man cos  S h a l e  ( CG S ,  1 982 ) . 
The Mancos  S h a l e i s  more th an 400 feet th i ck bene ath the  s i te ,  
as determ i ned  from the str uc tura l  contours  of W i l l i ams ( 1 964) . 
The D akota  S an d s tone wo u l d  be the uppermos t poten t i a l aqu i fer 
un der l y i ng  the Man co s  S h a l e .  

The Mancos  Sh a l e  i s  gener a l l y  regarded as a l ow-
perme ab i 1 i ty format i on wh i ch ret ard s  the mo vemen t of water 
( Lo hman , 1 965 ;  Coo l ey et  a l . ,  1 969) . Becau se  of the l ow p erme 
ab i l i ty an d th i ck n e s s  of the Mancos  S h a l e ,  hyd r au l i c  c ommu n i 
cat i on be tween geo l og i c  un i ts above  an d be l ow the  s h a l e  i s  
exp ected to be m i n i ma l . 

F . 4 . 1 . 4 Un s aturated zone hydrau l i cs 

The de scr i pt i o n of un s atur ated zon e  hyd r au l i c s  at an a l 
terna te d i spos a l  s i te c an i nc l ude bo th  ver t i ca l  an d hor i zonta l  
mo vement  of  mo i sture . The ch arac ter i z at i on of  hyd r au l  i c  p rop
er t i e s  of  the Grand J un c t i o n  t ai l i n g s  has  b een  doc ume n ted  e l s e 
where ( se e  Sec t i on F . 3 . 1 . 4 ) , and i nc l ude s prop er t i e s  for the 
i n -s i tu t a i l i n g s  as we l l as  p ropert i e s  for d i fferent  m i xt ur e s  
and d i ffer en t  degrees o f  comp act i on ( Veye r a ,  1 980 ) . 

The f l u x  of mo i sture away from the  s i te bo u n d ar i e s  wou l d  
be contro l l ed by the propert i e s  of the s ur ro u n d i n g  s o i l or  
rock matr i x ,  an d by  the prop er t i es of  the  e n g i neer ed cov er . 
F i e l d  permeab i l i ty tes t s  of the  matr i x  d��erm i n ed satur ated 
p erme ab i l i ty _Ma l ues r an g i n g  from 2 x 10 cm/sec to l es s  
t h an 5 x 10 cm/sec . Th ese  tes t s  are s ummar i zed i n  Tab l e 
F . 4 . 4 . The un s atur ated hyd r au l  i c  con d uct i v i ty w i l l  be l es s  
t h an the  s atur ated p erme ab i l i ty .  

F . 4 . 1 . 5  Saturated zone hydrau l i cs 

F i ve mon i tor i n g  we l l s  were i n s ta l l ed at the Cheney 
Reser vo i r  s i te .  Three  of th e wel l s  encountered s atur ated con 
d i t i on s ,  an d a l l three were comp l eted acros s the i n terface be 
tween the M ancos  S h a l e  an d the over l y i n g uncon so l i d ated 
format i on .  Th i s  i n d i cates the ex i s tence of water t ab l e  cond i 
t i on s  i n  the  l ower p art  of the uncon so l i d ated zon e  or i n  the  
up p er we athered zon e  of  the  Mancos  S h a l e .  F i g ur e  F . 4 . 6  i s  a 
water - l e ve l  map for May ,  1 985 .  Water l eve l s for March , 1 985 ,  
we re a l l w i th i n  0 . 5  foot of  the  May water l eve l s .  S l u g  test  
res u l ts for two we l l s  are  s ummar i zed i n  Tab l e  F . 4 . 5 .  
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Tab l e  F . 4 . 5  S l u g  test  r es u l t s  for the Cheney 
Re s er vo i r  s i te 

Hyd r au l i c cond uct i v i ty 
Loc at i on ( cm/sec ) 

508 4 . 8  x 10
-6 

70 1 2 . 1  x 10
-5 

Test ana l yzed w i th Bouwer-R i ce  Method ( Bouwer , 1 978) . 

Based  on F i g ure  F . 4 . 6 ,  the  ave r ag e  hyd r au l i c  g r ad i en t  i n  
th i s  s h a l l ow sys tem i s  app rox i mate l y  0 . 0 2 5 .  The hyd r au l i c  con 
d uc t i v i ty i n  the s at u r ated zon e  i s  k n own from i n -s i tu perme 
ab i l i ty te s t s  ( Tab l e  F . 4 . 4 ) an d s l ug  te s t s  ( Tab l e  F . 4 . 5 ) . 
Thes e  d at a  we re u sed  to ca  l c u l  ate an av erag e  1 i near  or  D ar c i  an 
grou n d -w ater f l u x  i n  the  s h a l l ow sys tem us i n g  D arcy ' s  L aw :  

wh ere  

q = K �  
d l  

q = f l u x  ( l /t )  

K = hyd r au l i c  con d uct i v i ty 

d h/d l  = hyd r au l i c g rad i en t  ( d i me n s i on l e ss ) .  

The l owe st  me as ured _�ydr au l  i c  con d uc t i v i ty i n  one  of the 
two s l ug te st s  was 5 x 10 cm/sec . 

For th i s  p erme ab i l i ty the f l u x i s :  

q = ( 5  x 10-6 ) ( 0 . 0 2 5 ) ( 3 . 1 536 x 1 07 sec/y r )  
= 3 . 9  cm/yr 
= 0 . 1 3 ft/yr 

-5 For the h i g her perme ab i 1 i ty of 1 x 10 cm/sec , wh i ch 
seems to be represen tat i v e  of the s atur ated zon e  ( Tab l e  F . 4 . 4 ) 
an d i s  app rox i mate l y  the me as ured va l ue of the  ot her s l u g  
te st : 

- 5  7 q = ( 1  x 10 ) ( 0 . 0 25 ) ( 3 . 1 536 x 10  sec/yr ) 
= 8 cm/yr 
= 0 . 26  ft/yr . 

Us i n g  these  f l u x  r ate s ,  the  gro u n d -w ater d i s c h arge c an be 
ca l c u l ated for a cro s s - sect i o n  of the grou n d -w ater  sys tem ,  u s 
i n g Darcy ' s  Law . Th i s  ca l c u l at i on  i s  based  o n  t h e  a s s ump t i on 
of a con t i n uo u s  ground -w ater system . If  the sys tem 
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i s  l atera l l y  d i scon t i n uo us the  f l u x  wou l d  be l e s s  th an the  
r ate c a l c u l ated be l ow .  Based  on  the presence  o r  ab sence  of 
satur ated con d i  t i on s  i n  mon i tor i n g  we 1 1  s comp l eted at d i  ffer 
en t dep ths , the th i c knes s of the sys tem app e ars  to be l es s  
t h an 10 fe et . The d i  sch arge for a O .  5 -m i l e -w i d e  s ec t i on of  
the  sys tem i s :  

wh ere 

Q = q x A 

Q = d i s c h arge  ( 1 3/t ) 

A = cros s - sect i ona l are a ( 1
2 ) 

Q = ( 0 . 13 to 0 . 26 ft/yr ) ( 10 feet x 2640 feet ) 

= 3432 to 6864 ft3/yr . 

The aver age ve l oc i ty of the grou n d  w ater c an be c a l c u l at
ed if the  effect i v e  poros i ty w i th resp ect  to the med i um i s  
k n own ( Be ar ,  1 9 7 9 ) . The spec i f i c  yi e l d  i s  s omet i mes  c a l l ed ef
fect i ve poros i ty ( Be ar ,  1979 ) . Spec i f i c  y i e l d  w as not me a
s ured at the Cheney Re s ervo i r  s i te ,  b ut can  be as s umed ba sed 
on p u b l i s hed v a l ues for s i mi l ar so i l  types  fou n d  at the s i te .  
Us i n g  th ese as s umed  v a l ue s of effect i v e  poros i ty ( Tod d ,  1 980 ) , 
aver ag e ve l oc i ty can  be c a l c u l ated as fo l l ows ( Be ar ,  1 979 ) : 

v = Q/nef A 

wh ere 

v = aver ag e  v e l oc i ty ( 1 /t ) 

Q = f l ow r ate ( 1 3 /t ) 

n ef 
= effect i ve poros i ty 

A = cros s - sect i ona l area ( 1
2

) 

V = ( 3432 to 2864 ft 3/yr ) / ( 0 . 03 to 0 . 2 3 )  x 
( 26400 ft ) 

= 0 . 5 7  t o  8 . 6 7  ft/yr 

The uncer ta i n ty i n  the as s umed r ange  of effec t i v e  
po ros i ty i s  ref l ec ted  i n  the  c a l c u l ated aver age  ve l oc i ty of 
the ground  w ater . 

Rech arge . Rech arge of s h a l l ow gro u n d  water i n  the  v i -
c i n i ty of the Cheney Re s er vo i r  s i te pro b ab l y  come s from s e ver 
a l  sources  i n c l ud i n g seepag e l o s se s  from Wh i t i n g ' s  D i tc h  
( F i g ur e  F . 4 . 7 ) , i n f i l tr at i on o f  preci p i t at i o n ,  an d seep ag e 
from ep hemer al  an d i n term i ttent  streams . Of these  sources , 
seep ag e  from Wh i t i n g ' s  D i tch probab l y  predom i nates  for two 
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reaso n s : i t  i s  a cons t an t  head s ource for p ar t  of the  ye ar , 
and i t  i s  d i rec t l y  up h i l l  from the s i te are a .  

I nf i l tr at i o n  o f  prec i p i tat i on  i s  prob ab l y  a m i n or source  
of rec h arge . Us i n g  the f l  u x  v a l ues  c a  l c u l  ated abo v e ,  an e st  i 
mate of the bo u nd i n g max i mum va l ue of net  i n f i l tr at i on can  be 
made u s i n g  the  hyd ro l og i c  eq uat i on ( Ch ow ,  1 964 ) : 

I - 0 = d S  
wh er e 

dS  = ch an g e  i n  storage  
I = i n f l  ow 
o = outf l ow 

I n  a l on g -term , steady st ate con d i t i o n ,  i nf l ow mus t e q ua l 
o utf l ow to sat i s fy the con t i n u i ty eq uat i on .  A max i mum va l ue 
of i n f i l tr at i on res u l t s i f  i t  i s  as s umed th at a l l i n f l ow i s  
due  to i n f i l trat i on .  

To e s t i mate a max i mum  r ate of i n f i l trat i on , t he  are a o v er 
wh i c h i n f i l tr at i on occ ur s mus t  be k n own or  as s umed : 

o For d i s c h arge through  the 0 . 5-m i l e-w i de  cros s -sec t i on 
( see abov e ) , i t  i s  as s umed t h at i n f i l tr at i o n  o cc ur s 
over  an are a  0 . 5-m i l e-w i d e  exten d i n g  on e m i l e  up h i l l  
of  the cros s - sect i on .  

o I n fi l trat i on over the are a  i s  u n i form . 

The s e  as s ump t i on s  are reasonab 1 e bec aus e recon n a i s s an c e  
o f  t h e  are a  s hows i t  t o  b e  re l at i v e l y  un i form w i th respect  t o  
factors  wh i c h  wou l d  i n f l uence i n f i l tr at i on i n c l ud i n g  s l ope ,  
vegetat i on type an d cover ag e ,  an d s urf i c i a l  geo l o gy .  The  max
i mum i n f i l tr at i on rate i s  then : 

where 

Imax 
= max i mum i n f i l tr at i on r ate ( l /t )  

Q = d i s c h arge through  cros s - sect i on ( 1
3

/t ) 

A .  = area of i n f i l tr at i on 1 

I max 
= ( 3 . 4  x 10 3 to 6 . 8  x 103 ft3/yr ) / 

( 2640 ft x 5 280 ft ) 

-4 to 4 . 9  x -4 = 2 . 4  x 10_3 10  3 ft/yr 
= 2 . 9  x 10 to 5 . 9  x 10- i n /yr . 

A l though th i s  va l ue of rec h arge  i s  very l ow ,  i t  i s  con s i s 
ten t  w i th t h e  f i n d i n g s  o f  stud i e s e l s ewhere i n  t h e  area .  For 
ex amp l e ,  at the Two Ro ad s i te ( Sect i on F . 5 )  g rou nd  w ate r i s  
not presen t i n  the  s h a l l ow un con so l i d ated depos i t s or  Mancos  
S h a l e ,  i n d i c at i n g  a very l ow r ate of recharge . 
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I f  a s u bs tan t i a l  frac t i o n  of the  gro u n d -w ater rec h arge  i s  
der i ved  from seep ag e from Wh i t i n g 1 s  D i tch or I n d i an Creek , t he  
net i n f i l trat i o n  of  prec i p i t at i on wou l d  b e  muc h l es s  th an t he 
ca l c u l ated va l ue .  

D i s ch arge . N atu r al d i s c h arge  of grou nd  water occ ur s  
through  three ma i n  componen ts  ( War d ,  1 9 75 ) : 

o E vapotr an s p i r at i on .  

o D i s c h arge  by me an s of s p r i n g  f l ow an d s eepag e i n to s u r 
f ace w ater bod i e s .  

o Leak age  i n to ad j acen t aqu i fer s . 

Leak age  from the  s h a l l ow sys tem i n to ad j acen t aqu i fers  i s  
prob ab l y  ne g l  i g i b l e  ( Sect i on F . 4 . 1 . 3 ) . D i s c h arge by 
evapotran s p i r at i on , s p r i n g  f l ow ,  or s e ep ag e  i n to s urface water 
bod i e s can be expec ted to occ ur where the ground  s urface  i n ter
sects  t he  water t ab l e  an d where an under l y i n g re l at i v e l y  i mp er 
me ab 1 e 1 ayer crops out . Wes t o f  t h e  s i te there i s  a 
topog r ap h i c  break where the s l op e  i n crease s ,  an d the Mancos  
S h a l e crops  out in  some p l  ac es  i n  ep hemera l  d r a i n ag e s . 
Becau s e  th i s  area  seems l i k e  a fav o r ab l e  p l ace  for grou n d 
water d i s c h arge t o  occur a recon na i s s ance was cond ucted i n  
May ,  1 985 . 

D ur i n g  the recon na i s sance a wa l k i n g tour was made of 
three areas  wh i ch cou l d  be poten t i a l d i s c h arge areas : i n c i sed 
dr ai nages  abo ve  the top ograph  i c br e ak , the  h i  1 1  s l op e  a l ong  t he 
topog r ap h i c  break , an d dra i nages be l ow the  topogr ap h i c  bre ak . 
No s i g n s  of seep ag e were  ob s erved . Some sma l l are as of s a l t  
ac c umu l at i on were seen a l ong  Mancos Sh a l e  outcrops i n  the  i n 
c i sed d r ai n ag es ; howe ver , there  are many s uch areas  of s a l t ac 
cumu l at i on w i th i n  the Gr and V a l l ey ( Lo hman , 1 965 ) . Becau se  
there were n o  obser ved s i g n s  of  seep ag e ,  n o  def i n i te c onc l u 
s i on abo ut  the area  of grou n d -w ater d i  s c h arge can be mad e .  
I n s tead , se ver al  poten t i a l  me an s of grou nd -w ater d i s c h arge  c an 
be po s tu l ated : 

o The groun d -w ater d i s c h arge i s  sma l l an d d i s c h arge  i s  
i n  the  form of d i ffu s e  seep ag e  over  a r e l at i v e l y  l arge  
are a .  Th i s type of d i  s c h arge oc c ur s i n  homogen eou s 
ge o l og i c  mater i a l s  ( Dav i s an d DeW i e s t ,  1 966 ) . Th e d i s 
ch ar ge i s  con s umed by d i rect evaporat i o n  an d tran sp i r a
t i on , and  there i s  n o  e v i dence  of s eep ag e .  

o The grou n d -water f l  u x  mo ves  down t he topograp h i  c break 
through  the uncon so l i d ated depo s i t s on the  h i l l s l op e .  
The uncon so l i d ated depos i ts ar e es sen t i a l l y  cont i n uo u s  
w i th t h e  Mancos  Sh a l e  cropp i n g  o u t  on l y  i n  the i n c i sed 
dr ai n ages  th at tr an sect the topog r ap h i c  b reak . Th ere  
i s  n o  seep ag e at  the topograp h i c  break , and  the  ground  
water mo ves  through  uncon so l i d ated depos i t s to d i s 
ch arge  at the Gu n n i son R i ver s e ver a l  m i l e s to the 
we s t .  
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o Ne ar the topog r aph i c  bre ak the Man cos  Sh a l e  i s  c l os er 
to the ground s ur fac e an d the we athered , more 
perme ab l e , zon e  of the s h a l e  th i ck en s .  Ground  water 
mo ves  acros s  the topog r aph  i c br eak deep i n  t he s h a l e 
and even t u a l l y d i s c h arges at s ome u n k nown po i n t .  

o A comb i nat i on of the three postu l ated me an s o f  d i s 
ch ar ge occ ur s .  

W h i che ver of these po s t u l ated me an s o f  d i sch arge occur s ,  
i t  can be con c l uded that d i s c h arge e i ther occur s at a p o i n t  
re l at i v e l y  far from the s i te o r  d i s c h arge  i s  mos t l y  con s umed 
by e vapotr an sp i r at i on .  

Y i e l d .  The s h a l l ow grou n d -w ater sys tem app e ars  to hav e  
a smal l poten t i a l  y i e l d ,  where poten t i a l  II s afe yi e l d ll i s  d e 
f i n ed a s  t h e  amoun t  o f  w ater t h at c a n  b e  w i thd r awn w i thout r u n 
n i ng o u t  of water ( Lo hman , 1 9 72 ) . O n  a quan t i t at i v e bas i s , 
the  Th i em eq uat i on w i th D up u i t  assump t i on s  can be used  to est i 
mate the  s afe y i e l d  of the  sys tem ( Tod d ,  1 980 ) : 

where 

h 
2 

_ h 
2 

Q = ( P i )K  0 w 

Q = 

K = 

ho 
= 

hw 
= 

I n ( r  /r ) o w 

d i sch arge ( 1
3

/t ) 

hyd r au 1 i c cond uc t i v i ty( l /t )  

or i g i n  a 1 h ead ( pre-pump i n g  o r  

head a t  we l l 

n o  dr awdown ) 

r 0 = rad i u s to p o i n  t of n eg l i g i b l e  d r awdown 

r = 
w 

r ad i u s of we l l 

For a two - i nch  we l l at the up h i l l  s i d e  of the  s i te ,  a s s um
i n g neg l i g i b l e  d r awdown at  the rec h arge  source ( Wh i t i n g ' s  
D i tch ) ,  an i n i t i a l satur ated th i ck nes s of 10 feet ,  and  d r aw
down of e i g h t  feet : 

-2  
K = 1 . 4  to 2 . 8  x 1 0  ft/day 

ho 
= 10  fe et 

hw 
= 2 feet 

r = 2600 feet 0 
r w 

= 0 . 0833 feet 

Q = 3 to 6 g a l l on s  per day .  

F-195 



However , because  the g rou n d -w ater sys tem i s  s l op i n g  and  
t here i s  no recharge  source on  the  down h i l l s i d e  of the we l l ,  
s u s t a i n ed yi e l d  of ground  water can come on l y  from the up h i l l  
sem i c i rc l e s u r rou n d i n g  the wel l an d the poten t i a l  yi e l d  i s  
h a l ved : 

Q = 1 . 5 to 3 ga l l on s  per d ay .  

The e st i mated f l ow throu gh a on e -m i l e  w i d; cros s- sect i on 
i n  the s h a l l ow sys tem i s  3432 to 6864 ft /ye ar ( Sect i on 
F . 4 . 1 . 5 ) . A we l l or we l l s captu r i n g  a l l of th i s  water ( an i m
pos s i b i l i ty )  wou l d  y i e l d  on l y  70 to 141  ga l l on s  per d ay .  

F . 4 . 1 . 6 Water qua l i ty 

Water-qua l i ty an a l yses  for three mo n i tor i n g  we l l s  are p re 
sen te d  i n  Tab l e  F . 4 . 6 .  The water qua l i ty a t  t h e  farthes t 
up g r ad i en t  we l l can be descr i bed  as fres h ,  an d as b r ac k i s h at 
the  other  two we l l s .  The grou n d  w ater ex h i b i t s a def i n i te i n 
crease  i n  tot a l  d i s so l ved s o l i d s  i n  the  down g r ad i en t  d i rec
t i on .  Th i s i n crease can  be  attr i b uted to  cont ac t  w i th the  
mar i n e or i g i n Man cos S h a l e .  Con centrat i ons  of s e ver a l  con s t i t
uen ts exceed i n g N at i ona l I n te r i m  P r i mary or  Secondary Dr i n k i n g  
Water  Stan dards i n c l  u d e  i ro n ,  manganese ,  pH , s u l f ate , tot a l  
d i s so l ved  so l i d s , a n d  ur an i um ( hea l th ad v i sory l e ve l ) .  

Tota l  organ i c  carbon ( TOC ) exc eeded 700 mg / l  at the two 
we l l s i n s ta l l ed i n  1985 . Th i s  may be d ue to the s l ow break 
down of b i odegrad ab l e  organ i c  d r i l l i n g  f l u i d  ad d i t i v e s ,  a s  h as 
been noted by ot her  i n v e st i gators  ( B ar ce l ona , 1 984 ; E r i c s on et 
a l . ,  1985 ) . The we l l s  were pur ged af ter  i n s t a l l at i on an d were 
b a i l ed d ry several  t i mes pr i o r  to s amp l i n g .  The pers i s tence  
of h i g h  concen trat i o n s  of TOC may i n d i c ate th at the sys tem i s  
re l at i v e l y  s tagnant  w i th l ow f l ow r ates . 

F . 4 . 1 . 7  P rox i mi ty of s i te to s u rface water 

The Cheney Reservo i r  s i te i s  
northwest  of Cheney Re servo i r . 
K an n a h  Creek an d Sm i th D i  tch ( an 
i mate l y  on e m i l e  from the s i te .  

app rox i mate l y  0 . 8  m i l e  n o rth
To the nor th of the s i te 

i rr i gat i on can a l ) are approx-

Sev era l  ep hemera l  d r ai nages of varyi n g  s i ze r u n  gener a l l y  
n o rthwest  to southeas t w i t h i n  on e m i l e  of the s i te .  The se  
dra i nages  f l ow i n to I n d i an Creek , a n  ep hemer a l  d r a i nage  approx
i mate l y  0 . 1  to 0 . 5 m i l e  west- southwest  of the  s i te .  The 
Co l o r ado  Geo l og i ca l  Sur vey ( CGS,  1982 )  n oted th at an i rr i ga
t i  o n  d i tch  of  unkn own nature  cros ses the up per part  of  the 
s i te wh i ch was i n vest i g ated . Th e d i tch ( Wh i t i n g ' s  D i tch ) i s  
ap prox i m ate l y  0 . 25 m i l e  northeast  of the s i te bo u n dary as i t  
i s  n ow des i g nated . The d i tch f l ows i n to McDon a l d Re ser v o i r ,  a 
st ock -water i n g  an d i r r i  gat  i on reser vo i r ap prox i mate ly one  mi 1 e 
northwest of the de s i g nated s i te boundary .  
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U) 
'-J 

CO NST I TU E NT 

ALK AL J N  I TY 
AUJM I N UM 
AMMO N I UM 
AN T I MONY 
ARS EN I C  
BAR I UM 
BORON 
CADM IUM  
CALC I UM  
CHLOR I D E  
CHROM I UM 
COB AL T 
CONDUCTAN C E  
CO PPER 
C YAN I D E  
FL UOR I D E  
GR OSS ALPHA 
GR OSS BETA 
HYD . SU L F ID E  
I RON 
LEAD 
MAG NES IUM  
M AN GAN ES E  
ME RCURY 
MOL YB DEN UM 
N I CK E L  
N I TRATE 
OR G .  CARBON 
PB -210 
PH 
PHO SPH ATE 
PO -2l0  
POTAS S I UM 
RA-226 
RA -228 

TAB LE F . 4 . 6  

UN I T  OF LOC : 508 
ME ASURE DATE : 02 /21/83 

MG /l CAC0 3 280 . 000 
MG /l - - - - ----
MG A - - - - - - - -
MG /l - - - - - - --
MG /l < 0 . 0 10 
MG A < 0 . 020  
MG /L - - - - - -- -

MG A 0 . 000 
MG /l 1 6 4. 000 
MG /l 3 3 . 000 
MG A < 0 . 001 
MG/l < 0 . 001  
UMHO/CM 1200. 000 
MG /l 0 . 001 
MGA --- - - ---
MG /L - - - - - ---
PC  I /L - - --- - --
PC I /L - - ----- -

MG /l - - - - --- -

MG /L 0 . 006  
MG /L 0 . 0 4 7  
MG /l 5 7 . 800 
MG /L 0 . 340 
MG /L < 0 . 000 
MG /L 0 . 040 
MG /L - --- - - - -

MG /L < 0 . 1 00  
MG /L 80 . 900 
PC I /L - - - - -- - -
SU 7 . 000 
MG /L - - - - - - --
PC  I /L ------- -

MG /l 5 . 0 70 
PC I /L < 0 . 500 
PC I /L - - - - - - - -

GROUN D -WATER  Q UALI TY AT  THE  CHEN E Y  R E SERVO I R  S I TE 

508 508 701 70 1 
03/27/85 06/ 07 /85 03/27 /85 06/07/85 

41 3 . 0 00 365 . 000 581 . 000 403 . 000 
< 0 . 100  < 0 . 10 0  < 0 . 100  < 0 . 1 00 

0 . 680 < 0 . 100  0 . 6 20 0 . 100  
< 0 . 0 03 < 0 . 003  0 . 0 05 < 0 . 003 
< 0 . 0 10 < 0 . 0 10 < 0 . 0 10 < 0 . 010  
< 0 . 100  < 0 . 100  < 0 . 100  < 0 . 100  

0 . 1 10 0 . 1 10 0 . 2 90 0 . 0 90 
< 0 . 002 < 0 . 001  < 0 . 0 02 < 0 . 001  

86 .000 1 1 6 . 000 530 . 000 1 54. 000 
2 2 . 000 2 10 . 00 120 . 000 2 2 . 100  

< 0 . 010  < 0 . 0 10 < 0 . 0 10 < 0 . 0 10 
< 0 . 0 10 < 0 . 050  00 . 040 < 0 . 050 
890 . 000 1006 . 000 3100 . 000 10 98. 000 

0 . 0 30 < 0 . 020  < 0 . 0 10 < 0 . 020 
< 0 . 0 10 < 0 . 0 10 < 0 . 0 10 < 0 . 0 10 

0 . 500 0 . 500 0 . 300 0 . 500 
25 . 000 - - - - --- - < 40 . 000 - - ---- - -

< 50 . 000 - - - - - - - - 60 . 000 - - - - - - - -
< 0 . 200 - - - - --- - < 0 . 200  - - - - - - - -

0 . 200 0 . 3 40 7 . 700 0 . 530 
< 0 . 010  < 0 . 0 1 0  < 0 . 0 10 < 0 . 010  

44. 000 5 5 . 200  131 . 000 56 . 200 
0 . 500 0 . 4 40 6 . 60 0  1 . 430 

< 0 . 000 < 0 . 000 < 0 . 000 < 0 . 000 
< 0 . 0 10 < 0 . 010  < 0 . 0 1 0  < 0 . 0 10 
< 0 . 040  < 0 . 040  < 0 . 040 < 0 . 040 
< 1 . 000 < 1 . 0 00 < 1 .000 < 1 . 000 
1 70 . 2 00 2 3 . 0 00 7 75 . 000 1 5 . 0 00 

< 10 . 500 < 1 0 . 500 < 1 0 . 500 < 1 0 . 500 
70 . 200 7 . 400 60. 200 7 . 1 50 

< 0 . 1 00 < 0 . 10 0  < 0 . 100  < 0 . 1 00  
< 1 . 000 < 1 . 000 < 1 . 000 < 1 . 000 

3 . 700 3 . 830 1 3 . 100  4 . 480 
< 1 . 000 < 1 . 000 < 1 .000 < 1 .000 
< 1 . 000 - - - - - - - - < 1 .0 00 - - - - - - - -



TAB IJ F . 4 . 6  GR OU N D -WATE R  QUAL ITY  A T  THE C HENE Y RE SERVO I R  S I TE ( Co n t in ue d ) 

UN I T  OF l aC :  508 508 508 701 701 
CON ST I TU E NT ME ASURE DATE : 02 /21/83 03/ 27 /85  06/07 /85  03/27 /85 06/ 07 /85 

SElEN  I U M  MG /l 0 . 002 < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005 
S I lCON  MG /l - - - - --- - - - - - - - -- - - - - ---- - --- - - - - - - - - - - - -
S I L I C A  MG /l - - - - - - - - 1 8 . 900 1 7 . 200 2 2 . 800 1 8. 400 
S I LVER  MG /L < 0 . 010  < 0 . 0 1 0  < 0 . 0 10 < 0 . 0 10 < 0 . 0 1 0  
SOD I UM MG /L 71 . 100  94 . 000 79 . 800 243 . 000 7 7  . 000 
STR ONT I U M  MG/L - -- - --- - 1 . 0 00 1 . 1 20  4 . 200 1 . 1 60 
SU LFATE MG /l 420 . 000 1 45 . 000 256 . 000 910 . 000 343 . 000 
SU l F  ID E MG /L - - - ----- - - - ---- - 0 . 200 - - - - - - - - 0 . 200 
TE MP ERATURE C - DEGR E E  1 6 . 000 1 4. 000 1 6 . 000 1 4. 000 1 6 . 000 
TH-230 PC I /l - - - - - --- < 1 . 000 < 1 . 000 < 1 .000 < 1 . 0 00 
T I N  MG /l - - - ---- - < 0 . 005 < 0 . 005 < 0 . 005 < 0 . 005  
TOTAL Sal IDS  MG /l 1000 . 000 656 . 000 782 . 000 3746 . 000 898 . 000 
TOX MG /L - - -- - --- 0 . 100  0 . 1 7 0  < 0 . 100  0 . 460 
U -234 PC I /l - - - ----- - - - - - - - - 1 . 800 - - - - ---- 50. 300 
U-238  PC I /l - - - - - -- - --- - - - - - 1 . 000 - - - - -- - - 30 . 500 

f-' URAN I U M  MG /l 0 . 024  0 . 008 0 . 04 6  <.D - - -- - -- - - - - - - - - -
CD VAN AD IUM  MG /l 0 . 0 1 5  < 0 . 0 10 < 0 . 0 10 < 0 . 0 10 < 0 . 0 10 

ZI N C  MG /l 0 . 02 0  0 . 100  < 0 . 005 0 . 0 70 < 0 . 005 



TABLE F . 4 . 6  GR OU ND-WATE R  QUAL I TY AT  T HE C HENEY  R E S ERVO I R  S I TE ( Co n t i n ue d ) 

UN I T  OF LOC : 702 a 702 a 704
b 

CO N ST I TUENT ME ASURE DATE : 03/ 27 /85 06/07 /85 06/07 /85 

ALK AU N ITY  MG /t CAC03  270 . 000 6 70 . 000 87 . 000 
AL UM I N UM MG /t < 0 . 100 < 0 . 100  < 0 . 100  
JlMMON I U M  MG /L 0 . 500 0 . 100  0 . 200 
ANT IMONY MG /t < 0 . 003  < 0 . 003 < 0 . 003  
ARS EN I C  MG/t < 0 . 0 10 0 . 010  < 0 . 0 10 
BAR I UM MG /L < 0 . 100  < 0 . 100  < 0 . 100  
80R ON MG /L 0 . 0 90 0 . 2 30 < 0 . 010  
CADM IUM  MG /L < 0 . 002 < 0 . 001  < 0 . 001  
CALC T UM MG /L 360 . 000 2 15 .000 20. 400 
CHLOR I D E  MG /t 250 . 000 95 . 900 1 .  7 00 
CHROM I UM MG /L < 0 . 0 10 < 0 . 010  < 0 . 0 10 
COB AL T MG /L < 0 . 010 < 0 . 050 < 0 . 050  
CONDUCTAN C E  UMHO /CM 2800 . 000 1 3 5 7 . 000 202 . 000 
COP PER MG /t 0 . 040 < 0 . 020 < 0 . 020 
CYAN I D E  MG /t < 0 . 010  < 0 . 0 10 < 0 . 0 10 

� FL UOR I D  E MG /t 0. 400 0 . 600 0 . 100  
1..0 GR OSS ALPH A  P C  I /L - ----- - - - - - - - - - - - - - - - - - -1..0 

GROSS B ETA PC I/L  - - - - - - -- - - - - - -- - - - - -----
HYD . S ULF  I DE  MG /L < 0 . 200 - - - - - - - - - - --- - - -

I RON MG /L 50 . 500 0 . 720  < 0 . 0 30 
LE AD MG /L < 0 . 010 < 0 . 0 10 < 0 . 0 10 
MAGNES  IUM  MG /L 50 . 000 9 9 . 000 9 . 380 
MANGAN E S E  MG /L 1 .  700 1 . 530 < 0 . 0 10 
ME RCURY MG /t < 0 . 000 < 0 . 000 < 0 . 000 
MOLYBDENUM MG /t 0 . 010  < 0 . 010  0. 1 20 
N ICKE L  MG /L < 0 . 040 < 0 . 040  < 0 . 040  
N I TRATE MG /L < 1 . 000 < 1 . 000 < 1 . 000 
OR G .  CARBON MG /L 742 . 000 2 9 . 400 8. 200 
P8 -210 PC I /L - - ------ < 1 . 500 < 1 . 500 
PH SU 6 . 400 6 . 800 8. 100  
PHO S PH ATE MG /L < 0 . 100 < 0 . 100  < 0 . 100  
PO-2l0 Pe I /L - - - - - - - - < 1 . 000 < 1 . 000 
POTAS S I UM MG /L 1 1 .000 7 . 560 2 . 3 30 
RA-226 PC I /L -- - - - - -- < 1 . 000 < 1 . 000 
RA-228 Pe I /L - - - - - - - - - - - - - - - - - - - - - - - -

SELJ:N I UM MG /L < 0 . 0 05 < 0 . 005 0 . 0 1 2  
S I LCON  MG /L - - - - - - - - - - - - - - - - - - - - - - - -



TABLE  F . 4 . 6  GR OUND -WATER QUAL I TY A T  THE  C HEN E Y  R E SERVO I R  S I TE ( Co n c l u ded ) 

UN I T  OF  LOC : 702 a 
702

a 
704

b 

CON ST I TU ENT ME ASURE DATE : 03/ 2 7 /85 06/07 /85 06/07 /85 

S I LI CA MG /l 13 . 000 27 . 200 7 . 900 
S I LVER  MG /l < 0 . 010  < 0 . 0 10 < 0 . 010  
SOD IUM  MG /l 260 . 0 00 2 34 . 000 6 . 470 
STR ONT I U M  MG /l 2 . 7 00 2 . 5 10  0 . 0 80 
SU LFATE MG IL 1200 . 000 304 . 000 1 5 . 300 
SU LF IDE  MG /l ------- - 0 . 700 < 0 . 100 
IT MP ERATURE C - DEGR E E  12 . 000 1 7 . 000 25 . 000 
TH-230 PC I /L - - - ----- < 1 . 000 < 1 . 000 
T I N  MG /l < 0 . 005 < 0 . 005 < 0 . 005 
TOTAL SOL ID S MG /l - - - - ---- 1 584. 000 202 . 000 
TOX MG /L - - ----- - 0. 2 7 0  < 0 . 100  
U -2 34 PC I IL - - --- - - - 2 . 400 < 1 . 000 
U -238 PC l it -------- 1 . 500  < 1 . 000 
URAN I UM  MG /l - - ------ - - ---- - - - - -- - - --
VAN AD IUM  MG /l < 0 . 010  < 0 . 010  < 0 . 0 10 

N Z I N C  MG/l 0 . 300 < 0 . 005 < 0 . 005 0 
0 

aAn i o n -c at i on b a l an ce not  ac h i ev ed , p rob ab l y  due  t o  h ig h  c o n ce ntr at i on of  TOC .  

bAn a lys i s  i s  i n c l u d ed for  q ua l i t at i v e  comp ar i son . 
Locat i on 704 i s  W h i t i n g ' s  D i tch ( F i g ur e  F . 4 . 7 ) . 



F . 4 . 2  CL I MATE E F FECTS ON CON TAM I NANT M IG RAT ION 

F . 4 . 2 . 1  C l i mate 

The s i te i s  l e s s  th an 1 5  m i l e s from the proces s i n g  s i te 
an d abo ut  600 feet h i g h er i n  e l e vat i on .  Excep t  for l oca l topo
gr ap h i c effect s ,  the  l on g -term c l i mate i s  probab l y  very s i m
i l ar to t h at at the proce s s i n g  s i te ( Sect i on F . 3 . 3 . 1 ) . 

F . 4 . 2 . 2  Contam i n an t  m i grat i on i n  the  u n s atu rated zon e 

The pred i cted r ate of n et i n f i l tr at i o n  throu gh  the  s t ab i 
l i zed ta i l i n g s  i s  a k ey i n d i cator of the r ate of co ntam i n a n t  
m i g r at i on ,  bec aus e i n f i l tr at i o n wou l d  gener ate l eac h ate . Four  
me thod s of  ca l c u l at i n g i n f i l tr at i o n  r ates are  de sc r i bed  i n  
Sec t i on F . 3 . 2 . 2 .  These  s ame method s ar e used  to pred i ct i n f i l 
t r at i on rates through  t he  s t ab i l i zed ta i l i n g s  at the  C h eney 
Reser vo i r  s i te .  The res u l t s  ar e s ummar i z ed in  Tab l es F . 4 . 7  
t h rou gh  F . 4 . 9 .  

F . 4 . 3  EX I ST I NG USAG E AN D VALUE O F  WATER RESOURCES  

F . 4 . 3 . 1  Ground water 

Us age . There are no  reg i  s tered we l l s  w i t h i n  about  two 
m i l es of the s i te ,  an d no  s h a l l ow we l l s  w i th i n  abo ut  3 . 5 m i l es 
of the  s i te .  Ex i st i n g  us age of g round  water i n  the  v i c i n i ty 
of the Cheney Re servo i r  s i te i s  m i n i ma l  d ue to three factor s .  
F i r s t ,  the curren t l ow popu l at i on dens i ty i n  the  are a  re s u l ts  
i n  a l ow demand fo r water in  the  are a .  Second , the  1 i mi ted 
av a i l ab i l i ty of s h a l l ow g round  water i s  s hown by the fac t t h at 
mo ni tor i n g  we l l s  dr i l l ed on the s i te fa i l ed to encoun ter s i g 
n i f i can t quan t i t i e s of s h a l l ow ground  water an d i s  s up po rted 
by es t i mates of yi e l d ( Sect i o n F . 4 . 1 . 5 ) . The Mancos Sh a l e  i s  
not con s i d ered to be water-be ar i n g  i n  the  Grand J un c t i o n  area  
( Lohman , 1965 ) . S i g n i f i can t quan t i t i es of deep er ground  w ater 
may be ava i l ab l e , but  at greater d r i l l i n g cos ts . Th i rd ,  s h a l 
l ow ground  water i s  prob ab l y  too poor i n  q ua l i ty for domes t i c  
us e ,  except i n  l oc a l i zed ar eas . 

A homeown er on H i ghway 50 approx i mate l y  1 . 5 m i l es south
we st  of the s i te repo rted that s he and  her  i mmed i  ate  n e i g hbo r s  
h au l ed the i r water from Gran d  J unct i on .  A 1 50-foot test  we l l 
on her property yi e l ded water that was too s a l i n e for us e .  
Where s ha l l ow g round  water i s  present  i n  th i s  v i c i n i ty ,  i t  can  
be exp ected to be  s a l i n e  d ue to con t act  w i th the mar i n e-or i g i n  
Man cos s h a l e ;  as i s  the  case  for s h a l l ow g round  water i n  t he  
Gran d  V a l l ey ( Lohman , 1 965 ) . 

Another homeown er at a l ocat i o n  approx i mate l y  0 . 5  m i l e  
northwest  of the s i te repo rted th at s he an d her i mme d i  ate 
n e i g hbors  al so  hau l ed water from a l oc at i on i n  the  K an na h  
Creek commun i ty .  
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Method a 

1 

1 

2 

2 

3 

4 

Tab l e  F . 4 . 7 P red i c ted i n f i l tr at i on rate through  the  cover at the 
C heney Reservo i r  s i te 

Cover hyd r au� i c  Dur at i oe I n f i l trat i on 
con d uct i v i ty of f l ow r ate ( cm/yr)  

1 x 10-6  
Con s tant 3 . 1 5  x 1 01 

1 x 10 -7 
Con s tant  3 . 1 5 x 10° 

1 x 10 -6 246 8 . 90 x 10-1 

1 x 10- 7 
246 8 . 90 x 10

-2 

Tab l e  F . 4 . 8  

7 . 4  x 10-3 

1 .  5 x 10-2 to 

aMethod 1 i s  con stan t  D arcy f l ow under un i t  hyd r au l i c  g r ad i en t ;  
Method 2 i s  con stan t  D arcy f l ow d ur i n g  ra i nfa l l even ts > 0 . 1  i n ch ; 
Method 3 i s  wet t i n g  front  ad vance d ur i n g  r a i n fa l l events > 0 . 1  i n ch ; �ethod 4 i s  w ater b a l an ce ( Sect i on F . 4 . 1 . 5 ) . 

I n  cm/sec . Hyd r au l i c  con d uct i v i ty of cover wou l d  be s pec i f i ed i n  e ng i neer i n g 
de s i g n .  c I n  hours  per ye ar . 
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t ,  sec  

21 , 600 
2 1 , 600 
21 , 600 
21 , 600 
21 , 600 
21 , 600 

Tab l e  F . 4 . 8  C a l c u l ated i nf i l tr at i on r ates  us i n g  e q uat i on 
for we tt i n g  fron t ad vance 

I n f i l trat i on  

Sc ( %) 
a Event  An n ua l  

k ( em/ sec )  h e  ( em )  dw ( em ) even ts I 

1 -6 1 5700 7 0 . 5 5 3 . 8  x 10-2  41  1 . 6  x x 10 _6 1 x 10 6 5235  4 . 3  0 . 89 3 . 8  x 10-2 41 1 . 6  x 
1 x 10- 1047 2 . 1  1 . 80 3 . 8  x 10-2  

41  1 . 6  x 
1 x 10- 7  1 5700 7 0 . 055  3 . 8  x 10-3 41 1 . 6  x 
1 x 10- 7  5235  4 . 3  0 . 089 3 . 8  x 10

-3 41 1 . 6  x 
1 x 10- 7 1047 2 . 1  0 . 18 3 . 8  x 10-3 41 1 . 6  x 

( em) 

100 

100 

10
0 

10- 1  

10-1  

10
- 1  

aFrom Tab l e  F . 4 . 9 .  

Tab l e  F . 4 . 9  Cap i l l ary mo i sture  reten t i on for Cheney Re servo i r  
co ver source 

C ap i l l ary p res sure  
( Bar ) 

0 . 1  
0 . 3 
0 . 5  
0 . 7  
1 . 0 
3 . 0 
5 . 0 
7 . 0 

1 0 . 0  
1 5 . 0  

Water reten t i on ,  % 

24 . 47 
23 . 74 

22 . 38 
21 . 02 
20 . 1 9  
1 9 . 5 5 
18 . 24  
1 7 . 59  

Note : Abo ve tes ts  performed us i n g  bo th  ASTM D31 52 an d D 2325 test  me thod s .  
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V a l ue . Because  there i s  no  eX i st i n g  us ag e  of s h a l l ow 
or  deep ground  water w i t h i n  the  pote n t i  a l l y  affected hyd r o ge 
o l ogi c en v i ronmen t ,  ground  water has no  ex i s t i n g  presen t va l ue 
and on l y  a v ery l ow future  va l ue ( Sec t i on F . 4 . 5 ) . 

F . 4 . 3 . 2  Surface water 

Us age . Peren n i  a l  streams w i th headwater s  i n  Gr an d  
Mes a ,  east  o f  the s i te ,  i n c l ude K an n a h  C reek an d I n d i an Creek . 
K an n a h  Creek i s  ut i l i zed fo r i rr i gat i on a l ong  some of i t s 
l en g t h ; howe ver , res i d e nt s  a l ong  Kan n a h  Creek obt a i n po t ab l e  
water fo r domest i c  use  from a c i ty of Gran d  J unct i on wate r s up 
p l y  l i n e  wh i c h runs  a l ong  the Creek . 

I n d i an C reek i s  tapped by an u n l i n ed d i tch wh i c h d i verts  
f l ow to McDon a l d  Re servo i r  ( F i g ur e  F . 4 . 7 ) . Acco rd i n g to the  
operator  of the  d i tch , the  d i v er s i on i s  used for s tock 
water i n g  an d for i rr i g at i ng  pasture  near McDon a l d  Re servo i r . 

V a l ue . The va l ue of surface water i n  the v i c i n i ty of  
t he  s i te can  be  eva l uated by two me an s .  One  i s  to de term i n e 
the  cos t of a l ternat i v e water s up p l  i e s  i n  the  are a .  A r ate 
sched u l e  fo r water supp l  i ed by the c i ty of Gran d J un c t i on to 
b u l k  water users  i n  the Wh i tew ater area i s  s hown i n  Tab l e  
F . 4 . 10 .  An other a l terna t i ve source of water i s  de l i very from 
commerc i a l supp l i er s  based in Grand Junc t i on ,  who report 
ch arges of $16 to $2 5 per 1 100 ga l l o n s  for de l i v ered water i n  
the  W h i tew ater an d K an nah  Creek are a .  The se c h arges  can vary 
s i gn i f i can t l y  depen d i n g  on the ex act l ocat i o n  of the de l i very 
and  the  tot a l  quan t i ty of water to be de l i v ered . Th es e 
ch arges refl ect a much h i gher  va l ue th an wo u l d  be at tached  
w i th the p rob ab l y  poor qua l i ty water under l y i n g  the  s i te .  

Tab l e  F . 4 . 10 Rate sched u l e for b u l k  w ater us ers 
n ear Wh i tewater 

Quan t i ty per mon th ( ga l l on s )  

F i r st 3 , 000 
Next 7 , 000 
Next 10 , 000 
More th an 20 , 000 

Ref . C i ty of Gran d  J unct i on ,  1 985 . 

F . 4 . 4  ALTERNATE WATER  SUP P L I ES 

Ch arge 

$9 . 40 ( m i n i mum)  
$1 . 40/1000 ga 1 
$1 . 70/1000 ga 1 
$2 . 10 /1000 ga l 

Stab i l i z at i on of the ta i l i n g s  at the Cheney Re servo i r  s i te wou l d  
not affect any cur ren t l y used water resource s ,  an d use  o f  the poten t i a l 
l y  affected ground  water wo u l d  be u n l  i k e l y  ( Sect i o n  F . 4 . 5 ) . Shou l d  t he 
poten t i a l l y  affected ground  w ater be con s i dered  for us e ,  s e ver a l  a l ter 
nate s ources of water are av a i l ab l e .  
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W ater s up p l i es i n  the  i mmed i ate v i c i n i ty of the  Cheney Re servo i r  
s i te cou l d  be obta i n ed from se ver a l  source s .  Home own e r s  i n  the  are a a l 
ready h a u l  water o r  ob t a i n  i t  from a C i ty of Gr an d J unct i o n  w ater 1 i n e  
r u n n i n g a l o n g  K an n a h  Creek . Surface water cou l d  be obt a i ned  from peren 
n i  a 1 streams s uch  as Kannah  Creek and  I n d i  an Creek i f  ap pro p r i  ate w ater  
r i g h t s  wer e  obtai n ed . Deep  gro u nd  wate r may be av a i l ab l e  b ut i t s poten 
t i  a l  i s  u n k nown . 

F . 4 . 5  FUTUR E USAG E AN D VALUE OF WATER R E SOURCES  

F . 4 . 5 . 1  Gro u nd  water 

F . 4 . S . 2  

U s age . I n  Febr u ary, 1 985 , a homeown er  at a l ocat i on ap -
prox i mate l y  0 . 5  mi l e  northwe s t  of the  s i te reported t h at s he 
h ad p l  an s to d r i l l  a we l l to a depth  of l e s s  t h an 1000 feet . 
Att emp t s  to u t i l i ze deep gro u n d -water resources  i n  the  are a 
w i th i n  severa l  mi l e s of t he  s i te may be an t i c i pated . Th e con 
tro l l i ng facto rs  wou l d  be the extent  to wh i c h the  pop u l at i on 
i n crease s ,  the  exten t to wh i ch other  water resou r ce s  a nd  th e i r 
d i s tr i b ut i on sys tems are deve l op ed ,  and  the  s ucce s s  of at
temp t s  to f i n d  u s ab l e  d e ep ground  water . 

Some zones  of fres h or  pot ab l e  s h a l l ow g ro u n d  w ater can  
be  fou n d  ne ar creek s an d d i tches  i n  the  are a ,  where  the  s ur 
face water rep resents  a source of rec h arg e .  Th e exte n t  of 
these zon e s  i s  probab l y  1 i m i ted to an are a  very n ear  the  re
ch arge source . The a rea l  exten t of  t he se  pot ab l e  zon e s  i s  l i m
i ted  by the smal l amount  of rech arge  and the ten de n cy of t he  
un de r l y i n g  Mancos  Sh a l e  to  degr ad e  water qua l i ty .  The poten 
t i a l s us t a i ned  y i e l d  of the zones  i s  a l s o  sma l l ( Sec t i o n 
F . 4 . 1 . 5 ) . The poten t i a l  for deve l opment of s h a l l ow g rou n d  w a
ter i s  m i n i ma l . 

V a l ue . The d i ff i c u l ty of es tab l i s h i n g  the future  va l ue 
of water resources  i s  d i s c u s sed i n  Sect i on F . 3 . 6 . 1 .  The v a l ue  
of s h a l l ow ground  water i n  t he  v i c i n i ty of the s i te wou l d  be 
l i m i ted by the l ow poten t i a l  y i e l d  ( Sect i o n  F . 4 . 1 . 5 )  of the  
sys tem . On a q ua l i tat i ve  ba s i s , i t  can  be  conc l uded  t h at the  
resource  v a l ue of s h a l l ow g ro u nd  water i s  l ow .  

S urface water 

U sage . The n earest poten t i a l ly  deve l op ab l e  sour c e s  of  
s ur f ace water are  I n d i an Creek and  a d i vers i on d i tch wh i c h car
r i es water from I n d i an Creek . I n  ye ars of  h i g her  f l ow i n  
I n d i an Creek these bo th cou l d  be used  to deve l op gre ater  u s e  
o f  s ur f ace  water i n  t h e  v i c i n i ty o f  t h e  s i te .  The degree o f  
de v e l opment  wou l d  probab l y  b e  governed by l an d  u s e  restr i c 
t i on s  on the Federa l  l an d , by econom i c  fac tors  o n  n e arby p r i 
vate l an d , and  by the ava i l ab i l i ty of ad d i t i on a l  w ater r i g h t s .  

F-205 



F . 4 . 6  

V a l ue . Th e d i ff i c u l ty of es tab l i s h i n g the  future va l ue 
of water resources  i s  d i s c u s sed i n  Sect i on F . 3 . 6 . 1 .  I n  t he  v i 
c i n i ty of the Cheney Re servo i r  s i te water i s  used  for var i o u s  
agr i c u l t ur a l  p urposes . The va l ue o f  water i n  t h e  are a  wou l d  
prob ab l y  para l l e l  the va l ue of ag r i c u l t ur a l  prod uc t s .  
A l ternat i ve l y ,  pop u l at i on g rowth i n  t h e  area cou l d  i n cr e as e  d e 
mand for a domes t i c  water s up p l y .  On a qua l i t at i v e  or  re l 
at i v e  bas i s , i t  can be conc l uded th at the va l ue of s urface 
w ater resour ces  i n  the area i s  moder ate to hi g h . 

I MPAC TS I N  AF FECTED HYDROG EOLOG I C  E N V I RONM ENT  

The i mp acts  i n  th e poten t i a l l y  affected hydro geo l o g i c sett i n g at 
t he  Ch eney R e servo i r  s i te are d i s c us sed be l ow .  

F . 4 . 6 . 1  Human hea l th r i sk s  

There i s  n o  k n own ex i s t i n g  us e o f  s h a l l ow g round  w ater i n  
t h e  po ten t i a l l y  affe cted hyd rogeo l og i c  en v i ronmen t ,  an d future  
us e of  s h a l l ow g round  water i s  exp ected to  be  m i n i ma l . 
Because  the prob ab i l i ty of human i n g e s t i on  of poten t i a l l y  af
fec ted g round  water wou l d  be m i n i ma l , t he  prob ab i l i ty of h uman 
he a l th  r i s k s  wo u l d  be m i n i ma l . 

F . 4 . 6 . 2  D amage to crops and vegetat i on 

There i s  no k nown ex i s t i n g  us e of s h a l l ow g rou n d  w ater by 
crops an d vegetat i on i n  the  poten t i a l l y  affected hyd rogeo l o g i c 
en v i ronmen t ,  and  future us e of s h a l l ow g ro u n d  w ater i s  exp ect 
ed to be m i n i ma l . Becaus e the  prob ab i l i ty of water us e by 
crops an d vegetat i on wou l d  be m i n i ma l , the  p rob ab i l i ty of dam
age to crops an d vegetat i on wou l d  be m i n i ma l . 

F . 4 . 6 . 3  D amage to w i l d l i fe 

There i s  no k n own ex i s t i n g  use  of  s h a l l ow g round  water by 
w i l d l i fe ,  and  no k n own l o cat i o n where w i l d l i fe cou l d  poten t i a l 
l y  i n g e s t  i t .  I t  can be conc l uded t h at d amag e  to w i l d l i fe d ue 
to i n g e s t i on  of g round  water wou l d  be m i n i ma l . 

F . 4 . 6 . 4  Pers i s tence and  permanence of adverse  effects 

Adverse ef fects  d ue to i n ges t i on of g ro u nd  water  by h u 
man s ,  crops an d vege t at i o n ,  an d w i l d l i fe are d i scus sed abo v e .  
I t  i s  conc l uded th at t h e  prob ab i l i ty o f  i n ges t i o n  o f  poten t i a l 
l y  affected ground  water wou l d  be m i n i ma l . Therefore i t  can 
be con c l  uded that ad verse  effects  d ue to i n gest i o n of g round  
water wo u l d  be n e i ther pers i ste n t  nor  p erman en t .  
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F . 5 POTENTIALLY  AF F ECTED HYDROGEOLOG I C  E N V I RONME NT-TWO ROAD S I TE 

F . 5 . 1  CHARACTE R I ZAT I ON O F  HYD ROGEOLOG I C  E N V I RONMENT 

F . 5 . 1 . 1 P rev i ous  i n ves t i gat i on s  

The Two Ro ad area  h as prev i ous l y  been t h e  s ubject  of two 
i n vest i g at i ons  wh i ch i n c l uded ch arac ter i z at i o n  of the hydro ge
o l og i c reg i me .  The Co l or ad o  Geo l og i c a l  Sur vey ( C GS , 1 982 ) d i d  
a reconna i s s ance l e ve l  study of the l ocat i o n ' s  poten t i a l  u se  
as  a m i l l  t a i l i n gs  d i spos a l  s i te .  The  B ur eau of Recl amat i on 
h as s tud i ed a l arger  are a  wh i c h i nc l udes  the propo s ed ta i l i n g s  
d i spos a l  area ( UR S ,  1 983) . The l at ter  i n ve s t i g at i on was p a r t  
of t h e  Co l or ad o  R i ver  Water Qua l i ty Imp rovemen t P ro gr am :  t h e  
Two Road area  i s  a p roposed l ocat i on for ev apo r at i on pond s .  
The l at ter i n ve s t i g at i on i n c l uded 2 3  bo r i n g s  an d the  i n st a l l a
t i on of 22 we l l s .  

F . 5 . 1 . 2 Recen t i n ve st i gat i ons  

The  f i e l d  program has i n vo l v ed exp l or atory d r i l l i n g ,  s o i l 
te st i n g ,  mon i to r i n g  we l l i n st a l l at i on , an d water s amp l i n g . 
The program was be gu n  w i th d r i l l i n g  i n  March , 1 985 . P rev i ous  
i n ve st i gat i o n s  by the U . S .  Bureau  of Rec l amat i on for a sep
ar ate project  ( Sec t i o n  F . 5 . 1 . 1 )  i n c l uded two exp l or atory 
bo r i n gs ,  f i e l d  an d l aboratory tes t i n g ,  an d the i n sta l l at i on of  
two mon i to r i n g  we l l s w i th i n  the  des i gnated s i te bo undary.  

In  the  March , 1985 , f i e l d  prog ram ,  16  exp l oratory bo r i ngs  
we re  d r i l l ed on  a four -by-four gr i d  p atter n . Mon i to r i n g  we l l s  
we re  i n sta l l ed i n  f i v e  of the bor i n g s .  So i l s amp l es were co l 
l ec ted from the  bor i n g s  for s t rat i g r ap h i c  l o gg i n g  and for l ab 
o r atory te s t i n g . Wel l con s tr uc t i o n  deta i  l s  are p resen ted  i n  
Tab l e  F . 5 . 1 .  

A l l f i e l d  an d l aboratory wor k  was perfo rmed i n  accordance 
w i th s tandard  oper at i n g  proced ures . The se  s t an dard  oper at i n g  
proced ures  are on f i l e  w i th the U . S .  DO E UMTRA P roject Off i ce 
i n  A l b uquerque , New Mex i co .  

F . 5 . 1 . 3 Strat i graphy 

The strat i g raphy at the s i te h as been def i n ed by 18  
bo r i n g s . Geo l o g i c  cro s s -sect i on s  are  presented in  F i g ures  
F . 5 . 1  through  F . 5 . 4 . O n  a hyd ro geo l o g i c bas i s  t he  
s t rat i gr ap hy can be  d i v i ded  i n to three zones : 

o A s ur f i c i a l l ayer of unconso l i d ated depos i ts .  

o Mancos S h a l e .  
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T A B L E  F . 5 . 1  T W O R O A D  S I T E B O R E H O L E  A N D  W E L L  I N F O R M A T I O N .  

S C R E E N E D  I N T E R V A L  
W E L L  T O T A L  S U R F  A C E  T O P  O F  - - - - - - - - - - - - - - - - B O R E H O L E  

L O C A T I O N a N O R T H b 
E A S T  

b 0 1  AME T E R  D E P T H  E L E V A T I O N C A S I N G B E G D P  L E  N G T H DE P T H  
1 0  C O O R D I N A T E  C O O R D I N A T E  ( I N .  ) ( F  T • ) ( F T M S L ) ( F T M S L ) ( F T F D )  ( F  T • ) ( F T F D )  

5 0 1  4 8 5 0 1 . 0  1 9 0 9 8 . 6  2 . 0 0 0  5 6 . 0 0 4 9 4 3 . 0 0 5 1 . 0 0  5 . 0  5 6 . 0 0 
5 0 2  48 4 7 6 . 0  2 1 7 6 2 . 7  2 . 00 0  4 1 . 00 4 9 1 8 . 0 0 3 6 . 0 0 5 . 0  4 1 . 0 0 
7 0 1  4 9 5 0 6 . 5  1 9 2 4 3 . 6  2 . 00 0  3 6 . 9 0 4 9 5 9 . 4 2 49 6 1 . 6 6 2 9 . 9 0 5 . 0  3 5 . 0 0  
7 0 2  4 9 6 0 9 . 9  1 9 8 2 6 . 2  4 9 5 9 . 1 4  2 0 . 0 0 
7 0 3  4 9 6 1 4 . 0  2 0 3 5 4 . 3  4 9 5 9 . 2 9 30 . 5 0  
7 0 4  4 9 6 1 9 . 1  2 0 8 3 2 . 1  2 . 00 0  2 5 . 2 0 4 9 5 4 . 5 2 4 9 5 6 . 84 1 8 . 2 0 5 . 0  2 3 . 0 0 
7 0 5  4 8 7 8 6 . 9  2 0 8 3 4 . 3  4 9 4 8 . 6 7  28 . 0 0 
7 0 6 4 8 7 7  7 . 1 2 0 3 3 8 . 9  2 . 00 0  3 4 . 8 0 4 9 5 1 . 4 2 4 9 3 5 . 1 3 2 7 . 8 0 5 . 0  3 3 . 0 0 
7 0 7  4 8 7 7 2 . 4  1 9 8 0 0 . 2  4 9 4 9 . 9 7  2 5 . 6 0 
7 0 8  48 7 6 4 . 2  1 9 2 4 7 . 5  4 9 5 4 . 5 3 30 . 5 0 
7 0 9  4 8 0 5 3 . 9  1 9 2 5 3 . 5  4 9 4 4 . 7 5 2 7 . 0 0 
7 1 0 4 8 0 4 1 . 7  1 9 7 8 2 . 0  2 . 0 0 0  3 7 . 8 0 4 9 4 3 . 1 3  4 9 4 5 . 4 5 3 0 . 8 0 5 . 0  3 6 . 0 0 
7 1 1  4 8 0 3 0 . 5  2 0 3 2 6 . 8  4 9 4 3 . 1 1  2 7 . 0 0 
7 1 2  4 8 0 1 6 . 8  2 0 7 9 1 . 5  4 9 4 3 . 4 2 2 6 . 0 0 
7 1 3  4 7 2 9 8 . 7  2 0 7 6 3 . 0  2 . 00 0  3 3 . 0 0 4 9 3 3 . 5 9 4 9 3 6 . 0 2 2 6 . 0 0 5 . 0  3 1 . 0 0  
7 1 4  4 7 3 0 3 . 8  2 0 3 1 8 . 3  4 9 3 6 . 7 1 3 9 . 0 0 

..,., 7 1 5  4 7 3 0 8 . 8  1 9 7 5 3 . 7  2 . 00 0  2 9 . 4 0 4 9 3 3 . 3 5 4 9 3 5 . 6 7  2 2 . 4 0 5 . 0  2 7 . 4 0 I 
7 1 6  4 7 3 1 4 . 7  1 9 2 5 5 . 8  4 9 3 7 . 3 0 1 8 . 0 0 N 

0 
co a 

501 and 502 a re U . S .  Bureau of Rec l ama t i on bor i ngs a nd mon i tor wel l s  C - 1  and C-2 i n  URS( 1983 ) .  

b 
S i te coord i na te sys tem i s  based on a trunc a t i on of mod i f i ed C o l o rado coord i na te sys tem .  
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o The D akota  S an d s tone  an d other format i on s  u n der l y i n g  
the  Man cos S h a l e .  

S urf i c i a l l ayer . Th e s i te i s  on a ped i ment  s ur face 
formed by eros i o n  of the Man cos S h a l e .  The dom i n an t  s ur f i c i a l  
mater i a l s  presen t i n  the  s i te are a  are res i d ua l  s o i l s  formed 
by we at her i n g  of the Man cos , ped i ment  g r av e l s ,  and  eo l i an d e 
pos i t s .  Gro u nd  water was n o t  encountered i n  t h e  s ur f i c i a l  de 
po s i ts .  I n term i ttent  ground  water h as been repo rted  i n  o n e  
we l l ad j acent  t o  a s tock  p o n d  ( U . S .  B ureau o f  Rec l amat i o n ,  
1 9 78 )  • 

Commun i c at i on w i t h  d eep aqu i fers . Th e Co l or ad o  
Geo l o g i c a l S ur vey repo rts that the s i te i s  under l a i n  by approx 
i mate l y  500 to 1 100 feet of Mancos S h a l e ( CGS , 1 982) . The l o g 
of an o i  1 we l l d r i l l ed l es s  th an 0 . 5  mi  l e  from t he de s i g nated  
s i te bo und ary repo rted  the  top  of the D akota  San d ston e at 748 
feet be l ow l and  s ur f ac e .  The Dakota  San d s to n e  wou l d  be the up 
permos t  poten t i a l  aqu i fer unde r l y i ng  the Mancos S h a l e .  Man c o s  
Sh a l e  i s  gener a l ly  ack nowl edged t o  b e  a l ow-permeab i l i ty forma
t i on on a reg i ona l bas i s ,  as  reported by var i ou s  aut ho r s  
( Lohman , 1 965 ; Coo l ey et a l . ,  1 969) . Because  o f  t h e  l ow perme
ab i l i ty an d th i ckness  of the Man cos S h a l e ,  hyd r au l i c  commu n i c a
t i on be tween geo l og i c  un i ts abo ve  an d be l ow the s h a l e i s  
expected to be m i n i ma l . 

F . 5 . 1 . 4  Un s aturated zon e hyd rau l i cs  

The de scr i p t i on of  un satur ated zo ne  hyd r au l i cs at  an  a l 
ternate d i spos a l  s i te can i n c l ude bo th ver t i c a l  and  hor i zo n t a l  
mo vemen t  o f  mo i s tur e .  The ver t i c a l  mo vemen t o f  mo i s tu r e  i s  
co ntro l l ed to a l arge  extent  by the proper t i e s  of the  m i l l  
t a i l i n g s  an d the en g i n eered cover . The c h arac ter i z at i on of hy
d r au l i c  proper t i es of the Gran d  J unc t i o n ta i l i n gs h as be en do c 
ume n ted  e l sewhere , an d i n c l udes  proper t i e s  for the i n -s i tu 
ta i l i n gs as we l l as proper t i e s  of d i fferen t m i xtures an d d i f
feren t degrees  of comp ac t i on ( Veyera ,  1 980 ) . 

The ho r i zon ta l  f l u x  of mo i s ture  aw ay from the s i te bo u n d 
ar i e s  i s  p ar t i a l ly con tro l l ed by the proper t i e s  o f  the s u r 
roun d i n g  so i l  or rock matr i x .  F i e l d  perme ab i l i ty t e s t s  o f  the 
matr i x  have  been reported fo r two bo reho l es w i tQan the  s i te 
bo un dar i e s _3( UR S ,  1983 ) , r an g i  n g  from 1 . 29  x 10 cm/sec  to 
1 . 4  x 10 cm/sec . Th e se  tests  are s ummar i zed i n  Tab l e 
F . 5 . 2 .  The un satur ated hyd r au l i c con d uct i v i ty w i l l  be l e s s  
t h an the  satur ated permeab i l i ty .  

F . 5 . 1 . 5 Satur ated zone hydrau l i cs  

A l l of the mo n i to r i n g  we l l s  i n s ta l l ed d ur i n g  March , 1 985 ,  
wer e  d ry in  Ap r i l  or  May , 1 98 5 .  Two B ur eau of  Rec l  amat i o n 
we l l s  wh i ch are w i th i n  the proposed s i te were dry i n  May , 
1985 . The se  we l l s  had been i n s t al l ed mo re t h an two ye ar s 
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Tab l e  F . 5 . 2  I n -s i tu p erme ab i l i ty tests  at Two Road 

Locat i on a Depth  
i n terva l  ( f t )  Type o f  te s t  

501 b 0- 1 b ucket  
4-7 . 5  s h a l l ow we l l 

8 . 5- 12 . 7  s h a l l ow we l l 
16 -20 s h a l l ow we l l  

3 1 . 4-40 . 9  p acker 
40 . 5-50 . 1  p acker  

51 -56 p acker  

502
c 

1 1- 21  p acker 
2 1-31  packer  
31 -41 pac k er 

�BOr i n g  l ocat i on s  are s hown i n  F i g ure  F . 5 . 1 .  
URS bor i n g  C -1 .  c URS bor i n g  C -2 .  

Ref . URS ,  1 983 . 

F-2 1 4  

Permeab i  1 i ty 
( cm/sec ) 

1 . 4  x 10-3 

4 . 2  x 10-4 

1 . 4  x 10-3 

7 . 8  x 10-4 

1 . 6  x 10-4 

1 . 3  x 10-4 

2 . 1  x 10 -4 

2 . 1  x 10-4 

1 . 8  x 10-4 

1 . 5  x 10-4 



befor e .  I t  may be conc l uded that  there i s  no  ex i s t i n g  s h a l l ow 
zone of s at u r at i on .  I n -s i tu perme ab i 1 i ty tests  are descr i b ed 
i n  Sec t i on F . 5 . 1 . 4 .  If s i gn i f i ca nt  quan t i t i es  of water were 
to move  as satur ated f l ow at the Two Ro ad s i te ,  the resu l t s  of 
the  perme ab i l i ty tests are prob ab l y  i n d i cat i v e  of the hyd r au 
l i c proper t i e s  o f  poten t i a l zon e s  of s atur at i on .  

F . 5 . 1 . 6 Water q ua l i ty 

Becaus e of the ab sence of a s at ur ated s h a l l ow g rou n d 
water sys tem i n  the v i c i n i ty o f  t h e  s i te ( Sec t i o n  F . 5 . 1 . 5 ) , 
there are no  data  regard i n g  s h a l l ow g roun d -w ater qua l i ty.  
There may be ground  water i n  the  ep hemera l  was hes on e i ther 
s i de of the s i te .  The q u a l i ty of a l l u v i a l ground  w ater i s  d e 
scr i bed by commen ts mad e about  an o l d  we l l  l ocated o n  a w as h , 
abo ut  four m i l es sou t hwe s t  of the s i te ( State of Utah , 1 938) . 

II Th i s water i s  used  as a s up p l ementa l  s up p l y  of w ate r for 
stock • • •  d ur i n g the w i n ter seas on on l y ; i t  i s  not  f i t  for 
domest i c  use  at any s e ason  of the ye ar , an d i n  the s umme r 
the  m i n er al conten t i s  too h i gh . 1I 

F . 5 . 1 . 7 Prox i m i ty of s i te to s urface water 

The Two Ro ad s i te i s  1 oca ted i n  an area of ep hemer a 1 
dra i nages . Two ep hemera l  d r a i n ages  bo u n d  e i ther s i d e  of the  
ped i me n t  surface on  wh i c h the s i te l i e s ,  an d are  w i th i n  0 . 1  
m i  1 e of the proposed s i te bo u nd ary . Bot h of these unnamed 
washes  are tr i b ut ary to B i t ter  Creek , an ep hemer a l  wash to the 
southwe s t  of the s i te .  The hyd ro  1 ogi c sett i n g  of the s i te i s  
presen ted i n  F i g ur e  F . 5 . 5 .  

F . 5 . 2  CL I MAT I C  EF FECTS ON CONTAM I NANT M IGRAT ION 

F . 5 . 2 . 1  C l i mate 

Some s h ort-term s i te-spec i f i c  c l i mat i c  data  are av a i l ab l e  
from the U . S .  Bureau of Recl  amat i o n  I s study of the Two Ro ad 
s i te .  The s i te i s  l e ss  th an 20 m i l es from the  p roces s i n g  s i te 
an d i s  about  100 feet h i gher  i n  e l evat i on .  Excep t  for l oc a l  to
po grap h i c effect s ,  the  l o ng -term cl  i mate i s  probab l y  very s i m
i l ar to t h at at the proce s s i n g  s i te ( Se c t i on  F . 3 . 3 . 1 ) . 

F . 5 . 2 . 2  Contam i n ant  mi grat i on i n  the u n s atur ated zone 

Gro u n d  water was not  encoun tered i n  we l l s at the Two Road 
s i te .  Th i s  i n d i cates that i n f i l tr at i on r ates are too l ow to 
ma i n t a i n  a s h a l l ow zon e  of saturat i on ,  an d are con s i s tent  w i th 
the  res u l t s of water ba l an ce ca l c u l  at i on s  of rec h arge  for the  
Cheney Reservo i r  s i te ( Sect i on F . 4 . 2 . 2 ) . Other  qua l i tat i v e i n 
d i ca t i ons  of l ow recharge r ates i n  the  are a are av a i l ab l e .  
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An i n vest i g at i on of amb i en t  s o i l mo i s ture  conten t i n  t he  
Gran d  J unct i on area  fou n d  re l at i v e l y  l ow va l ues ( Rogers  et  
a l . ,  1 981 ) . The  s tudy was  done  s pec i f i ca l l y  to i n vest i g ate ex
pected l on g - term mo i s ture conte n t s  i n  mater i a l s  l i k e l y  to be 
us ed fo r covers on s t ab i l i zed m i l l  t a i l i n g s . So i l  s amp l es 
from the s i te were co l l ected d ur i n g  a U . S .  B u reau of  
Rec l amat i on study ( UR S ,  1 983 ) . These  s amp l e s s howed very l ow 
mo i sture  con te n t s ,  i n  the  r ange  of two to s i x  p erce n t .  

The tran s i t i on  from s atur at i o n  t o  part i a l s at u r at i on 
( i . e .  decreas i n g  so i l  mo i s ture  conten t )  e nta i l s  a steep d rop 
in  hyd r au l i c  cond uct i v i ty ( H i l l e l , 1 9 71 ) . Us i n g D ar cy ' s  l aw 
mod i f i ed for un s atur ated f l ow ( H i l l e l , 1 9 71 ) , i t  can be s hown 
t h at u nder  a un i t  hyd r au l i c  g r ad i en t  the f l u x  r ate i s  ex ac t l y  
equa l  to the un s atur ated hyd r au l i c  con d uct i v i ty .  Th u s  a l o w 
amb i en t  s o i l mo i s ture con tent  i s  i n d i cat i v e  of  a l ow f l u x  r ate  
an d a l ow r ate of rech arge . 

The s i te con cep tu a l  de s i g n  for stab i l i z at i o n  of  the  t a i  l 
i n g s  i n vo l v e s  p l acemen t of the ta i l i n g s  at l ow mo i s ture  con 
ten ts . Further d ra i n ag e  beyo n d  that wh i c h  has  a l ready 
occurred  at the proce s s i n g s i te wou l d  be re l at i ve l y  sma l l .  

The construc t i on of a comp acted l ow- permeab i l i ty cover  
wo u l d  m i n i m i ze i n f i l tr at i o n . I f  i n f i l tr at i o n  r ates  were  ap 
prox i mate l y  equa l  to those i n  the  ex i st i n g  uncomp acted s o i l s ,  
i t  wo u l d  be expec ted that re l at i v e l y  l i t t l e  m i g r at i o n  of  con 
t am i n at i on wou l d  occur . 

I mpact as s es smen t .  Th e d i  stance  from the  proposed  l oca-
t i on of the s t ab i l i zed  ta i l i n g s  to  s u rrou n d i ng  d r a i nages i s  
re l at i v e l y  short ,  l es s  th an 0 . 1  m i l e .  These  d ra i nages  are to
po g r aph  i c l ows an d rep resent  potent  i a l out  1 ets for con t am
i n an ts . A l t h ough  the deve l opment  of the concep tu a l  mode l for  
poten t i a l  con t am i nan t m i g r at i on d i d  not i n c l ude s i te - spec i f i c  
an a l yt i c a l  or n umer i ca l  c a l c u l at i o n s ,  a q ua l i tat i v e a s se s smen t 
of poten t i a l  i mp acts  c an be made : 

o Ex i st i n g  an d expected us ag e s  an d va l ue s  of w ater r e 
sources  i n  t h e  are a  are l ow ( Sect i o n s  F . S . 3  an d 
F . S . S ) . 

o B ec aus e there  i s  n o  ex i s t i n g  g rou n d -w ater sys tem at 
the s i te ,  poten t i a l  seep ag e cou l d  b u i l d  up i n  t he  up 
per Man cos S h a l e an d over b ur de n  before f l  ow i  n g  away 
from the s i te .  Con t am i n a n t  m i g r at i o n away f rom t he  
s i te wo u l d  be  de l ayed wh i l e  mo i s ture def i c i ts are 
repl en i s hed . 

o Ex i st i n g  water qua l i ty i n  the  ad j acen t d r a i n ages  i s  
br ack i s h .  I f  seep ag e were to re ac h  the a l l u v i um t h e  
affected water wo u l d  a l ready b e  of p o o r  qua l i ty .  
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o Vegetated s l opes  are fou nd  on e ac h  s i de  of the  s i te .  
I f  l ow r ates of seep age re ached these  areas , t he  w ater 
wo u l d  poten t i a l ly  be con sumed by e vapo r at i on or 
t r an s p i r at i 0 n • 

F . 5 . 3  EX I ST I N G  USAG E AN D VALUE OF  WATER  RESOUR C E S  

F . 5 . 3 . 1  Ground  water 

Us age . Rev i ew of records of th e Co l or ado  D i v i s i on of 
Water Resour ce s shows th at there i s  n o  ex i st i n g  us ag e  of s h a l 
l ow o r  deep er grou n d  water i n  the  v i c i n i ty o f  the  s i te .  Th ere 
are no  reg i s tered we l l s  in  the  town s h i p  s ur ro un d i n g  the  s i te .  
There are mon i tor i n g  we l l s  ad j acen t to the  s i te wh i ch were i n 
s ta l l ed by the U . S .  Bureau  of Rec l amat i on ' s  Co l or ado  R i v er 
W ater Qua l i ty Con tro l Program .  

Re v i ew o f  rec ords o f  th e State o f  Co l orado  h as s hown th at 
there  are no  ex i st i n g w ater r i gh ts i n  t he  town s h i p  i mmed i ate l y  
t o  the we s t  of the s i te ( T 1 7S ,  R 26 E ) . Th ere are two we l l s  i n  
n8S , R 26 E  wh i ch i s  to th e s outhwes t  of th e s i te ( F i g ur e  
F . 5 . 5 ) . One i s  a h and-dug  we l l 1 1  feet  deep i n  Sect i o n  16 ,  ap 
prox i mate l y  fo ur m i l es from the s i te .  The other i s  th e U . S .  
B ureau  of Rec l amat i on ' s  B i t ter Creek We l l i n  Sect i on 30 , ap 
prox i mate l y  s i x  m i l es from the  s i te .  

V a l ue . Becaus e there i s  n o  ex i s t i n g  u sage  of g round  wa-
ter  i n  the  v i c i n i ty of th e s i te ,  i t  h as no  ex i s t i n g  p resen t 
va l ue and on l y  poten t i a l  future  va l ue ( Sect i on F . 5 . 5 . 1 ) .  

F . 5 . 3 . 2 Surf ace water 

Us age . Surface water i n  th e v i c i n i ty of the  s i te i s  
us ed fo r s tock water i n g  an d fo r c a s u a l  use  by w i l d l i fe .  

V a l u e .  The es t i mated va l ue of s tock -w ater i n g  s up p l i e s  
can vary exten s i v e l y .  I n  ye ars  i n  wh i ch l i v e s tock p rod uct i on 
prod uces m i n i ma l  p ro f i t s  or e ven l os s es  for t he pro d ucer ,  t he  
va l ue of  s uch  s up p l i e s  i s  re l at i ve l y  very sma l l .  A n  up per 
bo und  on the va l ue of such  s up p l  i e s  i s  prob ab l y  the  co st  of 
prov i d i n g a l terna t i ve w ater s up p l  i e s .  I n  t he  area o f  the  p ro 
po s ed s i te th i s  i s  l es s  th an $20 per thous and  ga l l o n s  for 
h au l ed water . Water of l esser  qua l i ty th an fres h h au l ed w ater 
wo u l d  h av e  a l es ser v a l ue . 

F . 5 . 4  AL TERNAT I V E  WATER SUP PL I ES 

The re i s  no  ex i s t i n g  s h a l l ow g round  water be l ow the  Two Ro ad s i te ,  
and  i t  i s  not  expec ted th at water resources  n ear the s i te wou l d  be af
fected by s t ab i l i z at i on of the ta i l i n g s  at the s i te .  In the even t th at 
w ater resources  were affected , i t  wou l d  be p os s i b l e  for future  w ater  u s 
er s t o  obta i n water s up p l i e s  from other  sources ; i n c l ud i n g deep we l l s  i n 
to ar te s i an aqu i fers  or  by h au l i ng water . 
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F . 5 . 5  

F . 5 . 6  

FUTURE USAGE AN D VALUE OF WATER  R E SOURCES 

F . 5 . 5 . 1  Ground water 

U s age . I n  the  i mmed i ate v i c i n i ty of the s i te ,  test  
bo r i n g s  hav e  s h own th at there i s  n o  con t i n uo u s  s h a l l ow grou n d 
water system . Becau se  o f  t h e  1 i mi ted amou n t  an d poor qua l i ty 
of s h a l l ow ground  water , t he  poten t i a l  use  i s  m i n i ma l . 

V a l u e .  Sh a l l ow gro u n d  water i s  n o t  prese n t  i n  s uf f i -
c i en t  quan t i ty to have  any but  a m i n i ma l  future  va l ue .  

F . 5 . 5 . 2  Surface water 

U s age . Because  of the l ow prec i p i t at i on an d h i g h 
ev apo tran s p i r at i on  i n  the  are a ,  t he  poten t i a l s ur f ac e -water d e 
ve l opmen t  i n  t h e  area i s  prob ab l y  sma l l .  Usage  i n  t h e  are a 
wo u l d  prob ab l y  con t i n ue to be l i mi ted  to s tock wate r i n g  and  ca
sua l  us e by w i l d l  i fe .  

Va l ue .  The d i ff i c u l ty o f  e s tab l i s h i n g the future  v a l ue 
of water resource s  i s  d i s c u s sed i n  Sec t i on F . 3 . 6 . 1 .  I n  the v i 
c i n i ty of the Two Ro ad s i te the va l ue of water wou l d  prob ab l y  
para l l e l  the va l ue o f  l i v e s tock  prod uc t s .  On a qua l i t at i v e  o r  
re l at i ve bas i s , i t  can be con c l uded  t h at the  va l ue o f  water re
sources  i n  the  v i c i n i ty of the  s i te wou l d  rem a i n l ow .  

I MP AC TS I N  AFF ECTED HYD ROG EOLOG I C  E N V I RONMENT  

There i s  no ex i s t i n g  s h a l l ow g round  water at  the Two Road s i te .  
Poten t i a l  i rTll ac ts  on human s ,  crops and vege tat i on , and  w i l d l i fe are d i s 
c u s sed  on l y  i n  order t o  meet EPA s t andar d s . 

F . 5 . 6 . 1  Human hea l th r i s k s  

There i s  no  ex i s t i n g  u s e  o f  s h a l l ow g round  water a t  the  
s i te and  future  u se  i s  ex pected to be m i  n i rna 1 .  I t  can  be  con 
cl  uded that human hea l th r i s k s  d ue to i n ge st i on of s h a l l ow 
grou nd water wou l d  be m i n i ma l . 

F . 5 . 6 . 2  Damage to c rops and vegetat i on 

There i s  no  ex i s t i n g  s h a l l ow ground  water at the s i te .  
I t  can be conc l  ud ed that d amag e to crops an d vegetat i on d ue to 
up t ak e  of s h a l l ow ground  water wou l d  be m i n i ma l . 

F . 5 . 6 . 3  D amage to w i l d l i fe 

There i s  no  ex i st i n g  s h a l l ow grou n d  water at the s i te ,  
an d th erefo re no  poten t i a l  w ay fo r w i l d l i fe t o  up t ak e  grou n d  
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water . I t  can be conc l  uded t h at d amage to w i l d l  i fe d ue to up -
take  of poten t i a l l y  affected g round  water wou l d  be m i n i ma l . 

F . 5 . 6 . 4  P e r s i s tence  and  permanence of ad verse  effects 

Adverse effects d ue to i n ges t i o n  of  g rou n d  water  by h u 
man s ,  c rop s an d vegetat i on ,  an d w i l d l i fe are d i scus sed abo v e .  
Beca u se  o f  t h e  absence of s ha l l ow g round  water , i t  i s  conc l u d 
e d  t h at p e r s  i stent  or permanent  ad verse  effects  a ssoc i  ated 
w i t h the i nge st i on of g round  water wou l d  be m i n i ma l . 
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F . 6 CONCLUS IONS  - GROU ND  WATER 

The grou n d -water sys tem s of the Grand J unct i on t a i l i n g s  an d poten t i a l  a l ter
nate  d i spos a l  s i te s  h ave  been  stud i ed tak i n g i n to ac cou n t  factors  i n d i c ated by 
EPA s tandards  ( 40 CFR  P art  192 ) . Bas ed on these stud i e s an d f actors , s i g n i f
i c an t  con c l us i on s  have  been reached  w i th respect to the effects  or  poten t i a l  ef
fects  of the ta i l i n g s  on the  hyd rogeo l og i c  reg i me :  

Grand  J unct i on ex i s t i n g  e n v i ronment  

o Gro u nd  water n e ar the proces s i n g  s i te i s  s tron g l y  i n f l uen ced by t he  ad j a
cen t Co l or ado  R i v er . 

o Ver t i c a l  hyd rau l i c g rad i en t s  are very c l ose  to zero . Me as ured g r ad i en t s 
h ave  i n d i c ated bo t h  upw ard an d downward f l ow .  There i s  s ome uncer t a i n ty 
abo ut  the ver t i c a l  g rad i en t  d ue to the hyd r au l i c  c harac ter i s t i c s of  t he  
Mancos S h a l e ( l ow permeab i l i ty ,  s l ow recovery after  deve l opme n t ,  an d 
samp l i n g ) . 

o B ack ground  water  qua l i ty i n  the  a l l u v i um very near  the Co l or ad o  R i v er 
can vary seasona l l y from fresh  to br ac k i s h .  Away from the  r i v er i t  v a r 
i e s  from br ack i s h to s a l ty .  

o Water q u a l  i ty i n  the  Mancos S h a l e an d Dakota  San d s tone  a l s o  r an g es from 
br ack i s h to sa l ty .  The Dakota  San d s ton e ,  the  up permos t poten t i a l  be d -
rock aq u i fer , h as l ow poten t i a l  use n ear  the s i te .  

o The Gran d J un c t i on ta i l i n g s  are set  w i th i n  a comp l i cated hyd rogeo l o g i c 
are a .  F actors  s u c h  as the presence of contam i nant  s ources  ot her t h an 
m i l l  t a i l i n gs  comp l i c ate the  c h arac ter i z at i on of the  s i te .  

o The ta i l i n g s  con tr i b ute con t am i nat i o n  i n  the  form of ammo n i um an d ur an i 
um to  the a l l u v i a l  g rou n d  w ater . 

o There i s  ev i d ence of con tami nat i o n  i n  the  Mancos Sh a l e  i n c l ud i n g a p l ume 
of ar sen i c  an d sporad i c a l l y  d i s tr i b uted , e l e vated concentrat i on s  of a l u 
m i n u m ,  ammo n i um ,  s e l en i um,  vanad i um ,  an d zi nc . There i s  n o  e v i dence  of  
r ad i o n uc l i d e  m i g r at i on  i n to the bedroc k .  

o Rad i on u c l  i d e s  other  than ur an i um an d rad i um are not contam i n at i n g  t he 
grou n d  water . Rad i um-2 26 does not ap pear to be m i  g r at i n g  aw ay f rom t he  
grou n d  water d i rec t l y be l ow t he  ta i l i n gs . Po l on i um-2 10 an d tho r i um-230 
were not de tected i n  any we l l s .  Le ad -2l0  was de tected at ap p rox i mate l y  
equa l  l ev e l s i n  on e back ground  we l l an d o n e  we l l comp l eted be l ow the  
t a i l i n g s . 

o There i s  n o  e v i dence  of contami n at i o n  i n  the  D akota  S and s tone , t he  upper
mo s t  po ten t i a l  bedrock  aq u i fer . 

o A l though  the ta i l i n g s  h av e  caused c h an g e s  i n  the  qua l i ty of a l l u v i a l  
groun d water , there are n o  k nown ex i s t i n g  effects  o n  human s d ue t o  the  
absen ce of ex i s t i n g  u se . 
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o The ta i l i n g s  h av e  not  cau sed a me as ur ab l e  degrad at i on i n  the  q u a l i ty of 
the Co l or ad o R i ver water ; howe ver , s ome degrad at i on c an be c a l c u l ated . 
For i n creas e s  i n  s a l i n i ty on l y , the  es t i mated an n u a l l os s  of $23, 760 d ue 
to the tai l i n g s  i s  re l at i ve l y  sma l l when comp ared to the es t i mated an n u
a l  l os s  of $23 m i l l i on caused  by i rr i gat i o n  w i th i n  the  Gran d  V a l l ey .  

Aq u i fer restorat i on 

o Aq u i fer  res torat i on h as been ev a l u ated for the affec ted g round  w ater and  
rej ected  based  on  re l evant  con s i der at i o n s  i n  EPA req u i rements  ( 40 CFR  
P ar t  192 ) . L i mi ted me as ures may be  n eeded to e n s ure  th at there i s  no  
us e of wate r from a p os s i b l y  con tam i n ated i n d u s tr i a l d r a i nage  we l l .  

S tab i l i zat i on on  the s i te 

o A m i x i ng ce l l  mod e l  pred i cts  the p er s i s tence of e l evated concen tr at i on s  
of u ran i um i n  groun d  water . The mag n i tude  of concentrat i o n s  dep en ds  o n  
i n p u t  v a l ues f o r  gro u n d -w ater f l u x  an d amb i en t  ( back gro u n d )  u r an i um c o n 
cen t r at i on ;  b ut  may b e  13  to 243 pC i / l  t e n  ye ars after remedi  a l  act i o n ,  
8 . 8 t o  253 pC i / l  at 25 ye ars after remed i a l  ac t i o n ,  an d s t ab i l i ze d  at 
8 . 8  to 235 pC i / l  at 50 ye ars af ter remed i  al ac t i on .  P red i c ted  l o n g -term 
concentrat i on s  are l owe r for a l ow-perme ab i l i ty cover t h an for a h i g her
perme ab i l i ty cover  over the ta i l i ng s . 

o B a sed on cond i t i on s  i n  the  ex i s t i n g  en v i ro nme n t ,  n on -rad i oac t i v e  c o ntam
i n a n t s  are expected to be f l us hed  from the g ro u nd  water rel at i v e l y 
r ap i d l y . 

Re l oc at i on of the t a i l i n gs 

o Re l oc at i on of the ta i l i n g s  to an a l ternate s i te wou l d  l e ave res i d ua l  con 
t am i n a t i on i n  the  g ro u nd  water . Based  on a m i x i n g  ce l l mode l ,  u r an i um 
may per s i st at l ev e l s exceed i n g  back ground  concen trat i on s  for up to  100 
ye ar s .  Con tami nant s  other than ur an i um wou l d  be f l us hed re l at i v e l y  
r ap i d l y . 

o Spo rad i c  con t am i nat i on wou l d  per s i s t i n  the  Man cos  Sha l e  at the Gr an d 
J un c t i on  s i te .  The s ame hyd ro geo l og i c  cond i t i on s  wh i c h  c aus e th i s  per
s i stence  mak e the us e of  th i s  g ro u nd  water  u n l i k e l y .  

o Use  o f  the affected ground  water i n  the  n e ar future  i s  u n l i k e l y . 

C heney Reservo i r  s i te 

o There i s  a s h a l l ow g rou n d -w ater sys tem p erched on the Man cos  Sh a l e .  
T h i s system i s  prob ab l y  l es s  th an 10 fe et i n  t h i ck nes s .  

o The s h a l l ow ground  water mo ves  throu gh l ow- perme ab i 1 i ty depos  i ts ,  a t  an 
aver age ve l oc i ty of app rox i mate l y  0 . 5 7  to 8 . 67 feet per ye ar . 
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o The qua l i ty of the water r an ges  from fre s h  to br ack i s h .  The represen ta
t i ven e s s  of some water-q u a l i ty an a l yses  i s  que s t i oned  because  the  res i d 
ua l  presence  of b i odegrad ab l e  d r i l l i n g  f l u i d  i s  s us p ected . The re s i d ua l  
presence  o f  d r i l l i n g  f l u i d  after repeated p ur ge s  o f  the we l l s wou l d  i n d i 
cate a very l ow perme ab i l i ty sys tem . 

o Inf i l tr at i on  ra_tt s ca l c u l ated us i n g  a water ba l ance  are very l ow ,  l es s  
t h an 1 . 5 x 10 cen t i meter s per ye ar .  Other ca l c u l ated i n f i l tr at i on 
r ates  i n d i c ate that a l ow p erme ab i l i ty cover over  the ta i l i n g s  wou l d  p er
m i t l i tt l e  net i n f i l tr at i on of mo i s tur e .  

o The poten t i a l y i e l d  o f  the grou n d -w ater sys tem i s  l ow ,  1 . 5  to 3 .0 ga l 
l on s  per  day .  Expected u s e  o f  th i s  g ro u nd  w ater wou l d  b e  m i n i ma l . 

Two Road s i te 

o Ground  water was not en cou n tered at the s i te .  C ur ren t an d poten t i a l  u s e  
of ground  water wo u l d  be m i n i ma l  because  there  i s  none . 

o Seepage from stab i l i zed tai l i n g s  wou l d  be l ow d ue to l ow i n f i l tr at i o n  
a n d  d r ai n age . There i s  n o  on - s i te grou n d  w ater wh i c h wou l d  be i mp ac ted . 
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G . 1  P ROJECT  DESC R I PTIO N 

M ater i a l s  co ntam i n ated by ur an i um m i l l  t a i l i n g s  from the  i n act i v e  proce s s 
i n g s i te at Gr an d J unct i on ,  Co l or ad o ,  ar e pr es ent i n  the  f l ood p l a i n  o f  t he 
Co l or ad o R i v er an d i n  the  we t l an ds w i th i n  t he  f l ood p l a i n .  Ther e are no  f l ood 
p l a i n s  or  we t l an d s  as soc i ated w i th t he Cheney Res er vo i r  or the  Two R o ad s i tes . 

The p r i mary fe atu r e  of the  r eme d i al ac t i on i s  t he co n so l i d at i o n an d s t ab i 
l i zat i on of ta i l i n g s  an d ot her co n t am i n ated s o i l s  e i ther at the proces s i n g  s i te 
or at an a l ter n ate d i s po s a l  s i te .  

Remed i a l ac t i o n  wou l d  req u i r e  the fo l l owi n g  majo r co n s truct i o n  ac t i v i t i es 
r egard l es s  of wh i c h  a l te r n at i v e  i s  s e l ected : 

o Remov a l  of  approx imate ly  40 ac res of  ve ge tat i o n  on t he 100-year f l ood 
p l a i n  pr i or to  exc av at i on of an es t i mated 126 ,000 c u b i c yards of  c o n t am
i n ated so i l s ( es t imated aver age depth of  excav at i o n i s  s i x  i n c he s ) .  

o Gr ad i n g an d reve ge tat i n g  the f l ood p l a i n  wher e exc av ated , i n c l u d i n g  ad d 
i n g  an y neces s ary s o i l co nd i t i o ner s .  

o Upo n comp l et i on o f  the r emed i a l ac t i o n ,  r ad i o ac t i v e  co ntam i n a t i o n  i n  t he 
f l ood p l a i n  wou l d  be r ed u ced to l e ve l s  t h at cOfTlJ l y  wi th  the E P A  s t an 
d ards  for i n ac t i v e  ur an i um pr oces s in g  s i tes  ( 40 CFR Part  1 92 ) . Thes e 
ar eas wou l d  the n be r e l eased fo r an y u se  co n s i ste nt w i th l oca l l an d  u s e  
contr o l s .  
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G . 2  FL OOD PLA IN  E F FECTS 

A l terat i on of the f l ood p l a i n  dur i n g  an d after r emed i a l ac t i on i s  of  con 
cern due to  t he poten t i a l for c h an ges i n  r i v er e l e vat i ons  d u r i n g  f l ood even t s  
an d the r es u l t i n g  i mp ac ts to  ne arby p roper t i e s  an d s tructu r es . Thes e i mp ac t s  
ar e d i scus s ed i n  t h i s  as ses sment . 

Ot her tempor ary i mp acts , suc h as i n creased s ed i me nt at i o n  an d er os i o n ,  a l 
ter at i on o f  h ab i t at , an d water -qua l i ty c h an ge s , ar e o f  ad d i t i o na l concer n .  
After reme d i a l  ac t i on ,  l on g -term i mp ac ts o n  gr ou n d -water q u a l i ty an d f l ow an d 
s u r f ac e-water q ua l i ty wou l d  resu l t  from the  remov a l  of con t am i n ate d  mate r i a l s  
p r es ent  i n  the  f l ood p l ai n .  Tempor ary an d l on g -term i mp ac t s are d i scu s sed i n  
Sect i on s  5 . 5  an d 5 . 6 o f  th i s  D E I S .  M i t i g a t i on me as u r es for the s e  s hort- an d 
l ong -term i mp ac t s  ar e d i scu s sed  i n  Sect i ons  5 . 20 an d G . 2 . 2 . 

I:ffects  of  f l ood i n g  res u l t i n g  fr om ch an ges i n  f l ood e l e vat i o n s  dur i n g  con
stru ct i o n  an d after comp l et i on of  the  reme d i a l  ac t i on we r e  c a l c u l ated . Res u l ts 
of thes e an a l yses  ar e s ummar i zed  i n  Sect i o n s  G . 2 . l  throu gh G . 2 . 3 .  Ad d i t i ona l 
d i sc u s s i o n  can be found  i n  Ap pen d i x F ,  Hyd r o l ogy Repor t .  

G . 2 . l  FL 000 AN A L Y S I S  

D ur i n g a 100-ye ar f l ood even t ,  t he  f l ow o f  the Co l or ad o R i ver at 
the Gr an d Junct i on s i te wou l d  be 61 , 600 cf s .  The max i mum water s u rf ac e  
e l evat i on at the  s i te wou l d  b e  45 75 . 1  fe et at the tai  l i n g s  p i  l e  w i th  a 
me an ve l oc i ty of 8 . 4  f ps .  F i g ur e  G . 2 . l  i s  a map o f  t he 100-ye ar f l ood 
p l a i n  at the Gr an d Junct i on s i te .  The b a se  of t he tai l i n g s wou l d  be un 
der ap prox i mate l y  s i x  fe et of water . Ex i st i n g  eros i on at t he s ou t heas t 
co rner of t he p i l e  wou l d  be ac ce l er ated d ur i n g  a major f l ood . 

The 50 0-year f l ood f l ow wou l d  be 84 , 200 c f s  wi th  the water  s u r f ac e  
e l evat i on r an g i n g  fr om 45 74 t o  45 78 a l ong  the ta i  l i n g s p i  l e o  The bas e 
of the tai l i n g s  p i l e  wou l d  be approx imate l y  n in e  fe et under water . Me an 
ve l oc i t i es wou l d  ran ge be tween  s i x an d 1 2  f ps .  F i g ur e  G . 2 . 2  i s  a map of  
the 500-ye ar f l ood p l a i n  bou ndary. 

The PMF,  as des c r i bed  in Sec t i on 4 . 6 . 1 , for the Co l orad o R i ver at 
the ta i l i n g s  p i l e  wou l d  be approx i m ate l y  889 , 000 cf s an d wou l d  be ap
prox i m ate l y  36 feet above  bas e l i ne . 

G . 2 . 2  FL OOD CO ND I T IONS  DUR I N G  R EME D I AL ACT ION  

D ur i n g  remed i a l ac t i on ,  as ide  from the tai l i n g s ,  approx i mate l y  40  
ac r es ( 12 6 ,000 c u b i c  ya rds ) of co ntam i n ated  s o i l s  wou l d  be r emoved from 
the Co l or ad o R i ver f l ood p l a i n , s l i g ht l y  deepen i n g  the f l ood ch an ne l . 
The ch an ges  i n  the f l ood l e ve l an d ve l oc i t i es attr i b ut ab l e  to  t he i n 
cr eas ed area wou l d  be undete ct ab l e  from cur rent  f l ood l e ve l s  an d ve l oc i 
t i es . 
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G . 2 . 3  

Pot e n t i  a l  i mp act s  wou l d  be m i t i g ated  by u s e  of t he fo l l ow i n g  me a
sures  d ur i n g  r eme d i  al ac t i on : 

o Exc av at i on of co ntam in ated mater i a l s  i n  t he f l ood p l a i n  d ur i n g  
the s easona l dr y per i od ,  when runo ff i s  l owes t .  

o Res tr i ct i on s  on remov a l  o f  r i par i an ve ge t at i on ad j ac ent t o  ar
eas  s u bject  to exc av at i on to reduce  r i ver ve l oci t i es an d as s o c i 
ated er os i on d ur i n g  f l ood event s .  

o I n i t i at i on of reve ge tat i o n  effor ts as soon as pract i c ab l e  after 
r emov a l  of  contam in ated mater i a l s o 

o Se l ec t i v e  u s e  of water bars , mu l c h ,  r i pr a p ,  or ot her so i l  er o
s i on co ntro l s to m in i m i ze eros i on .  

FL OOD CO ND I T IONS  FOL L OWI NG  REME D I AL ACT ION 

Fol l ow i n g  remed i a l ac t i o n ,  i f  the  tai l i n g s ar e s t ab i l i zed  on the 
s i te ,  the  p i l e  wou l d  be s t ab i l i zed  abo v e  t he lOO-ye ar f l ood pl a i n . The 
conf ig ur at i on of the excav ated ar eas wi th i n  an d ad j ac ent  to the r i v er 
wou l d  be the s ame as d ur i n g  the reme d i a l  ac t i on u nt i l  t h e  ve ge t at i o n of 
t he f l ood p l a i n is  rees tab l i s he d .  Dur in g  a 100-year or 500-year f l ood 
even t , i mp acts  to ne arby proper ty an d s tructures wou l d  be s i m i l a r t o  
fl ood i mp ac ts be for e  reme d i a l  ac t i o n .  The r ees tab l i shme nt o f  a ve ge t a
t i v e cov er wou l d  te n d  to stab i l i ze the f l ood p l ai n  an d m i n i m i ze the  i m
p acts  dur i n g  f l ood f l ows . Exc avated areas of t he f l ood p l a i n  wou l d  be 
r ec l a i med by co ntour i n g  the area , ad d i n g  any neces s ary s o i l co nd i t i o n 
er s ,  an d reve ge tat i n g  t he ar ea wi th n a t i v e  r i par i an p l an t s .  

I f  the  tai  1 i n g s ar e r emoved from the Gr an d Junct i o n  s i te ,  t he  100-
year f l ood f l ow bo u n dar i es wou l d  c h an ge s l i g ht l y  fr om ex i st i n g  cond i 
t i on s .  F i g ur e  G . 2 . 3 s hows t he lOO-ye ar f l ood bo u n dary wi thou t t he 
t a i l i n g s  pres ent . The e l evat i o n o f  t he  f l ood wou l d  be s l i g ht l y h i g h er 
( 0 . 1  fo ot ) , an d t he me an ch an ne l  ve l oci ty wou l d  be s l i g ht l y  h i g h er ( 0 . 1  
fps ) t h an t he co nd i t i on s  pred i cted fo r the 100-ye ar f l ood wi th  t h e  ta i l 
i n g s  i n  p l ac e .  F i g ur e  G . 2 . 4  s hows t h e  50 0-ye ar f l ood boun dary w i t hout 
t he tai l i n g s  pres ent . The m ax i mum  water s u r f ac e  e l evat i o n d ur in g  a 500-
year f l ood e vent wou l d  be 45 77 . 1 fe et at t he  ta i l i n g s  p i l e ,  wh i l e the  
me an c h an ne l  ve l oc i ty wou l d  be 9 . 6 f ps .  Thes e e l e vat i o ns  an d ve l oc i t i es 
for the 500-year event ar e s l  i g ht l y  l es s  t h an  wou l d  occur i f  the ta i  l 
i n g s  p i l e  wer e  l eft i n  p l ac e . 
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G . 3  WE TLAN OS E F FECTS 

G . 3 . 1 W E TL AN DS DESCR I PT ION  

The  U . S .  Army Corps  of  En g i neers  ( CO E )  h as dete rm i ned  t h at approx 
i m ate l y  4 7  ac res of  the Co l or ad o R i v e r  f l ood p l a i n  ne ar t he ex i s t i n g  t a i  l 
i n g s  s i te ar e we t l an ds ( COE , 1 985 ) . F i g ur e  G . 3 . 1  s hows we t l an d s  
ad j acent  t o  t he s i te .  D i sc h ar ge of  dred ge d  or f i l l  mater i a l i n c l u d i n g  
backf i l l in g  or r econtour i n g  i n  COE -de s i g n ated we t l an ds wou l d  r eq u i r e a 
perm i t under Sec t i on 404 o f  t he C l ean W ater Act . 

The we t l an d s  area co n s i sts  p r i mar i ly of p a l u s tr i n e  s c ru b- s hru b h ab 
i t at ,  w i th some r i v er i n e  un con so l i d ate d  h ab i t at an d some p a l u s tr in e  for 
es te d h ab i t at .  The s c ru b -sh r u b  we tl an d  i s  dom in ated by t am ar i sk an d t he 
for es te d we t l an d  i s  p r i mar i ly cot tonwood ( US FWS , 1 985 ) . 

W i l d l i fe as soc i ated w i th the we t l an d s  co n s i sts  o f  b i r ds ,  sm a l l m am
m a l s , an d some sma l l fur bearer s  ( be av er an d mu s kr at ) . 

G . 3 . 2  WE TLAN DS IMPACTS 

D ur i n g  r emed i a l ac t i o n ,  we t l an d s  wou l d  be affected by exc ava t i o n o f  
ap prox i mate ly  40 ac r es of  co ntam in ated mater i a l s . Th e af fected we t l an d s  
ar e f ai r l y  typ i c a l  of  the  ar eas a l ong the Co l or ad o  R i ver  i n  t he a rea .  
Ve ge t at i on i n  the  we tl an d  ar eas wou l d  be r enoved p r i or t o  exc av a t i o n .  
H ab i t at for b i r d s , sm a l l mamma l s , an d ot her wi l d l i fe wou l d  be l os t  d ur 
i n g  reme d i a l  ac t i on an d after ward un t i l ve ge t at i on i s  r ee s t ab l i s he d . 
8 i rds an d some sm al l mamma l s wou l d  prob ab l y  move to s i m i l a r  h ab i t at s  
fou n d  al on g t h e  Co l or ad o  R i ver ups tream an d down str eam of  t he s i te . 
Sm a l l ,  l es s  mob i l e  mamma l s  ut i l i z i n g  t he we t l an ds wou l d  be d es tr oyed d u r 
i n g  excav at i o n  o f  con t am in ated s o i l s .  

G . 3 . 3  WE TLAN DS IMPACTS M I T IGAT ION  

The pote nt i a l i mp acts  to  t he we t l an ds ar ea wou l d  be  m i t i g ated by 
me as ures l i sted i n  Sect i on G . 2 . 2  an d by the fo l l owi n g  act i o n s : 

o Rec o nt our i n g  of  exc avated ar eas t o  create cond i t i o n s  f av o r ab l e  
t o  r ees tab l i s hme nt o f  s c ru b-s hru b we t l an ds . 

o Re v eget at i on of t he area us i n g  p l an t  mater i a ls  t h at wou l d  l e ad 
t o  t he r ees tab l i s hme nt of p a l u s tr i n e  s c ru b -shru b we t l an ds .  

o Se l ec t i v e  use  of water  bars , mu l c h , r i pra p ,  or ot her s o i l 
er o s i o n  co ntr ol s t o  m in i m i ze er os i on .  

Afte r  ve ge tat i on has been r ees tab l i s hed , hab i t at s i m i l a r  t o  p r e
r eme d i a l  ac t i on cond i t i o ns  wou l d  deve l op .  
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G . 4  AL TE RNAT I V ES 

The a l ter n at i v e  r emed i al ac t i on s  ar e d i scus s ed i n  Se ct i on s  1 . 2  an d 3 . 2  o f  
t h i s  DE I S .  The imp act s  of  t hese  al te r n at i v es ar e d i s c u s s ed i n  Sect i o n s  5 . 1  
t hrou g h  5 . 1 7 . M i t i g at i on me as u r es t h at are l i k e l y t o  be u s ed are descr i bed  i n  
Sect i o n s  5 . 20 , G . 2 . 2 ,  an d G . 3 . 3 .  

The no ac t i o n  a l te r n at i v e , wh i c h  enta i l s  l e av i n g  the s i te i n  i t s  pres ent 
cond i t i o n , wou l d  not be co ns i stent wi th the i n te nt of Co n gr es s i n  PL95-604 an d 
wou l d  not resu l t  i n  DOE ' s  comp l i an ce wi th t he E P A s t an dards . For t he ot her a l 
ternat i ves , t he co ns tru ct i on act i v i t i es an d i mp ac t s  t h at wou l d  occur are d i s 
c u s s ed i n  Sec t i o n s  G . 2  an d G . 3 . 2 . 

G - l l  



G-12  



REFEREN C ES FOR APPEND I X  G 

COE ( U . S .  Army Cor ps o f  En g i n e ers ) ,  1 985 .  Wr i tten commu n i c at i on fr om G .  McNur e ,  
C h i ef Re g u l at ory Un i t  4 ,  Gr an d Junct i on ,  Co l or ad o ,  t o  R .  Pee l , J ac ob s  
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H . I  B I OLOG I CAL I N FORMAT ION 

Th i s  appen d i x conta i n s  the  l i s t of an i ma l s  an d p l an ts  t h at occur i n  the 
v i c i n i ty of the Grand J un c t i on s i te ,  a l ternate d i spos a l  s i te s , and bo rrow s i te s .  
The an i ma l  l i st s  do not rep resen t a comp l ete i n v en tory of s p ec i e s wh i ch occur 
at the Grand J un ct i on s i te .  Rath er , th ey rep resent  a comp i l at i on of spec i es 
o b s erved  at the s i te or spec i e s  w i th a h i gh p robab i l i ty of occ ur r i n g  at the  
s i te .  Probab l e  s pec i e s were der i ved from the referen ces  l i s ted at  the  back  of 
th i s  App end i x .  The p l an t  spec i es l i st rep resents  s p ec i e s  ob s erved on the  s i te .  

H-I  



Locat i on 

2 ,  
2 ,  3 
2 ,  3 ,  4 ,  

1 ,  
3 

1 ,  3 
2 ,  4 
2 

3 ,  4 
2 ,  3 ,  4 

1 ,  2 ,  4 
1 ,  4 
1 ,  2 ,  3 ,  4 

3 ,  4 
2 ,  3 ,  4 

1 ,  4 
1 ,  2 ,  3 ,  4 

3 
1 ,  2 ,  3 ,  4 
1 ,  2 ,  3 ,  4 
1 
1 ,  4 
1 ,  2 ,  3 ,  4 ,  
1 ,  2 ,  3 ,  4 
1 ,  3 ,  4 

3 

1 
1 
1 ,  

2 ,  3 ,  4 
2 ,  3 ,  4 

1 ,  2 ,  3 ,  4 
2 ,  3 ,  4 

1 ,  4 
2 ,  3 ,  4 

Tab l e  H . l . l  An i ma l  s p ec i es ob s erved  or wh i c h  may occ ur at 
the Grand J unct i o n  s i te ,  the a l ternate 
d i spo s a l  s i te s ,  an d bor row s i te s  

5 

5 

5 

5 
5 

5 
5 
5 

5 

5 

5 
5 

5 
5 
5 
5 

5 

5 
5 
5 
5 
5 

Sc i ent  i f i c name 

Mamma l s 

Ammo s�ermo�h i l us l e ucurus  
An t i l oca�ra ame r i cana  
C an i s l atran s 
Castor  c an aden s i s  
Cervus  e l a� h u s  
Cynomys  l e uc uru s  
D i �odomys ord i i 
Fe l i s  r ufus 
Le�us  c a l i forn i c u s  
Le�us townsend i i  
Me�h i t i s  mep h i t i s 
M u s te l a  fren ata 
Myo t i s l e i b i i 
Myo t i s vo l an s  
Odoco i l eu s  hemi o n u s  
Ondatra z i beth i c u s  
Peromysc u s  man i c u l atus  
Perom�sc u s  true i 
P i � i stre l l us h e s�er u s  
P l ecotu s  townsend i i  
P rocyon l otor 
Ratt u s  norvegi c u s  
S�i l oga l e  grac i l i s  
Syl v i l agus  aud ubon i i  
Tax i dea  taxus  
V u l�es  macro t i s 

Re�t i l  e s  

Che l ydra  ser�en t i n a  
Ch rys emys � i cta  
C nem i do�hor u s  ve l ox 
Gambe l i a  w i s l i ze n i  
P h ryno soma do ugl as s i  
P i t uo�h i s  me l ano l e uc us 
Sce l o�or u s  grac i os u s  
Th amno�h i s  e l egan s 
Uta s tan s bur i an a  

H-2  

Common name 

wh i te-ta i l ed an te l op e  s q u i r re l  
pro ngh orn  an te l op e  
coyote 
be aver 
e l k 
wh i te -ta i l ed p ra l r l e  do g 
Ord l s k a n garoo r at 
bo bcat 
b l ack -ta i l ed j ac k r ab b i t 
wh i te - ta i l ed jack r ab b i t 
str i ped s k unk  
l o n g -ta i l ed we ase l  
sma l l - footed myo t i s 
l on g - l egged myot i s  
mu l e  deer  
mus k r at 
de er mo u s e  
p i non  mo u s e  
Western  p i p i s tr e l l e  
Town send l s  b i g -eared bat 
rac coon  
No rway r at 
spotted  s k unk  
de sert  cotton t a i l 
badger 
k i t fox 

s napp i n g  tur t l e  
pa i n ted  tur t l e 
p l  ate au wh i p ta i l 
l e op ar d  l i z ard  
s hort- horned l i z ard 
gop h er snake  
sagebr u s h l i zard 
wander i n g  garter  s na ke  
s i de - bl o tched  l i zard 



L ocat i on 

1 ,  
1 ,  
1 ,  
1 ,  

1 ,  3 ,  
1 ,  2 ,  3 ,  

2 
1 
1 ,  2 ,  3 ,  
1 
1 

2 ,  3 
2 

1 
1 ,  2 ,  3 ,  

2 ,  3 
3 

2 ,  3 
1 ,  2 ,  3 ,  

3 ,  
1 
1 ,  2 ,  3 ,  
1 ,  
1 ,  3 ,  
1 ,  2 ,  3 

3 
1 
1 
1 
1 ,  2 ,  3 ,  
1 ,  2 ,  3 ,  
1 ,  2 ,  
1 ,  2 ,  3 ,  
1 ,  

2 ,  3 ,  

1 ,  2 ,  

4 
4 
4 
4 

4 ,  
4 ,  

4 ,  

Tab l e  H . 1 . 1 An i ma l  s p ec i es ob served  or  wh i ch may occur at 
the Gran d J unct i o n  s i te ,  the a l ternate 
d i spos a l  s i te s , and  bor row s i te s  ( Con t i n ue d )  

5 
5 

5 

5 
5 

5 

Sc i en t i f i c  name 

Amph i b i an s  

Ambys toma t i gr i n um 
B ufo wood h o u s e i  
R a n a  c atesbe i an a  
Rana  p i p i en s  

Acc ip i ter  coope r l l 
Amp h i sp i za b e l l i  
An a s  c l ypeata 
An as  p l atyrhyncho s  
Aqu i l a  c hrysaetos 
Ardea  herod i as 
As i o  o t u s  
Athene  c un i c u l ar i a 
Aythya s p p .  
B u bo v i rg i n i an u s  

B i rd s  

Commo n  name 

t i ger  s a l amander  
wood hou se  toad 
b u l l frog 
l e op ard frog 

Cooper ' s  h awk 
s ag e  s p arrow 
norther n s hove l er 
ma l l ard 
go l den  e ag l e  
great b l ue heron 
l o ng -eared ow l 
bur row i  n g  ow l 
Sca up 
great horned  owl 

4,  5 B uteo j amai cen s i s red -ta i l ed h awk 

4 ,  5 
4 

5 
4 
4 

4 
4 

5 
4 
4 

5 
5 

4 ,  5 

Buteo l agopu s  
B u teo regal i s  
B u teo swa i n s o n i  
C a l l i pep l a  gambe l i i  
Carpod acus  c a ss i n i i 
C arpodac us  mex i c an u s  
C athartes  aura  
Ch arad r i u s-VOCi ferus  
Chondeste s  grammac u s  
Chord e i l es m i nor  
C i rc u s  cyan eu s  
Co l ap tes  auratus  
Co l umba l i v i a  
Con topus  sord i d u l u s  
Corv u s  brachyrhyn chos  
Cor v u s  corax 
Dendro i c a p etech i a  
Eremop h i l a  a l pestr i s  
E uph ag u s  cyanocep ha l u s  
Fa l co mex i ca n u s  
F a l co peregr i n u s  
Fa l co sparver i u s  

H - 3  

rou gh - l eg ged h awk 
ferru g i n ou s  h awk 
Swa i n son ' s  h awk 
Gamb i 1 ' s  qua  i 1 
Cas s i n ' s  f i nc h  
hou s e  f i nch  
turkey v u l ture  
k i l l deer 
l ark s p arrow 
common n i gh t h awk 
mar s h  h awk ( h arr i e r )  
red - s h afted  f l i cker  
rock do ve  
wes tern wood p ewee 
Amer i can crow 
common r aven  
ye l l ow warb l er  
horned l ark 
Brewer ' s  b l ackb i r d  
pr a i r i e f a l con  
pereg r i n e  f a l con  
Amer i can k estre l  



Locat i on 

1 ,  
1 ,  
1 ,  
1 ,  

1 
1 ,  
1 

1 
1 ,  
1 ,  
1 ,  

1 ,  
1 ,  
1 ,  

1 ,  
1 ,  
1 ,  
1 

1 ,  
1 ,  

1 
1 
1 
1 

1 

1 
1 
1 
1 
1 

3 ,  

2 ,  3 ,  
2 ,  3 ,  

2 ,  3 ,  

3 

2 
2 ,  3 ,  
2 ,  
2 ,  3 
2 
2 ,  3 ,  
2 ,  3 

3 
3 ,  

3 

3 
2 
2 ,  3 

4 
4 ,  
4 ,  
4 ,  

4 ,  

4 ,  
4 

4 ,  

4 ,  
4 

4 ,  

4 ,  

Tab l e  H . 1 . 1  An i ma l  s pec i e s obs erved or  wh i ch may occur at 
the Grand J unct i on s i te ,  the  a l ternate 
d i spo s a l  s i tes , a n d  bor row s i tes  ( Co n t i n ue d )  

5 

5 
5 
5 

5 

5 

5 
5 

5 

5 

5 

Sc i en t i f i c  name 

B i rd s  ( con t i n  ue d ) 

H a l i aeet us l e ucocep h a l u s  
H i r undo  pyrrhonota 
H i r undo  r u s t i c a  
J u n co hyema l i s  
L an i u s l udo v i c i an us 
Me l o sp i za  me l o d i a 
Mo l o thru sater 
Nyc t i corax nyc t i corax 
P as sercu l u s  s an dw i chen s i s 
P as s er i n a  amoena  
P h a l aenopt i l us n utta l l i i  
P i ca p i c a  
P i p i l o  ch l or uru s  
Sayorn i s  s aya 
Se l asphor u s  p l atycerc u s  
S i a l i a  c urruco i des 
Spi ze l l a  brewer i  
Spi ze l l a  passer i na 
Sturne l l a  neg l ecta 
Sturn  u s  v u l gar i s  
Tachyc i neta  t h a l ass i n a 
Turd u s  m i gr ator i us 
Tympan uch u s  p h a s i ane l l us 
Tyran n u s  vert i c a l i s  
Zen a i d a  macroura  

F i s h 

C ato s tomus commerso n i  
C ato s tomus d i scobo l us 
Cato s tomus l at i p i n n i s  
Cato s tomus l at i p i n n i s 

x C .  commerso n i  
C atostomus  l at i p i n n i s 

x Xyranchen  texan u s  
Cypr i n u s  carp i o  
G i l a  rob u s t a  
TC"fal ur u s  me l as 
I c ta l u r u s  punctatus  
Lepom i s cyane l l us 

H-4  

Common n ame 

B a l d  e ag l e  
c l  i ff sw a l l ow 
barn sw a l l ow 
dar k -eyed j unco  
l o g ger head s hr i k e  
son g  sp arrow  
brown -headed  cowb i r d 
b l ack -crown ed n i g h t  heron 
s avan nah  sp arrow 
1 az u 1 i b u n t i n g  
poor-w i l l  
b l ack -b i l l ed magp i e  
green -tai l ed towhee 
Say I s p hoebe 
broad -ta i l ed h umm i n g b i r d  
mou n t a i n  b l ueb i r d 
Brewer ' s  s p arrow 
ch i pp i n g  sp arrow 
we s tern  me adow l  ark 
E uropean s tar l i n g 
v i o l et- green sw a l l ow 
rob i n  
sh arp -ta i l ed g rou se  
we s tern  k i n g b i r d  
mo ur n  i n g  dove  

wh i te s ucker  
b 1 ue head s ucker  
f l an ne l mo u t h  s ucker  
wh i te x f l an ne l mo u t h  s ucker  

f l an ne l mouth  x r azorback s ucker  

carp 
ro und t a i l c h ub 
b l ack b u l l h ead 
ch an n e 1 c a tf  i s h 
green s u nf i s h 



Tab l e  H . 1 . 1  An i ma l  s pec i es observed or  wh i c h  may occur at 
the Gran d  J unct i on s i te ,  the a l ternate 
d i spos a l  s i te s , an d borrow s i tes  ( Co n c l ude d )  

Locat i on 

1 
1 
1 
1 
1 
1 
1 
1 
1 

Sc i en t i f i c  n ame 

F i s h  ( cont i n ue d )  

Lepomi s  mac hroch i r u s  
M i cropteru s  s a l mo i des  
Notrop i s l utrens i s  
Notrop i s stram i ne u s  
P i meph a l es  prome l as  
P tyc hoc he i l us l uc i u s  
Pomox i s  n i gromac u l atus  
Rh i n i c h thys o sc u l u s  
Xyrauchen  texan  us  

Common name 

b l ueg i l l  
l argemouth  b a s s  
red s h i ner 
sand  s h i ner 
fathead mi  n now 
Co l or ado  s q uawf i s h  
b l ack c r ap p i e  
s peck  1 ed dace 
razorback s uc ker 

Ref . B i s se l l ,  1978;  Hammerson  an d Lan g l o i s ,  1 981 ; K i n gery an d Gr au l , 1978 ;  
Mur i e , 1954 ; N US ,  1 983 ; Peterson , 1969 ;  Stebb i n s ,  1966 ;  UR S ,  1 983 ;  Wh i t ak er ,  
1 980 . 

Key :  

1 = Grand J un ct i on s i te .  
2 = Cheney Reservo i r  s i te .  
3 = Two Ro ad s i te .  
4 = Borrow s i tes ( Fr u i t a  an d 32 an d C ! ) . 
5 = Borrow s i tes ( Un aweep C anyon ) .  

H - 5 



Locat i o n  

1 ,  
2 

2 ,  
2 ,  3 ,  
2 ,  3 

1 ,  3 ,  

2 ,  
2 ,  3 ,  

1 ,  
1 

1 
1 ,  
1 

2 ,  3 
1 

1 
3 

1 ,  
1 ,  

2 ,  3 ,  
2 ,  3 ,  

1 

1 ,  
1 
1 

2 
3 

2 ,  

Tab l e  H . 1 . 2  P l an t  s p ec i es ob s er ved a t  the Gran d J unc t i on s i te ,  
th e a l ternate d i s po s a l  s i te s ,  an d bor row s i te s  

5 
4 

5 
5 

4 ,  5 
5 

5 
4 ,  5 

5 
5 
5 

4 

5 

5 

5 

5 
4 
4 

5 
5 
5 
5 
5 

5 
4 

5 

5 
5 

Sc i en t i f i c  name 

P l ant s  

Agroe�ren sm i th i i 
Agropyron cr i statum 
Artemi s i a  s p i nescens  
Artemi s i a  t r i dentata  
As trara l u s  s p . 
Atr i p  ex c anescen s 
Atr i p l ex con fert i fo l i a  
Atr i e l ex natta l l i i  
Boute l o u a  grac i l i s  
Bromus tector um 
C as t i l l e j a  s p . 
Cerato i des  l anata  
C h rysothamn u s  v i sc i d i f l or u s  
C i rs i um sp . 
D i s t i c h l i s  s t r i cta 
Ech i nocere u s  tri gl o c h i d i atus  
E l aeagn u s  angu s t i fo l i a  
E l ymus  c i nereus  
Ha l ogeto n gl omeratus  
H i l ar i a  j ames i i  
Hordeum sp . 
J un i eeru s  scoeu l orum 
Koch i a  amer i cana  
Leuce l ene  er i co i des  
L ue i n us sp . 
Med i c ago s at i va 
Me 1 i l  o t u s  s p .  
Op unt i a  eo l yacantha  
Oryzop s i s  hymeno i de s  
Penstemon s p . 
P i n us ed u l i s  
P i n us eon deros a  
Poeu l u s  freemon t i i 
P u rs h i a  t r i den tata 
S a l i x  sp . 
Sa l s o l a k a l i 
Sarcobatus-Yerm i c u l atus  
Sc l erocactus  g l auc u s  
S i tan i on hystr i x  
Sp h aer a l cea  cocc i n ea  
Sehaera l cea  s p . 
St i p a  comata 

H-6 

Common  name 

wes tern  whe atgras s  
cre s ted  wh e atgras s 
bud  s agebr us h  
b i g s agebr us h 
l oco 
fourw i n g s a l tb u s h  
s h ad sc a  1 e 
N utta l l ' s s a l tb us h  
b l ue g r ama 
cheatgras s  
I n d i an p a i n tb r u s h  
w i n terfat 
l i tt l e  r ab b i tbr u s h  
th i st l e  
s a l tgr as s  
Sp i n e l e s s  hedgehog  cactus  
R us s i an 0 1 i ve 
Great Bas i n  w i l d rye 
ha l ogeton 
ga l l eta  gras s  
bar l ey foxtai l 
Rocky Mou n t a i n  j u n i p er 
koch i a  
compos i te 
1 up i n e  
a l fa l f a  
sweet c l o v er 
pr i ck l y  p e ar cactus  
I n d i an r i cegras s 
pen s temon 
p i nyon p i n e  tree 
ponderos a p i n e t ree  
cottonwood 
b i tterbr u s h  
w i l l ow 
Rus s i an th i s t 1 e 
greasewood 
U i n t a  Bas i n  hook l e s s  cactus  
s q u i r re l ta i l 
scar l et  g l obema l l ow 
g l obema l l ow 
need l e - an d -thread 



Tab l e  H . 1 . 2  P l an t  s p ec i e s ob ser ved at the Grand J un c t i on  s i te ,  
t he  a l ternate d i s po s a l s i te s , a n d  bo r row s i te s  ( Con c l u ded )  

Locat i on Sc i en t i f i c  name 

1 ,  4 ,  5 Tamar i x  pen tandra  
2 Tetradym i a spi n o s a  

1 ,  4 Typ h a  l at i fo l i a  
1 ,  4 ,  5 U l mus  par v i fo l i a  

Ref . N US ,  1 983 ; UR S ,  1 983 . 

Key : 

1 = Grand J un c t i on s i te .  
2 = Cheney Re servo i r  s i te .  
3 = Two Road s i te .  

P l ants  

4 = Borrow s i tes  ( Fr u i t a  an d 32 and  C ! ) . 
5 = Borrow s i tes  ( Un aweep C anyo n ) .  

H - 7  

Commo n n ame 

t amar i s k  
s p i ny horsebr u s h 
catta i l 
ch i n e s e  e l m  
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Peterson , R . T . , 1 96 9 .  A F i e l d G u i de to Wes tern B i rd s ,  Ho u gh ton  Mi ff l i n  
Comp any , Boston , Mas s ach u s e tt s .  

Ste b b i n s ,  Robert  C . , 1966 . A F i e l d  G u i de to Western Rept i l es and Amph i b i an s ,  
Houghton  Mi ff l i n  Comp any , Bos ton , Mas s ach u s e tts . 

UR S ( UR S  Corporat i on ) ,  1 983 . " S a l i n i ty I n v e st i g at i o n  of the  G l enwood -Do t sero 
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1 . 1  BAS I C  FACTS ABOUT RAD I AT I ON AND I TS MEASUREMENT 

Atoms that  spon tan eous l y  tran s form , or I Idecay ,  I I  i n to n ew atoms are  termed 
I I rad i oac t i ve . 1I The  decay i n g  atom is  ca l l ed the  I I paren t ,  I I  an d the atom p rod uced 
by the tr ans  form at i on i s  ca 1 1  ed the  I Id a u g h ter . II The rate at wh i ch  atoms decay 
i s  the  lI ac t i v i ty ll me as ured by the  un i t  " cur i e . " A more con ven i en t  un i t  for me a
s ur i ng the  ac t i v i ty of rad i oac t i ve atoms i n  ta i l i n g s  p_i11�s i s  the p i cocur i e  
( p C i ) ,  wh i ch i s  one -mi l l i on th o f  on e -m i l l i on th ( 1  x 1 0  ) o f  a c ur i e .  Th e 
h a l f- l i fe of a rad i oac t i v e s u bs tance i s  the  t i me  req ui red for the  r ad i oact i v e  
s ubs tance t o  l ose  50 percen t o f  i t s act i v i ty by decay . Each I I rad i on uc l i d e "  h as 
a un i q ue h a l f- l i fe .  

When atoms undergo rad i oac t i v e  decay , they em i t  " rad i at i on . 1I The mo s t  com
mon types of rad i at i on are a l p h a part i c l e s ,  be ta  part i c l es ,  an d gamma rays . 
II Al p h a ll an d II be t a ll rad i at i on are t i ny p art i c l es  w i th excess  energy ,  an d II gamma ll 
rad i at i on i s  pure  energy w i thout  mas s .  Rad i at i on tran s fers energy to matter as 
i t  trave l s  through  mat ter . Al p h a  r ad i at i on penetrates  on l y  a few m i l l i me ters i n 
t o  matter an d be ta r ad i  at i on p enetr ate s a few cen t i me ters . However , gamma rad i 
at i on can trav e l  deeper i n to matter i n  the s ame way as x-rays . Al p h a  r ad i  at i on 
w i l l  not  pen e trate thro ugh  a l ayer of sk i n ,  whereas gamma rad i at i on h as s ome 
probab i l i ty of tr ave l i n g through  the  who l e  body w i thout  tran sferr i n g  en ergy .  

The amo u n t  of rad i at i on to wh i ch an i n d i v i d ua l  i s  exposed  may be expres sed 
i n  terms of the  amo un t of energy i mp arted to ce l l s  an d t i s s ue by the  r ad i at i on 
an d the degree of b i o l og i ca l  d amage as soc i ated w i th the  energy as i t  i s  ab 
sorbed . Th i s  absorbed energy i s  termed the abs orbed do se  an d i s  g i ven  i n  un i t s 
of rad s ,  where one rad eq ua l s  100 er gs of energy ab sorbed  p er gr am of mate r i  a 1 
i rr ad i ated . When the  i rrad i ated mater i a l i s  l i v i n g t i s s ue , t he  damage per r ad 
var i e s depend i n g on the  type of r ad i at i on .  By app l y i n g  a II q ua l i ty fac tor ll to 
e ach  spec i f i c  typ e of rad i at i o n ,  the de gree  of b i o l og i ca l damag e can be ex 
pres sed i n dependen t l y  of the  type of r ad i at i o n  caus i n g  i t .  Th e b i o l o g i c a l l y  r e l 
evan t ab sorbed energy i s  termed the  do se  equ i v a l en t  an d the  un i t  i s  the rem . 
One rad i s  equa l  to on e rem for l es s  damag i n g  rad i at i on s  where the  qua l i ty fac 
t o r  i s  one ( e . g . ,  gamma rays ) .  Fo r compar i son , on e rad o f  i n terna l a l p ha
depos i ted energy i s  equa l  to 20. rem because  a l p h a  p art i c l es  are more d amag i n g to  
t i s sue an d the  qua l i tY_3factor for  a l p h a  rad i at i on i s  20 . Th e m i l l i rem eq ua l s  
on e-thousandth  ( 1  x 1 0  ) of a rem an d i s  i n  more  common us age when expre s s i n g  
doses from en v i ronmen ta l  l eve l s  of r ad i at i on .  

Radon -222 ( radon ) i s  the rad i on ucl i de of pr imary i mportance to  the  UMTRA 
P roject  becaus e i t  represents  the  l argest  rad i at i on expo s ure  p at hway to the gen 
era l  popu l at i on .  The h a l f- l i fe of radon ( 3 . 8  days ) i s  short  re l at i v e  to  the  
h a l f- l i fe of rad i um-2 26 ( R a-226 )  ( 1602 ye ar s ) . As  R a-226 decays , t he  new l y  pro
d uced radon w i  1 1  be g i  n to  decay ,  and  the  r adon act  i v i  ty  w i  1 1  become equa l  to  the  
Ra-226  act i v i ty w i t h i n  30  days . S i mi l ar l y , t he  short- l i ved  radon daughter  act i v 
i t i es w i l l  i n grow w i t h i n four hours to equa l  the  act i v i ty of r adon . When  the  ac 
t i v i t i es of the p arent  an d i ts daughters are e q ua l , t he  daugh ters are sa i d to be 
i n  1l 100-percent equ i l i br i umll or s i flll l y  i n  lI equ i l i br i um . " If the  daugh ters are 
di 1 uted or carr i  ed  away as they are formed , they w i  1 1  not  reach 100- percent  
equ i l i br i um .  

When a succe s s i on o f  rad i oac t i ve p aren t atoms decay to  r ad i oac t i v e daughter 
atoms , a " rad i oac t i ve  decay ser i e s ll i s  formed . U-238 i s  s uc h  a r ad i o ac t i v e p ar
en t atom an d the U-238 decay ser i e s  i s  shown in  F i g ure  1 . 1 . 1  ( Lederer , 1 978;  

I - I  
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BRH ,  1 980 ) . Th e U-238 decay ser i e s  i n c l  udes  Th - 230 ,  Ra-226 ,  Rn -2 2 2  ( rado n ) ,  
s hort- l i ved radon d au g h ter s ,  an d ot her l on g - l i v ed  r ad i oact i v e atoms . The U -2 38 
decay ser i es end s  w i th P b -206 ,  an atom that i s  s tab l e  and not  rad i oac t i v e .  Wh en 
the daughters in  a r ad i o act i ve decay c ha i n h ave  s horter h a l f- l  i v es  th an the p ar 
en t ,  th e da ug hter ac t i v i t i es w i l l  i ncrease ( termed lI i n growth ll ) , u n t i l t hey eq ua l 
t h e  act i v i ty of th e p aren t .  

The on l y  member o f  t h e  U-238 decay ser i e s  th at i s  not a s o l i d  i s  r adon . 
R adon i s  an i n ert  gas an d doe s not reac t  chem i ca l ly  w i th other  e l emen t s ;  i t  
t h erefore can d i ffuse out  of matter an d i n to the  atmosp her e .  Atmosp her i c  r ad o n  
concen trat i on i s  meas ured i n  un i t s o f  p i coc ur i e  per  l i ter ( pC i / l ) .  I n  t h e  ur an i 
um m i l l i n g  p roces s ,  Ra-226 ,  t he  p arent of radon , i s  l eft  i n  th e t a i l i n g s ,  w h i c h 
t hen become a source from wh i c h  r adon d i ffuses i n to the  atmos p here . On ce  i n  th e 
atmosp here , radon i s  tr an sported  downw i n d and ,  accord i n g  to i ts 3 . 8-day h a l f
l i fe , decays i n to t he  short- l i ved radon daughters wh i ch can at t ac h  to 
part i c u l ate s  in  the  a i r .  S i nce  radon is  an i nert  ga s ,  i t  is  i n h a l ed an d ex
h a l ed ;  however th i s  expo s ure  p athway con tr i b utes  very l i tt l e  rad i at i on expo s ur e  
t o  th e l un g . The radon d a ug h ters  are so l i d s ,  howe ver ,  an d once i n h a l ed can d e 
pos i t  i n  or attach to the  l un g  an d then decay ,  tran sm i t t i n g  a l p h a  energy i n  t he  
1 un g .  Because  of t he  s hort  ha  I f- l  i fe ,  these  daughters w i  1 1  decay befo re be i n g  
removed from t h e  l un g . 

Trace amounts  of U-238 an d i ts daughters are fo und  ev erywhere on t he  e arth ; 
th erefore ,  radon an d i ts short- l i ved daughters contr i b ute s i g n i f i c an t l y  to th e 
back ground  rad i at i on expo s ure  of the  gener a l  pop u l at i on .  H uman exp o s ur e  to r ad i 
at i on or i g i nates from both natural and man -made sources . The major natur a l  r ad i 
at i on s  or i g i nate from cosm i c  an d terrestr i a l externa l sources , an d from 
natura l l y  occur r i n g  rad i on uc l i de s  wh i c h  are depos i ted i n s i d e  the body v i a t h e  i n 
gest  i on an d i n h a  1 at i on p athways . Expo s ure  to man -made sources res u l t s  p r i m ar i l y  
from med i ca l  expo s ur es ( e . g . ,  d i ag nos t i c  x-rays ) ,  weapon s tes t i n g ,  c on s umer p rod 
uc ts , an d techno l og i ca l ly  e n hanced  natur a l  rad i at i on ( TENR ) . 

Med i ca l  usage  of rad i at i on i s  respon s i b l e  for the h i g h es t contr i b ut i o n to  
man 1 s  tota l  rad i at i on expo s ur e  ( 50 percen t ) . Other  man -made contr i b utors , i n 
c l ud i n g a i r l i n e tr ave l ,  atmospher i c  we ap o n s  tes t s ,  an d con s umer an d i n d u s tr i a l  
prod ucts  together account  for approx i mate l y  f i ve p ercent .  The remai n i n g 45 per 
cen t of man 1 s  tota l  rad i at i on expo s ure  res u l ts  from expos ur e  to na tur a l  r ad i 
at i on sources . 

The hea l th effects  attr i b uted to a rad i at i on do se  are catego r i z ed i n to two 
genera l  typ es : somat i c  an d g enet i c .  Somat i c  effects are man i fes ted  i n  t he  ex
posed  i nd i v i d ua l . The I n ternat i ona l Comm i s s i on  on Rad i o l og i ca l  P rotec t i on 
( I CRP , 1 9 7 7 )  es t i mated the  g ene t i c effect to be l es s  th an the  somat i c  effects ; 
t herefor e ,  on l y  r i s k of somat i c  effects are con s i dered . 
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1 . 2 METHOD OF ANALYS I S  

Rad i at i on  an d i t s as soc i ated  hea l th effects have  been stud i ed more  thorou gh 
l y  t han he a l th effects  from other carc i nog en i c  agent s . The e v a l uat i on of hea l th 
effects caused by l ow- l eve l  rad i at i on i s ,  howe ver , a d i f f i c u l t  tas k ,  an d many 
uncerta i n t i es are associ ated w i th the es t i mat i o n  of r i sks  from rad i at i on .  The 
tr ad i t i on a l  app roach for es t i mat i n g r i sks  from l ow- l eve l  rad i at i on expo s ures  i s  
to extrapo l ate from effects  ob ser ved at h i g h  rad i at i on expos ures us i n g the l i n 
ear  do se-response  an d no thre s ho l d  as s ump t i on s .  Synerg i  s t i c  effects  of other 
hea l th effect ag en ts  ( e . g . ,  c hem i ca l s ) ,  are not con s i dered i n  th i s  an a lys i s . 

There are f i ve pr i n c i p a l  e n v i ronmental pathways by wh i c h  i n d i v i d ua l s  cou l d  
be exposed to rad i oact i v i ty d ur i n g an d after remed i a l  act i on ( F i g ure  1 . 2 . 1 ) . 
These  are : ( 1 )  i n h a l at i on of radon an d radon daughters , ( 2 ) expo s ure  to d i rect 
gamma rad i at i on from the ta i l i n gs  p i l e , ( 3 )  i n h a l at i on or  i n ges t i on of w i ndb l own 
r ad i oac t i v e  part i c u l ate s ,  ( 4 )  i n gest i on of contam i n ated food s p rod uced i n  areas 
contami nated  by ta i l i n g s , an d ( 5 )  i n ges t i on of ground  or  s urface  water con tam
i nated by rad i oac t i v e  mater i a l s .  

For th e ca l c u l at i on  of hea l th effects ,  the f i r st  four p athways men t i oned 
above are con s i dered . Expos ures v i  a the grou nd - or surface-water pathways are 
not con s i dered becaus e the water sources used  for human con s ump t i o n  do not  s how 
e v i dence of con tami nat i on .  

The hea l th effect e st i mates  made i n  th i s  appen d i x are p r i mar i l y based on da
ta  and mod e l s presented i n  the BE I R- I I I  report ( NAS , 1980 ) . Quan t i tat i ve r i sk 
e s t i mat i on of somat i c  effects  for var i ous  organ s of the  body can be obta i ned us 
i ng avai l ab l e  human rad i at i on expos ure dat a .  The man i fes tat i on of a cancer 
ca us ed by rad i at i on expo s ure  wo u l d  occur after a l atent p er i od of up to 25 
ye ar s ,  depen d i ng  on the type of cancer and the ag e of the per son exposed . Th e 
r i sks  from rad i at i on w i l l  vary w i th age an d sex , b ut are presented  as av erag e  
va l ues where var i at i on d ue t o  age an d sex i s  sma l l .  No data  are ava i l ab l e  th at 
i nd i cate whether r i sk  es t i mates  for ad u l t s  are appropr i ate for rad i  at i on expo
sure  d ur i n g  ch i l d hood . Becaus e the  BE I R- I I I  report  doe s  not  a l w ays mak e f i rm 
recommendat i on s  for app l i cat i on of  the  data ,  h e a l th r i sk es t i mate s i n  th i s  ap pen 
d i x  a l so make use  of recommendat i o n s  p u b l i s hed i n  s c i ent i f i c  journa l s .  

1 . 2 . 1  HEALTH EF FECTS OF  EXPOSUR E  TO RADON DAUGHTERS 

The hea l th effects  of radon d i ffu s i on from ta i l i n gs  ar i se from i n h a
l at i on of the s h or t- l i ved  radon daughters wh i c h  then depo s i t  energy from 
a l p h a  part i c l es i n  the l u ng . For rad i at i on protect i on purposes , th e 
I CRg ( 1 9 7 7 )  proposed an i n d i v i d ua l  l un g -cancer r i sk factor of 20 x 
10- per rem , or 20 excess  cancer deaths where on e m i l l i on i n d i v i d ua l s  
each rece i ve a one -rem l u ng dose  eq ui v a l en t  from radon  d aughters . 

Other standards -sett i n g  organ i zat i o n s  expres s the excess r i sk  of 
l un g  cancer based on the l un g  co l l ect i ve dose eq ui v a l en t  i n  person 
work i n g - l e ve l  months  ( perso n -WLM ) . Th e un i t of worki n g  l e ve l  ( WL )  i s  d e 
f i ned a s  any comb i nat i on of s hor t-l i v ed rado n daugh ters i n  on e l iSer of  
ai r wh i ch ,  o n  comp l ete decay, g i ves  a tota l  em i s s i on of 1 . 3  x 10  mi l 
l i on e l ectron vo l ts of a l p h a rad i at i on .  One WL i s  eq ui v a l en t  to 100 pC i 
of  radon per l i ter of ai r w i th the s hor t- l i ved radon  da ug hters i n  100-
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percen t equ i l i br i um .  At eq ui l i br i um l e ve l s l e s s  t han 100 percent ,  t h e  
W L  correspond i n g t o  a g i ven radon  concentr at i on i s  red uced . Th e 
work i n g - l ev e l  mon t h  ( WLM ) i s  a u n i t def i n ed as the expos ure  res u l t i n g 
from the i n h a l at i on of ai r w i th a concen trat i on of one WL of r adon  
daughters for  1 70 work i ng  hours . The tota l  d o se  of one  or  more p er s on s 
i s  the prod uct of the  n umber of pers ons an d the av erage  dose  t hey r e 
ce i ve ;  the  un i t f o r  the  meas urement  of s uch  a p op u l at i on d o s e  i s  the  p e r 
son -WLM . 

The fo l l ow i n g are es t i mates of excess  fat a l  l un g  cancers g i v en  i n  
terms of pers on -WLM .  The Uni ted Nat i on s  Sc i en t i f i c  Comm i tte_E15 on t he  
Effects of  Atom i c  Rad i at i on q uoted a ran ge of 200 to  450 x 1 0  de at h s  
per per son -WLM  ( UNSCEAR ,  1 9 7 7 ) , wh i l e t h e  NRC i n  j�s en v i ronmenta l  i m
pact statemen t on ur an i um mi l l i n g quoted 360 x 10  de aths  p er p er s o n 
WLM ( NRC ,  1 980 b ) . The B E I R - I I I  report form u l ated an age-dependent  mode l 
for pred i c t i n g  the  r i s k  of l un g  cancer based on severa l  stud i es  of ur an i 
um an d f l uors par mi ners . Evan s et a l e ( 1 981 ) , revi ewed the B E I R - I I I  
st udy , l u ng -can cer r i sk  es t i mates p u b l  i s hed by ot h�6 author s ,  an d other 
ep i dem i o l o g i c a l  e v i dence an d recommende_� 100 x 10 deat h s  p er person  
WLM .  For th i s  E I S  a v a l ue of 300 x 10 deaths  per person -WLM  was  a s 
s umed a s  the l i fe t i me l un g  cancer r i s k  for the gener a l  pop u l at i on .  

The N at i ona l Counc i l on Rad i at i on Protect i on i n  th e i r  Report 78 
( N CRP , 1984) st ated that one WLM i s  approx i mate ly  e q ua l  to a 1 5- rem do �� 
e q ui v a l ent comm i tment to the l un g . The r i s k e s t i mate of 300 x 1 0  
deaths  ger person -WLM i s  th erefore equi v a l en t  t o  the I CRP  r i s k es t i mate ,  
2 0  x 10  deaths per person -rem , wh i ch i s  u sed i n  th i s  append i x .  

To est i mate the radon dau ghter  con cen tr at i on s  i n h a l ed by t he gener
a l  pop u l at i on an d remed i a l  act i on wor kers , two methods  are  used : ( 1 )  at 
mosp her i c  d i spers i on ca l c u l at i on s  for radon  rel eased  from the ta i l i n gs  
p i l e  ( th e  M I LDOS comp uter code was used , Sect i on I . 3 ) , and  ( 2 ) a mod i f i 
cat i on to the Gaus s i an sector aver ag e  mode l  that pred i cts  atmos p her i c  r a
don con cen trat i on s  w i th i n  one km of  an area  source . 

I n  or der to con vert mode l ed radon  an d radon  daughter  concentrat i on s  
i n  a i r to rem o f  dose equ i v a l en t  commi tmen t ,  con vers i on factors were d e 
ve l oped for on - p i l e  workers an d the pop u l at i on w i th i n  o n e  k m  of  t h e  s i te 
based on the  fo l l ow i n g ca l c u l at i on s :  

1 5  rem 
WLM 

15  rem = ---------------���-------------- = 
WLM ( 1 70 hr/m ) ( 100 pC i / l /WL ) 

-4 8 . 82 x 1 0  rem ( at 100% e q . ) 
hr x ( pC i / l ) 

Assumi n g  a con servat i ve 25 percen t equ i l i br i um of radon d a ughters  
on the s i te ,  th� radon daug hter do se  con ver s i on factor for workers be 
comes 2 . 2  x 10- rem/hr  ( pC i / l ) .  The popu l at i on w i th i n  one  km of t he  
s i te i s  as s umed to  spend  s i x  hours a day outdoors an d 18  ho urs  a d ay i n 
doors . Rado n d a ugh ter eq u i  1 i br i um i s  as s umed to be 25  percen t outdo ors 
and 50 percent i n doors . Th i s _�es u l t s in  a. t i me -we i g h ted  r adon  da u ghter 
con vers i on factor of 4 . 38 x 1 0  rem/hr/ ( pC l / l ) .  
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I . 2 . 2  HEALTH EFFECTS OF EXPOSURE TO GAMMA RAD I AT ION  

Tai l i n g s  p i l e s em i t  gamma rad i at i on t hat de l i vers an  exter n a l  expo
s ure  to the who l e body of  peop l e  near the  p i l e .  Th e BE I R- I I I  report con 
ta i n s sever al mod e l s for es t i mat i ng cancer r i sk res u l t i ng from expo s ure  
t o  gamma rad i at i on . He a l t h  effect es t i mates i n  th i s  appen d i x for exce �6 
cancer de aths due to gamma rad i at i o n  use a r i sk factor of 120 x 10 
d e aths  p er person -rem ( NAS , 1980 ; Cohen , 1981 ) .  Th i s  i s  eq ui v a l en t  to 
1 20 exce s s  cancer de aths  in an exposed popu l at i on for eac h  1 , 000 , 000 per
son -rem of co l l ec t i v e  dose eq ui v a l en t .  A p erson -rem i s  th e prod uc t of 
the rad i at i o n  dose equ i v a l en t  mu l t i p l i ed by the n umber  of peop l e rece i v 
i n g th at dose equ i v a l en t .  A w i de  ran ge  of r i sk fac tor s are accep ted by 
experts who attempt to re l ate cancer de aths  to rad i at i on expo s ure . DO E 
h as se l ected th i s  as a re a l i st i c  v a l ue for compar i son of  a l ternat i v e s ,  
after re v i ew i n g f i g ures  i n  the l i terature ran g i ng  from 50 to 500 cancer 
d eaths  p er 1 , 000 , 000 person -rem . * 

Hea l th effect e st i mate s for gamma rad i at i on expos ure were p erformed 
for reme d i a l  ac t i on workers an d for the genera l  popu l at i on w i th i n  one km 
from the ta i l i n gs  s i te .  The contr i b ut i on  from the tai l i n g s  p i l e  to gam
ma rad i at i on l e v e l s becomes neg l i g i b l e  beyond  approx i mate l y  one km from 
the  ta i l i n g s  p i l e  per i meter . A hea l th effect an a l ys i s  was p erformed for 
the  genera l  pop u l at i o n  an d remed i a l act i on workers  to determ i ne gamma ra
d i at i on i mpacts  d ur i n g tr an spor tat i on of  ta i l i n gs  mater i a l  i n  the re l oca
t i on a l terna t i v e  ac t i on s . 

For gamma rad i at i on ,  one rem i s  approx i mate l y  equa l  to one roen tgen 
( R )  wh i ch i s  the un i t  for me �6u r i n g  gamma-rad i at i on i n ten s i ty i n  a i r .  A 
m i croroent gen ( uR )  i s  1 x 10 R ,  and typ i ca l  e n v i ronmenta l  gamma rad i 
at i o n  l eve l s  are expres sed i n  uR/hr . 

The ICRP  ( 1 9 7 7 )  reported  that the average  r i s k es t i mated fo r genet
ic  effect s ,  as expres sed in  the f i rst_6wo generat i on s  an d con s i dered ge
net i c a l l y  s i gn i f i can t ,  i s  40 x 10 per rem . For a l l s ubs eq ue n t  
ge nerat i on s ,  the r i s k i s  e st i mated to be equa l  to th at expres sed i n  the 
f i rst  two generat i gg s .  The tot a l  gene t i c  r i sk ( a l l gener at i on s )  i s ,  
t herefore , 80 x 10 per rem . Th i s  i s  suff i c i en t l y  s i m i l ar to th e so 
mat i c  r i s k es t i mate so th at protect i on of  the i n d i v i d ua l  aga i n st somat i c  
effects  w i l l  en sure ade q uate protect i on ag a i n st genet i c  effec t s .  

The gamma rad i at i on expo s ures  o n  an d aro und t h e  Grand J unct i on ta i l 
i n gs  p i l e  are e s t i mated from d i rect measurements  an d from the  Ra-226 con 
ten t  of the ta i l i ng s . The expo s ures to workers tak e s  accou n t  of  
s u bstan t i a l  s h i e l d i n g offered by the work i ng e nv i ronment .  

*A more exten s i ve d i scus s i on of these i s sues  i s  prov i ded  i n  App en d i x N ,  Rad i o
l o g i c a l l y  Re l ated Hea l th Effects , i n  the Draft E n v i ronmenta l  I mpact Statement  
o n  D i spos a l  of  Hanford Defense H i gh-Leve l ,  Trans uran i c  and Tan k W aste , U . S .  
Dep artmen t o f  Ener gy ,  February , 1 986 , DOE/E I S -0 1 1 3 .  
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1 . 3  S I TE RAD I OLOG I CAL  CHARAC TER I ST I CS  

I n  th i s  sec t i on the  dat a concern i n g the  en v i ronmen ta l  rad i at i on cond i t i on s  
o f  the  Grand J unc t i on s i te ,  wh i c h i n c l udes the  ta i l i n g s  p i l e  an d p er i meter , o r e  
storage  area ,  m i l l  yard , set t l i n g pon d s ,  a n d  the  State  of Co l orado  t a i l i n gs  r e 
pos i tory are de scr i bed . The en v i ronmenta l  rad i at i on con d i t i on s  of the  a l ter nate 
d i spos a l  s i tes are a l so d i scus sed . 

1 . 3 . 1  EX I ST I NG  CHARACTER I ST I CS  AT TH E GRAND J UNCT ION S I TE 

The Grand J unct i on s i te i s  a 1 16-acre tract  l ocated i n  Mes a  Co un ty, 
Co l orado , i mmed i ate l y  south an d east of the Gran d J unct i on c i ty l i mi t s .  
There are approx i mate l y 2 . 2  m i l l i on cub i c yards o f  contam i n ated mate r i a l  
o n  an d be l ow the  ta i l i n gs p i l e . An ad d i t i ona l 0 . 54 m i l l i on c u bi c yards 
of con tami nated mater i a l l ocated w i t h i n  the  s i te bo un dary, but off of 
the  p i l e ,  w i l l  be i n c l uded i n  the  f i n a l  s t ab i l i zat i on .  

The tai l i n gs  p i l e  covers ap prox i mate l y  5 7  acres of the  s i te an d h as 
an average  th i ck n ess  of 22 . 3  feet . Un der l y i n g the  p i l e  i s  a l ayer of 
con tami nated so i l  av erag i n g  4 . 6  feet  i n  th i ck nes s .  To the north of the  
p i  l e  are the  former ore  s torage area  an d the former m i  1 1  yard . The 
State of Co l or ado  t a i l i n g s  repos i tory an d sett l  i n g  pon d s  are l ocated 
east  of the p i l e .  Approx i mate ly  280 , 000 cub i c yards of the  off- p i l e  con 
tam i nat i on are l ocated i n  the ta i l i n gs repos i tory wh i c h has an aver ag e  
depth  o f  con tami nat i o n  o f  10 . 7  feet . 

P hys i c a l  ch aracter i s t i c s  

P hys i ca l  character i s t i c s o f  th e t a i l i n gs  are d e sc r i bed by Moun tai n 
States  Research and Deve l opment ( MSRD ) , ( MSRD ,  1 982 ) . The ta i l i n gs con 
s i st mai n l y  of f i n e l y  ground mater i a l wh i c h i s  predomi nate l y  s an ds ton e 
w i th some c l ay .  The aver age  mo i sture conte n t  i s  10 percent . 

3 I n -s i tu de n s i t i es ranged from 1 . 4  g/cm3 for s cljl d ta i l i n gs to 1 . 6  
g /cm for s l i mes ta i l i ngs . A den s i ty of 1 . 6  g /cm was used i n  th i s  
ap pen d i x  for s t ab i l i zed ta i l i n g s . 

The radon emanat i on coeff i c i en t  i s  the frac t i on of radon  prod uced 
w i th i n  the s o i l or ta i l i n gs  gra i n s  t hat is re l eased to the i n terst i t i a l  
pore spaces . The NRC  ( 19 7 9) recommended a gen er i c va 1 ue of 0 . 20 f o r  a 
t a i l i n gs  emanat i on coeff i c i en t .  Th i s  va l ue was used i n  th i s  ap pen d i x .  

R ad i on uc l i de content  

The  p r i n c i pa l i so topes of concern  i n  as sess i n g  the  r ad i o l og i ca l  i m
pacts of the proposed al terna t i ves are U-238,  Th-230 ,  an d Ra-226 .  
Concentrat i o ns  of other rad i o n uc l  i des  may be  est i mated based  on these  
three rad i on uc l i des  an d the as sump t i on of secu l ar eq ui l i br i um .  The 
r ad i on uc l i d e  concen trat i ons  on the Grand J unc t i o n  s i te are es t i mated 
based on the stat i s t i ca l l y  de s i gned  dr i l l i n g  an d s amp l i n g program of 
MSRD ( 1982 ) an d Ben d i x F i e l d  En g i neer i n g  Corporat i on ( BF EC ) , ( BF EC ,  
1 985 )  • 
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BFEC p erformed Ra-226 ana l yses  on 425 of the  samp l es wh i ch MSRD co l 
l ected from 100 on -p i l e  bo reh o l es s amp l ed every 2 . 5  fee t .  Th i s  res u l ted  
i n  a p i l e-averag e  concen trat i on of 669  pC i / g Ra-226 . As a con serva t i v e  
me asur e ,  t h i s concen trat i o n  was i n creased by f i ve percent  to  702 pC i / g .  
I n  add i t i on BF EC an a l yzed 358 s ha l l ow so i l samp l es an d performed down 
ho l e  gamma- l o g g i n g  of 1 7 7  boreho l es to de term i n e  the  ex te n t  of Ra-226 
con tami nat i on on the  s i te in  off- p i l e  areas . Th i s  res u l ted  in  an  aver
age off- p i l e  concen trat i on of 90 pC i / g  R a-226 . For th i s  append i x  a vo l 
ume -we i gh ted avera� concentrat i on of 58 1 pC i / g R8-226 i s  used ( ( 9g 
pC i / g  x 5 . 406 x 10 cy ) + ( 702 pC i / g x 2 . 2  x 10 cy ) ) / ( 5 . 40 x 10 
cy + 2 . 2 x 10  cy ) .  

The Th -230 vo l ume-we i gh ted  average concen trat i on can be es t i mated 
by as sumi ng  sec u l ar eq ui l i br i um w i th Ra-226 . Th us , 581 pC i / g i s  t he  va l 
ue used for the  Th-230 concentrat i on . 

The average concentrat i o n  of U-238 foun d  i n  the 100 on -p i l e  
boreho l es samp l ed by MSRD was 0 . 0 18  percen t .  As a con servat i v e  me as ure ,  
th i s  concen tr at i on was i n creased by f i ve p ercent to 0 . 0 19  percen t .  Th i s  
correspon ds to approx i mate l y  54 pC i / g U-238 an d i s  based on the  mo s t  
comp l ete data av a i l ab l e .  It  i s  reasonab l e  t o  assume th at the  
concentrat i on of  U-238  i n  a l l off-p i l e  are as excep t the  ore s tor ag e  are a  
i s  proport i o n a  1 t o  t h e  U-238/Ra-226 rat i 0 on t h e  p i l e  s i nce  the b u l  k of 
the off- p i l e  mater i a l  i s  ta i l i n g s . Th i s  res u l t s  i n  an off- p i l e  U-2 38 
concen trat i on  of : 

( 54 pC i / g U-238 )  ( 90 pC i / g  Ra-226 ) 

( 702  pC i / g Ra-226 ) 

= 6 . 9  pC i / g  U-238 

The ore storage area  has an average Ra-226 con centrat i on of 126 
pC i / g .  I n  th i s  area  U-238 an d Ra-226 are ass umed  to be  in  eq ui 1 i b r i um4 The averag e  U-238 con centrat i on used was 126 pC i / g for the  2 . 74 x 10 
cy of con tam i n ated mater i a l . A vo l ume -we i g h teg aver ag e  on -s i te concen tr a
t i an of 46 pC i / g ( ( 6 . 9  pC i / g  x 5 61 3  x 10 cy ) + ( 1� pC i / g ) ( 2 . 74 x 
106 cy ) + ( 54 pC i5' g x 2 . 2  x 10 cy ) ) / ( ( 2 . 74 x 10 cy ) + ( 2 . 2  x 
10  cy ) + ( 5 . 1 3 x 10  cy ) )  i s  used i n  th i s  append i x .  

I n  surrunary , the  rad i o n uc l i de concen trat i on s  used i n  th i s  append i x 
for determ i n i n g t he  p ar t i c u l ate re l ease source term are 581 pC i / g  for 
Ra-226 ,  581 pC i / g for Th-230 , and 46 pC i / g for U -238 . 

R adon f l ux 

Radon f l ux  at the  Gran d J unc t i on s i te has  be en me as ured or ca l c u l at
ed by var i ous  group s . Short-term f l ux  me aSfremen ts  tak en on the p i l e2by 
FBDU  ( 1 981 ) ran ged from 90 to 1340 pC i /m s an d aver aged 550 pC i /m s .  
R adon f l  ux me as u2'eme n t s  on the  State of Co l or ado t� 1 i n g s  repos i tory av 
erag ed 16  pC i /m s .  An average  f l ux  of 380 pC i /m s was ca l c u l ated by 
ORNL ( 1 980 ) on the  ta i l i ng s  p i l e . Th e NRC  ( 19 7 9 )  rep or ted rado n  f l u x-to
rad i um concen trat i on rat i os2 of 0 . 35 for wet tai l i n gs , an d 1 . 2  for d ry 
t a i l i n g s  i n  un i t s of pC i /m s radon  f l ux  p er pC i / g of Ra-226;  howe ver , 
t he  NRC p refers a gener i c  va l ue of 1 . 0  for th i s  r at i o .  Ap prox i mate l y  59 
acres of the  s i te h ave  an aver age Ra-226 concen trat i o n  of 90 pC i / g ,  and  
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5 7  acres of the  s i te h ave  a Ra-226 concen tr at i on of 702 pC i / g .  Based on 
these av erage Ra-226  concen trat i on s ,  an as s umed r adon  f l u x- to-rad i um 
con centr at i on rat i o  of on e p i cocur i e  per gram per p i cocur i e  p er sq uare 
me ter-second wo u l d  yi e l d  an area-we i g h ted  radon  f l ux  of : 

( 90 pC i / g )  ( 59 acres ) + ( 702 pC i / g )  ( 5 7 acres ) 

59 + 5 7  acres 

Th i s  v a l ue was used i n  th i s  append i x .  

Radon i n  a i r 

On the s i t e ,  amb i en t  ai r radon concen tr at i on s  are needed  to es t i 
mate expo s ures  of workers d ur i n g remed i a l act i on .  Lon g term rad o n  con 
centrat i on me as urements  made on the Gran d  J unct i o n  p i l e  res u l ted i n  an 
an n ua l  aver ag e  of 26 pC i / l w i th a range  of e i g h t  �o 66 pC i / l  ( E P A ,  
1 9 77 ) . By us i n g the on - s i te radon f l ux o f  3 9 1  pC i /m s an d an av er ag e  
w i n d speed o f  two m/s as i np uts  i n to the G aus s i an sector av erag e  d i sp er
s i on mode l  mod i f i ed to  pred i ct radon concen tr at i on c l ose  to an  area  
source , an on - s i te radon concentrat i on o f  1 1  pC i / l w a s  determ i n ed . 
B ased  on the  av a i l ab l e  i n format i on , i t  i s  be l i e ved t hat 30 pC i / l  i s  a 
re asonab l y  con ser vat i v e  es t i mate of the average radon concen tr at i on s on 
the Grand J unct i on s i te .  

E x i s t i ng ch aracter i s t i cs  at Grand Junct i on 

V i c i n i ty propert i e s .  An es t i mated 363, 825 c ub i c yar ds of uran i um 
t a i l i n g s  h ave  been moved from the  Grand J unct i on s i te an d used  as f i l l  
mater i a l on var i o us con struc t i on projects . App rox i mate l y  3585 proper
t i e s have l e ve l s of rad i at i o n  exceed i n g  EPA stan dards , 3465  of wh i c h  
w i l l  be c l e aned up d ur i n g the remed i a l act i on at the  Gran d  J unct i on s i te 
( Appen d i x L ,  V i c i n i ty Property Report ,  contai n s  ad d i t i ona l deta i l s  on 
t he  n umber of v i c i n i ty p ropert i e s ) . 

The h i g hest  an n ua l  average  radon worki  n g  l e ve l  found  i n do ors at a 
v i c i n i ty proper ty was 1 . 5 .  Aver age va l ue s ran ge  from 0 . 005  to 0 . 0 1 5  
work i n g  l e ve l . The averag e  of the h i gh i n door  gamma expos ure  rate i s  ap 
prox i mate l y  29 uR /hr . A represen tat i ve va l ue for expos ure  rates  f ou n d  
o utdoors i s  30 to 40 uR/hr ( Eme l i a , 1 985 ) . The abo ve  v a l ue s are based  
on exper i ence at  se veral  h undred v i c i n i ty propert i e s  i n  Gran d  J unct i o n .  
The average  o f  the  h i g h o utdoor gamma expo s ure  rate i s  7 4  uR/hr . 

B ack ground va l ue s for radon work i n g l e ve l s  ran ge  from 0 . 005  to 
0 . 00 7 .  Back ground gamma ex pos ure  rate s are approx i mate l y  12 uR/hr . 

1 . 3 . 2  ENV I RONME NTAL RAD I AT ION  MEASUR EMENTS 

The en v i ronmenta l  rad i at i on l e ve l s  for the area  surrou n d i n g  t he  
Grand J unct i on s i te an d a l ternate d i spos a l  s i tes h ave  been s t ud i ed ( E P A  
1 9 7 5 ;  FBD U ,  1 981 ; ORNL , 1 980 ; BFEC , 1 985 ) , an d are s ummar i zed here .  
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1 . 3 . 2 . 1  Grand Junct i on s i te en v i ronmenta l  rad i o act i v i ty 

Rad i o act i ve a i rborne p ar t i c u l ate concen tr at i on s  were me a
s ured on the  State of Co l orado  ta i l i n gs  repos i tory by ORNL 
( 1 980 ) . Three a i r s amp l es were co l l ected on as be s tos  f i ber 
f i l ters  h av i n g a co l l ec t i on eff i c i ency greater t han 99 percent  
for 0 . 3  m i crometer or  l arger p art i c l es  d ur i n g  3 . 2 - hour per i od s  
w i th a h i gh vo l ume ai r s amp l er .  The res u l t s  o f  the s amp l i n g  
are s hown i n  Tab l e  1 . 3 . 1 .  

Radon i n  a i r .  Amb i en t-a i r Rn -2 2 2  concen tr at i on s  h ave  
been me as ured an d ca l e u l  ated for t h e  area  s ur roun d i  n g  the 
Grand  Junct i on p i l e  ( FB D U ,  1 981 ; Sche arer an d S i l l s ,  1 969 ;  EPA 
1 9 7 7 ;  ORNL , 1980 ) . Prev i ous  es t i mate s  i n d i cated 6 . 7 pC i / l  at 
0 . 08 m i l e  from the p i l e  ed ge an d 2 . 6  pC i / l at 0 . 3 3 m i l e  from 
t he  p i l e  to the west .  A background  l e ve l  o f  0 . 8  pC i / l  was me a
sured at 1 . 7  m i l e s from the p i l e .  

Gamma rad i at i on .  Gamma rad i at i o n expos ure  r ates away 
from the ta i l i n g s  p i l e  have been me as ured at 100-yard i n ter
va l s  an d reac hed back ground l e ve l s  ( 1 1 uR/hr )  at  about  0 . 2  
m i l e  to the e ast an d we st  of the s i te .  South  of the s i te ,  t he 
exposure  r ate reac hed back ground  acros s the Co l orado  R i ver . 
North of  the  s i te th e gamma rad i at i on l e ve l  reached back grou n d  
a t  0 . 35 m i l e  ( FB D U ,  1 981 ) . Th i s  red uc t i on i n  expos ure  r ate 
w i th d i stance from the p i l e  i s  s hown as F i g ure  1 . 3 . 1 .  

So i l  and sed i ment  rad i oact i v i ty .  Back ground  concen tr a-
t i on s  of rad i on uc l i des  i n  s o i l s  have  be en me as ured i n  an d 
around Grand J unct i on by a n umber of i n vest i gators . Re s u l ts  
are  genera l l y  comp arab l e  an d are typ i f i ed by the ORNL , 1 980 , 
res u l t s wh i c h  i n d i cate the fo l l ow i n g  va l ue s  ( ar i thme t i c  me an 
p l us or m i n us the ar i thme t i c  s tan dard d e vi at i o n ) : Ra-226 , 2 . 0 
+ 0 . 84 pC i / g ;  U-2 38 ,  0 . 7  + 0 . 21 pC i / g ;  an d Th - 2 30 ,  0 . 6  + 0 . 1 7  
pC i / g .  I n  add i t i on ,  1 2  so i l  s amp l es were co l l ected w i th i n  ap 
prox i mate l y  400 to 1000 meters of the p i l e .  These  s amp l es were 
co l l ected at the gro und  s urface  an d ana l yzed for Ra-2 26 .  
Concentrat i on s  found i n  t h e  off- s i te samp l es r an ged from near 
back ground to 1 7  pC i / g .  

Sed i me nt  an d dry was h s amp l es from the Co l orado  R i ver , a 
dr ai nage  d i tch  east  of th e p i l e , and a dry was h we st of the  
p i l e  were co l l ected an d an a lyzed for Ra-226  ( O RNL , 1 980 ) . 
Samp l es were co l l ected at the s urface and at a depth  of  1 5  cm . 
A l l samp l es s howed con t am i nat i on abo ve  background  l e ve l s .  The 
dry was h samp l es taken i n  the we stern dry was h h ad Ra-226 con
cen trat i ons  rang i n g  from three  to  700 pC i / g .  Th e two  sed i ment  
samp l e s i n  the east  d rai nage d i tch h ad concen tr at i o n s  of 42  
an d 68  pC i / g Ra-2 26 . The Co l orado  R i ver  sed i men t  s amp l es h ad 
a r ange  of  1 . 6  to 9 . 5  pC i /g Ra-226 . 

1 . 3 . 2 . 2  A l ternate d i sposa l  s i te en v i ronmenta l  rad i o act i v i ty 

Rad i at i on  l e ve l s c urren t l y  ex i st i n g  at the  a l ternate d i s 
po s a l  s i te h ave  be en determ i ned from mon i to r i n g  programs con -

1 - 1 2  



>-< 
I 

f-' 
W 

Tab l e  1 . 3 . 1  Con centr at i on of  rad i on u c l i des  i n  ai rborne p art i c l es at the Gr an d Junct i on s i te 

R ad i o n uc l i d e  concentr at i on ( pC i /m3 ) a 

S amp 1 e Date R a- 2 26 Pb -210  Th-230 U-238 

J- 3HV 5 - 13- 76 1 . 4 x 10 ( +0 . 95 )  1 1  x 10 ( +18 )  3 . 8  x 1 0 ( +0 . 6 6 )  2 . 1  x 1 0  ( +0 . 60 ) 

J-4HV 5 - 17 -76 15 x 10 ( +2 . 7 )  1 1  x 10 ( +18 )  7 . 1 x 1 0 ( +1 . 1 )  3 . 8  x 1 0 ( +0 . 88)  

J- 5 HV 5 - 13-76 1 7  x 10 ( +3 . 1 ) 4 . 4 x 10 (�1 . 8 )  1 4  x 1 0 (�1 . 3 )  4 . 2  x 10 (�0 . 88 )  

MPC  b 2 . 0  a 4 . 0  0 . 08 3 . 0  

a lnd i c ated er rors as soc i ated w i t h  thes e co ncentr at i ons  are s hown i n  p arenthes es an d two s i gm a  ( 95% conf i d ence  l e ve l ) .  
bMax i mum perm i s s i b l e co n centr at i o n s  i n  ai r ( MP C  ) for u n r es tr i cted areas , i n  10 CFR Part 20 , Appen d i x B ,  Tab l e  2 ,  
Co l umn 1 .  l i m i t i n g  concentr at i ons  for the g i v9n r ad i o n uc l i des  are for the s o l u b l e s tate except  R a- 2 26 wh i c h  i s  for t he 
i n so l u b l e  st ate . 

Ref . OR Nl , 1 980 . 
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d ucted by the  Techn i ca l  As s i s tance Con tractor ( TAC ) . Th e dat a 
presented be l ow are the res u l t of three mon th s  of mo n i to r i n g . 
The env i ronmenta l  ch ar ac te r i z at i o n  pro gram i n c l uded  
me as urements of  amb i en t  radon  concen trat i ons in  a i r ,  gamma 
rad i at i on expo s ure  rate s ,  rad i on uc l i d e  concen trat i on s  i n  
s urf ace s o i l s ,  an d rad i on uc l i d e  concen tr at i on s  i n  gro u n d  
water . 

The rad i o l og i ca l  e n v i ronmenta l  s amp l i n g pro gram form u l at
ed  for t he  a l ternate d i spo s a l  s i tes i s  s ummar i zed i n  Tab l e  
1 . 3 . 2 .  Gro und  water was s amp l ed an d an a l yzed as p art of t he  
water-q ua l i ty program ( Ap pen d i x F ,  Hydro l ogy Report ) . Th e l ow
er l i mi ts of detect i on for the en vi ronmenta l  rad i o l og i ca l  mo n 
i to r i ng  program were suff i c i en t l y  sen s i t i ve to meet  th e 
spec i f i ca t i ons  of the USNRC ( NRC ,  1 980a ) .  

Rn -222  i n  a i r .  Radon  concen tr at i ons were me as ur ed for 
th ree mon ths  by the TAC us i n g  one set of three track  etch de 
tectors at e ac h  a l ternate d i  spos a l  s i te .  Th e back grou n d  con 
cen tr at i on of Rn -222  at the Two Road s i te was 0 . 46 pC i / l . The 
co ncen tr at i o n of Rn -222  at the Cheney Re servo i r  s i te w i l l  be 
me asured for a three-mon th per i od be g i n n i n g  i n  Sep tember ,  
1 985 . 

A gener al area  s ur vey of gamma rad i at i on ex po s ur e  r ates  
was  con d uc ted  by t he  TAC . The me asuremen ts av erag ed 1 3 . 6  
uR/hr  and ranged from 1 2 . 9  to 1 4 . 0  at the Two Road s i te .  Th e 
aver ag e  expos ure rate at Chen ey Re servo i r s i te was 1 3 . 8  uR/hr  
w i th a r ange  of 13 . 5  to  14 . 3 .  

So i l  rad i oact i v i ty .  So i l  s arrp l i n g  of s urface s o i l s  
( top  1 5  cm of so i l )  was p erformed at bo th  a l ternate d i spos a l  
s i tes . The four samp l es tak en from e ac h  s i te were an a l y zed  
for Ra-226 us i n g  a sod i um i od i de gamma spectrome ter . Th e aver
age concentrat i on of  Ra-226 was 1 . 8  at  the Cheney Reser v o i r 
s i te an d 0 . 94 at the Two Road s i te .  Tab l e  1 . 3 . 3 shows the  s am
p l e res u l t s at the Two Road and Cheney Reservo i r  s i tes . 
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Tab l e  1 . 3 . 2 Summary of rad i o l og i c a l  s amp l i n g  pro gram 

S amp 1 i n g  Method Number of po i n ts  Freque n cy 

Amb i en t  a i r Terradex  On e set  of three  One  q uarter 
R adon -2 2 2  Trac k -etch c up s  

E xtern a l  g amma P res s ur i zed Four l ocat i on s  Once  
r ad i at i on i o n i zat i on 

c h ambe r ,  N a l  
sc i n t i l l ometer s  Four tr averses  

So i l  Surface  ana l yzed Fo ur Once  
by gamma 
sp ectroscopy 

Tab l e  1 . 3 . 3 Soi l samp l e res u l t s  at Two Road an d Cheney Reservo i r  

S i te 

Two Road 

C heney Re s ervo i r  

Samp l e  n umber 

GRJ001ASA 
GRJ002ASA 
GRJ003ASA 
G RJ004ASA 
GRJ005ASA 

GRJ 006ASA 
GRJ007ASA 
GRJOOBASA 
GRJ009ASA 

1 - 16  

R a-226 concen tr at i on 
( p C i / g )  

O . B  
O . B  
1 . 0  
1 . 2  
0 . 9  

1 . 3  
2 . 6  
2 . 1  
1 . 0  



1 . 4  RAD I OACT I V E  SO URCE  TERM 

I n  th i s  sec t i on the c a l c u l at i on s  necessary to  es t i mate the  rad i o l og i ca l  ef
fect of the  p roposed a l terna t i v e  remed i a l act i o n s  are presen ted . Mos t  of the  i m
portan t  rad i oac t i v e re l e ases occur at the  Grand Junc t i on s i te ;  howe ver , 
ca l c u l at i ons  for the  a l ternate s i te an d the  tran sportat i on corr i d o r  are a l s o 
con s i dered . 

1 . 4 . 1  RADON RELEAS E  SOURCE  TERM 

Radon may be re l e ased from the  tai l i n gs  d ur i n g  four p h ases of the  
remed i a l ac t i on proces s :  1 )  p r i or to  remed i a l ac t i on ;  2 )  d ur i n g  the  ma
ter i a l mov i n g operat i ons ; 3) af ter the re l ocat i on of the mater i a l  but  
pr i or to i n st a l l at i o n of the  cover ; an d 4 )  after the  mater i a l  h as be en 
co vered . I n  Al ternat i ve 1 ( no ac t i o n )  on l y  p h ase  ( 1 )  app l i e s ;  i n  
A l terna t i ves 2 through  6 a l l four p h ases app l y .  

A l ternat i ve 1 - n o  act i on 

For th i s  a l terna t i ve a radon f l ux of 391  lf i /m2s ex i s ts on the  ap 
prox i mate l y  1 16  ac res of the  2s i te ( 470 , 000 � ) .  The tot a1 7 es t i mated 
radon re l e ase  i s  ( 39 1  pC i /m s )  ( 470 , 000 m )  ( 3 . 1 5 x 10 s/yr )  = 
5 789 C i /yr . 

A l ternat i ve 2 - stab i l i zat i on at  Grand J unct i on 

D ur i n g  the  mater i a l  mov i n g operat i o ns i t  i s  as s umed th at a l l 
i n ter st i t i a l radon wou l d  be re l e ased . The tot al quan t i ty of Rn -2 2 2  i n  
eq ui l i br i um w i th Ra-226 i s  e s t i mated to be 1820 C i . Based on an av erag e  
emanat i on coeff i c i en t  o f  0 . 2 ,  t h e  tota l  radon t h at cou l d  be rel eased 
from the  i n terst i t i a l s paces i s  364 C i . 

The t i me per i od from the be g i n n i ng of p i l e  s t ab i l i z at i on to  com
p l ete cover p l acemen t  is es t i mated to be 2 . 3  ye ars ( 28 mon ths ) .  If  t h e  
excavat i on rate i s  un i form the� t he  area  of  excavated mater i a l  wo u l d  d e 
crease l i ne ar l y  from 470 , 000 m ( 1 1 6  acres ) t o  zero over t h e  2 . 3- ye ar 
per i od .  The averfge  radon  f l ux from the mater i a l as i t  i s  ex cavated _ 
wo u l d  be 391 pC i /m s .  

D ur i ng  th i s  same 2 . 3-ye ar per i od ,  the excfvated ta i l i ngs  wou l d  be 
stab i  1 i zed on the  s i te on an area  of 30 4, 000 m ( 75 acres ) .  S i nce  the  
co ver p l acemen t w i l l  l ag be h i n d  2the  ta i l i n g s  p l acemen t by two mon t h s ,  
2/ 28 o f  t h e  p i l e  area  ( 21 , 700 m ) wo u l d  be uncovered a t  any t i me  d ur 
i n g  remed i a l ac t i on .  The s t ab i l i zed p i l e  con s tr uct i on seque nce wo u l d  be 
such  t h at the 702 pC i / g mater i a l  i n  the ta i l i ngs  p i l e  wou l d  be o ver l ai n 
w i th the  90 pC i / g mater i a l from off- p i l e  areas . The uncovered areas of 
the  stab i l i zed p i l e  wo u l d  em i t  radon w i th a f l ux th at is  proport i on a l to  
t h e  vo l ume -we i g h ted av er ag e  Ra-226  conce�trat i on of 58 1 pC i / g .  S i nce  a 
radon f l ux to Ra-226 rat i o  of one pC i /m s p er pC i / g Ra-226 i s  as sumed , 
t h e  res u li i n g  av er age  radon f l ux  from the uncovered t a i l i n g s  wou l d  be 
581 pC i /m s .  
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The rad� fl ux from the co�ered areas of the s tab i l i zed  p i l e  wou l d  
be 20 pC i /m s p l us on e pC i /m s back ground f l u x2 Th i s  covered p i l e  
area wo u l d  i n crease l i n ear l y  from zero to 304 , 000 m i n  2 . 3  years . 

The tot a l  radon source term can be descr i bed by the fo l l ow i n g 
equat i on :  

( 470 , 000 � 
470 , 000 - t dt 

2 . 3  

+ 364 "( i + 
(

_
30

_
4
_
, 0

_
00 

t\ d t  
2 . 3  'j 

+ 
( 3 . 1 5

yr

X 10 7S) ( 58

m

1
2
P

s

C i  ) 
( 2 1 , 700 m2 ) ( 2 . 3  y )  

= 8165  C i , where t i s  t i me  i n  ye ars . 

After remed i a l  act i on ,  the radon f l ux from the 75-acre stab i l i z�d 
p i l e  wou l d  be2 l ess  th an or equa l  to the EPA s tan dard of 20 pC i /m s 
p l us one p C i /m s b ackground s o i l f l u x ,  or  ap prox i mate l y  20 1 C i /yr .  

A l ternat i ves 3 and  5 - re l ocat i on and  stab i l i zat i on at the a l tern ate 
s i tes by truck 

The con tami nated mater i a l  wo u l d  be removed from the 47 0 , 000 m2 
Grand J unct i on s i te d ur i n g  a 2 . 7-ye ar p er i od ( 32 month s ) . As s um i n g  th at 
the  excavat i on l2ate i s  un i form , the  p i l e  area  wou l d  be red uced l "te ar l y  
from 470 , 000 m t o  zero . S i n ce t h e  radon f l u x i s  39 1 pC i /m s an d 
364 C i  of r adon wo u l d  emanate from the i n terst i t i a l pore spaces , t hen 
t he  tota l  r adon source term can be descr ibed  by the fo l l owi n g  eq uat ion : 

( 470 , 000 � 
470 , 000 - --- t dt  + 364 C i  

2 . 7  

= 81 79 C i , where t equa l s  t i me  i n  ye ar s .  

After remed i a l act i o n ,  the radon f l ux  from t h e  decon tami nated Gr �n d  
J unct i on s i te wo u l d  be t h e  normal  back ground  f l u x o f  one pC i /m s .  
Th i s  wou l d  res u l t  i n  an n ua l  r e l e ase s of 15  C i . 

Ta i l i n g s d i spos a l  at the a l ternate s i tes wou l d  be concurrent w i th  
ap p l  i cat i on of the radon barr i er .  The app l  i cat i on of the radon  barr i er 
wo u l d  l ag be h i nd �e ta i l i n gs  p l acemen t by two mon ths . AS t. res u l t 2/32 
of  the 25 1 , 000 m d i spos a l  s i te ( apf,rox i mate l y  1 5 , 700 m ) wo u l d  hav e 
an uncovered radon f l ux  of 581 pC i /m s at any t i me  d ur i n g the remed i a l  
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ac t i on . Th e covered area of the  p i l e  wou l d  i n crease l i n e ar l y  d ur i n g  t�e 
2 . 7  ye ars of ta i l i n gs an d cover p l acement from zero  to 251 , 000 m .  
Th i s  scenar i o  and the re s u l t i n g  radon  re l ease can be descr ibed  by t h e  
fo l l ow i n g eq uat ion . 

( � . 1 5  x 1 0 7S) ( 21
2

PC i ) 2 . 7  

yr m s !o 
25 1 , 000 
--- t d t  

2 . 7 

( 2 . 7  yr ) 

= 1 000 C i ; where t i s  t i me  i n  ye ars . 

Once the e n t i re p i l e  has been re l ocated , the p i l e  wou l d  con t r i b ut e  
a ye ar l y  radon  source term o f  1 6 6  C i . 

A l ternat i ves 4 and  6 - re l ocat i on and stab i l i zat i on at the  a l tern ate 
s i tes by tra i n  

The radon sou rce term at the Gran d  J unct i on s i te an d a t  the a l te r 
nate d i spos a l  s i tes  for t h e  tra i n tran sport  a l te rna t i v e wou l d  be i d en t i 
c a l  to the radon  source te rm as ca l c u l ated fo r the truck a l ternat i v e .  
A n  ad d i t i o n a l  radon source term i s  con s i d ered at the ra i l head s  i n  
Wh i tewater and Mack . 

When  the tr ai n s  are l o aded  i n  Gran d  J unct i on a l l of the  r adon  i n  
the  i n ters t i t i a l p o re spaces  wou l d  be r e l e ased . The fol l ow i n g  an a l ys i s  
as s umes  that ,  on the ave rag e ,  the  t i me  per i od from tr a i n l o ad i n g at 
Grand J un ct i on to tr a i n  un l oad i n g at the ra i l head s  i s  24 hou r s .  Each of 
the 650 tra i n tr i ps wo u l d , on the av e rag e ,  tran sport  ap p rox i mate l y  2 . 8  
C i  Ra-226 ( 1820 C i /6 50 tr i ps ) . Eac h rad i oact i ve decay of 1�a-226 w i l l  
p rod uce on e atom of Rn -222 res u l 1.i51g i n  ( 2 . 8  C i ) ( 3 . 7  x 10  atoms / C i ) 
( 24 hou r s )  ( 3600 s/h r )  = 8 . 95 x 10 atoms Rn -2 2 2 .  By us i n g  a r adon  em
an at i n g fr2§ t i on of 0 . 2  an d a rad i oact i v e  decay con stan t  for r adon  of  
2 . 09  x 10 Is , it  i s  es t i mated that 0 . 10 1  C i  of r adon  wou l d  be re
l eased per tr ai n l o ad of  tai l i n g s  at  the  ra i l head s .  The to t a l  r ad o n  
source te rm a t  t h e  ra i l head s i s  e st i mated t o  b e  65 . 7  C i . 

1 . 4 . 2  P ar t i c u l ate re l ease source term d u r i ng remed i a l act i on 

Th i s  sect i on de term i ne s  the mag n i tude of part i c u l ate re l e ases from 
the Gran d  J unct i o n  s i te an d the  a l ternate d i sposa l  s i te s .  Th e h ea l th i m
pacts  caused by part i c u l ate re l eases i s  s hown to be sma l l when comp ared 
to the he a l th i mp acts  from expo s ure  to r adon  daughter  i n h a l at i on .  Th e 
part i c u l ate re l ease  source term i s ,  howe ver , a req u i red i n put  fo r t he  
M 1 LDOS code an d thus , the res u l t i n g hea l th  i mp acts  from the  p a r t i c u l ate s 
are determ i ned . 
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--------------------- - ��-

A l ternat i ve 1 - no  act i on 

D u st  s us pen s i on d ue to w i n d  eros i on i s  the  mech an i sm for mob i l i z a
t i on of ta i l i n gs mater i a l d ur i n g the no ac t i on a l ternat i ve .  The tot�1 
part i c u l ate source terms_1 as c a l c u l ated by M 1 LDOS  are :  9 . 81 x 1 0  
C i /yr U-238 an d 1 . 24  x 1 0  C i /yr for Th -230 , Ra-226 ,  a n d  P b - 2 1 0 .  

A l tern at i ve 2 - stab i l i zat i on at Grand Junct i on 

The part i c u l ate re l ease rad i o ac t i v e  source term may be e s t i mated 
from the ai  r qua l i ty dat a of App end i  x 0 ,  Weather , A i  r Qual i ty, an d 
No i se . For the oper at i on s  i n vo l v i n g  tatl i n g s  movemen t ,  the res u l t i n g  
d u s t  re l e ases  are es t i mated at 4 . 25 x 10 k g /yr . Th i s  d us t  re l ease i n 
c l udes w i n d  eros i on . As s um i n g  a l l of th i s  d u s t  con tai n s  the av er ag e  
R a-226 , Th-230 , an d U-238 concen trat i on s  es t i mated for t he  t a i l i n g s ,  t he  
r ad i on uc l i de re l ease wo u l d  be : 

Ra-2 26 ( 581 x 10- i� C i / g ) ( 4 . 25 x 1 0� g /yr )  = 0 . 247  C i /yr 
Th-230 ( 58 1  x 1 0-

1 2  C i / g ) ( 4 . 25 x 1 08 g /yr )  = 0 . 247  C i /yr 
P b - 2 10  ( 581 x 1 0-

12  C i / g ) ( 4 . 25 x 1 08 g /yr )  = 0 . 247  C i /yr 
U -238 ( 46 x 1 0- C i / g ) ( 4 . 25 x 10  g /yr )  = 0 . 020 C i /yr 

A l ternat i ves  3 and 4 - d i spos a l  a t  Cheney Reser vo i r  by truck  and r a i l 

Approx i mate ly  3 . 1 5 k g /yr of p art i c u l ate s  wo u l d  be re l e as ed for th e 
truck  tr an sportat i on a l ternat i v e . The rad i on uc l i de re l ease at the  Gr an d  
J unct i o n  s i te wo u l d  be 0 . 183 C i /yr for Ra-226 ,  Th- 2 30 ,  an d P b -2 1 0 ;  an d 
0 . 0 1 5  C i /yr for U-238 . 

App ro x i mate l y  5 . 0 7  x 105 kg /yr of p art i c u l ate s wo u l d  be 
at the Grand J unct i on s i te for the  tra i n tran sport a l ternat i ve .  
s u l t i n g  rad i on uc l i de re l ease at the Gran d J unct i on s i te wou l d  
C i /yr for Ra-2 26 , T h-230 ,  an d P b -2 10 ,  and  0 . 023  C i /yr for U-238 .  

re l e as ed 
The re

be  0 . 295  

At the  C heney Re servo i r  s i te ,  3 . 25  x 105 k g /yr of part i c u l ates 
wo u l d  be re l e ased  for bo th  the truck an d tr a i n  tran sport  a l ternat i v e s .  
The re s u l t i n g  rad i on uc l i de re l e ase  i s  0 . 1 89 C i /yr for Ra-226 ,  Th - 2 30 ,  
an d P b -2 1 0 ,  an d 0 . 0 1 5  C i /yr for U -238 .  

D ur i n g  the tr ai n tr an sport  a l ternat i v e ,  3 . 6 7 x 1 05 k g /yr wou l d  be 
re l e ased  at the ra i l head in Wh i tew ater . The rad i on uc l i d e  re l ease at 
W h i tewater i s  0 . 2 1 3  C i /yr for Ra-226 , Th- 230 , an d P b -2 1 0 ,  an d 0 . 0 1 7  
C i /yr for U-238 .  

A l tern at i ves 5 and 6 - d i spos a l  a t  Two Road by truck and ra i l 

Approx i mate l y  3 . 1 1  x 105 k g /yr of p art i c u l ates wo u l d  be re l e as ed 
for the  truck tran sportat i on a l ternat i ve at the  Gran d J unc t i on s i te .  
The rad i onuc l i de re l ease at the Gran d J un c t i o n  s i te i s  0 . 1 8 1  C i /yr for 
Ra-226 , Th-230 , an d P b -2 1 0 ,  and 0 . 0 1 43 C i /yr for U-238 .  
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Approx i mate l y  5 . 0 4  x 105 k g /yr of part i c u l ates wou l d  be 
at the Grand J unct i on s i te for the tra i  n tran sport a l terna t i ve .  
s u l t i n g  rad i on uc l i d e  re l ease at the  Gran d J unct i on s i te wo u l d  
C i /yr for Ra-226 ,  Th- 2 30 ,  and P b -2 10 ,  and 0 . 02 3  C i /yr for U -238 . 

re 1 eas ed 
The re

be  0 . 293  

At the Two Road s i te ,  3 . 1 9 x 105 k g /yr of p ar t i c u l ate s wou l d  be  
re l e as ed for  bo th  the tr uck an d trai n tr an sport  a l terna t i ve s . The re
s u l t i n g  rad i on uc l i de re l ease i s  0 . 185 C i /yr for  Ra-226 ,  Th - 2 30 ,  an d 
P b -21 0 ,  and 0 . 0 1 5  C i /yr for U-238 .  

D ur i n g  the tr a i n  tr an sport  a l terna t i v e ,  3 . 39 x 105 k g/yr of 
part i c u l ates w i l l  be re l e ased at the ra i l head i n  Mack . The r ad i on uc l i d e  
re l ease at Mack i s  0 . 1 9 7  C i /yr for Ra-2 26 ,  Th-230 ,  an d P b -2 10 ,  a n d  0 . 0 1 6  
C i /yr for U-238 . 

1 . 4 . 3  GAMMA RAD I AT I ON SOURCE  TERM 

The gamma rad i at i on em i s s i ons  from t he  Gran d  J unct i on s i te are d e 
scr i bed i n  F i g ure  1 . 3 . 1 .  For person s farther t han on e k m  ( 0 . 6  m i l e )  
from the s i te ,  gamma rad i at i on expo s ure  i s  neg l i g i b l e .  The aver ag e  of 
44  expos ure  rate me asurements  tak en by FBDU ( 1 981 )  in  off- s i te l ocat i on s  
i s  f i ve uR/hr abo ve  back ground . Th i s  va l ue was used  i n  th i s  ap pen d i x to 
es t i mate gamma exposure hea l th effects for the no act i on a l ternat i v e .  
S i nce th e expo s ure  rate i s  l i k e l y  to i n crease as the con tam i n a t i on on 
t he  s i te is excavated an d mounded , a re asonab l e  av erag e va l ue of 10 
uR/hr gamma expos ure d ue to the s i te i s  app l i ed .  

For oc c up at i ona l workers  on the s i te ,  the  gamma rad i at i on expo s ure  
i s  h i g her . Us i n g  t h e  581 pC i / g concen tr at i o n  o f  Ra-226 as s umed for the 
on - s i te con tami n at i on , the  averag e  gamma rad i at i on exp os ure  rate can be 
e s t i mated by the me thod of Sch i ag er ( 1 974 ) : the  gamma expos ure  r ate 
( uR/hr ) i s  2 . 5  t i mes th e rad i um concen tr at i on ( p C i / g ) . In  th i s  case 
( 2 . 5  ( uR /hr ) / ( pC i / g ) ) ( 581 pC i / g )  = 1 450 uR/h r .  Th i s  wou l d  be the hou r 
ly  expos ure t o  an un s h i e l ded  wor ker on t h e  s i te .  The major i ty of wo rk 
ers wo u l d  be enc l osed i n  the cabs of trucks or ot her e arth mo vi n g  
e q u i pmen t .  As an i n ch o f  i ron  red uces the gamma rad i at i on by a fac tor  
of 10 , a more l i k e l y  expo s ure  i s  1 4 5  uR/hr . Al s o ,  the  p l ac i n g of cover 
on the contam i nat i on wo u l d  red uce the gamma expos ure r ate by a f ac tor  of 
10 per foot of s o i l ;  th i s  ag a i n  l e ad s  to the gamma expos ure r ate of  145  
uR/hr a s  an appro p r i ate upper es t i mate . 

Fo l l ow i n g remed i a l ac t i on ,  gamma expo s ure  r ates wou l d  be at bac k 
ground  l e ve l s  ( abo ut 1 1  uR/hr )  s i nce s uff i c i en t  cover wou l d  be ap p l  i ed 
to atten uate the gamma rad i at i on . 

1 . 4 . 4  ATMOSP H ER I C  D I SP ERS ION  OF  R N -222  

Atmosp her i c -di spers i on ca l c u l at i ons are used as  the bas i s  for  es t i 
mat i n g the en v i ronmen ta l  r ad i at i on  dose ( for  i n d i v i d ua l s  an d pop u l a
t i on s ) re s u l t i n g  from radon an d radon  daughters from ur an i um m i l l  
t a i l i ng s  p i l e s . I n  th i s  report ,  th e comp uter code  M I LDOS was ut i l i zed  
to ca l c u l ate the atmosp her i c  d i sp ers i o n  of r adon , an d the  doses  rece i v ed 
by i n d i v i d ua l s an d the popu l at i on d ur i n g the var i ous p h ases of the p ro
posed a l ternat i v e s .  The res u l t s  of the  M I LDOS runs are used in  Sect i on 
1 . 5 .  
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The comp uter code M I LDOS was deve l oped by the  NRC  to es t i mate  the  
i mp acts  from rad i o act i v e  em i s s i on  from ur an i um m i l l i n g fac i l i t i e s ,  based  
on the  ca l c u l at i on proced ures  out l i n ed i n  App en di x G of N UR EG-0706 ( NRC ,  
1 980b )  an d i n  C h ap ter Two of  the M I LDOS user 1 s  man ua l  ( NRC ,  1 981a ) . 

I n  M I LDO S ,  em i s s i on s  of rad i o ac t i v e  mater i a l s  from f i xe d -po i n t  
sources or area  sources are mod e l ed us i n g  a sector-averag ed Gaus s i an 
p l ume d i spers i on mode l .  Exp o s ure  rates are presen ted for var i ous s ource  
an d recep tor po i n t  l ocat i on s . I n  order to run  the  code , four c ategor i es 
of i n p uts  are requ i red : source paramete r s ,  meteoro l og i ca l  an d pop u l a
t i on p arameters , tran s l ocat i on p arame te r s ,  an d receptor p arameter s .  

The f i r st  source parameter req u i red i s  the n umber  of sources of 
d i s crete eff l ue n t s .  Th i s  may be an actua l  n umber i f  there are f i xe d  
po i n t  sources o r  an as sumed  n umber for area  sources . The n umber of 
sources of di screte eff l  uen ts  used  for area  s ources i s  depende n t  up on  
t he  area  of the  source . 2 Eac h source con s i dered may be n o  1 arger t h an 
0 . 1  sq uar e  k i  l ometer ( km ) when i n put  for M I LDOS .  Therefore ,  t he n um
ber of sources s ho u l d  be cho�en or as s umed s uc h  t h at e ac h  one h as an ar
ea n o  greater than 0 . 1  km . As ment i on ed abov e ,  ap prox i mate l y  1 1 6  
acres  o f  t h e  Gran d J un ct i on s i te con t ai n contam i nated  mater i a l s . Th e 
1 16 acres were d i v i de d  i n to n i n e  are as ( F i g ure  1 . 4 . 1 ) . F i g ur e  1 . 4 . 1  
was d rawn so  t hat the  areas an d the i r  l ocat i on s  were represe n t at i v e  of 
the  ta i l i n gs  p i l e an d per i meter , the ore stor ag e  area ,  the  m i l l  yard , 
t h e  State of Co l orado  ta i l i n gs  repos i tory ,  an d the  sett l i n g  pon d s . The 
coor d i nates  ( x  = l en g th ,  y = w i d t h , an d z = he i g h t )  of the m i d po i n ts of  
t he  n i n e s ource areas were i n p ut i n to M I LDOS i n  un i ts of k i  l ometers . 
The areas of the s ources are l i s ted  on the  f i g ur e  an d were i n p ut i n  
un i ts o f  s q uare k i l ometers . 

At each of the  a l ternate d i sposa l s i tes , the  s tab i l i zed  p i l e  w i l l  
occupy 62 acres . F i  g ur e  1 . 4 . 2  shows the  area  sources an d the c oordi -
n ates t hat were  i n p ut i n to M I LDOS .  

The s ource terms from the p reced i n g  sect i o n s  were rec a l c u l ated an d 
en tered for a two-year i n terva l as M I LDOS ca l c u l ate s  concen trat i on s  an d 
do ses  on a two-ye ar m i n i mum t i me  step . For ex amp l e ,  a s ource term for 
each n uc l i de was ca l c u l ated by t ak i n g the  me an of the f i rs t  an d secon d 
ye ar s ,  and  we i g h t i n g  by the  area of e ac h  source . 

The part i c l e - s i z e  d i s tr i b ut i on for e ac h  source was matc hed w i th the  
ap prop r i  ate set-number prov i  ded  i n  the  code an d i n c l  uded i n  the s ource 
i n p ut . For examp l e , part i c l e - s i ze d i str i b ut i on set-number three ,  wh i c h 
represen t s  ta i l i n g s  ch aracter i st i c s ,  was  en tered . 

The second group of p arame ters  requi  res  popu  1 at i on an d meteoro 1 o g 
i c a l  data for t h e  s i te .  The meteoro l og i ca l  d at a  req u i red i n c l uded the 
jo i n t  frac t i on a l  freq ue ncy d i str i b ut i o n of w i n d  in  a 
certa i n  w i n d  d i rect i on an d i n  spec i f i c  w i n d  speed an d atmosp her i c  s tab i l 
i ty c l asse s .  These  data  were en tered for the Gran d  J un ct i on s i te a l o n g  
w i th the  pop u l at i on d i s tr i b ut i on ,  for 16  w i n d  sectors , out  to  a r ad i us 
of 80 km from the s i te .  The w i n d  data  are presen ted i n  Append i x  0 ,  
Weather , A i r  Qua l i ty ,  and  No i se .  
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The th i rd group of p ar ameter s req u i red are the  tran s l oc at i on param
eters . These  p arameter s ,  a l on g  w i th t h e  meteoro l og i c a l  d at a ,  de term i n e  
the  actua l  roo v ement  of the rad i on uc l  i d e s  once they l e ave  the  source . 
The i n p ut p ar arre ters  for M I LDOS t h at were used for food prod uc t i on are 
b ased on s i te -spec i f i c  data an d are l i sted in Tab l e  1 . 4 . 1 .  

The receptor parameters repre sen t the f i n a l  set  of d at a req u i red 
for the M I LDOS code . Ten i n d i v i d ua l  receptors  for the Gran d J unct i on 
s i te were l ocated at a rad i us of approx i mate l y  on e km from the  s i te 
bo u ndary and comp as s d i rect i on s  of N ,  N E ,  E ,  S E ,  SSE ,  S ,  S SW ,  SW , W an d  
NW . 

1 . 4 . 5  ACC I D ENT  ANALYS ES 

Th i s sec t i on con s i ders  acc i dents  th at m i g h t  occ ur d ur in g  the  tran s 
port of ta i l i n g s  to  the a l ternate s i tes . No acci den t s  w i l l  occur i n  t h e  
no ac t i on a l ternat i v e ,  an d i t  i s  d i ff i c u l t  to th i n k of an acc i dent  occur 
r i ng  on t h e  Gran d Junct i on s i te wh i ch w i l l  h av e  r ad i o l o g i c a l  con se 
q uences  of any s i g n i f i cance i n  re l at i on to the  r ad i o l og i ca l  effect of 
t h e  s i te i t se l f .  Acc i dent s  are con s i d ered exp l i c i t l y for t he tra i n 
tran spor t opt i on for roo v i n g the  ta i l i n g s  to the  a l ternate d i spos a l  
s i tes ; the  i l!l) act  of  a truck tran sport  acc i dent  i s  sca l ed accord i n g  t o  
the  vo l ume of  mater i a l  carr i ed . Two k i n d s  of acc id e n ts are con s i dered : 
( 1 )  the  sp i l l  occ urs  on l and an d the  ta i l i n gs  are d i spersed by w i n d ,  an d 
( 2 ) the  sp i l l  w i l l  fa l l i n to the  G unn i son R i ver . 

1 . 4 . 5 . 1  Acc i denta l  spi l l  of mater i a l on l and  

The  poten t i a l i mp act s  from a s p i l l  of mater i a l  on l an d  
were ca l c u l ated us i n g  a comp uter mode l "A I RREL II ( an E P A  cer t i 
f i ed comp uter mode l  d e ve l oped by D ame s  & Moore ) .  A I RREL ca l c u
l ates  the theoret i ca l  rad i o l og i ca l  i l!l) acts  to an i n d i v i d ua l  o r  
to  pop u l at i on s  res u l t i ng from an acc i d en ta l  re l e ase  of uran i um 
m i l l  t a i l i n gs  to the atmos pher e .  The part i c u l ates re l e ased i n  
t h i s  fas h i on wo u l d  be s u bject to tran spor t at i on by preva i l  i n g  
w i nd s  to d i s tances  where they m i g h t  become acce s s i b l e  t o  the  
s urround i ng popu l at i on .  The i l!l) acts  i n c ur red through  th i s  a i r 
borne tran sport mech an i sm are expres sed i n  tenns  of t h e  r ad i o
l og i ca l  dose th at wo u l d  be rece i ved by a l l i n d i v i d ua l s  
( c umu l at i ve dose ) n ear the  acc i denta l  re l ease . The popu l at i on 
dose i s  expres sed i n  u n i ts  of man -rem . 

I n  th e A I RREL code , t he  popu l at i on do se i s  de term i n ed by 
mu l t i p l y i ng the  rad i on uc l i d e  concentrat i o n  at a p art i c u l ar 
downw i nd d i s tan ce by the  do se  con vers i on factor app l i c ab l e  to  
the  rad i on uc l  i de an d body organ  of i n terest  an d by the  n umber 
of person s affected . I n  t h i s  program three rad i on ucl  i des  ( U-
238 ,  Th -230 , an d Ra-226 ) and f i ve bo dy organ s ( wh o l e  body , 
bone , l u ng , l i ver , an d k i d ney )  are cons i d ered . Dose  conve r
s i on factors ob ta i ned from the  pro gr am M I LDOS  are  used in  t he  
ca l cu l at i on s .  Up  to  10  downw i nd l ocat i on s  an d the i r  respec
t i ve popu l at i on s  can  be  con s i d ered in  a s i n g l e exec ut i on of 
the  program .  
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Tab l e  1 . 4 . 1  M I LDOS i n put  p arameters  

Grand Cheney 
P ar ameter Jun c t i on Reservo i r  Two Road 

Frac t i on of an n ua l  feed th at i s  
p asture  gras s ,  for i n d i v i �ua l -

0 . 5  0 . 5  0 . 5  dose  ca l c u l at i on s  ( F FOR I ) 

Frac t i on of an n u a l  feed t hat i s  
p a sture gras s ,  for popu l a� i on -

0 . 5  0 . 5  0 . 5  dose  ca l c u l at i on s  ( F FORP ) 

Frac t i on of  an n u a l  feed t hat i s  
s tored , for i n d i v i d uS l -do se  
ca l c u l at i o n s  ( F HAY I )  0 . 5  0 . 5  0 . 5  

Frac t i on o f  an n ua l  feed th at i s  
stored , for p op u l at i �n -do se  

0 . 5  0 . 5  0 . 5  ca l c u l at i ons  ( F HAYP ) 

Area l  veQetab l e  p rod uct i on 
2212  2516  1 602 ( FP R ( l ) ) 

Area l  mest p rod uct i on 
( FP R ( 2 ) ) 26 1 7  2918 20 1 2  

Area l  m i �k prod uct i on 
( FP R ( 3 ) ) 1497  1447  1 597  

�Def au l t  va l ues from reference NRC ,  1 980a . 
Va 1 ue s expres sed i n  k i l ograms per ye ar per sq uare k i 1 ometer .  Va l ues for e ac h  
s i te der i ved from county d ata  on ag r i c u l tura l  p rod uct i v i ty w i th i n  80 k i l ometer s  
( 50 m i l es ) . We i g h ted p rod uct i v i t i e s  of vegetab l es ,  me at , an d m i l k  were ca l c u 
l ated for e ac h  s i te reg i on i n  terms o f  data  for t hat frac t i on of  e ach  c oun ty 
t h at i s  w i th i n  the  regi on . 

-------- - - -
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The rad i on uc l i de concen trat i o n  at a part i c u l ar l ocat i on 
downw i n d  from a gro und - l ev e l  po i n t  source  i s  fou n d  us i n g  t h e  
bas i c  atmosp her i c  d i ffu s i on eq uat i on ( AEC , 1 96 7 ) . 

u 'IT 

where 

x = avera§e cen ter l i n e grou n d  l e ve l  con centrat i on 
( C i /m ) 

Q = rad i on uc l i de source term ( C i /sec ) 
u = w i n d speed ( m/sec )  ( u  = 1 m/sec i n  t he  code ) 

0y = hor i zo n t al s tan dard de v i at i on of p l ume ( m )  
0Z = ver t i ca l  s tan dard d e v i at i on of p l ume ( m )  

'IT = 3 . 1416  

The  s t an dard dev i  at i on s  s i gma y an d s i gma z are  me as ure s  
o f  t h e  spat i a l sp read o f  t h e  part i c u l ate s  p l ume as a f unct i on 
of downw i n d  d i s t ance  an d meteoro l o g i ca l  s t ab i l i ty c l as s .  I n  
th i s  program a Pasqu i l l  Type  F stab i l i ty c l as s i s  as sumed  
b ased on the  recommendat i on s  o f  U . S .  NRC  Reg u l atory G u i d e s  1 . 3  
an d 1 . 4 .  These  stan d ard  de v i  at i on s  can be comp uted us  i n g  t h e  
fo l l ow i n g  emp i r i ca l  re l at i on s  ( NRC , 1 980a ) .  

an d 

where 

° = O . 04r ( 1  + 0 . 000I r ) - 1 /2  
y 

- 1  0
Z = 0 . 0 16r  ( 1  + 0 . 0003 r )  

r = t h e  downw i n d  d i s t ance i n  meters . 

A I RREL expresses  the  pop u l at i on dose  as fol l ows : 

Dose ( r , n , 8 )  = c ( r , n )  x D C F ( n , 8 ) x T/8760 ) x P O P  ( r )  

where 

Dose = rad i o l og i ca l  i mp act  ( man -rem ) 3 c = rad i on uc l i de concen trat i on ( p C i /m ) 
DCF  = dose  convers i on factor ( mrem/yr per  pC i /m3 ) 

T = d ur at i on t i me  ( h our s )  
POP  = pop u l at i on count  ( n umber of i n d i v i d ua l s )  

r = downw i n d  d i s tance 
n = rad i on uc l i de li n II 
8 = body organ 

For a l and  sp i l l , a wor st case acc i d en t  wou l d  be a d e r a i l 
men t of the  un i t  trai n w i th a s u bseq uen t sp i l l of mater i a l . 
As the  tri3i n  wo u l d  con t a i n  6200 ton s of mater i a l  ( or a vo l ume 
of 3900 m ) ,  a fu l l dera i l ment  was as sumed to d ump mater i a l 
over  an area  tw i c e  the  ground  area of the  tra i n .  As s um i n g  t h at 
the  car s are two meters deep by three meters w i de , a 
s u spen s i on rate as ca l c u l ated by the M I LDOS  code of 1 . 44 x 
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-5  2 10  g /m s l e ad s to es t i mated source 
Th-230 ,  �d Ra-2 26 of 9300 pC i / h r ,  1 . 18 
1 . 1 8  x 1 0  pC i /h r ,  respec t i v e l y .  

term� for U-238,  
x 10  pC i /h r ,  an d 

The on e -hour do ses  to i n d i v i d ua l s  at 0 . 1 ,  1 . 0 ,  2 . 0 ,  an d 
1 0  km from th i s  acc i de n t ,  as comp uted  by A I RREL , are l i s ted i n  
Tab l e  1 . 4 . 2 .  An add i t i on a l  b ut sma l l er do se of l es s  t h an 1 1  
percent  wo u l d  b e  i n c urred i f  P b -2 10  an d P o -2 10  were con s i d ered 
( AN L ,  1983 ) . 

These  do s es are i n s i g n i f i can t comp ared to the do ses  re
ce i ved  by workers  on the s i te an d by the popu l at i on i mme d i ate 
l y  s urrou n d i n g  the Grand Junc t i on s i te ,  a s  cou l d  b e  g ue s s ed 
from the  sma l l quan t i ty of t a i l i n g s  car r i ed by e ac h  tra i n an d 
the  l i mi te d  t i me  of expo s ure . 

Sca l i n g  for a truck acc i de n t  wo u l d  be accord i n g  to the r a
t i o3 of ( 22 tons  per truck /6 200 to ns  per trai n )  or 35 5 x 
10- . Th i s  i mp l i es that the do ses  d ue to a truck sp i l l  
wo u l d  be more  th an 100 t i me s  sma l l er th an the  do ses  d ue to a 
tr a i n  sp i l l .  

The prob ab i l i ty of e i ther acc iden t i s  rou gh l y  9 x 1 0- 7  
p er m i l e  trav e l ed ( S NL ,  1 982 ) , o r  abo ut  0 . 0 1 4  sp i l l s by r ai l 
tr an sport  to Two Road an d 0 . 00 7  sp i l l s by ra i  1 tran sport  to 
Cheney Reservo i r  d ur i n g the 2 . 7  ye ars of the re l ocat i on .  
S i n c e  these  es t i mate s are based on the freque ncy of i n j ury an d 
death  acc i de nt s  ( SNL , 1982 ) , i t  i s  c l e ar that  the major i rrp ac t 
w i l l  not be rad i o l og i ca l ,  b ut the ac tua l  i n j ur i e s  or  de aths  
i n  v o  1 ved . 

1 . 4 . 5 . 2  Surface-water tran sport acc i dent  

The tran sport of ta i l i n g s  by rai l to Cheney Re ser vo i r  
co u l d  res u l t i n  a poten t i a l  sp i l l  of the mater i a l carr i ed i n  
one  or two of the go ndo l as i n to the Gun n i son R i ver s i nc e  the  
tra i n route i s  ad j acent  to  the r i ver  for ap prox i mate l y  10  
m i l es of the tr i p .  Th i s  res u l t s  i n  a tot a l  ac c i de n t  probab i l 
i ty of 0 . 00 7  sp i l l s d ur i n g  the 2 . 7  ye ars of re l ocat i on to t he 
Cheney Reser vo i r  s i te ,  wh i c h  i s  a n eg l i g i b l e  c h ance . 

I n  add i t i on to the neg l i g i b l e  probab i l i ty ,  the con se
quences  of s uch  an  acc i dent  wou l d a l s o  be neg l i g i b l e .  A s i m
i l ar acc i de n t  was con s i dered for the remed i a l act i on at the  
D ur an g o  ur an i um m i l l  ta i l i n g s  s i te ( DO E ,  1 984) . Th i s  an a l ys i s  
s h owed th at d i l ut i on an d d i sper s i on by the  r i ve r  wou l d  qu i ck l y  
red uce the i n so l ub l e  r ad i on uc l i de concen tr at i on s  t o  we l l  be l ow 
t he  10 CFR P ar t  20 , Ap pen d i x 8 ,  Tab l e  8 - 1 1  max i mum perm i s s i 
b l e  concen tr at i o n s  for d r i n k i n g  water . 
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Tab l e  I . 4 . 2  Doses  d ue to a hypot het i c a l  acc i de n t  

.-----

Dose  ( rem)  
D i s tance Who l e  

( m )  body Bone Lung  L i ver  K i d ney 
--- --.-.. - -

U-238 100 1 .  48E -IO  2 . 50 l E -9 1 . 6 1 1 E-8 0 5 . 69E -IO 
500 6 . 74E - 12  1 . 1 4E-lO  7 . 34E -IO 0 2 . 59E - l l  

1000 1 .  95 E-12  3 . 29E-l l  2 . l 2 E -lO  0 7 . 50E-12  
1 500 9 . 88E - 1 3  1 .  6 7 E - l l  1 . 08E-lO  0 3 . 80E-1 2 
2000 5 . 03E- 13  1 . 06E-ll  6 . 82E-l l 0 2 . 4l E- 12  

Th-230 100 2 . 9 7 1 E -8 9 . 44E-7  4 . 564E-7  5 . 432E-8 2 . 639E - 7  
500 1 . 202E-9 4 . 298E-8 2 . 0 45E-8 2 . 47 3E-9 1.  20 2E-8 

1 000 3 . 47E -IO 1 .  243E-8 6 . 0l 3E-9 7 . l 5 E-1O 3 . 475E-9  
1 500 1 .  76E-IO 6 . 299E-9 3 . 047E-9  3 . 63E-IO  1 .  76 l E-9 
2000 1 . 1 2 E-lO 3 . 996E-9 1 . 932E-9  2 . 30E -IO 1 . 1 1 7E -9 

R a-226 100 6 . 89 l E-9 6 . 89lE-8 9 . 393E-7  8 . 95E-12  2 . 42E-IO 
500 3 . 20E-IO 3 . l 9 9E -9 4 . 2 76E-8 3 . 92E-13  1 . l0E-l l 

1000 9 . 08E-ll  9 . 08E -IO 1 .  2 37E-8 1 . 08E -13  3 . l 9E -12  
1 500 4 . 60 E- l l  4 . 60E-IO  6 . 2 70E-9 5 . 74E-14  1 .  62E-12  
2000 2 . 92E-l l  2 . 92E-IO  3 . 9 76E-9  3 . 64E-14  1 . 03E-12  
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1 . 5  HEALTH EF FECTS 

For eac h of  the  p roposed a l terna t i ves  for the  Grand J unct i on t a i l i n g s  s i te ,  
the  i n format i on an d ca l c u l at i on s  presen ted abo ve  are app l i ed t o  g i ve an e s t i mate 
of  the i lTl' ac t  of the remed i a l ac t i on  i n  terms of  he a l th effects  i n  the gene r a l  
popu l at i on an d t h e  remed i a l ac t i on worker s .  

I .  5 . 1  ALTERNAT I V E  1 - NO AC T I ON 

Remed i a l act i on worker hea l th effect 

No  remed i a l ac t i on workers are exposed  to r ad i at i on under t h i s  
a l ternat i ve . 

Genera l  popu l at i on hea l th effects from radon d aughters and a i rborne  
p art i cu l ates 

Two method s  are used to es t i mate these exposures . For the major  
port i on of t h e  popu l at i on ,  t h e  comp uter code M I LOOS  i s  u sed t o  prov i d e 
es t i mates of the r adon daughter  an d part i c u l ate expo s ures  of the  popu l a
t i on .  Th i s  code does not p rov i de es t i mates w i th i n  one km of the  sourc e ,  
however . For th e popu l at i on w i th i n  one km  o f  the Gr an d  J un c t i on s i te ,  
radon da ug hter  an d p art i c u l ate concentr at i on s  are es t i mated us i n g  t he  
Gaus s i an sector-aver ag e  d i sper s i on mode l  mod i f i ed to  pred i ct concen tr a
t i on s  c l ose  to an area  s ource . 

P op u l at i on �i th i n  one k m  of t�� __ Grand Junct i on s i te 

To es t i mate th e he a l th effects  from radon  daughter an d p ar t i c u l ate 
expos ure for person s l i v i n g or work i n g w i th i n  on e km  of the Gran d 
J unct i o n  s i te ,  the fo l l ow i n g  set  of conservat i v e  as sump t i on s  were 
app l i ed .  

o The en t i re popu l at i on w i th i n  one km of the Grand J unct i on s i te 
was expo sed  to the meteoro 1 o g i  ca 1 con d i  t i on s  of the  northwe s t  
quad r an t  t o  wh i c h  t h e  w i n d s  b l ow t h e  major i ty ( 44 percen t )  o f  
t he  t i me .  

o The c a l c u l ated s i te-averag e  w i nd speed of two m/s w as used . 

o The radon an d a i rborne part i c u l ate concen tr at i on s  at 0 . 5  km from 
the  p i  l e  edge i n  the northwest  quad r an t  were  as s umed to repre
sen t the av erag e  radon an d part i c u l ate c oncen tr at i on s  for  t he  
en t i re on e -km d i s tance  i n terva l . 

I t  i s  be l i e ved t hat th e se as sump t i on s  w i l l  res u l t  i n  r ad o n  an d p ar 
t i c u l ate concen tr at i on s  downw i n d th at are h i g h er th an t h e  ac tua l 
concen trat i o n s .  

The radon concen trat i on s  were  d eterm i n ed by c a l c u l at i n g  t h e  concen 
trat i on for e ac h  of the s i x  s t an d ard  stab i l i ty c l as se s ,  we i g h t i n g e ac h  

1 - 31 



by freq uency of oc currence , and s ummi n g  the  we i g h ted va l ue s . The 
concentrat i on 0 . 5  km from the  northwe s tern p i l e  ed ge  was c a l c u l ated by 
i n tegr at i n g the funct i ona l form of the  ver t i ca l  d i sper s i o n coeff i c i en t  
( s i gma Z i n  t he  Gaus s i an s ector-aver ag e  atmosp her i c  d i sp ers i o n  mod e l ) as 
a fun c t i on of d i s tance from 0 . 5  km off the  s i te back to the  s out heastern 
s i te bo undary . 

A radon f l u x  of 391 pC i /m2s resu l ts i n  a rad o n  cocen trat i on at 
500 meters from th e s i te bo u n dary of 3 . 1 5  pC i / l . As s um i n g  25  percen t 
equ i l i br i um of  the radon da ug hters i n  outdoor a i r and  50 percen t equ i l i b 
r i um i n do or s  at th i s  c l o.?.r d i s tance from the  s i te bo un dary, the  con ver 
s i on factor 4 . 38 x 10 rem/hr per pC i / l  may be ap p l i ed ( Sect i on 
I . 2 . 1 )  • 

The pop u l at i on l i v i n g  w i th i n on e km of the Grand J un c t i on s i te i s  
843 person s .  Us i n g  a 2 . 7-year per i od of expo s ur e  for comp ar i s on to  o t h
er a l ternat i ves , the  popu l at i on do se  eq uj�a l en t  i s  ( 843  per s on s )  ( 3 . 1 5 
pC!l l ) ( 8760 hr /yr )  ( 2 . 7/yr ) ( 4 . 38 x 10 rem/hr per pC i / l ) = 2 . 7 5 _6 
10  person -rem . App l y i n g  the  l un g  cancer r i sk  est i mator 20 x 10 
cancer/pers on-rem ( Sect i on I . 2 . 1 ) , g i ves  an e s t i mated excess  of 0 . 550 
l un g  cancer i n  th i s  group . 

The s i te-aver ag e  re l ease rate of part i c u l  ate s  as pred i  cted by t he  
M I LDOS code f Sect\� I . 4 . 2 )  tr an s l ate i n � 2a f l ux  of ( 0 . 1 2 4  C ijjr ) ( yr/ 
3Z 1 5  x 10 s ) ( 10 pC i /C i ) ( 1 /4 . 70 x 10 m )  = 8 . 38 x 10 3 pC i /  
m s for Ra- 226 ' 7 Th-2� an d P b -2 10 ;  an d a f5l � of ( 9 . 8  x 10- �!lyr )  
C �r / 3  . 1 5  x lO s ) ( 1  0 pC  i / C i ) ( 1/ 4 .  70 x 10 m )  = 6 • 62  x 1 0 pC  i / 
m s for U-238 .  

As s um i n g  th at t h e  p art i c u l ates are tr an sported i n  a man ner s i mi l ar 
to  gaseous  radon , t he  concentrat i ons _2f partlf u l ates at 0 . 5  km from t he  
Grand  Junct i on s i te ar� 6 . 76 x 10 p C i /m for Ra-226 ,  Th- 230 , an d 
P b - 2 1 0 ,  and 5 . 3 3 x 10- x pC i /m for U-238 . Us i n g  the  dose  con v er-
s i on factors s hown in  Tab l e  I . 5 . 1  an d the s i te-spec i f i c  part i c l e s i ze 
d i s tr i b ut i on ( w h i c h  i n d i cates that at mos t  10 percen t of the  p art i cl es  
are sma l l er than 10 m i cron an d are  thus resp i r ab l e ) , the  p red i cted con 
centrat i on s  of rad i on uc l i des  wou l d  res u l t  i n  a tot al i n d i v i d ua l  do se  
eq u i v a l en t  t o  t h e  l u ng  o f  3 1  mem/yr .  Th i s  res u l ts  i n  a t o ta l  hea l th 
r i sk for the 843 per son s 1 i v i n g w i th i n on e km of  _�e Gran d J unc t i on s i te 
of  ( 843  person s ) ( 31 mrem/yr ) ( 2�i yr ) ( 20 x 10 l un g  cancer/pers on
rem ) ( rem/1000 mem ) = 1 . 41 x 10 fata l  l un g  cancers . S i n ce th i s  r i s k 
i s  on l y  0 . 26 percen t of  the  r adon  da ug hter l un g  cancer r i s k i t  i s  con s i d 
ered neg l i g i b l e  an d th i s  pathway w i l l  not  be con s i dered for c l o se- i n  pop
u l at i o n s  for  the  other  a l ter na t i ves . 

S i ze 

0 . 5  urn 

Tab l e  1 . 5 . 1  Average l un g  i n h a l jt i on  dose c on ver s i on factors  
( mrem/yr per  pC i /m ) 

N uc l i de 
U-238 Th -230 Ra-226  P b -2 1 0  

1 . 38 x 1 03 2 . 84 x 103 3 . 30 x 1 02 

Ref . NRC ,  1 981 a .  
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Popu l at i on beyond one km  of the  Grand Junct i on s i te 

The comp uter code M I LDOS was used to es t i mate popu l at i on doses  be 
yond  one km from the  Grand J unct i on s i te .  The i n p ut data  req u i red for 
M I LDOS h ave  been descr i bed  abo v e  ( Sect i on I . 4 . 4 ) . The output  i s  s umma
r i zed i n  Tab l e  I . 5 . 2  for a 2 . 7 -ye ar expos ure ( comp arab l e  to  the  t i me for 
remed i a l act i on ) . 

Tab l e  1 . 5 . 2  Summary of M I LDOS res u l t s  for the  no ac t i on a l terna t i v e  
f o r  t h e  popu l at i on w i th i n  80 k m  o f  t h e  Gran d J un c t i on 
s i te 

Organ 

Who l e  body 

Bone 

L un g  

Bronch i a l 
ep i the l  i um 

aNot es t i mated . 

Dose e q ui v a l en t  
( person -rem ) 

502 

820 

629 

2 1 , 400 

Es t i mated exce s s  
cancer d e at h s  

0 . 060 

0 . 42 7  

General  popu l at i on hea l th  effects from gamma rad i at i on expos ure 

The pop u l at i on w i t h i n  one km of the  Gran d J unct i o n  s i te i s  843 per
son s .  The e l evated gamma expo s ure  r ate i s  5 uR/hr ( Se c t i on I . 4 . 3 ) . The 
res u l t i n g pop u l at i on do �� eq u i v a l en t  i s  ( 843  persons ) ( 5  uR/hr ) ( 8760 
hr/yr ) ( 2 . 7  yr ) ( 1  x 10 rem/ uR ) = 99 . 7  per son -rem . The es t i mate of 
exce s s  hea l th effect s  i s  0 . 0 12  can cer deat h . 

1 . 5 . 2  AL TERNAT I V E  2 - STAB I L I ZATI ON AT GRAND J UNCT ION  

Remed i a l act i o n  work er hea l th effects from radon d aughter expos ure 

Work er expos ure to radon daughters  w i l l  occur at the  Gr an d J unct i on 
s i te d ur i n g excavat i on an d stab i l i zat i on of the ta i l i n gs . A con ser va
t i ve as s umpt i on i s  t hat a radon  concentrat i o n of 30 pC i / l  w i l l  ex i s t on 
the  s i te ( Sect i o n  I . 3 . 1 ) . Radon daugh ter  equ i l i br i um i s  assumed to  be 
25 perce n t  ( Sec t i on I . 2 . 1 ) . The worker exposure  hours req ui red for th i s  
a l ternat i v e  to t a l  542 , 020 person-hr . Th i s  wo rker expos ure  resu l t s  i n  a 
do�� equ i v a l en t  c?mmi tment  of ( 54 2 , 520 per son -hr ) ( 30 pC i / l ) ( 2 . 2 1  x 
10 rem/ ( hr -pC l / l ) )  = 359 7  person -rem . Th i s  corresponds  to an 
e s t i mated exce s s  of 0 . 0 7 2  l un g  cancer deat h  among the  workers . 
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Remed i a l act i on worker hea l th effects from gamma rad i at i on expos ures 

Remed i a l  act i o n  worker s  on the p i l e  wo u l d  be exposed to gamma r ad i 
at i on from ta i  1 i n gs , as we l l as radon  daughters . The e s t i mated gamma 
ex posure  rate on the  s i te i n  uR/hr i s  2 . 5  t i mes the av er ag e  Ra-226 
co ncentr at i on in  pC i / g  ( Sch i ager , 1 9 74 ) , or 1450 uR/hr based on the  
me as ured average Ra-226  concen tr at i on of 581  pC i / g  ( Sect i on 1 . 3 . 1 ) . 
T h i s i s  a h i g h l y  con servat i v e  est i mate an d rep resen ts an upper l i mi t 
wh i c h ,  i n  pract i ce ,  i s  not expected to be reached . On a part i a l l y  
recl ai med port i on of t h e  ta i l i n g s  p i l e , t h e  expo s ure  rate wou l d  be 
reduced by a factor of 10 for e ac h  foot of cover mater i a l . The major i ty 
of workers w i l l  be en c l osed i n  the cabs of  e arth mo v i n g  equ i pmen t .  Th i s  
w i l l  prov i de s h i e l d i n g ,  red uc i n g  the expo s ure  rate by a fac tor of  10 per 
i n ch  of i ron . A more rea l i st i c  upper bo und  for the gamma expo s ur e  wou l d  
therefore b e  145 uR/h r .  

I t  i s  pos s i b l e  t o  e st i mate the n umber o f  workers  expo sed d ur i n g  re
med i  a l  act i on for two categor i e s :  ( 1 )  workers exposed on foot on bare 
t a i l i n gs ( 1 450 uR/yr ) ,  an d ( 2 ) wo rkers s h i e l d ed by he avy eq u i pmen t or  
ta i l i n g s  cover ( 145  uR/hr ) .  I t  was as s umed th at the worker c l as s i f i c a
t i on s  of equ i pmen t oper ators  an d truck dr i v ers w i  1 1  be afforded s h i e l d 
i n g  eq u i v a l en t  to one  i n ch  o f  steel . The worker c l as s i f i cat i on s  of  
oper ator super v i sor s ,  l aborers , gener a l  s uperv i sors , an d f i e l d  ser v i ce 
an d s uper v i sor/foremen w i l l  not be afforded s h i e l d i n g  d ue to heavy 
equ i pment .  

Tab l e  1 . 5 . 3  summar i ze s  the n umber o f  wor ker hours i n  e ac h  o f  two ex 
po s ure  categor i e s  of the correspond i n g  person - do se equ i v a l en ts .  

Tab l e  1 . 5 . 3  Worker hours  p er expos ure  category 

Worker category 

Un s h i e l ded  ( 1 450 ur/hr ) 
S h i e l ded  ( 145  ur /hr ) 
TOTAL 

Worker hours 

226 , 5 1 2  
31 6 , 008 
542 , 520 

Dos e equ i v a l en t  
( p ers  on -rem ) 

328 
46 

374  

Th i s tot a l  of 374  per son -rem correspon d s  to  an es t i mated exces s 0 . 045  
cancer death  amon g the  workers . 

Remed i a l act i on worker expos ure to par t i c u l ates 

Occup at i ona l expos ure s  for remed i a l act i on worker s breath i n g  d us t  
i n  the v i c i n i ty o f  e arthmov i n g eq ui pment  may b e  es t i mated for comp ar i son 
to the comb i n ed  radon d a ugh ter ex pos ure an d gamma r ad i at i on ex pos ure . A 
method proposed by NRC  ( 1 981 b )  was us ed to es t i mate do ses  from i n h a l a
t i on of part i c u l ates . These do ses  wou l d  be to the worker ' s  l un g s  from 
i n h a l at i on of res p i r ab l e  p ar t i c u l ates « 10 m i crons  i n  s i ze )  th at conta i n  
trace amounts  o f  U-238,  Th- 230 , P b -2 10 ,  and Ra-2 26 . The eq uat i on used  
i s :  

H = ( Tsa  x Cw x P D C Fai r ) ( NRC ,  1 981 b )  
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where 

H 

P DCFai r 

= the  50-ye ar dose  commi tment  to the  l un g  i n  mrem 

= pathway dose  con ver s i on factor for a i r p athways 
( i . e . ,  i n h a l at i on an d d i rect r ad i at i on )  

= the rad i �n uc l i de c once n tr at i on i n  the  mater i a l 
i n  pC i /m 

= so i l - to -a i r tran s fer factor 

The s o i l - to-ai r tran sfer fac tor , T , may be expres sed i n  terms 
of the geometry of the prob l em ,  t h e  s u sp�As i on f l u x  ( E ) ,  an d the emp i r
i c a l  equat i on ( NRC ,  1 981 b ) : 

wh ere 

= ExGxfr 
u xd 

i n  m3 of s o i l p er m3 of a i r ( NRC ,  1 98 1 b )  

E = suspen s i on rate o f  tran s�ortat i on part i c u l ate s « 30 
m i cron s )  i n  u n i ts  of g /m sec 

fr = frac t i on of s us pen ded  tran sportab l e  p art i c u l ate s t h at 
are resp i r ab l e  « 10 m i cron s )  

G = geometry factor = ( area  s u bject to  d us t i n g ) / ( w i d t h  of 
area  x m i x i n g he i g h t )  

d = den s i ty o f  t h e  s o i l ( as sume 1 . 6 g /cm3 ) 

u = w i nd  s peed ( m/sec ) ; u se  2 . 0  m/s 

The fo l l ow i n g  c a l c u l ates the tran sfer factor for p art i c u l ates from 
excavat i on for s t ab i l i z at i on on the  s i te .  Th� tota l  em i s s i on t erm for 
co n struct i on wou l d  be approx i mate l y  4 . 25 x 10  k g /yr ,  based on the to
tal  TSP  of 1053 ton s for s t ab i l i zat i on on  the s i te d i v i de d  by 2 . 25 ye ars 
of ta i l i n gs  d i s turbance . The s i te con s i sts  of ap prox i mat� lY 21 1 6  ac res  
of contami  n ated mater i a 1 or  the equ i  v a  1 ent of  4 . 7 x 10 m for  the  
construc t i on .  

For the  tota l  part i c u l ate re l ease rate of 4 . 25 x 105 k g /yr ,  ap 
prox i mate l y  30 percent by we i g ht  wou l d  be i n  p art i c l e s  sma l l er t han 30 
m i cron s .  Th i s  as sumes  th at the  part i c l e s i ze d i s tr i b ut i on of i n i t i a l l y  
sus pended d u s t  i s  proport i on a l  t o  the part i c l e s i ze d i str i b ut i on i n  t h e  
ta i l i n g s  an d as sumes t hat on l y  a sma l l frac t i on o f  t h e  ta i l i n g s  mas s  i s  
i n  p art i c l es too l arge to be d i sturbe d by earthmov i n g e q u i pmen t .  Th e 
factor E i s  thus : 

E = ( 0 . 3 )  x ( 4 . 25 x 105 k g /yr )  x ( 1000 g/kg ) x 
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1 7 -6 2 ( 1  yr/3 . 1 5 x 10  sec )  x ______ = 8 . 61 x 1 0  g/m sec 

Rough l y  30 percent  of the part i c u l ate s  re l eased w i l l  represe nt  par
t i c l e s sma l l er th an 10  m i cron s .  Thus  t he  fac tor fr i n  t h i s ca l c u l at i on 
i s  0 . 3 .  

The geometry factor was ca l c u l ated by as sMm i � t h at the area  of con 
struc t i on wo u l d  be 1 16  acres or 4 . 70 x 10 m ,  an d th at the m i x i n g 
he i g ht  wo u l d  be three meters . The w i d t h  of the  area  i s  �e s2 represen ted 
by the d i  ameter of a c i  rcl  e whose area  i s  4 . 70 x 1 0  m .  The w i d t h  
o f  t h e  are a  i s  th en equa l  t o  7 73  meters . These as s ump t i on s  y i e l d  G = 
20 3 .  Therefore : 

-6  2 ( 8 . 61 x 10  g/m sec ) ( 20 3 ) ( 0 . 3 )  
T -----------:::----.,..-- = 1 .  64 x 1 0-10  

sa  = 
( 2  m/sec ) ( 1 . 6 x 106 g /m3 ) 

Tab l e  1 . 5 . 4  l i sts  the occup at i o na l p athway dose  con vers i on ft,ctors 
for the a i r p athways and a l s o  ta i l i n g s  concentrat i on s  ( pC i /m ) for 
R a-226 , Th-230 , and U -238 at the Gran d  J unct i on s i te .  

Tab l e  1 . 5 . 4  Occup at i o na l dose p arameters 

N uc l i d e  

R a-226 
Th -230 
U-238 
P b-2 10  

POC F a�r 
( mrem-m /pC i ) 

240 
106 
936 

31 . 2  

Con cen tr at i on 3 i n  s o i l a 
( pC i /m ) 

9 . 30 x 1 08 
9 . 30 x 1 08 
7 . 36 x 1 07 
9 . 30 x 1 08 

aAs s u mes  a dens i ty of 1 . 6  g/cm3 an d conce n tr at i on s  of 581 pC i / g  for 
Th-230 an d Ra-226 an d 46 pC i / g  for U -238 .  

The ca l e u l  ated 50-ye ar do se  commi tmen t s  t o  the 1 ungs  from Ra-2 26 ,  
Th -230 , P b-210 , an d U-238 from excavat i on a t  the  Grand J unct i on s i te for 
the 2 . 3-year per i od are s hown be l ow .  An as sump t i on was made t h at a p er 
son wou l d  work e i gh t  hours  a d ay ,  2 40 days a year . 

a )  50-ye ar do se comm i tment  from Ra-226 to t he  l un g  from a one-ye ar 
exposure  i s : 

H = ( 1 . 64 x 1 0-10 ) x 9 . 3  x 1 08 pC i /m3 x 

240 mrem-m3/pC i  

H = 36 . 6  mrem 
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b )  50-year dose commi tment from Th -230 to the l un g  from a one-ye ar 
expos ure : 

- 10  8 3 H = ( 1 . 64 x 10  ) x 9 . 3  x 10  pC i /m x 

106 mrem-m3/pC i  

H = 1 6 . 2  mrem 

c )  50-ye ar dose commi tmen t  from U -2 38 to the l un g  from a on e-ye ar 
expos ure : 

d )  

- 10  7 3 H = ( 1 . 64 x 1 0  ) x 7 . 36 x 1 0  pC i /m x 

936 mrem-m3/pC i  

H = 1 1 . 3 mrem 
-10  8 3 H = ( 1 . 64 x 10  ) � 9 . 3  x 10  pC i /m x 

31 . 2  mrem-m3/C i 

H = 4 . 76 mrem 

Us i n g  the 1CRP  1 ung  cancer r i  sk f �%tor of 20 x 10-6 per rem wh i c h  
i s  eq u i v a l en t  t o  the r i s k o f  300 x 10  p er  W LM  used for r adon d a u g h 
ter ex posure , an d an average of  125  work er s  d ur i n g  t he  2 . 3-ye ar remed i a l  
act i o n ,  the r i sk from a 50-year dose  comm i tmen t of 68 . 9  mrem /p erson ye ar 
i s :  

�
8 .  9 

per::m 

yr 
-4  = 3 . 96 x 1 0  

) ( rem ) ( 2 . 3  yr ) ( 1 2 5  person )
(20 

1000 mrem 

x 1 0-6 
) 

rem 

Th i s  shou l d  be comp ared to the r i s k s  to the wor ker s  from exposur e  
t o  radon daughters an d gamma rad i at i on .  I t  was es t i mated i n  prev i ous  
sect i on s  that the workers i n cur a tota l  he a l th r i s k  of  0 . 1 1 7  cancer 
fatal i t i es .  

The ca l c u l at i on s  above  s how t hat for workers i n  t he s t ab i l i zat i on 
on s i te a l terna t i v e ,  the r i sk from i n h a l at i on of par t i c u l ate s i s  0 . 3 4  
percen t of that from t h e  s um  of the  r i s k s  from expo s ure  t o  gamma rays 
an d radon daughters . S i n ce th i s  i s  con s i dered a n eg l i g i b l e  he al th  i m
pac t ,  the worker expos ure to ai rborne p art i c u l ate s  w i l l  not be con s i d 
ered for the other remed i a l ac t i on a l terna t i ves . 

Genera 1 popu l  at i o n  hea l th  effects from expos ure to radon daughters and 
a i rborne p art i cu l ates 

The 843 per son s l i v i n g  w i t h i n  one km of the Gran d  Junct i on s i te 
w i  1 1  be exposed to an averag e  radon concentr at i on of 1 . 93 pC i / l  over t he  
2 . 3  years of  ta i l ifg s  d i s turbance . Th i s  i s  based o n  an 7 aver ag e  r adon  
f l ux  of  240  pC i /m s « 8165  C i ) ( 1/ 2 . 3  yr ) ( yr/ 3 . 1 5  x 10 s )  ( 1/470 , 000 
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m2 ) ( 101 2  pC i /C i ) )  as i np ut i n to the mod i f i ed Gaus s i an sector
aver ag e  atmospher i c  d i s p ers i on mod e l  for th i s  a l terna t i v e .  Th§4 Po p u l a
t i on dose equ i v a l ent i s  ( 843  per son s ) ( 1 . 934 pC i / l ) ( 4 . 38 x 10 rem/hr 
per pC i / l ) ( 876{) hr/yr ) ( 2 . 3  yr ) = 1 . 44 x -W person -rem . App l y i n g  the 
l un g  cancer r i sk es t i mator of 20 x 10 cancer/pers on -rem g i ves  an 
es t i mated excess of 0 . 28 7  l u n g  cancers . 

For the pop u l at i on beyond  one  km  from t he  Gran d J unct i o n  s i te ,  t h e  
popu l at i on d o s e  eq u i v a l en t  comm i tments  d ur i n g  the  2 . 3-year remed i a l  ac 
t i on as pred i c ted by the M I LDOS code are presen ted  i n  Tab l e  I . 5 . 5 .  The 
exce s s  l u ng cancer death  for th i s  popu l at i on i s  es t i mated to be 0 . 228 . 

Tab l e 1 . 5 . 5  Summary of M I LDOS  res u l t s  for the  s tab i l i zat i on 
on s i te a l ter na t i v e  for the  pop u l at i on w i th i n  80 
km  of the Grand J unct i o n  s i te 

Organ 

Wh o l e body 

Bone  

Lung  

Bronch i a l 
ep i the  1 i urn  

aNot es t i mated . 

Dose  e q ui v a l en t  
( person -rem ) 

444 

876 

748 

1 1 , 380 

Est i mated excess  
can cer de aths  

0 . 053  

nea 

a ne 

0 . 2 28 

General  popu l at i on h ea l th effects from gamma rad i at i on expos ure  

As d i scus sed for  the no act i on a l ter nat i v e ,  d i rect gamma exposur e 
due  to the Grand J unct i on s i te i s  i n s i g n i f i can t beyond  o ne  km . The gam
ma expos ure  rate for th i s  an d a l l ac t i on a l ternat i v es i s  as sumed to be 
10  uR/hr abo ve  back ground  to tak e  i n to account  i n creases  in expo s ur e  
r ate wh i l e  t h e  p i  l e  i s  excav ated an d mo unded . Over t h e  course  o f  t he  
2 . 3 years of  ta i l i ngs  s tab i l i zat i on ,  t he  excess gamma exposur e  r ate  w i l l  
decrease rough l y  l i near l y  to zero w i th t i me .  Thus , t he av erag e  excess 
gamma exposure  rate w i l l  be ap�rox i mate l y  5 uR/hr . The popu l at i on dose 
e q u i v a l en t  i s  ( 5  uR/hr ) ( rem/lO  uR ) ( 8760 hr/yr ) ( 2 . 3  yr ) ( 843  person s )  = 
84 . 9  person -rem . Th i s  res u l t s  i n  a p red i cted 0 . 0 10  can cer de ath  for t he  
popu l at i on w i th i n  one km  of t he  Grand J unct i o n  s i te . 
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1 . 5 . 3  ALTERNA T I V ES 3 AN D 4 - D I SPOSAL AT CHENEY  RESERVO I R  BY TRUCK  AN D BY 
TRA I N  

Remed i a l act i on worker hea l th  effects from radon d aughter exposure  

Worker exposure  to  radon daughters  w i  1 1  occur at Cheney Reservo i r 
dur i n g  d i spo s a l  an d at Grand J unct i on d ur i n g  exca vat i on . A con ser va t i v e  
as sump t i o n i s  th at a radon  concentrat i on of 30 pC i / l  w i l l  ex i s t on t h e  
p i l es at bo th  l ocat i ons  ( Sect i on 1 . 3 . 1 ) . Radon  daughter e q u i l i b r i u m  i s  
assumed to be 25 percent ( Sect i on 1 . 2 . 1 ) . Two op t i ons  are ava i l ab l e  for  
th i s  a l terna t i v e -- truck or  tr a i n tran sport of the ta i l i n g s  to Chen ey 
Reservo i r .  S i n ce the hour s  of worker expo s ure  d i ffer for the  two o p 
t i o ns ,  t h e  ca l c u l at i on o f  dose eq u i v a l ent  commi tmen t s  i s  d o n e  s ep arate l y  
for e ac h  opt  i on .  

Truck hau l age opt i on 

As g i v en i n  Tab l e  1 . 5 . 6 ,  the  worker expo sure  ho urs  req u i r ed for 
th i s  op t i on total  938 , 918  person - hr . Radon  daughter  expo s ur e  d ur i n g  
truc k h au l ag e  o f  ta i l i n gs i s  neg l i g i b l e  d ue to the effect i v e  d i l ut i on 
an d d i  s p ers  i on caused by the mo v i n g  veh i c l  e .  The wo rker expo sures  re-
su  l t  i n  do se  _(q u i  v a  1 en t commi tments  of ( 938 , 918  person-hr ) (  30 
pC i / l ) ( 2 . 2 1  x 10 rem/ ( hr - pC i / l ) )  = 6225  per son rem . Th i s  wou l d  re-
su l t  i n  0 . 1 2 5  excess  l ung  cancer d eath . 

Tra i n  h a u l age op t i on 

As g i v en i n  Tab l e  1 . 5 . 7 ,  the  wor ker expo s ure  hours req u i r ed for 
th i s  op t i on total  8 1 7 , 8 1 7  person -hr . Radon  daughter  exp osure  d ur i n g  
t rai n h a u l ag e o f  ta i l i n g s  i s  neg l i g i b l e  d ue t o  the effect i v e d i l ut i on 
an d d i s p ers i on caused by the mo v i n g veh i c l e . The wo rker exp o s ure s  re-
s u l t  i n  do se  e_cwi va l en t  commi tmen ts  of ( 81 7 , 8 1 7  per son -hr ) ( 30 
p /C i / l ) ( 2 . 2 1 x 10 rem/ ( hr-pC i / l ) )  = 5422 . Th i s  wo u l d  res u l t i n  
0 . 108 excess  l u n g  cancer death . 

Remed i a l act i on worker hea l th effects from gamma rad i at i on exposure  

Remed i a l ac t i o n workers  on  foot on  bare  ta i l i n gs  w i l l  be  exposed  to  
1450 uR/hr  an d those  afforded s h i e l d i n g  by h eavy equ i pmen t o r  co ver w i  1 1  
be expo sed  to 145  uR/hr as d i scus sed abo v e  for Al terna t i v e  2 .  

For ta i l i n gs tran sport by tr uck  or tra i n ,  worker s  on t he  v eh i c l e s 
w i l l  be exposed to e l evated l e ve l s of  gamma rad i at i on . Exposures  d ur i n g  
tran sport may be con servat i v e l y  e st i mated  by us i n g  an expo s ur e  rate  of 
145 uR/hr in the occup i ed areas of  a veh i c l e .  Th i s  i s  based on  a s sum i n g  
t hat the e s t i mated 145 uR/hr near a l arge  vo l ume o f  tai l i n g s  app l i e s  to 
a trai n or truck , an d a l l ow i n g  a fac tor of 10 red uc t i on to accou n t  for 
veh i c l e  s h i e l d i n g  of the worker s .  
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Tab l e  1 . 5 . 6  Worker hours  p er expo s ure  cate gory for truck t ran sport 

Worker category 

Un s h i e l d e d  ( 1 450 uR/hr ) 
S h i e l de d  ( 1 45 uR/hr ) 
TOTAL 

Wor ker hours 

432 , 846 
506 , 0 7 1  
938 , 918  

Dose e q ui v a l en t  
( p ers on -rem ) 

628 
73 

701 

Th i s  tot a l  of 70 1 person -rem corresponds  to an es t i mated excess  0 . 084 cancer 
death  amon g t he  worker s .  

Tab l e  1 . 5 . 7  Worker hours  p er exposure  c ategory for trai n tran sport 

Worker category 

Un s h i e l de d  ( 1 450 uR/h r )  
S h i e l ded  ( 1 45 uR/h r )  
TOTAL 

Wor ker hours 

448 , 878  
368 , 938 
81 7 , 81 7  

Dose equ i v a l en t  
( p erson -rem ) 

650 
53  

703 

Th i s  to t a l  of 703 person -rem correspon d s  to an es t i mated excess  0 . 084 cancer 
de ath amon g t he  worker s .  

Truck h a u l age opt i on 

Tab l e  1 . 5 . 6  de ta i l s  the n umber of work er hour s i n  e ac h  exposur e  cat
egory an d the  correspond i  n g  do se  eq u i  v a  1 en ts for  the  truck  tran sport 
o p t i on . 

Tra i n  hau l age opt i on 

Tab l e  1 . 5 . 7  deta i l s  the n umber of wor ker hours  i n  e ac h  expos ur e  cat
egory an d the correspond i n g  do se  equ i v a l en ts for the  trai n tran sport 
op t i on .  

Genera 1 popu l at i on hea  l th effects from radon d a ughter and a i rborne p ar
t i c u l ate exposure  

There are  no res i d e n ts w i th i n  on e km  of t he  Cheney Re servo i r  s i te ,  
t h u s  pop u l at i on do ses  are pred i c ted  en t i re l y  by  t he  M I LDOS c ode . The s e  
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doses  are summar i zed i n  Tab l e  1 . 5 . 8  for the  truck tran sp ort  an d Tab l e  
I . 5 . 9  for tr ai n tr an sport . 

Tab l e  I . 5 . 8  Summary of M I LDOS resu l t s  for the  Cheney Reservo i r  
tr uck tran sport a l ternat i ve for the  pop u l at i on w i th i n  
80 km of the  Cheney Reser vo i r  s i te 

Organ 

Who l e  body 

Bone 

Lung  

Bro nc h i  a l  
ep i the l i um 

aNot est i mated . 

Dose e q u i v a l en t  
( person -rem ) 

30 . 4  

1 90 

52 . 3  

257  

Es t i mated exce s s  
cancer de at h s  

0 . 004  
a n e  
a ne  

0 . 005  

The  exca vat i o n  an d tran sport of the  ta i  1 i n gs  w i  1 1  t ak e  ap p rox i mate 
l y  2 . 7  ye ars .  Over the cou r se of th i s  per i od , t he  ta i l i n gs r adon  source 
term w i l l  decrease at the Gran d J unct i o n  s i te � de scr i bed  in  Sec t i on 
I . 4 . 1 . The average  ye ar l y  radon  f l u x  of 205 pC i /m s 

1 yr 
__ 

1_-..-_ 
( ( 81 79 C i ) ( 1/ 2 . 7  yr ) ( 3 . 1 5 x 10

7
s ) ( 470 , 000 m2 ) ( 1  x 1 01 2  pC i /C i ) )  

w i l l  expose the 84
'
3 persons  l i v i n g  wi th i n  one km of the Gran d J un c t i on 

s i te to an averag e  radon  concen trat i o n  of 1 . 65 pC i / l . _4The popu l at i on 
do se  equ i v a l en t  i s  ( 843 persons ) �1 . 65 pC i / l ) ( 4 . 38 x 1 0  rem/hr/pC i / l ) 
( 8760 hr /yr ) ( 2 . 7  yr ) = 1 . 44 x 10  person -rem . Th i s  wou l d  res u l t i n  an 
es t i mated exce s s  of 0 . 288 l un g  cancer de ath . 

For th e pop u l at i on beyond  one  km  from the Gran d J unct i on s i te ,  t he  
popu l at i on dose  equ i v a l en t  comm i tmen ts predi c ted  by the M I LDOS  code are 
presen ted i n  Tab l e  1 . 5 . 10 for the truck a l ternat i ve an d Tab l e  1 . 5 . 1 1 for 
the tra i n a l ternat i ve .  

General  popu l at i on hea l th  effects from gamma rad i at i on 

S i nce no on e l i ves c l ose  to the Cheney Re servo i r  s i te ,  on l y  those  
persons  1 i v i  n g  wi th i n on e km of the  Grand  J unct i on s i te w i  1 1  be  exposed 
to exce s s  gamma rad i at i on from the  ta i l i n g s . As d i scus sed for the  s t ab i 
l i z at i o n on s i te a l terna t i ve ,  the excess  gamma expos ure rate w i l l  
aver age 5 uR/hr abo ve background . Th i s  res u l t s i n  a !tPpu l at i on exp o s ur e  
o f  ( 5  uR/hr ) ( 8760 hr/yr ) ( 2 . 7  yr ) ( 843  pers ons ) ( rem/l0 uR ) = 99 . 7  per
son - rem . The res u l t i n g  n umber of exce ss  cancer fat a l i t i es i s  0 . 0 1 2 .  
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Tab l e  1 . 5 . 9  S ummary of M 1 LDOS res u l t s  for the Cheney Reservo i r  
tr ai n tran sport a l ternat i v e  for the popu l at i on w i th i n  
80 km o f  the Cheney Re servo i r  s i te 

O rgan 

W ho l e  body 

Bon e  

L un g  

Bronch  i a 1 
ep i th e l i um 

aNot  es t i mated . 

Dose e q u i v a l en t  
( per son -rem ) 

176  

546 

306 

708 
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Es t i mated excess 
cancer  de at h s  

0 . 0 2 1  

0 . 0 1 4  



Tab l e  1 . 5 . 10 Summary of M I LDOS resu l t s for the C heney Reser vo i r  
truck tran sport a l ternat i v e  for the pop u l at i on w i th i n  
80 km o f  the  Grand J unct i on s i te 

O rgan 

W ho l e  body 

Bone 

L un g  

B ronch  i a 1 
ep i th e l i um 

aNot e s t i mated . 

Dose equ i v a l en t  
( p er son -rem ) 

356 

704 

597  

10 , 940 

Es t i mated excess  
cancer de at h s  

0 . 043 

0 . 2 1 9  

Tab l e  1 . 5 . 1 1  Summary o f  M I LDOS res u l t s  for the C heney Reser vo i r  
tr ai n tran sport a l terna t i v e  for the pop u l at i on w i th i n  
80 km of the Gran d J unct i o n  s i te 

Organ 

W ho l e  body 

Bone  

L un g  

Bronc h i a l 
ep i th e l  i um 

aNot est i mated . 

Dose equ i v a l en t  
( person -rem ) 

559 

1 100 

946 

1 1 , 530 

1 -43  

Es t i mated exce s s  
cancer de at h s  

0 . 06 7 

0 . 2 31 



Genera l  popu l at i on hea l th effects  from tran sportat i on of ta i l i n gs to 
Cheney Reservo i r  by truck  and tra i n  

The exposure rate for peop l e l i v i n g  a l on g  the  s h i pp i n g route d ur i n g 
norma l  tr an s port con d i t i on s  can be determ i ned ac cordi n g  to  the  fo l l ow i n g  
e q uat i on ( AE C ,  1 9 72 ;  Dames & Moore , 1 97 5 ;  NRC , 1 981b ) :  

wh ere 

wh ere 

D ( d )  = 2  K I ( d ) 
-y-

D ( d )  = tot al i n tegrated dose  at d i �t an ce d ,  i n  mrem 
K = do se  rate fac tor i n  mrem-ft per hour 
Y = s h i pment  speed i n  feet per hour 
d = perpen d i cu l ar d i st an ce of an i n d i v i d ua l  from the  

s h i pment  path , i n  feet 

1 ( d )  _ !('exp ( -ur ) )  B ( r )  d r  -
dr ( r2 _ d2 ) 1/2 

an d where u i s  the l i n ear ab��rpt i on coeff i c i en t  for a i r  i n  rec i proca l 
feet  ( t aken to be 0 . 001 1 8  ft  i n  th i s  appen d i x ) , and B ( r )  i s  t he d i 
men s i on l e s s  Berger b u i l d up factor i n  a i r g i ven by the  formu l a 

B ( r )  = ( 1  + 0 . 0006 r )  

where 

r = is  d i stance expres sed in  feet 

For the  tran spor tat i on of tte ur an i um ta i l i n gs ,  t he  do se rate ( K )  
w a s  as s umed to be 1 . 45 mrem-ft /hr . Th i s  rate was based o n  the  as
sumed EGR dose rate of  about  1450 uR/hr ( or 1 . 45 mrem/hr ) .  The  s h i e l d 
i n g  effect of the truck  or ra i l road -car  s i de s  was i gnored . 

A comp uter program TRADOS  was deve l oped to so l ve t he i n tegra l  an d 
e v a l uate  the  pop u l at i on expos ures . 

For the  truck a l terna t i ve ,  t he  doses  were2ca l c u l ated based on  an av
er age popu l at i on den s i ty of  1098 person /m i  , a veh i c l e s peed of 10  
mp h ,  a tran sport d i s tance of 20 . 3  m i  l e s ,  and  169 , 880 l o aded  truck  t r i p s .  
These  as sump t i o n s  yi e l d  a pOl4u l at i on dose eq ui v a l en t  o f  0 . 906 per son -rem 
wh i c h re s u l t s i n  1 . 09 x 10- tota l  exce s s  hea l th effects  for the  pop
u l at i on a l on g  the  tran sportat i on corr i d o r .  

The tra i n tr an sport a l terna t i v e ac tu a l l y  i n vo l ves  9 . 8  m i l es of 
truck  tr an sport an d 10 . 5  m i l es of tra i n tran spor t .  The a�erag e  pop u l a
t i on den s i ty a l ong  the tra i n  ro ute  i s  1 2 76 per son s/m i . A l �n g  the  
truck  route  the  average popu l at i on den s i ty i s  106  per son s/m i . S i x 
h un dred f i fty tr ai n tr i ps wou l d  be req u i red an d 169 , 880 truck t r i ps 
wo u l d  be neces sary .  Bot h truck  a n d  tra i n are assumed to average 1 0  mp h .  
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These assumpt i on s  yi e l d  a po p u l a!gon do se  equ i v a l en t  of 0 . 044  person -rem 
wh i c h  wou l d  resu l t  i n  5 . 31 x 10 tot a l  excess  cancer d e at h s  from gam
ma r ad i at i on • 

1 . 5 . 4  ALTERNAT IVES  5 AND 6 - D I SPOSAL AT TWO ROAD BY TRUCK AND BY TRAI N 

Remed i a l ac t i on worker hea l th effects from radon d aughter expos ure 

Wor ker expo s ure  to radon daughters  wou l d  occur at Two Road d ur i n g  
d i spos a l  an d at Grand J unct i on d ur i n g  excavat i on .  A con servat i v e  assump 
t i on i s  th at a radon concen tr at i on of 30 pC i / l  wou l d  ex i st on the p i l es 
at bot h  l ocat i on s  ( Sect i on 1 . 3 . 1 ) . Radon daughter equ i l i br i um  i s  as 
sumed to be 25 percen t ( Sect i on 1 . 2 . 1 ) . Two opt i on s  are av a i l ab l e  for 
th i s  a l ternat i v e --truck  or tra i n tr an sport of the ta i l i ng s  to the a l ter
nate  s i te s . S i n ce the ho urs  of wor ker expo s ure  d i ffer for t he two op
t i on s ,  the ca l c u l at ion  of  do se  equ i v a l en t  commi tmen ts i s  do n e  separate l y  
for e ac h  opt i on . 

Tr uck hau l age opt i on 

As g i ven  i n  Tab l e  1 . 5 . 1 2 ,  the  worker exposure  hour s req ui red for 
th i s  op t i on total  933 , 502 person -hr . Radon daughter expo s ur e  d ur in g  
truck h au l ag e of ta i l i n gs  i s  neg l i g i b l e  d ue to the effect i v e  d i l ut i on 
an d d i s pers i on caused by the mo v i n g ve h i c l e .  The worker exposures  re
su l t  -\f1 do se  e q u i v a l en t  commi tments  of ( 933 , 50 2  per son -hr ) ( 30 pC i / l ) ( 2 . 2  
x 10 rem/ ( hr - pC i / l ) )  = 6189 person -rem . Th i s  resu l t s  i n  0 . 1 24 ex 
ces s  l u ng cancer death  among  worker s .  

Tra i n  hau l age opt i on 

As g i ven i n  Tab l e  1 . 5 . 1 3 ,  the  wor ker expo s ure  ho urs  req u i red for 
th i s  op t i on total 868 , 5 10  person -hr . Radon  daughter exposure  d ur i n g  
trai n hau l age  o f  ta i l i n g s  i s  neg l i g i b l e  d ue t o  the effec t i v e  d i l ut i on 
and d i sper s i on caused by the mo v i ng ve h i c l e .  The wo rker exposures  re-
s u l t  in  do se  �ij u i v a l ent  commi tmen ts  of ( 868, 510  person -hr ) ( 30 
p/C i / l ) ( 2 . 21 x 10 rem/ ( hr - pC i / l ) )  = 5 758 person -rem . Th i s  res u l t s  
i n  0 . 1 1 5  excess  l un g  cancer death  amon g worker s .  

Remed i a l act i on worker  hea l th effects from gamma rad i at i on exposure 

Remed i a l ac t i on workers on foot on bare ta i l i n g s  w i l l  be exp osed to 
1 450 uR/hr and those afforded s h i e l d i n g by heavy e q u i pment  or  cover w i l l  
be exposed to 145  uR/hr as d i scus sed above  for A l terna t i v e  2 .  

For ta i l i n g s  tr an sport by tr uck or trai n ,  workers  on the veh i c l e s  
wou l d  b e  exposed t o  e l e vated gamma rad i at i o n .  Expos ures  d ur i n g  tran s
port may be con servat i v e l y  e s t i mated by us i n g  an expos ure rate of 145  
uR/hr i n  the occup i ed areas of a veh i c l e .  Th i s  i s  based  on  as sum i n g  
th at t h e  e s t i mated 1 450 uR/hr near a l arge vo l ume of  ta i l i n g s  app l i e s  to 
a tr a i n or truck , an d a l l ow i n g  a factor of 10 red uc t i on to accou nt  for 
ve h i c l e  s h i e l d i n g of the worker s .  
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Tab l e  1 . 5 . 1 2 Work er ho urs  p er exposur e  category for truck tran sport 

Worker category 

Un sh i e l d ed ( 1450 uR/h r )  
S h i e l ded  ( 1 45 uR/h r )  
TOTAL 

Worker hours 

41 5 , 949 
5 1 7 , 553 
933 , 502  

Dose equ i va l en t  
( p erson -rem ) 

603 
75 

678 

Th i s tota l  of  678 person-rem corresponds  to an e s t i mated exces s 0 . 0814  cancer 
death among the worker s .  

Tab l e  1 . 5 . 1 3 Worker hours per expo s ure  category for trai n tran sport 

Worker category 

Unsh i e l ded  ( 1450 uR/h r )  
Sh i e l ded  ( 1 45 uR/hr ) 
TOTAL 

Worker hours 

452 , 994 
5 1 7 , 553 
868 , 510  

Dose equi va l en t  
( p erson -rem ) 

657  
60 

71 7 

Th i  s tota l  of  71 7 person -rem correspon d s  to an es t i  mated exce s s  0 . 086 cancer 
death  among the worker s .  
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Truck h a u l age opt i on 

Tab l e  1 . 5 . 1 2 deta i l s  the n umber of worker ho urs  i n  e ach  exp o s ur e  
category, for the truc k tr an sport  op t i on an d t h e  correspond i n g do se  
e q u i v a l ent . 

Tra i n  h a u l age opt i on 

Tab l e  1 . 5 . 1 3 deta i l s  the n umber of wor ker ho urs  i n  e ac h  exp o s ure  
category, a n d  the  correspon d i  n g  do se  equ i  va  1 en ts for t h e  t ra i  n tran sport 
opt i on . 

Genera l  popu l at i on hea l th  effects from radon d aughter and part i c u l ate 
expos ure 

As was the case at the Cheney Re servo i r  s i te ,  th ere are no res
i dents  w i th i n  o ne  km  of  t he  Two Road s i te ,  t hus  popu l at i on doses  are p re
d i cted en t i re l y  by  t h e  M 1 LDOS cod e .  The se  d o se s  a re  s ummar i zed  i n  Tab l e  
1 . 5 . 1 4 for the tr uck a l ternat i ve an d Tab l e  1 . 5 . 1 5 for the  tra i n 
a l terna t i v e .  

S i n ce the radon source term for th i s  a l terna t i ve i s  the s a me  as t he  
radon source term for t he  Ch�ney Reservo i r a l ternat i ve ,  t he popu l at i on 
dose e q u i v a l en t  of 1 . 44 x 10 per son -rem i s  es t i mated for the popu l a
t i on w i th i n  one km of the Gran d J unct i on s i te .  

For the popu l at i on beyond  on e km from the Gran d J unct i on s i te ,  t h e  
popu l at i on do s e  eq u i v a l en t wou l d  b e  v i rtu a l l y  t h e  s ame as was pred i cted 
by the M1 LDOS code for the d i spo s a l  at  Cheney Re se rvo i r  a l ternat i v e .  
Thi s i s  be cause the t i me i n terva l s  for remed i a l  ac t i on are the s ame , t h e  
radon source term wh i c h  contr i b utes  t h e  majo r i ty o f  t h e  hea l th r i s k  i s  
t he  s ame , and the p art i c u l ate source term i s  on l y  1 . 1 5 percen t l es s  for 
t he tr uck  a l ter na t i v e  or 0 . 645  percen t l e s s  for trai n a l  te rnat i v e s .  
These  popu l at i on do se  eq u i v a l en t s  are s hown i n  Tab l e  1 . 5 . 1 6 for t he  
truck tr an sport a l terna t i ve an d Tab l e 1 . 5 . 1 7  for t he  trai n tran sport  
a l ternat i ve .  

Genera l  popu l at i on hea l th effects from exposure to gamma rad i at i on 

The genera l  popu l at i on do se  eq ui v a l en t  from gamma rad i at i on i s  9 9 . 7 
per son -rem,  the s ame as for th e Cheney Re ser vo i r  d i spos a l  a l ternat i v e .  
Th i s  i s  because n o  one l i v es w i th i n  one km o f  the  Two Road s i te ,  an d t he  
pop u l at i on expos ure  near t he  Grand J unct i on s i te occurs o ver  the s arre 
t i me  per i od of 2 . 7  year s .  

Genera l  popu l at i on hea l th effects from transportat i on of ta i l i ngs to 
Two Road 

The same mode l as was used  for the Cheney Re servo i r  a l ternat i v e  i s  
used to pred i ct he a l th effects  for th i s  a l ternat i v e .  
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Organ  

W ho l e  body 

Bone  

L un g  

B ro n c h i a l 
ep i the  1 i urn 

Tab l e  1 . 5 . 1 4 Summary of M I LDOS res u l t s  for the Two Road 
tr uck  tran s port  a l ternat i v e for t he  pop u l at i on 
w i th i n  80 km of t he  Two Road s i te 

Dos e e q u i v a l ent  
( person -rem ) 

23 . 7  

221 

30 . 2  

41 1 

Es t i mated excess  
can cer de at hs  

0 . 003 
a n e  

0 . 008 

aNot e s t i mated . 

Organ  

W ho l e  body 

B o n e  

L un g  

Bro n c h i a l 
ep i t h e l i um 

Tab l e  1 . 5 . 1 5 Summary of M I LDOS res u l t s  for t he  Two Ro ad 
tr ai n tran sport  a l terna t i ve for t he pop u l at i on 
w i th i n  80 km of  the Two Road s i te 

Dos e e q u i v a l ent  
( p erson -rem ) 

51 . 2  

374 

80 . 9  

553 

Es t i mated ex cess  
can cer  de at hs  

0 . 006 

a ne  

0 . 01 1  

aNot  e s t i mated . 
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Organ 

Who l e  body 

Bone 

L ung  

Bronc h i a l  
ep i the 1 i um  

Tab l e  1 . 5 . 16 Summary of M I LDOS res u l t s  for the Two Road 
truck transport a l ternat i v e  for the popu l at i on 
w i th i n  80 km of th e Gran d J unct i o n  s i te 

Dose equ i v a l en t  
( person -rem ) 

356 

704 

597  

10 , 940 

Es t i mated excess 
can cer  de at h s  

0 . 0 43 
a ne 

nea 

0 . 2 1 9  

aNot est i mated . 

O rgan 

Who l e  body 

Bone 

L ung  

Bronc h i  a 1 
ep i th e l i um 

Tab l e  1 . 5 . 1 7 Summary of M I LDOS res u l t s  for the  Two Ro ad 
tr ai n tran sport a l terna t i v e  for the pop u l at i on 
w i th i n  80 km of the  Gran d J unct i on s i te 

Dose eq ui v a l en t  
( p erson -rem )  

559 

1 100 

946 

1 1 530 

Es t i mated excess  
cancer  de aths  

0 . 085 

nea 

a ne  

0 . 3 40 

aNot  est i mated . 
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For the  truck a l ter nat i ve ,  the doses  were c a l c u l ated based on an av 
er age popu  1 at i on dens  i ty of 10 13  per son s per s q uare m i  1 e ,  a tran sport 
d i s tance of 33 m i l es ,  an aver ag e  ve h i c l e speed of 10 mp h ,  an d 169 , 880 
l o aded  truck tr i ps .  These  as sump t i on s  y i e l d  a pop u l at_i�n do se  eq u i v 
a l en t o f  1 . 36  per son -rem wh i c h resu l t s i n  1 . 63  x 1 0  total  excess  
heal th effect s for  the popu l at i on  a l ong the tran sportat i on corr i do r .  

The tra i n tran sport a l ter nat i ve ac tua l l y  i n vo l v es 10 . 5  m i l es of 
truck  tr ansport  an d 22 . 6  m i l e s of trai n t ran sport .  The 23.Ver ag e  pop u l a
t i on den s i ty al ong  the tr a i n  ro ute i s  1 396 persons/mi . S i x hundred 
f i fty tr ai n tr i ps are req u i red an d 169 , 800 truck t r i ps w i l l  be n eces 
sary . Bot h truck an d t r a i n  are as sumed t o  ave rag e  1 0  mp h .  These  as sump 
t i on s  yi e l d a pop u l at i oll6 dose eq ui v a l ent of 0 . 0 74  per son -rem wh i c h 
re s u l t s  i n  8 . 88 x 10 tot al excess  cancer deat hs from gamma 
r ad i at i on .  

1 . 5 . 5  HEALTH EFFECTS AFTER REMED I AL AC T ION 

The es t i mated excess  can cer de aths  amon g membe rs  of the  genera l  pop
u l at i on after remed i a l act i on are  s hown i n  Tab l e s I . 5 . 18 through  I . 5 . 2 3 .  
T h e  n umber of  expected exce s s  cancer fat al i t i es are s hown for 10 , 100,  
an d 1000 ye ar s fo l l ow i n g  remed i a l act i on .  These  es t i mates do not i n 
c l ude the hea l th effects  i nc ur red d ur i n g remed i a l ac t i on . 

1 . 5 . 6  MAX I MALLY EXPOSED RES ID ENT 

The max i mal l y  exposed res i dent  d ur i n g  remed i a l ac t i on wou l d  be one 
who 1 i ves abo ut 200 feet from the northwes ter n  corner of the Gran d  
J unct i on s i te .  The per son m i g h t  be exposed t o  25  uR/hr i n  ad d i t i on to 
backg round  gamma rad i at i <2.%' Th i s  wou l d  yi e l d  a do se  eq ui v a l en t  of ( 25 
uR/hr ) ( 8760 hr/yr ) ( l  x 10  rem/ uR ) = 0 . 2 2 rem/yr . 

The radon daughter expos ur e may be es t i mated to be 4 . 68 pC i / l . Fo r 
a re s i dent  l i v i n g fu l l -t i me at th i s  l ocat i on , the radon  concen tr at i on 
wO�4d res u l t  i n  a dose eq u i v a l ent commi tmen t of ( 4 . 68 pC i / l ) ( 2 . 2 1 x 
10 rem / ( hr-pC i / l ) ) ( 8760 hr/yr ) = 9 . 1  rem/yr .  

Hea l th  effects to  a hypothet i ca l l y  max i ma l l y  exposed  i nd i v i d ua l  

Th i s  sect i on asses ses the  dose  to an  i n d i v i d ua l  who  at  somet i me i n  
t he  futur e ,  b u i l d s  a home on the unremed i ated ta i l i n gs  p i J e . It  i s  as
s umed t hat th i s  i n d i v i d ua l  wou l d  e at on l y  food r a i sed on the p i l e , wou l d  
dr i n k  water from a we l l  i n  the s ha l l ow a l l uv i um ,  an d wou l d  s pend 24 
hours  a d ay on the  p i l e  ( e i gh t  hours  i n do ors  an d 16  hours outdoor s ) . 

Hea l th  effects  from radon d aughter exposure  

Radon an d r adon daughter  prod ucts  are as s umed to be  in  25 percen t  
e q u i l i br i um i n  outdoor ai r ;  however , i n s i d e  the hou s e ,  the  work i ng  l e ve l  
rat i o  i s  ass umed to be  50 percent d ue to a i r s t agnat i on . The do se  eq ui v4 
a l en t  from r adon daughter  i n h a l at i on wo u l d  be ( 30 pC i / l ) ( 2 . 2 1 x 10-
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Tab l e  1 . 5 . 1 8 Est i mated excess  cancer d eaths  i n  t he  gener a l  pop u l at i o n  
af ter 10 , 100 , a n d  1000 years of  no  ac t i on 

T i me p er i od ( ye ars ) Est i mated excess  cancer d eat h s  

1 0  3 . 89 

100 38. 9 

1000 389 . 0  

Tab l e  1 . 5 . 1 9 Est i mated excess  cancer deaths  after reme� i B l act i o n  
f or  the  s t ab i l i z at i on o n  s i te a l terna t i ve ' 

T i me per i od ( years ) Exces s  cancer deat h s  

10 0 . 16 1  

100 1 . 61  

1000 16 . 1  

�Based on a radon f l ux of  21  pC i /m2s from the  Grand J unct i on s i te .  
As s umes  no e l evated gamma ex pos ure rate from t he  Grand J unct i on s i te .  

I - 51 



Tab l e  1 . 5 . 20 Est i mated excess  cancer deaths  after remed i a l  act i o� bor t he  
re l ocat i on to Cheney Reservo i r  by tr uck a l ternat i v e ' , c  

T i me p er i od ( ye ars ) Excess  cancer deaths  

10  

100 

1000 

0 . 0 1 1  

0 . 106 

1 . 06 

�Based  on a r adon f l ux  of 2 1  pC i /m2s from the Cheney Reservo i r  s i te .  
cA

A
s
S
s
S U
um
m

e
e
s
s n o  e l e vated gamma expo s ure  r ate from the  Cheney Reser vo i r  s i te .  

a b ack ground  r adon  f l ux  from t h e  Grand J unct i o n  s i te .  

Tab l e  1 . 5 . 2 1 Est i mated excess  can cer d eaths  after remed i a l  act i o� bor the  
re l ocat i on to  Cheney  Re servo i r  by tra i n a l ternat i v e ' , c  

T i me p er i od ( ye ar s )  Excess  cancer d e aths  

1 0  

100 

1000 

0 . 0 1 1  

0 . 106 

1 . 06 

aB ased  on  a r adon  f l u x of 21  pC i /m2s from the  C heney Reservo i r  s i te .  bAs s umes  n o  e l evated gamma expo s ure  r ate from t he  C heney Reser vo i r  s i te .  cAs s ume s a b ack ground r adon f l u x  from t he  Gran d J unct i on s i te .  
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Tab l e  1 . 5 . 2 2 Est i mated exce s s  cancer deaths  after remed i g l ba�t i on for the 
re l ocat i on to Two Road by truck a l ternat i v e ' , 

T i me per i od ( ye ar s )  

1 0  

100 

1000 

Exce s s  cancer deaths  

0 . 0 1 9  

0 . 187  

1 . 87 

�Based on a r adon f l ux of 21 pC i /m2s from the Two Road s i te .  
As s ume s no  e l ev ated gamma expos ure  rate from the Two Road s i te .  cAs s umes a background  r adon  f l u x from the  Grand J unc t i on s i te .  

Tab l e  1 . 5 . 23 Est i mated excess  cancer deaths  after remed i g l b a�t i on for the  
re l ocat i on to  Two Road by trai n a l terna t i v e ' , 

T i me per i od ( ye ar s )  

10  

100  

1000 

Exce s s  cancer deaths  

0 . 0 1 9  

0 . 1 8 7  

1 . 87 

�Based  on a r adon f l ux  of 21 pC i /m2s from the Two Road s i te .  
cAs s umes n o  e l evated gamma expos ure  rate from the Two Road s i te .  

As s umes a background  radon f l u x from the  Grand J unct i on s i te .  
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-4 rem/hr/pC i / l ) ( 8  hrs/day )  ( 365  day/yr ) + ( 30 pC i / l ) ( 4 . 42 x 10 
rem/hr/pC i / l ) ( 16 hr s/day )  ( 365  day/yr ) = 96 . 8  rem/yr . Th e es t i mated 
he�6th r i sk  from radon daughter i n h a l at i on wou l d  be ( 98 .§3 rem/yr)  ( 20 x 
10  l un g  cancer/person -rem ) ( 1  person ) = 1 . 94 x 10 l un g  cancer 
death  p er year . 

Hea l th  effects from gamma rad i at i on 

W h i l e  the  i n d i v i d ua l  i s  outdoors he wou l d  be exposed  to  1450 uR/h r .  
I f  i t  i s  as s umed th at h i s ho use  i s  made o f  s i x- i n c h- th i ck br i ck , t hen 
t he  i n door  expos ure rate wou l d  be approx i mate l y  440 uR/hr . Th e dose  
eq� i va l en t  from d i rect gamma rad i  at i o n  wou l d  be  ( 1 450 uR/hr ) 6 ( rem/1 x 
10 u R )  ( 8  hr/day )  ( 365  day/yr ) + ( 440 uR/hr )  ( rem/1 x 10 uR ) ( 1 6 
hr/day )  ( 36 5  d ay/yr )  = 6 . 8Q.6rem/yr . The es t i mated hea l th  r i sk wou l d  be 
( 6!�0 rem/yr ) ( 1 20 x 10 cancer/person -rem ) ( 1  person ) = 8 . 1 6 x 
10 ex ces s  cancer deat h .  

H ea l th effects from i n h a l at i o n  o f  part i c u l ates 

The do se  to the i n d i v i d ua l  l i v i n g  on the p i l e  can be d e term i ned  by 
sca l i ng the  dose  rece i ved by a worker d ur i n g  the  s tab i l i z at i on on the  
s i te a l ternat i v e .  The  total  p art i c u l ate re l ease t� wh i c h the  o n - s i te i n 
d i v i d ua l  wou l d  be s u bjected wo u l d  be 1 . 69  � 10 k g /yr 5- the s ame as 
for no  act i on . Th i s  re l ease i s  ( 1 . 6 9  x 10 /4 . 25 x 10 ) = 3 . 98 per
cen t  of the p art i c u l ate re l ease d ur i n g s t ab i l i zat i on on s i te .  Th e work 
ers , d ur i n g stab i l i zat i on on s i te ,  were as sumed to be exposed d ur i n g  24 
percent  of a year . The i n d i v i d ua l  wou l d  be on the s i te a l l the t i me ,  
t herefore the  appro p r i ate sca l i ng factor wou l d  be 4 . 1 7 .  S i nce  the  work 
er s rece i  v ed a ye ar l y  do se  eq u i  v a  1 ent commi tmen t  of 68 . 9  mrem the do se  
e q u i v a l en t  to _lhe  on - s i te i n d i v i d ua l  wou l d  be ( 0 . 0689 rem ) ( 4 . 1 7 ) ( 0 . 0398)  
= _� . 1 4 x 10 rem/y r .  _6The e s t i mated hea l th r i sk wo u l d  be ( 1 . 1 4 x 
10_ 7 rem/yr ) ( 20 x 10 cancer/person -rem ) ( one  person ) = 2 . 2 9 x 
10 l un g  cancer death per ye ar . 

Hea l th  effects  from the  cons umpt i on of contam i n ated food 

In th i s  sect i on the dose to the hypothet i ca l ,  max i ma l l y  exp osed 
ad u l t  i n d i v i d ua l  from the i n ges t i on of con tam i n ated food i s  ca l c u l ated . 
I t  i s  ass umed th at a s i n g l e i n d i v i d ua l  con sumes vegetab l es ,  me at , an d 
m i l k  p rod uced on l y  on contam i n ated so i l  an d that  was h i n g  an d cook i n g v e g 
et ab l es remove s  h a l f  of  t he  rad i oac t i ve con tam i nat i on ( NRC ,  1 980a ) .  
On l y  the doses  from Ra-226 ,  Th-230 , and U-238 are con s i d ered s i nce these  
n uc l i d e s  gener ate the  majo r i ty of  the  dose . 

The who l e body do se  eq u i v a l ent rece i v ed from i n ges t i on of  p l an t  ma
ter i a l res u l t s  from the concen trat i o n  of rad i o n uc l i d es i n corpo rated i n  
p l an t  t i s s ue through  root up tak e  an d from p art i c u l ate depos i t i on on fo
l i age  from ai rborne  d us t .  Rad i oact i ve concen trat i on s  i n  p l an ts from 
root up take  are e s t i mated from s o i l concentrat i on dat a me as ured d ur i n g  
t h e  Grand J unc t i on s i te rad i o l o g i c a l  c h arac ter i z at i on an d an adapted mod 
e l  from the  U . S .  Nuc l ear Reg u l atory Commi ss i on ( NRC ,  1980a ) .  The dose  
equ i v a l en t  from the d us t i n g effect d ue to remed i a l act i on i s  estab l i s hed 
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by the  mode l  deve l oped for radon concentrat i on s  c l ose  to the p i l e  an d 
the  NRC mod e l . 

W i n d ac t i on i s  expected to gener ate 1 . 69  x 104 k i  l o grams per  ye ar 
( k g /yr ) of par t i c u l ates . As sum i n g  that the p ar t i c u l ates have  t h e  p i l e ' s  
average  concen trat i on of rad i on uc 1 i �s � the  fl  u x  of Ra-226 an d Th - 2 30 
t h at i s  generated on the  470 , 000 x 1 0  m p i l e  i s :  

4 k g  year 1000 g 581 pC i 
1 . 69 x 1 0  -- x 7 x x 

yr 3 . 1 45 x 1 0  sec k g  g 

1 -4  pC i 
x = 6 . 64 x 1 0  

470 , 000 m2 m2sec 

an d the  f l u x of  U-238 i s :  

4 k g  year 1000 g 
1 . 69 x 1 0  -- x x x ----

yr 3 . 1 45 x 1 0 7 sec k g  

46 pC i 

1 
x -----�� 

470 , 000 m2 
-5  = 5 . 26 x 1 0  

g 

pC i 
2 m sec 

The on -p i l e  part i c u l ate concen tr at i on s  were es t i mated by the  
Gaus s i an sec tor-average  mode l mod i f i ed to  pred i c t  p o l l utan t  concen tr a
t i ons  c l ose  to an area sou!£e .  Th �s res u l ted i n  p ar t i c u l ate concen tr a
t i o§ va l u9} of 2 . 70 x 10 pC i /m for Ra-226 an d Th -230 , an d 2 . 1 4 x 
10- pC i /m for U-238 .  

The  amoun t  of rad i o act i v i ty that  i s  depo s i ted on  p l an t  fo l i ag e  p l u s 
t h e  amo unt  of  rad i oac t i v i ty i n corporated i n  p l an t  t i s s ue can be ca l c u l at
ed by the fo  l l ow i n g  equat  i on ( e quat ions  7 an d 8 mod i  f i ed from NRC ,  
1 980 a )  : 

where 

= X 

E quat i on 1 . 5 . 1  

c

- exp ( 

y v w 

t ) � w v + C . BV . s 1 1 

= the resu l t i n g concen tr at i on of  i s otope  i i n  an d on 
vegetat i on v ( pC i /k g )  

E v  = t h e  frac t i on o f  t h e  fo l i ar d epos i t i on reac h i n g e d i b l e  
por t i on s  o f  vegetat i on v 
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Fr 

y v 

w 

B . V l  

= t he  frac t i on of  the  tot a l  depos i t i on retai ned on p l an t  
s urface s ,  0 . 2 ( NRC , 1 980a )  

= the assumed d ur at i on of exposure wh i l e grow i n g  for 
ve getat i on v ( sec ) 

= the  as s umed y i e l d  den s i ty of vegetat i on v ,  ( k g /m2 ) 

= t he  decaY_7on s tan t  ac count i n g  for weat her i n g  l o sses , 
6 . 7 3 x 10  /sec ( N RC , 1 980a ) 

= depos i t i on ve l oc i ty of part i c l e s i ze p ,  ( m/sec ) 

= av erage concentrat i o n  of the  rad i on uc l i de i n  s o i l 
( pC i /kg ) 

= s o i l - to-pl an t tran sfer factor 

X .  = ai r concentrat i on of the i th r ad i on uc l i de ( pC i /m3 ) 1 

The v a l ue of Ev i s  ass umed to be 1 . 0 for a l l abo ve - ground  vegeta
t i o n ,  an d 0 . 1  for a l l be l ow- ground  vegetat i on .  The va l ue t i s  t ak en 
to be 60 d ays , except for pas ture gras s  where a va l ue of 3� d�ys i s  as
sumed . The yi e l d  den s i ty, Y ,  is  taken 2 to be 2 . 0 k g /m except for 
pasture  gras s  where a va l ue oVf 0 . 7 5 k g /m is  ap p l i ed .  The depos i t i on 
ve l oc i ty ,  V , i s  conser vat i v e l y  ass umed to be 0 . 0883 m/sec for a l l p ar
t i c l e s .  Th9s corre sponds to  the  sett l i n g  ve l oc i ty for  p art i c l e s  r an g i ng 
i n  s i ze from 10 to 80 m i cro cm wh i c h represents  the  majo r i ty of the  p ar
t i c l e s ( NRC , 1980 a ) . So i l - to-pl an t tran sfer factors , Bv i ' are  l i sted 
in Tab l e  1 . 5 . 24 .  

The concentrat i on s  on an d i n  ve getat i on ob t a i n ed from ap p l y i n g the  
ap prop r i ate p arameters i n  Eq uat i on 1 . 5 . 1  are l i sted i n  the  f i rs t  four 
co l umn s of Tab l e  1 . 5 . 25 .  It  i s  as sumed t h at these concen tr at i on s  in veg 
etab l e s ,  h ay ,  an d p asture  gras s are un i form over the f i e l d  where food 
for the  max i ma l l y  exposed i n d i v i d ua l  i s  rai sed . 

The ye ar l y  who l e  body dose  eq u i va l en t  to the max i ma l l y  exposed  
ad u l t  i n d i v i d ua l  d ue to  con s ump t i o n  of con tam i n ated p l an t  mater i a l  i s  
ca l c u l ated by mu l t i p l y i n g  the rad i oac t i v e  concentrat i on s  i n  Tab l e  1 . 5 . 25 
by the food i n ge st i on rates s hown i n  Tab l e  1 . 5 . 26 an d the do se  conver
s i on factors i n  Tab l e  I . 5 . 2 7 . Th i s  va l ue i s  then d i v i de d  by two  s i nce  
h a l f  the rad i on uc l i des  are ass umed to be  removed d ur i n g  food prep ara
t i on .  Tab l e  I . 5 . 28 shows the  res u l tan t  who l e  bo dy do se  eq u i v a l en ts i n  
mrem p e r  ye ar ( mrem/yr ) .  

The concentrat i on s  of rad i on uc l i d e s  i n  me at an d m i l k  can be d e ter
m i n ed by the fo l l ow i n g  eq uat i on ( mod i f i ed  from NRC,  1 980a ) :  

Equat i on I . 5 . 2  
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Tab l e  1 . 5 . 24 En v i ronmenta l  tran sfer coef f i c i ents  

U Th Ra 

1 .  P 1 an ti so i 1 ( B  . I s ) a 
V l  

a )  ed i b l e  abo ve  ground : 2 . 5  x 10-3 4 . 2  x 10-3  l . 4 x 1 0-2 

b )  po tatoes : 2 . 5  x 1 0-3 4 . 2  x 10-3  3 . 0  x 10-3  

c )  other be l ow ground : 2 . 5  x 10-3 4 . 2  x 1 0-3  l . 4 x 1 0-2 

d )  pasture gr as s :  2 . 5  x 10-3  4 . 2  x 10- 3  l . 8 x 1 0-2 

e )  stored feed ( h ay ) : 2 . 5  x 10- 3  4 . 2  x 1 0-3  8 . 2  x 10-2 

I I .  Beef/feed ( Fb i  I S ) 
p C i / k g  per pC i /day : 3 . 4  x 1 0  -4  2 . 0  x 10  -4  5 . 1  x 10  -4 

I I I . M i l k /feed ( Fb i  I S ) 
pC i / l  per p C i / day : 6 . 1  x 10  -4  5 . 0  x 10  -6  5 . 9  x 10  -4 

aThese tr an sfer coeff i c i en ts are the d i men s i on l ess  r at i o s of the concen tr a
t i on s  of the rad i on uc l i des  i n  vegetat i on ( pC i / g )  to the concen tr at i ons  of t he  
i t h rad i on uc l i des  i n  vegetat i on ( pC i / g )  to the  concen trat i on s  of  the i t h 
r ad i onuc l i de s  i n  so i l s  ( pC i / g ) . 

Ref . NRC , 1 980a .  
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Tab l e  1 . 5 . 25 Concen trat i on s  o f  rad i on uc l i de s  on an d i n  vegetat i on ,  
me at , a nd  m i l k  

C . C . V l V l  C . abo ve- be l ow- p g l  Ch i  Cb i  Cb i  ground  ground  pas ture 
vegetab l es vegetab l es gras s hay me at mi l k  

( p C i / kg ) ( p C i / k g )  ( p C i / k g )  ( p C i / k g )  ( p C i / k g )  ( p C i / l ) 

Ra-226 8477 1 7 77  1 1 248 47985 755 . 1 8 7 3 . 5 
Th-230 2 784 2475 3220 2 783 30 . 0 2  0 . 7 504 
U-238 142 1 1 7 . 7 1 76 . 8  142 2 . 71 1  4 . 685 

Tab l e  1 . 5 . 26 Food i n ges t i on rates 

I n ge s t i on rates  by age group 

Inf an t Ch i l d Teen Ad u l  t 

I .  Vegetab l es - tota l :  
( k g /yr ) = 48 76 105  
a )  ed i b l e  abo ve  groun d : 1 7  29 40 
b )  potatoes : 27 42 60 
c) other be l ow groun d :  3 . 4  5 . 0  5 . 0  

I I .  Meat - beef , fre s h  pork , 
an d l amb ( k g /yr ) : 28 45 78 

I I I .  M i l k  ( l /yr ) :  208 208 246 1 30 

Ref . NRC , 1 980a . 
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Tab l e  1 . 5 . 2 7 I n g es t i on dose  convers i o n  factors 

Age group 

Ad u l t 

Ref . NRC ,  1 980 a .  

R a-226 
Th -230 
U-238 

I n terna l dose  
con vers i o n  factors  by organ , mrem per  pC i i n g es ted  

Organ 

who l e body 
bon e  
l i ver  
k i d ney 

U-238 

4 . 54E-05  
7 . 6 7E-0 4  
0 . 00 
1 .  75 E-04 

Th -230 

5 . 70 E -05  
2 .06E-03 
1 . 1 7E -04  
5 . 6 5 E-04 

Ra-226  

4 . 60E -03 
4 . 60 E -0 2  
5 . 74E -06  
1 .  6 3 E -0 4  

Tab l e  1 . 5 . 28 Who l e-body dose  equ i va l en ts ( mrem/yr )  

Abo ve  ground Be l ow ground  
vegetab l es vegetab l es Me at M i l k  

7 79 . 9  265 . 7 270 . 9  5 22 . 4  
3 . 1 73 4 . 584 0 . 1 3 34 0 . 0056  
0 . 1 29 1  0 . 1 737 0 . 0096 0 . 0 287  
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where 

C . p g l  

Q 

0 . 5 

= res u l t i n g  aver age concen tr at i o n of i sotope i i n  me at 
or  m i l k  ( p C i / k g )  

= concen tr at i o n of i s otope 
( p C i / k g )  

i n  pas tur e gras s  

= concentr at i o n o f  i sotope i i n  h ay ( p C i / k g )  

= feed -to-me at or feed -to-m i l k  tran sfer factor for 
i s otope i ( see  Tab l e  1 . 5 . 24 )  

= as sumed  feed i n ge s t i on r ate , 50  k i l o gr ams p er d ay 
( N RC , 1 980 a )  

= t h e  frac t i on o f  an n ua l  feed req ui rement  as sumed  to be 
s at i s f i ed by p as ture gras s  or l oca l l y ' g rown , s tored 
feed ( NRC ,  1 980a ) 

The res u l t s  of app l y i n g the appro p r i ate data  i n  Eq uat i on I . 5 . 2  are 
s hown i n  c o l umn s  f i v e an d s i x of Tab l e I . 5 . 25 ,  and the resu l t i n g  wh o l e
body do se  eq u i v a l ents  are l i sted i n  c o l umn s three  an d four of Tab l e  
I . 5 . 28 .  Dose eq u i v a l en ts are obt a i n ed by mu l t i p l y i n g the  v a l ue s i n  
Tab l e  I . 5 . 25 by the an n ua l  ad u l t  con s ump t i on r ates  i n  Tab l e  I . 5 . 26 an d 
t h e  who l e -body dose  con v ers i on factors i n  Tab l e  1 . 5 . 2 7 .  

The tot a l  dose  t o  the hypothet i ca l ,  max i ma l l y  exposed ad u l t  i n d i v i d -
u a l  from Ra-226 , _llI' -230 ,  and U-2 38 i s  1850 mrem/yr . The excess  h ea l th  
r i s k  i s  2 . 2 2 x 10  • 

Hea l t h effects from cons umpt i on of contam i nated water 

The fo 1 1  ow i n g  i s  one  as sessment of the rad i 01 og i  ca  1 ri sk to the  
max i ma l l y  exposed i n d i v i d ua l  from dr i n k i n g  water d r awn from be n e at h  the  
t a i l i n g s  p i l e .  The  max i mum rad i on uc l i d e  concen trat i on s  found  i n  a we l l 
dr i l l ed through  the  p i l e  were 30 5 pC i / l  U-238 an d U-234,  an d 1 8  pC i / l  
R a-226 . Lead -210  an d tho r i um-230 were be l ow the  on e pC i / l  d etect i on 
1 i mi t .  

I n  the c a l c u l at i on , 50-ye ar do se  commi tments  were de term i n ed p er 
ye ar of exposure for a l l per t i n en t  organ s ,  wh i c h were tot al bo ne ,  
en dosteum,  l i v er , k i dney,  an d l un g . An F l up tak e  to b l o od fac tor  for 
ur an i um-238 an d ur an i um-234 of 0 . 05  ( D unn i n g ,  1 98 1 ;  I C RP , 1 98 1 )  was 
used . The F factors used for ot her rad i on ucl i d e s  were : r ad i um-226 
( 0 . 2 ) ; thor i u�- 230 ( 0 . 0002 ) ; an d l e ad -2 10  ( 0 . 08 )  ( Du n n i n g ,  1 98 1 ;  I C R P ,  
1 959 ,  1981 ) . The averag e  d a i l y  water i n tak e for an i n d i v i d ua l  was a s 
sumed  to  b e  on e l i ter/day .  D o se  conver s i on factors ( DC F )  i n  rem/m i croC i 
were taken from the  report  by D un n i n g  ( 1 981 )  an d are s ummar i zed i n  Tab l e  
I . 5 . 29 for e ac h  t arget  organ , us i n g  a r ad i ob i o l og i c a l  effec t i v en e s s  fac 
tor ( RB E ) o f  20 for a l p h a  em i tters . Tab l e  I . 5 . 30 prese nt s  t h e  50-ye ar 
dose  commi tments  ( DC -50 )  per year of con s ump t i on for e ac h  t arget organ , 
as ca l c u l ated us i n g  t he  fo l l ow i n g  formu l a : 
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Tab l e 1 . 5 . 29 Dose  con ver s i on factors for target organs  ( rem per  
m i croC i ) 

Target  organ U-238 U-234 Ra-226 Th -230 P b -2 10  

Tota l  bone  7 . 0  7 . 8  43 . 0  1 . 2  21 . 0  

Endo s teum 2 . 8  3 . 6  20 . 0  1 6 . 0  9 . 6  

L i ver 0 . 0 13  0 . 0 16  0 . 60 0 . 22 1 . 4  

K i d n ey 1 . 5  1 . 7  0 . 60 0 . 00 43 0 . 94 

L un g  0 . 0 1 5  0 . 0 1 7  0 . 60 0 . 0046 0 . 30 

Tab l e 1 . 5 . 30 F i f ty-ye ar do se  comm i tmen ts  p er year of con sump t i on of 
rad i on uc l i d e s  in  d r i n k i n g  water ( mrem/yr )  

Target organ U-238 U-234 Ra-226 Th -230 P b -2 10 Tot a l  

Tota l bone 779 868 283 0 0 1 930 

Endos teum 312 40 1 1 3 1  0 0 844 

L i ver 1 . 45 1 .  78 3 . 94 0 0 7 . 1 7  

K i d n ey 167  189 3 . 94 0 0 360 

L ung  1 . 6 7  1 . 89 3 . 94 0 0 7 . 50 
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1 .  5 .  7 

DC -50 = ( concentrat i on pC i / l ) x ( 1  l i ter ) x ( 365 d ays ) x 
d ay ye ar 

( 1  m i croC i ) x ( DC F )  x ( 1 000 mrem) = 
106 pC i rem 

mrem 
yr 

Tab l e  1 . 5 . 31 presen ts  the l i fe t i me r i sk coeff i c i en ts used  for e ac h  
target organ ( NA S ,  1980 ; Mi l l ard and B ag gett ,  1 984) an d a l s o  t h e  resu l t
i n g r i sk es t i mates from i n gest i on of the ground water i n  terms of i n d i 
v i d u a l  organ r i sk per year of consump t i on .  The i n d i v i d ua l  or gan r i sk 
was determ i ned  from mu l t i p l yi n g the 50-year dose commi tmen t p er ye ar of 
con s ump t i on ( T ab l e  1 . 5 . 30 )  t i mes the l i fet i me r i sk coeff i c i en t . 

The total  dose  El�u i v a l en t  of 7 . 50 mrem/yr res u l t s  i n  an es t i mated 
exce s s  of 7 . 62 x 10 cancer fatal i t i es .  The res u l t i n g total  r i sk  
to _1he  max i ma l l y  exposed  i n d i v i d ua l  from a l l exposure  p at hways i s  2 . 99 x 
10  cancer deaths  per year of expos ure .  For an assumed  1 i f et i me of 
70 ye ar s th i s  i nd i v i d ua l  wo u l d  h ave approx i mate l y  a one  i n  f i v e c h ance  
of dy i n g from cancer . 

HEALTH EF FECTS I N  PERSP ECT I V E  

T h e  hea l th effects  ca l c u l at i on s  presen ted  i n  th i s  ap p en d i x are s um
mar i zed i n  Sect i on 5 . 1 . 4 of the ma i n  text . For comp a r i son to the i m
pacts of remed i a l ac t i o n ,  est i mates of the c o l l ec t i v e  do se  equ i v a l ent s  
d u e  t o  natura l  rad i oact i v i ty (wh i c h  wo u l d  resu l t  from con t i n uo u s  expo
sure  at  background  l e ve l s )  are presen ted  in  Tab l e  1 . 5 . 4 .  It  i s  
q u i ck l y  seen t h at the i n crementa l  rad i at i on do se  eq ui v a l en ts d ue to reme
d i a l  act i on are sma l l by comp ar i son to the do se  equ i v a l en ts resu l t i n g  
from natura l  rad i oact i v i ty .  
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Tab l e  1 . 5 . 31 Summary of d r i nk i ng water  r i sk an a l ys i s  

I nd i v i d ua l  o rgan r i s k  
L i fet i me r i s k 6 per year of con s ump t i on 

coeff i c i en t  ( r i s k /l0  ( exces26hea l th effect x 
Target organ person -rem ) 10 p er ye ar ) 

To ta  1 bon e  a 1 . 9 3 . 6 7 

Endo s teum 1 . 9  1 . 60 

L i ver  30 0 . 2 1 5  

K i d n ey 5 . 5b 1 .  98 

L un g  20c 1 . 50 

Tot a 1 7 . 6 2 

aTota l  bon e  an d en do s teum  r i s k coeff i c i en ts were tak en from the  B E I R  I I I  re
port  for  a 7000 g bo n e ,  and mod i f i ed to  g i v en av erag e  s k e l eta l  doses  for a 5000 
g bone by mu l t i p l y i n g  B E I R  coeff i c i en t  by 5000/ 7000 . 

bThe r i sk coeff i c i en t  for k i d n ey was ob t a i ned by tak i ng a rat i o  of l ow L E T  
r i sk rate coef f i c i ents  reported i n  t h e  BE I R  I I I  report an d mu l t i p l y i n g  by the  
h i gh L ET  r i sk coeff i c i en t  for  l i ver . 

cTh i s  r i sk coeff i c i en t  was t aken  from Evan s _5t a l . ( 1 98 1 )  an d i s  equ i v a l en t  to  
the  l i fe t i me r i sk coeff i c i en t  of  300 x 10 deaths per  person -WLM , wh ere  o n e  
W L M  i s  approx i mate ly  e q u a l  t o  a 1 5 -rem dose equ i va l en t  commi tment  t o  the  l un g .  
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1 . 6  HEALTH E F FECTS AT V I C I N I TY P ROP ERT I ES 

I n h a l at i on of radon daughter prod ucts an d d i rect expos ure  to gamma rad i 
at i on are the expos ure pathways con s i dered i n  th i s  sect i o n .  I n creases  i n  a i r
borne part i c u l ate con cen tr at i on s  are expected ; howe ver ,  the  do se  to i n di v i d ua l s  
caused by th i s  pathway wo u l d  be i n s i g n i f i can t when comp ared t o  r ad o n  da ug hter  i n 
h a l at i on  an d d i rect gamma expo s ure . J us t  as for the on -s i te remed i a l  ac t i on , ex
posures  v i a ground  or s urface  water w i l l  not have  a s i g n i f i c an t i mp act  on the 
ge nera l  popu l at i on .  

1 . 6 . 1  RAD I OLOG I CAL I MPACTS O F  TH E REMED I AL AC T ION  

The work ca l l ed for  i n  the remed i a l act i on wou l d  be  s i mi l ar to ord i 
nary con str uc t i on work  and wo u l d  cons i s t of s o i l remova l ,  decon t am i n a 
t i on o f  surface s ,  an d poss i b l y  demo l i t i on an d rep l acement  o f  some 
s i dewa l k s  an d other structure s .  These  act i v i t i es m i g h t  cause  a sma l l 
temporary i n crease  i n  rad i o act i v i ty l e ve l s by ra i s i n g d u st  an d br i n g i n g  
contami nated  mater i a l s  t o  t h e  s urfac e .  

The storag e  o f  mater i a l s  from the v i c i n i ty prop ert i e s at the Gran d  
J unct i on s i te wo u l d  n o t  ap prec i ab l y  i n crease t h e  i mp acts  of  rad i at i on a l 
ready be i n g em i tted from the  ta i l i n g s  s i te .  The r ad i oac t i v i ty- per - un i t 
vo l ume of the v i c i n i ty property mater i a l s  wou l d ,  i n  mo st  cases , be l ower 
t han t h at of the mater i a l  i n  the ta i l i n gs p i l e .  

The Grand Junct i o n  v i c i n i ty i n c l udes 2478 res i d ence s ,  696 commer
c i a l  propert i e s ,  13 comp l ex p roper t i e s ,  an d 278 open l and s  t hat w i l l  be 
remed i ated d ur i n g  the 2 . 7 -ye ar Grand J unct i on s i te reme d i a l  act i on .  
Struc tur a l  con tami nat i on occurs i n  1038 of these  propert i es .  It  i s  as
sumed th at an aver ag e  of four  peop l e spend  24 hours  eac h  d ay on  e ac h  
property .  Therefore , 41 52 peop l e l i v e on a property h av i n g structur a l  
co n tam i n at i on an d 8596 peop l e l i v e o n  a p roperty w i thout str uctur a l  con
tam i nat i on .  It  i s  further as s umed t hat e ac h  person  spends  s i x  hours  a 
day outdo ors an d 18 hours  a d ay i n doors . 

1 . 6 . 2  GENERAL POPULAT ION HEALTH E F FECTS FROM EXPOSUR E TO GAMMA RAD I AT ION  

The  excess do se eq u i v a l en t  d ue to  gamma rad i  at i on i s  based  on  17  
uR/hr  above  back grou nd  i n doors an d 62 uR/hr  abo ve  bac k g round  outdoors . 
These va l  ues rep resent the  aver ag e  of the h i gh i n door  gamma exp o s ur e  
rate an d the av erage  o f  the h i gh outdoor gamma exp os ure r ate  once bac k 
ground expos ure rate s h ave  been s u btracted . I t  i s  as s umed  t h at the v i 
c i n i ty propert i es are remed i ated at a un i form rate an d therefore the  
number of  pers on s exposed on  v i c i n i ty proper t i es are es t i mated to de
crease l i n earl y from 1 2 , 748 to zero d ur i n g  the 2 . 7  ye ars ( 23 , 65 2  hour s )  
o f  reme d i al act i on .  S i n ce the t i me-we i ghted expos ure r ate  i n do ors  an d 
outdoors i s  28 . 3  uR/hr ( ( 0 . 25 x 62 uR/hr ) + ( 0 . 75 x 1 7  uR/hr ) )  the ex 
ce s s  do s e  eq u i v a l en t  rece i v ed by the gener a l  pop u l at i o n wou l d  be : 
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1 23 , 652  
6 1 7 , 748 persons  

( 28 . 3  uR/hr ) ( rem/l x 10  uR ) 0 ( 1 2 , 748 per son s - 23, 652 hours  t ) dt 

= 4266 person-rem . Th i s  wou l d  resu l t  i n  0 . 5 1 2  excess can cer de at h .  

1 . 6 . 3  HEALTH EF FECTS TO REM E D I AL AC T I ON WORKERS FROM GAMMA RAD I AT I ON 

The 654 workers  are as s umed to be ex posed  to gamma rad i  at i on 2000 
hours per year for 2 . 7  years for a tot a l  of 5400 ho ur s .  Th i r ty p ercen t 
of the proper t i e s  have  structura l  contam i nat i on , an d i t  i s  es t i mated 
t h at these proper t i e s  wo u l d  tak e  three t i me s  as l o n g  to rerned i  ate as 
t h ose  p roper t i es w i  thout structur al con tam i n  at i on . The refo re , ap p rox
i mate l y  3035 hour s wou l d  be spen t on  proper t i es w i th  structur a l  con tam
i n at i on an d 2365 hour s wou l d  be spen t on propert i e s  w i thout s tructur a l  
con tami nat i on .  

On propert i es w i thout  structura l  con tami n at i on , the  workers  wou l d  
be exposed to a gamma exposure  rate of 6 2  uR/h r .  The work er d o se equ i v 
a l en t  comm i tmen t wo u l d  be : 

rem 
( 62 uR/hr ) ( 1  x 106

uR ) ( 654 per son s ) ( 2365 hour s )  
= 95 . 9  person-rem . 

On  proper t i es w i th structura l  con tami na t i on i t  i s  as s umed t h at a 
worker i s  exposed to the i n door expos ure rate h a l f  the t i me  an d the  out 
door expos ure rate h a l f  the  t i me .  The worker dose  e q u i v a l en t  wou l d  be : 

[ ( 0 . 5 ) ( 62 uR/h r )  + ( 0 . 5 ) ( 1 7  uR/hr ) ]  x 
rem 

( 654 perso n s ) ( 3035 hours ) ( 1  x 106 uR ) 
= 78 . 4  person-rem . 

The exce s s  hea 1 th 
wo u l d  be : 

effects  rece i ved  on bo th catego r i e s of p roper ty 

( 78 . 4  person rem + 9 5 . 9  person rem ) (-- ::�-: -:���-:��::���:�: � - -) 
person -rem 

= 0 . 021  can cer  deat h . 

1 . 6 . 4  GENERAL POP ULAT I ON H EALTH EF FECTS FROM RADON  DAUGHTER I N HALAT ION  

The  averag e  radon  daughter  work i n g l e ve l  i n  propert i es w i th struc
tura l  con tam i n at i on i s  0 . 01 3  abo ve  back groun d .  As s um i n g  a l l p ropert i es 
are reme d i ated at a un i form rate , then  the  41 52 ex posed p er so n s  who occu
py the structure  75  percen t of the  t i me  wou l d  be red uced 1 i n ear l y t o  ze 
ro d ur i n g  the  23 , 652  hour s of remed i a l  act i on .  The resu l t i n g  popu l at i on 
expos ure  wou l d  be : 
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WLM 41 52  persons  
1 23652 

( 0 . 75 ) ( 0 . 013  W L ) ( 1 70 WL hr ) 0 ( 41 52 person s - 23652  hours  t ) dt 

= 2816 per son-WLM .  
-6 Us i n g a r i s k es t i mate of 300 x 10  l un g  can cer  d eat h s  per p er so n -

WLM the  tot a l  exces s l u ng  cancer r i s k for the  gener a l  pop u l at i on wou l d  
be : 

-6 l u ng cancer 
( 300 x 10  person -WLM ) ( 2816 pe rson-WLM ) 

= 0 . 845 l un g  can cer deat h .  

1 . 6 . 5  REMED I AL ACT I O N  WORK ER HEALTH E F FE CTS FROM RADON  DAUGHTER I N HALAT ION  

T he  654  remed i a l ac t i on wo rkers  wou l d  be  ex posed at  s tructur a l l y  
co n tam i n ated propert i e s  for 1 5 1 8  hour s assumi n g  they work  h a l f  o f  t h e 
t i me i n do ors . The res u l t i n g  wo rker r adon  daugh ter  expo s ur e  wou l d  be : 

WLM 
( 0 . 0 1 3  WL ) ( 654  per son s ) ( 170 WL hr ) ( 1 5 18  hour s )  = 75 . 9  pers on-WLM  

The es t i mated exces s l un g  cancer among  the  wor kers  wou l d  be : 

-6 l ung cancer 
( 300 x 10  pers on -WLM ) ( 75 . 9  person-W L M )  = 0 . 02 3 .  

The av er age  o f  t h e  h i g h i n door gamma expo s ure  r ate a n d  t h e  av e rag e 
wo rk i n g l e ve l  on v i c i n i ty proper t i e s  i s  a l ready be l ow the E PA  s tan dard  
before remed i a l ac t i o n . Af ter th e contam i n at i on on these  proper t i e s i s  
removed , i t  i s  es t i mated  that exposure to r ad i at i on on v i c i n i ty prop er
t i es  wo u l d  not  exceed back ground  l e ve l s .  
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J . 1 . 1 

J . 1 V I S U AL RE SOU R CES 

V I SU AL CLAS S IF ICAT I ON SYSTEM 

The Bur eau of Lan d  Man ageme nt ( BLM ) i n st i tu ted a v i su a l  res ou rce 
man ag eme nt ( V RM ) progr am i n  1 9 75 an d h as de ve l oped a sys tem for eva l u at 
i n g  v i su a l res ou rce s an d determ i n i n g  wh at de gr ee o f  prote ct i on ,  reh ab i l 
i t ati on , or enhan ceme nt i s  des i r ab l e an d po s s ib l e .  

The VRM sys tem i s  b as ed o n  r esearc h th at h as p rod uced me thod s of as 
s es s i n g  the aes the t i c  qu a l i t i es of the l an dscape  i n  ob je ct i v e  terms . 
Wh ate v er the te rra i n  an d whoe ver the ob s er ver , the percep t i on of  v i su a l  
q u a l i ty i n  a l an dsc ape i s  b as ed o n  s ever a l common p r i n c i p l es : 

o The ch ar ac ter o f  a l an dsc ape depends  ma i n l y  on fou r bas i c  v i su a l  
e l eme nt s :  fo rm ,  l i n e , co l or ,  an d te xt u r e .  Al thou gh a l l fou r  e l 
eme nt s  ar e present in  every l an dsc ape , they exe r t  varyi n g  de
grees  of i n f l u e n ce .  

o The stronger the  in f l u e nce exe r ted  by thes e e l eme nt s ,  the mor e 
i n ter es t i n g  the l an dsc ape . 

o The more  v i su a l  var i e ty i n  a l an dsc ape , the mor e aes the t i c a l ly 
p l eas i n g  the l an dsc ape . Var i e ty w i thou t h armony ,  howe ver , i s  un 
attr act i v e , part i c u l a r l y  when  ch an ge s  i n  the  l an dsc ape ar e mad e  
w i  thout  c ar e .  

T h e  i n v ent ory proce s s  i n  t h e  VRM progr am con s i st s  of  as ses s i n g  
three i tems : 

o The l an dsc ape 1 s  sce n i c  qu a l i ty .  
o The human sen s i t i v i ty t o  c h an ge s  i n  the l an dsc ape . 
o The v i ew i n g  d i stan ce .  

The i n fo rm at i on i s  then comb i n ed to i d ent ify ar eas w i th s im i l ar f ac 
tor s .  These  areas ar e as s i g ned one o f  fou r  VRM c l  as ses an d maps ar e pre
p ared o f  cont i g uo u s  areas s h ar i n g  the s ame V RM c l  as s .  The Bur eau o f  Lan d 
M an ageme nt uses thes e  maps t o  as s es s the v i su a l  imp ac t  of propo s ed deve l 
opme nt s .  Th e fo u r  man ageme nt c l  as s es as def ined by t h e  Bur eau of  Lan d 
M an ageme nt ( DO I , 1980 )  ar e br i ef l y  de sc r i b ed be l ow. 

C l as s  1 

N atu r a l  eco l og i c a l  c h an ge s  an d very l i mi ted  man ageme nt ac t i v i ty are 
a l l owed . Any contr as t created w i th in the  ch aracte r i s t i c  l an dsc ape mu s t  
not attr ac t atte n t i on .  Th i s  c l as s i f i c a t i o n  i s  ap p l i ed to  w i l d er nes s ar
eas , w i l d  an d sce n i c  r i v er s ,  an d ot her s i m i l ar l an dsc apes . 
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J . 1 . 2 

C l as s  2 

C h an ge s  i n  an y of  the bas i c  e l eme nt s ( form , l i n e ,  col or , text ure )  
c au sed by a m an ageme nt ac t i v  i ty shou l d  not be e v i d e nt i n  t he  c h  ar ac ter i s 
t i c  l an d sc ape . Co ntr as t s  are seen ; however , they mu st  not attr ac t  
atte nt i on . 

C l as s  3 

Contr as t s  to  the  bas ic  e l eme nt s cau sed by a m an ageme nt act i v i ty are 
ev i d e nt ; howe v er , they shou l d  rema i n  su bord i n ate to the ex i st i n g  
1 an dsc  ape . 

C l as s  4 

Any co ntr as t  attr act s  atte n t i o n  an d i s  a dom in an t  fe atu re  of  th e 
l an ds c ape i n  te rms of sc al e ;  howe ver , i t  s hou l d  repeat th e fo rm ,  l i n e ,  
co l or ,  an d te xt ure  o f  the c h ar acter i s t i c  l an dsc ape . 

V I SU AL CLAS S IF ICATION OF D I S POSAL AN D BOR ROW S I TES  

The  Co l or ad o  R i ver Va l l ey ,  an d ther efore the Gr an d Junct i on s i te ,  
has a VRM cl a s s if i cat i o n  of C l as s  4 as s i g ned by the BLM . 

The Cheney Re ser vo i r s i te h as be en as s i g ned  t o  VRM C l as s  3 by t he  
BLM , w i th C l as s  2 l an ds s urrou n d i n g  the ar ea . 

The Two Road s i te h as been des ig nated C l as s  3 .  

V i c i n i ty proper t i es i n c l ud e  res i dent i a l an d comrrer c i a l str uctu r es .  
The sce n i c  v a l ue s  of the v i c i n i ty pro per t i es ar e typ i c a l o f  an urb an s e t
t i n g . Ther e ar e no fo rm a l  VRM c l as s if i c at i on s  fo r these  pro per t i es .  

The sce n i c  va l u e s  of the bor row s i te s  v ary . Tho se th at are mo re r e
mote are typ i c a l  o f  ru r a l  sc en i c  va l ue s  i n  the ar ea . S i te s  c l o ser to  
commu n i t i es ar e mo re typ i c a l  of  urb an s e tt i n g s .  The  Co l or ad o R i v er 
V a l l ey i s  co n s ider ed by BLM to  be VRM C l as s  4 .  Ther efo r e ,  a l l t h e  bo r
row s i tes , excep t  the Un aweep s i te ,  wou l d  be C l as s  4 .  Unaweep  C anyon i s  
an ar ea w i th h i g h  qu a l i ty v i s u a l  res ou rce s an d h as been as s i g ne d  t o  VRM 
C 1 as s 2 .  
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J . 2 AR CHAEOLOG I C , CU LTU RAL , AN D H I ST OR I C  RE SOU RCES 

J . 2 . 1  PREH I STORY AN D H I STORY  

The  cu l tu r al  h i s tory of  we s t -centr a l  Co l or ad o  i s  d i v i d ed i n t o  t he  
fo l l ow i n g  per i od s  ( V i o l a an d F i reb au gh , 1 983 ,  Reed , 1 984 ) : 

Pa  1 e o - I n d  i an ( 1 0 ,000 - 5500 B .C . )  
Arch ai c  ( 5 500 B . C . - 500 A . D . )  
Fo rm at i v e  ( 5 00 - 1 200 A . D . )  
P rot o-h i s t or i c ( 1 200 - 1 820 )  
H i s t or i c  ( 1 820 - 1 932 )  

Dur i n g  t he  P a l e o - I n d i an Per i od ,  the  ar ea was u sed  by  sma l l nomad i c  
b an ds o f  peo p l e  who hu nted l ar ge game an i m a l s  o f  th e ice age , s u c h  as 
the woo l y  mammot h .  Pa l eo- I n d i an hu nters  used d i s t i n ct i v e , l ar ge - s i ze d  
l an ce o l ate or l e af -sh aped proje ct i l e po i n ts ( s pear t i ps ) . Se as o n a l  m i 
gr at i on  from p l ace  to  p l ace  was ch ar acter i st i c  of the i r  l i fes ty l e .  
Grou nd  st one imp l eme nt s used t o  m i l l  gather ed seeds an d v e ge tab l e s  may 
al s o  be fou n d  at Pa l eo- I n d i an s i te s . In the  stu dy r e g i on ,  e v i d e n ce o f  
t h e  P a l e o - I n d i an Per i od con s i sts  o f  very l i m i ted frag fTE nt ary o r  i so l a te d  
project i l e -po i n t  f i n ds .  Mor e exte n s i v e  remai n s  h av e  be en d i scover ed 
e l s ewher e in  Nor th Ame r i c a . S i tes  of P a l e o - I n d i an occ u p at i on may be 
present  i n  the ar ea but h av e  ye t to be d i sco v er ed i n  the stu dy r e g i o n . 

I n  the Arch ai c  Per i od , nomad i c grou ps co nt i n ued t o  h u nt an d gather 
p l an t  an d an i m a l  food s tu ff s ;  howe ver , t hey exp l or ed a w i d er var i ety 
of s pec ies  on a s pec i a l i zed seaso n a l  cyc l e  o f  m i g r at i on .  Th i s  s h if t  i n  
l i fe sty l e i s  pres u fTEd t o  h ave  resu l ted from a warme r an d dr i er c l i m ate , 
p rob ab l e  h ig her popu l at i on den s i t i es , the ext in ct i on of  l ar ge game an 
i m a l s , an d the appearan ce of  d i ffer ent vege ta t i on commu n i t i es after t h e  
i c e  ag e .  The Arch ai c  peopl e u sed l a rge - s i zed project i l e po i n t s ,  an d 
s t one -grou nd  i mp l eme nt s  th at ar e be l i eved to  i n d i c a te a greater r e l i an ce 
on a w i d e  var i ety o f  p l an t s .  Ev i d e n ce dat i n g  to the  Arc h ai c  Per i od i s  
p l e nt i fu l  in  the  stu dy reg i o n .  Sm a l l an d l ar ge s i ze ar t i f ac t s  con s i st-
i ng  of  ch i pped st one deb r i s ,  tool s ,  an d hearths  h av e  been  fou n d , a s  h av e  
i so l ated ar t i f ac t s . Hab i t at i on  s i tes  ar e r ar e .  Arc h ai c  stage  s i te s  i n  
we st -ce ntr a l  Co l or ado  typ i c a l ly  occu r  as open l i th ic sc atters  or rock  
s he l ter s .  

The Format i v e  Per i od l i festy l e con s i sted o f  grow in g s u c h  crops  as 
co r n ,  be an s ,  an d squas h  to s u p pl eme nt fo od stuffs  proc ured by h u nt i n g  
an d gather i n g . The Form at i v e  peop l e  m ad e  d i screte typ e s  o f  cer am i c s  an d 
l i v ed i n  maso nry or jac a l  surface  str u ctu res or p i thou ses . Ther e has  
been co n s i d er ab l e d i sc u s s i o n  ( Re ed , 1984)  as to  wh i c h  tr ad i t i on s  
( Anas azi or Fr emont ) in f l ue n ced the in h ab i tan t s  du r i n g  th i s  per i od . 
Reed ru l es ou t bot h An as az i an d Fremo nt tr ad i t i on s  i n  we s t-ce ntr a l  
C o l or ad o . Th e fo rmer i s  ru l ed out d ue to great var i at i on s  i n  ar t i f ac t s  
an d ar ch i te ctu r e ,  an d the l atter d u e  to  l ack of  Fr emo nt cer am i c s  i n  the  
ar ea . The q u a l i ty of the  data  bas e  on th i s  per iod  i s  co n s ider ed poor 
( R eed , 1984 ) . Format i v e  s i te s  yi e l d i n g  cer am i c s ,  masonry stru ctu r es , or 
cu l t i ge n s  number l es s  than 100 . 
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The d i s appearan ce of  the Form at i v e  Per i od brou ght a r e -eme r ge n ce of  
the  n omad i c Arc h ai c - l i k e  l i f e s ty l e i n  t he  P rot o-h i s t or i c  Per i od .  Hu nt i n g  
an d gat her i n g  wer e  the pr i mary su bs i ste n ce bas e .  Th e mate r i  a l  cu l tu r e  
was s im i l ar t o  the Arc h ai c  Per i od ,  exc e pt th at the bow an d ar row we r e  
u s ed . The Ute l i festy l e  used temp or ary bru s h  s tr u ctu r es for prote ct i on .  
L ater i n  the P rot o-h i s tor i c  Per i od ,  the  use o f  ho rses  h ad a s i g n i f i c an t  
i mp act  on the Ute s , eventu a l ly  perm i t t in g the use of  the t i p i  an d gr eat
er mob i l i ty .  The N um i c -speak i n g  Ute reac hed the reg i on be tween  A . D . 
1 2 00 an d 1 400 . The f i rs t Euroame r i c an ob ser vat i on of the Ute s was i n  
1 7 76 o n  the Dom in g ue z -Esc a l an te exped i t i on .  The Ute s we r e  t h e  sol e o cc u 
p an t s  o f  the ar ea unt i l  the i r mov e to res er vat i on s  i n  1881 . Ute ar t i 
f act  as semb l ages  ar e s i m i l ar t o  Arc h ai c i n  ter ms of tool s r epresented . 
I t  ap pears the Ute co l l e cted ar t i f ac t s  from pr e-h i s tor i c  s i te s  for 
r eu t i l i zat i o n . Th i s ,  al ong w i th the use of hor s es wh i c h  ch an ged sett l e 
me nt patter n s ,  an d cur rent l an d  own er sh i p  patte r n s  i n  t h e  ar ea,  h av e  
been  p ropo sed as the reas o n s  beh in d t h e  re l at i v e l y  few def i n i t i v e  Ute 
s i tes . 

After expu l s i o n  of the Ute s to  reser vat i on s ,  fu l l  sc a l e  sett l ement  
by Euroame r i c an s  en sued d ur i n g  the  rem ai n der of  the  h i st or i c  per i od .  
Commun i t i es l i k e  Gr an d Ju n ct i on we r e  estab l i shed  i n  the l atter part  of 
the  19th  century as r an ches , f arms , an d i rr i g at i on ne tworks  we r e  deve l 
oped al ong majo r r i v er v a l l eys . Rai l road s  an d ro ad s  we r e  bu i l t al on g 
the  Co l orad o  R i ver an d ot her rou te s  by the e ar l y  20t h centu r y .  V ar i ou s  
cyc l es of m i n i n g  an d mi l l i n g  h ave  t ak e n  p l ac e  i n  the ar ea . I n  the 1 880 s 
an d l ater ye ars , co a l  was imp or tant . Ur an i um  an d van ad i u m  began to  be 
m i n ed an d m i l l ed i n  the 20s an d 30 s .  E uroame r i c an s i te s  of th i s  per i od 
i n c l ude dwe l l i n g  str u ctures , r a i l an d ro ad bed s , wate r contr o l  str u c 
tu r es , an d m i n i n g  p ros pect s .  
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J . 3 PLAC ES OF  ARCHAEOL OG I C  AN D H I STOR I C  I N TE REST  

An  i n te n s i v e  rev i ew ( C l as s  I In v ent or y )  of f i l e  data  was conducte d to  i d e n 
t i fy k n own cu l tu r a l r es ou rce s i n  the v i c i n i t i es of the proposed r emed i a l ac t i on 
s i tes . In ad d i t i on ,  ped e str i an  i n v en t or i es ( C l as s  I I I  In v en t ory ) wer e  conducted 
on the a l te r n ate s i te s . The data on cu l tu r a l  r es ou rces  h av e  been as semb l ed by 
V i o l a an d F i r eb au g h  ( 1 983 ) an d  GR I ( 1 985 ) . 

J. 3 . 1  GR AN D JUNCTI  ON S I TE 

A t ot a l  of  74 cu l tu r a l  resources  ar e k n own fo r the Gr an d Junct i on 
s tudy  ar ea , a tr ac t  of n i ne  squar e  m i l e s ar ou n d  the ta i l i n g s  p i l e .  A l l 
of the resou rces ar e s i te s  from the H i s t or i c  Per i od .  Most ar e stru c 
tures ( i  . e . , res i d e n ces , s t or e s , churc hes , an d f ac t or i es )  an d  ar e as s o c i 
ated wi th th e c i ty of Gr an d Junct i on or farm i n g  i n  the  ar ea.  Ot h er 
s i tes i n c l ude  par ks , a mo nume nt , a tomb , ra i l ways , an d the routes of 
Ute s , a tr apper , an d exp l or er s . On l y  s i x  of the cu l tu r a l r es ou rc e s  h av e  
been eva l u ated i n  ter ms of e l i g i b i l i ty for n om i n at i on to the N at i on a l  
R e g i ster o f  H i s t or i c  P l aces  ( NR H P ) . The bu i l d i n g  th at hou s e s  the Gr an d 
J un ct i on Po st  Off ice  an d the Mes a Cou nty Cou r t  Hou s e  i s  l i sted on the  
NRH P .  Th r ee f arm res i d e n ces ar e co n s ider ed e l i g i b l e  for n om i n at i on to  
the Re g i ster . The  f i rs t  su gar-beet  ref i nery i n  C o l or ad o was con stru cted 
in 1 899  an d por t i on s  we r e  l a ter co nv er ted to  the ur an i u m  m i l l  t h at pro
d uced the Gr an d Junct i on tai l i n g s  p i l e .  In format i on av ai l ab l e to the  
p resent stu dy in d i c ate s th at the or i g i n a l  s i te stru ctu r es wer e  demo l 
i s hed or exte n s i v e l y  al ter ed . The l ocat i on i t se l f ,  wh i c h  a l s o  h as been 
e xte n s i ve l y  d i sturbed , may be e l i g i b l e  for i n c l u s i on on the NRH P s i n ce 
the su gar i n d u stry was of majo r eco nom i c  imp or tan ce t o  Co l or ad o . 
Add i t i on a l , as ye t u nrecor ded , h i st or i c a l  s i te s  are be l i eved to  ex i st 
ne ar t he Gr an d Junct i o n  s i te ,  as the ar ea was i n v o l  v ed i n  the  e a r l y  d e 
v e l opme nt of  t h e  c i ty of  Gr an d  Junct i on .  

The rem ai n s  of the su gar be et  f ac t or y  an d the s i te i t se l f  wou l d  be 
i mp ac ted by th e r emed i al ac t i on .  The SHPO h as ye t to deter m i n e  the  e l 
i g i b i l i ty of th e s i te for i n c l u s i o n  to the  NRH P .  A data  r ecovery p l an 
wou l d  be des i g ned an d i mp l eme nted , i n  consu l t at i on w i th th e S H PO ,  to  m i t
i g ate an y i mp ac t s  i f  the s i te i s  e l i g i b l e .  

J. 3 . 2 C HENE Y  RE SERVO I R  S I TE 

Two con ce n tr at i on s  of cu l tu r a l  mater i a l s  occur in  the  Cheney 
Reser vo i r stu dy ar ea .  One occu p i es a l ow r i d ge th at c ut s  d i ag o n a l ly ( SW
NE ) throu gh  the  ce nter o f  the  s i te ,  an d the other  occurs  i n  the  sou t h 
east  cor ner . The nor thern co n ce nt r at i on i s  r e l a t i v e l y  s pars e  ( a  
pos s i b  l e  che ck dam su g ge s t s  u se  of  the ar ea for ho r t i c u l tu r e ) . Th e 
sout her n  co n centr at i on h as a gr eater  ar t i f act  de n s i ty an d i n c l u des  n ume r 
ou s p r ev i ou s l y r ecor ded s i te s . 

Due  to  the con t i n uous  sc atter be tween  s i tes , a c l u s ter appro ac h  for 
the sou ther n  s i tes  h as been r ecomme n ded ( GR I ,  1985) . Th i s  ap proac h  h as 
been recomme nded due to  the d i ff i c u l ty in  def in i n g  i n d i v i d u a l  s i te s . The 
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SH PO h as dete rm i ne d  th at fou r  l i th ic sc atters  need ad d i t i on a l  data .  The 
ot h er 19  s i te s  ar e i ne l i g i b l e  fo r i n c l u s i on to the NR H P .  The four s i te s  
w i l l  be i n v es t i g ated for ad d i t i on a l  data  t o  de term ine  the i r  s i g n i f 
i c an ce .  The ad d i t i on a l  data w i l l  be su bm i tted  t o  the S H PO for d e term i n a
t i on 0 f e l i g i b i 1 i t  y • If  th e s i te s ar e e l i g i b 1 e an d i f  the C hen e y 
Res er vo i r  s i te i s  s e l ected as th e d i s po s a l  s i te ,  a data r ecov ery p l an 
wou l d  be de ve l oped an d imp l eme nted i n  con su l tat i on wi th th e SHPO an d 
BLM . Th i s  progr am wou l d  co n s i s t of map p i n g ,  co l l ect i n g ,  an d exc av at i on 
of the e l i g i b l e  s i te s . 

The E uroame r i c an cu l tu r a l  r es ou rces i n  the v i c i n i ty o f  th e Cheney 
Reser vo i r  s i te co n s i st of an i r r i g at i on sys tem th at may be e l i g i b l e  for 
the NR H P ;  f arm equ i pme nt an d a r e l a ted t r ai l or d i tch , wh i c h  ar e prob 
ab l y  not e l i g i b l e  fo r the NRH P ;  an d a farm,  a s t ock tan k ,  an d two reser 
vo i rs th at h av e  ye t to be eva l u ated . The E uroame r i c an s i tes  r ep resent 
ag r i c u l tu r a l  ef for ts d u r i n g  the H i s tor i c an d Recent Per i od s .  L arge ar 
eas  h ave be en exp l or ed fo r cu l tu r a l r es ou rces , an d a h ig h  dens i ty o f  po
tent i a l l y s i g n i f i c an t  cu l t u r a l  resources has been  recor ded i n  the  
v i c i n i ty of the Che ney Res er vo i r  s i te .  Thes e s i tes  wou l d  not be  i rrp act
ed  by  the  r emed i a l ac t i on ,  as they ar e o ut s ide  t he  des i g nated area t o  be 
u s ed for d i s po s a l . 

J . 3 . 3 TWO ROAD S I TE 

W i th in the immed i ate v i c i n i ty of  the Two Road s i te i s  one s i te d e 
term i ned  b y  SHPO as e l i g i b l e  t o  the  NRH P .  Th e s i te co n s i st s  o f  a 
camp s i te w i th l i th ic sc atte r  an d gener a l ly  ov er l ook s the east  fo rk of 
B i t ter Creek . No cu l tu r a l  r e sources  wou l d  be imp acted by d i s po s a l  at 
the Two Road s i te .  

J . 3 . 4  V IC IN I TY PROPE RTI ES 

The majo r i ty of  v i c i n i ty pro per t i es ar e you nger th an 50 ye ar s an d 
ar e ther efore  i ne l i g i b l e  to  the  N R H P .  A cu l tu r a l  r es ou rce  eva l u at i on 
w i l l  be co nducted for an y v i c i n i ty proper ty o l d er t h an  50 ye ar s .  
Con s u l tat i on w i th th e S H PO  wi l l  be co nducted , as ap propr i ate . 

J . 3 . 5  BOR ROW S I TE S  

C u l tu r a l  res ou rce sur veys h ave  n ot be en co n d ucted for bor row s i tes . 
The 32 an d ct bo rrow s i te s  ar e at e x i s t i n g comme rc i a l l ocat i on s  an d 
these  ar eas are not exp ected t o  yi e l d  cu l tu r a l ar t i f ac t s ,  s i n ce th e  
ar eas h ave  been  prev i ou s l y  d i stu rbed . The bor row s i te i n  Unaweep  C an yon 
h as not bee n  d i stu rbed . Pr i or to s urface  d i stu r b an ce , a C l as s  I I I  s u r 
v ey wou l d  be co nducted at any bor row s i te .  I f  c u  l tu r a  1 r es ou r ce s  ar e 
p r es ent , the  appro pr i ate co n su l tat i on wi th S H PO wou l d  be m ad e .  If cu l 
tur a l  resou rces ar e de term i ned  t o  be e l i g i b l e  to the N R H P  an d i f  th e 
s i te s  wou l d  be imp acted by exc avat i on ac t i v i t i es ,  a data r ecovery pro
gr am wou l d  be des ig ned an d i mp l eme nted . 
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K . 1 . 1 POP ULAT ION  

K . 1  EX I ST I N G  SOC I OECONOM ICS  

I n  1 980 th e pop u l  at  i o n  of the State of Co l o rado  was  2 , 889 , 964 ,  o r  
30 . 8  percent  h i gher  than the 1970 pop u l at i on .  The urban popu l at i on ,  
2 , 329 , 86 9 ,  was 80 . 6  percent  of the tot a l  an d rep resen ted an i n c rease of  
34 . 4  percen t s i nce  1970 .  The Den ver-Bo u l der  Standard Me tropo l i tan 
Stat i st i c a l  Area ( SMSA ) ,  th e l argest popu l at i on cen ter i n  the  s t at e ,  h ad 
a 1980 pop u l at i on of 1 , 620 , 902 , wh i ch was 56 . 1  percent  of the  s tate l s  
pop u l  at i on an d rep resen ted an i n crease  of 30 . 8  percent over  1 9 70 .  Abo ut  
28 . 8  percent of Co l orado 1 s  pop u l at i on res i de s  i n  the ot her four  SMSAs 
( Gree l ey ,  Fort Co l l i n s ,  Co l orado  Spr i n g s ,  an d P ueb l o )  wh i c h are i n  t h e  
cen ter of t h e  s tate near Den ver ( USDO C ,  1 981a ) .  

Mesa  County h ad a tota l  1 980 pop u l at i on of 81 , 530 wh i ch was 2 . 8  p er 
cen t  of the state l s  pop u l at i on . As Tab l e  K . 1 . 1 shows , the  popu l at i on o f  
the  county grew by abo ut 50 percent  d ur i n g  the 1 9 70s . Es t i mate s o f  th e 
1 982 pop u l at i on by the Co l orado  West Area  Co unc i l of  Government s  i n d i 
cate con t i n ued  rap i d  growth d ur i n g  1 980 an d 1 981 . Th i s  growth may h ave  
abated , howe ver , a s  t h e  energy-re l ated act i v i ty i n  t h e  area h as s l owed . 
Gran d J unct i o n ,  w i th a 1980 popu l at i on of  28 , 1 44,  i s  the l arges t c i ty i n  
Mesa  Co unty .  The po p u l at i ons  of al l the  i n corporated an d cen s us 
de s i gnated  p l ace s  i n  the coun ty are l i sted i n  Tab l e  K . 1 . 1 .  Th e l atest  
avai l ab l e  Mesa  County ( Gran d  J unct i on )  po p u l at i on es t i mate p l ac ed t he  
co unty ( c i ty )  popu l at i on at 96 , 400 ( 31 , 500 )  i n  J u ly ,  1 983  ( US DO C ,  1 98 5 ;  
Co l orado  Dep artment of Loca l Affa i r s ,  1 985 ) . 

Tab l e  K . 1 . 2 d i sp l ays popu l at i on es t i mate s an d project i on s  to th e 
ye ar 2000 for Me sa  County;  these data  were de ve l oped by the State of  
Co l orado  D i v i s i on of Loc a l  Governme n t ,  us i n g  the P l an n i n g  an d As se s sme n t  
System ( PAS ) . These  n umbers i n d i  cate th at curren t an d future growth 
rates are not expected to keep p ace  w i th the 1 9 70s . Th e av erage  an n ua l  
growth rate o f  5 . 0  percen t mai n tai ned d ur i n g  the 1 9 70s i s  expected to 
fa l l to 2 . 3  percen t an d 0 . 4  percent for the 1980s an d 1990 s ,  respect i v e 
l y  ( P l an n i n g an d As ses smen t Sys tem , 1 984) . 

I n  1980 , the med i an age i n  Mesa Co unty was 29 . 0 years . Abo ut 28 . 6  
percent  of the cou nty 1 s  pop u l at i on was l es s  th an 18 ye ars o l d ,  6 0 . 7 per
cent  was be tween the ages  of 18 an d 64 ,  and 10 . 7  percent was  65  an d o l d 
er . Amon g  the Sp an i s h pop u l at i on , wh i ch con s t i tutes 7 . 0  percent  o f  the  
tota l , these  f i gures  were 41 . 7 , 53 . 8 ,  an d 4 . 5  percent ,  res pect i v e l y .  
O n l y  0 . 3  percen t o f  the pop u l at i on i s  b l ac k .  Al though the n umbe rs  of  
ma l es an d fema l es  were about  equa l ( 49 . 5  vers us 50 . 5  percen t ) , t he  
percentages  d i ffered substan t i a l l y  w i t h i n  ag e group s .  Among t hose  l e s s  
t han 1 8 ,  ma l e s an d fema l es accounted for 51 . 7  an d 48 . 1  perc en t ,  
respec t i v e l y ;  among  those  18 to  65 , th ese percentages  were 49 . 7 and  50 . 3  
percent ; and among  those 65 an d o l der , they were  42 . 4  an d 5 7 . 6  percen t .  
The ag e ,  sex , an d rac i a l d i s tr i b ut i o n  o f  Mes a  Co unty i s  presented i n  
Tab l e  K . 1 . 3 ( USDOC , 1 981b ) .  

The aver ag e  ho useh o l d  s i ze i n  Co l or ado  dec l i ned from 3 . 08 i n  1 9 70 
to 2 . 65 i n  1980 . Th i s  trend was a l so  ref l ected i n  Mesa  Coun ty, where 
the aver age  househo l d  s i ze decre ased from 2 . 97 in  1 9 70 to  2 . 6 7  in  1 980 . 
Tab l e  K . 1 . 4  summar i ze s  ho u se ho l d  s i zes for i n corporated an d cen s u s 
de s i g nated p l  aces  i n  t h e  county ( USDO C ,  1 9 71 ,  1 982a ) . 

K -1 



Tab l e K . l . l Pop u l at i on s of Mes a  County and i n corpor ated an d cen s us 
d e s i g nated p l ace s  i n  the  county,  1 982 ,  1 980 , a n d  1 9 70 

P l ace  1982 a , b  

Mes a Co u n ty 
( +1 4 . 4%) d Tota l  93 , 263 

Urban NA 
R u r a l  NA 

C l i fton g NA 

C o l l br an 380 

OeBeque 326 

Fru i t a 3 , 283 

Grand  J un c t i o n  29 , 556  

Orch ard Mes ag NA 

P a l i s ad e  1 , 746 

1 980c 

81 , 530 ( +49 . 9%fe 

59 , 664 ( 73 . 2% ) f 21 , 86 6  ( 26 . 8%)  

5 , 223  

344 

279  

2 , 810  

28 , 1 44 

4 , 876 

1 , 551  

of  

1 9 70b , c  

54 , 374  f 
25 , 994 ( 47 . 8% ) f 
28 , 380 ( 5 2 . 2% )  

NO 

225 

1 5 5  

1 , 822 

20 , 1 70 

5 , 824  

874 

Governme n t s  ( 1 982 ) . �E s t i mat es  for 1982 from th e Co l or ado  West  Are a  Coun c i l 
NA = not  av a i l ab l e ;  NO = not def i n ed . �Oata  for 1980 an d 1 9 70 from the 1 980 Cen s u s  of Popu l at i on ( USOOC ,  1 981a ) .  
Percen t age  of i n cr ease over 1980 popu l at i on .  �percentage  of i nc rease  over 1 9 70 pop u l at i on . 
Percentage  of tot a l  p opu l at i on i n  Mes a  County .  gcen s us -de s i gnated p l ace .  
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Tab l e  K . 1 . 2 Pop u l at i o� es t i mate s an d project i on s  for Mes a Co u n ty 
1 983-2000 

1 983 1984 1985 1 990 1 995 2000 

County tota l 95 , 2 23 95 , 183 96 , 1 74 100 , 41 9  103 , 008 104 , 478 

Ave r age  an n u a l  
change  ( -0 . 04%) ( +1 . 04%) ( +0 . 88% ) ( +0 . 51% )  ( +0 . 29%)  

aE st i mates an d proj ect i on s  from 
Co l or ado , D i v i s i on of Loc a l  
Demo g r ap h i c  Sec t i on ( 1 984) . 

P l an n i n g  an d As s e s sment  Sys tem , 
Go vernmen t ,  Dep artmen t of Loc a  1 
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Tab l e  K . 1 . 3 Age , s ex ,  an d race d i str i but i on of t he popu l at i on of  Mes a Cou nty ,  1 980
a 

Tot a 1 b Wh i te
b 

B l  ack 
b 

Others  c 

Age gr ou p Tot a l  Ma l e  Fem a l e  Tot a 1 Ma l e  Fema l e Tot a l  M a l e Fema l e Tot a l  M a l e Fema l e 

Und er 1 8  2 3 , 3 33  12 , 054  1 1  , 2 79 2 2 , 059 1 1  , 3 76 1 0 , 683 7 1  43  28 1 , 203 63 5 568 

18-64 49 , 462  24 , 593 24 , 869 47 , 430 2 3 , 506 2 3 , 924 134 95 39 1 , 898 992 90 6 

65 an d ov er 8 , 7 35 3 , 704 5 ,0 31 8 , 60 1  3 , 6 42 4 , 959 9 4 5 125  58  67  

Tot a 1 81 , 530 40 , 3 51 41 , 1 79  78 , 0 90 38, 5 24 3 9, 566  21 4 142  72  3 , 2 26  1 , 6 85 1 , 541  

�From U . S .  Departme nt o f  Commerce  ( US DO C ,  1 981 b ,  T ab l es 44 an d 45 ) .  
I n c l u des t he popu l at i on o f  Span i s h or i g i n , w h i c h  t ot a l s  5 743 i n  Me s a  Cou nty.  c I n c l udes  Ame r i c an I n d i an ,  As i an ,  Pac i f i c  I s l an d er , an d ot her s .  
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Tab l e  K . 1 . 4 Aver age hous eho l d  s i ze for Mes a  County and  for the  
i ncorpo r ated and cen s us -de s i g na ted  g l ac e s  w i t h 
popu l at i on s  of 1000 or over i n  1980 

P l  ace
b 

Mes a  Coun ty 
C 1 i fton 
Fr u i t a 
Grand J un c t i on 
Orc h ard  Me sa  
P a l i s ade 

Aver ag e ho u s eho l d  s i ze 

2 . 6 7  
2 . 81 
2 . 88 
2 . 30 
2 . 93 
2 . 50 

�From U . S .  Department of Comme rce ( USDO C ,  1 982a , Tab l es 34,  3 9 ,  43 ,  and  44 ) . 
Data  for Co l l br an an d De8eq ue are not av a i l ab l e  be cause  the i r  1 980 pop u l a
t i on s  were  be l ow 1000 .  
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K . 1 . 2 SOC I AL AN D ECONOM I C  STRUCTUR E 

Tab l e  K . 1 . 5 presen ts  a comp a r i son  of i n come by major i n d u s tr i a l 
s o urce  for the State of Co l or ado  an d the Un i ted State s . For the Uni  ted 
States , the tot a l  e arned i n come i n  1980 was $1 . 6  tr i l l i on .  ( E ar n ed i n 
come i s  equa l to l abor an d p rop r i etor s ' i n come . ) Co l or ado i ncome d ur i n g  
the  s ame ye ar was  $2 1 b i l l i o n ,  or  abo u t  1 . 3  percen t o f  the  U . S .  f i g ure . 
I n  con tr as t  w i t h  U . S .  percen t ages , m i n i ng rep resent s  a muc h l ar ger por
t i on of the  s t ate ' s  i n come th an man ufactur i n g . The p ercentages  of a l l 
ot h er i nd us tr i e s  are s i mi l ar to tho s e  for the Un i ted States ( USDOC ,  
1 982b ) . 

Tab l e  K . 1 . 6 presents  person a l  i n come ( e arned  i ncome p l us d i v i de n d s ,  
i n teres t ,  ren t ,  and  tr an sfer p ayments ) fo r the U . S .  an d Co l or ado . Tot a l  
i n co me  i s  p resented  by p l ac e  o f  work , whereas  person a l  i ncome i s  presen t
ed by p l ace of res i d ence  ( n ote re s i d ence  ad j us tmen t ) . I n  1 980, the U . S .  
per son a l  i ncome was $2 . 16 tr i l l i on ,  or $9 , 5 1 1  per c ap i ta ;  i n  Co l o r ado , 
i t  was $29 . 1  b i l l i on ,  o r  $10 , 03 3  per cap i ta .  Thu s , Co l o r ado  per c ap i t a 
person a l  i n come was 5 . 5  per cen t h i gher  th an th at of the Un i ted St ates 
( USDO C ,  1 982 b ) . 

As i n d i c ated i n  Tab l es K . 1 . 7  and  K . 1 . S an d F i g ur e  K . 1 . 1 ,  t he  econom
i c  s tr u cture  of Mes a Cou n ty d i f fers  s u bs tan t i a l ly  from th at of Co l or ad o  
an d the  Un i ted States a s  a wh o l e .  Ear ned  i ncome tot a l ed n ear l y  $525 m i l 
l i on , or 2 . 3  percent  of the s t ate tot a l , an d per son a l  i n come was $705 
m i l l i on ,  2 . 4  percen t  of s t ate pers ona l i ncome . M i n i ng i s  a l ar g e  i n come 
sector  i n  Mes a  Co u n ty ;  i t  rep resents  11 . 4  percent  of e ar ned i ncome c om
p ared w i th 4 . 9  percent  for the s t ate as a wh o l e .  Man uf actur i n g  i s  a 
very sma 1 1  segment  of the econ omy i n  comp ar i son w i  th the s t ate an d na
t i on a l  f rac t i o n s  ( USDO C ,  1982b ) .  Tab l e  K . 1 . 9 ,  wh i c h  s hows reta i l s a l e s 
i n  Mes a  County an d i n  the  e nt i re St ate of Co l o r ado , i n d i c ate s s i mi l ar 
p at terns  i n  terms of th e c on tr i b ut i on of e ach  i n d us try to the l oca l eco
nom i c  base ; reta i l s a l es patte r n s  add i t i ona l l y i n d i cate th at Mes a  res 
i de n ts on aver age spen d a l arger s h are of the i r  reta i l do l l ars on food 
an d automob i l es th an do res i d e n ts of the s t ate as a wh o l e . Gr an d 
J un c t i on  ac counted  for 78 . 5  percen t of the coun ty ' s  $1 , 0 1 6 . 7 m i l l i on i n  
reta i l s a l es d ur i n g  the J u l y  1 ,  1 982 , to J un e  30 , 1 983 , p er i od ( Co l or ado 
Depar tment of  Reven ue , 1 983 ) . 

The per  cap i ta person a l  i n come i n  Mes a  Co u n ty was $8 , 630 i n  1 980,  
con s i derab l y  be l ow the  s t ate aver ag e  of $10 , 03 3  ( USDO C ,  1 982b ) . Tab l e  
K . 1 . 10 s hows proj ec te d  i n d i ces  for person a l  i nc ome an d per c ap i t a p er s on 
a l  i n come i n  Mes a  County through  the ye ar 2000 . I n  rea l  term s , per  cap
i t a pers ona l i ncome i n  Mes a  Co u n ty i s  expecte d  to  be  be l ow the  1 980 
l e ve l  un t i l 1 990 , then  ac h i e v i n g  a 5 . 1  perce n t  i nc rease  by 2000 
( P l an n i ng an d As s e s smen t  Sys tem , 1 984 . ) 

Tab l e  K . 1 . 1 1  d i s p l ays data  on commerc i a l ban k depo s i ts i n  Me s a  
Coun ty over th e 1 9 70-1983 per i od .  To t a l  depo s i ts i n c re ased  by 464 per
cen t  o ver the  per i od ( from $70 . 7 m i l l i on to $398 . 8  m i l l i on ) , and the n um
ber of banks do u b l ed .  Per cap i ta commerc i  a 1 ban k  depos  i t s  ro s e  from 
$ 1 , 300 to $4 , 344  ( 234  perce n t ) over the per i od ( De n ver  Rese arch 
I n s t i tute , 1 984 ) . 
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Tab l e  K . 1 . �) L abor an d propr i etor s ' i n come by p l ac e  o � wor k  for the  Un i ted S t ates 
an d the State of  Co l or ad o ,  1 975 an d 1 980 ( i n  t ho u s an ds of  do l l ars ) 

Un i ted  S t ate s C o l or ad o  

I n come cate gor y  1 9 75 1 980 Per cent  1 975 1 980 

BY T Y P E  

Wage an d s a l a ry d i s burseme nt s 800 , 828 , 0 00 1 , 348, 60 5 ,000 9 , 9 7 3 , 92 2  1 9, 02 7 , 04 1  
Other l abor i n come 64 , 489 , 000 1 3 7 , 058 , 000 6 71 , 845 1 , 6 3 2 , 79 4 
Propr i e tor s ' i ncome 89 , 32 7 , 000 126 ,032 , 000 1 , 3 60 , 6 41 1 , 994, 569  

F arm 2 3 , 9 2 7 , 000 18 , 858, 000 4 72 , 5 27 3 7 5 , 7 6 8  
Nonf arm 65 , 400, 000 10 7 , 1 74 , 000 888, 1 14 1 , 61 8, 80 1  

BY I N DUSTR Y 

F arm 30 , 26 4, 0 00 29, 2 4 7 , 000 1 . 8  560 , 56 6  50 7 , 432  
Nonf arm 924 , 380 ,000 1 , 582 , 448 , 000 98 . 2  1 1 , 4 45 , 84 2  2 2 , 1 46 , 9 72 

Pr i v ate 750 , 2 99 , 000 1 , 3 20 , 946 ,000 82. 0 8 , 741 , 361  1 8, 0 3 6 , 4 41 
Agr i cu l tur a l  s er v i ces , fores try , 

f i sher i es ,  an d ot her 3 , 638 ,000 7 , 0 74 , 000 0 . 4  41 , 928 88, 1 48 
M i n i n g 13 , 592 , 000 8 , 910 , 000 0 . 6  3 5 7, 908 1 , 10 1 , 748 
Cons truct i o n  5 5 , 4 70 , 000 93 , 5 75 ,000 5 . 8  825 ,036  1 , 6 65 , 1 5 7 
M an uf actur i n g  240 , 6 74 , 000 41 6 , 1 36 ,000 25 . 8  1 , 83 5 , 3 1 9 3 , 74 7 , 3 37 

Nondu r ab l e  good s  89 , 0 5 7 ,0 00 1 46 , 245 , 000 9 . 1  690 , 1 6 4 1 , 1 78, 125  
D ur ab l e  goods 151 , 6 1 7  , 0 00 269 , 89 1 ,000 1 6. 7  1 , 1 45 , 1 55 2 , 56 9, 2 12 

Tran s por t at i on an d p u b l i c  ut i l i t i es 70 , 2 93 ,000 124 , 74 5 ,000 7 . 7  924 , 204 1 , 93 7 , 878  
Who l es a l e  tr ade 63 , 961 ,000 1 1 1 , 2 35 ,0 00 6 . 9  796 , 7 24 1 , 5 3 6 , 16 7  
Retai  1 tr ade  98 , 1 35 , 000 1 56 , 1 14 , 000 9 . 7  1 , 34 2 , 6 1 5  2 , 386 , 700 
F i n an ce , i n sur ance , an d r e a l  e s t ate 49 , 4 29 , 000 97 , 92 7 , 000 6 . 1  62 9 , 7 90 1 , 5 1 9, 3 7 4  
S er v i ces  1 55 , 10 7 , 000 285 , 2 30 ,000 1 7 . 7 1 , 988, 83 7 4 , 0 53 , 93 2  

Governme nt an d gover nme nt e nte r pr i ses 1 74 , 081 ,000 261 , 502 , 000 1 6 . 2  2 , 7 03 , 481  4 , 1 10 , 531  
Feder a l , c i v i  1 i an  41 , 9 76 ,000 60 , 850 ,000  3 . 8  722 , 5 55  1 , 041 , 93 9  
Fed er a l , m i l i t ary 1 7 , 90 6 ,000 2 3 , 506 ,000 1 . 4  475 , 3 53 5 1 3 , 3 95 
State an d l oc a l  1 1 4 , 1 99 , 000 1 7 7 , 1 46 ,000 1 1 . 0  1 , 505 , 5 73 2 , 5 55 , 1 9 7  

a D at a  from U . S .  Dep artme nt o f  Commerce  ( US DOC ,  1 982b , T ab l es 1 an d 5 ) . 
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79 . 6  
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1 1 . 3 
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6 . 8  

10 . 5 
6 . 7 

1 7 . 9 
1 8. 1  
4 . 4  
2 . 3  

1 1 . 3  



Tab l e  K . 1 . 6  Per s o n a l  i n come for t he  Un i te d  St ates an d the St ate o f  Co l or ad o ,  1 975 an d 1 980
a 

( i n  t ho u s an ds o f  d o l l ars ) 

Un i te d  States  

Income cate gory 1 9 75 1 980 

Tot a l  l abor an d propr i etcr s ' i n come b 95 4 , 6 44, 000 1 , 61 1 , 6 95 ,000 
Per so n a l  contr i b u t i on s  for soc i a l  i n su r an ce -50 , 1 1 8, 000 -8 7 , 3 70 , 000 
Res i d e n ce ad j us tme nt - 33 6 , 0 00 -43 9 , 000 

Ne t 1 abor an d propr i etor s '  i n  corre 904 , 1 90 ,000 1 , 5 2 3 , 886 ,000 
D i v i dend s , i n te r es t ,  an d rent 1 76 , 1 45 ,000 342 , 503 ,000 
Tran s fer p ayme n t s  1 78 , 308, 000 2 94, 240 ,000  

Per s ona 1 i n co me  1 , 2 5 8, 643 , 000 2 , 1 60 , 629 , 000 

Tot a l  popu l at i on ( t ho u s an ds ) 2 1 5 ,456 . 6  2 2 7 , 1 66 . 7 
Per cap i t a  per s o n a l  i n come ( do l  l ars ) 5 , 842  9 , 51 1 

A 
I a 

00 bD ata  from U . S .  Depa rtme nt o f  Commerce  ( US DO C ,  1 982b , Tab l es 1 an d 5 ) . 
See Tab 1 e K . 1 .  5 • 

C o l or ad o  

1 975 

12 , 0 06 , 408 
-5 74 , 8 72 

-4 , 4 99 

1 1 , 4 2 7 , 037  
2 , 1 83 , 3 56 
1 , 858 , 762  

1 5 ,469 , 1 5 5  

2 , 5 86 . 1  
5 , 98 2  

1 980 

2 2 , 6 5 4, 404 
-1 , 1 2 7 , 363  

-7 , 486 

21 , 51 9, 5 5 5  
4 , 366 , 6 90 
3 , 1 6 6 , 2 94 

29 , 052 , 53 9  

2 , 89 5 . 7  
1 0 , 0 3 3  



Tab l e  K . 1 . 7  
c
L

o
ab

u
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n
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ty

a
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1 9
P
7
r
5
0P

an
r

d
i e

1
to
98

r
O
s � i n c ome by p l ace of wor k  for Mes a  

( i n tho u s an d s  of do l l ars ) 

Perc en t of  
I ncome c atego ry 1975  1 980 1 980 To t a  1 

BY TYP E 

Wage an d sa l ary d i s bur s eme n t s  198, 440 446 , 45 1  
Other  l abor i n come 1 4 , 38 7  40 , 0 53 
P rop r i etors ' i n come 2 3 , 458 38, 1 2 4  

F arm 4 , 7 62  2 , 90 4  
Nonfarm 18, 696 35 , 2 20 

Tot al  236 , 285 524 , 628 

BY I N D US TR Y  

Farm 7 , 289 6 , 695 1 . 3  
Nonf arm 228, 996 5 1 7 , 933 98 . 7  

P r i v ate 183 , 596 441 , 52 1  84 . 2  
Agr i c u l t u r a l  ser v i ces ,  forestry , 

f i s her i e s , and  others  816 1 , 459 0 . 3  
M i n i n g 1 3 , 509 60 , 0 7 4  1 1 . 4  
Con struc t i on 24 , 346 56 , 338 10 . 7  
Man uf ac tur i n g  20 , 454  40 , 30 3  7 . 7 

Nond ur ab l e  good s 6, 494 12 , 49 7  2 . 4  
D ur ab 1 e good s 1 3 , 960 2 7 , 806 5 . 3  

Tran sportat i o n  an d p u b l i c  ut i l i t i es  25 , 200 55 , 399  10 . 6  
Who l esa l e  tr ade 13 , 168 27 , 683 5 . 3  
Reta i l trade  38 , 420 7 1 , 999 1 3 . 7 
F i nance , i n s u ran ce , and  rea l  e state 7 , 7 1 2  22 , 3 44 4 . 2  
Ser v i ces  39 , 97 1  105 , 922  20 . 2  

Government  an d governme n t  enterp r i ses  45 , 400 76 , 41 2  1 4 . 6 
F ed er a 1 ,  c i v i  1 i an 11 , 883 21 , 445  4 . 1  
Federal , m i l i tary 543 652 1 . 2  
St ate an d l oc a l  32 , 974 54, 31 5 10 . 4  

Total  236 , 285 524, 628 100 . 0  

aData  from U . S .  Departmen t  o f  Commerce ( USDO C ,  1 982b , Tab l es 1 an d 5 ) . 
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Tab l e K . 1 . 8 Person a l  i n come for Mes a  Coun ty, 1 97 5  an d 1 980a 

( i n tho u s an d s  of do l l ars ) 

I n c ome c ategory 

Tot a l  l abor  an d propr i etors ' i n come 

Pers ona l con tr i b ut i o n s  for s oc i a l  i n s ur ance  

R e s i dence  ad j us tmen t 

Net l abor an d p rop r i etors ' i ncome 

D i v i de n d s ,  i n teres t ,  an d ren t 

Tran s fer p ayme n t s  

P e r s o n a  1 i n come 

Tota l  popu l at i o n  ( th o u s an d s )  
Per  cap i ta persona l i n come ( do l l ar s )  

1 9 75 

236 , 285 

-1 2 , 02 2  

-185  

224, 448 

51 , 443 

48, 945 

324 , 836  

63 . 3  
5 , 1 3 5  

aD at a  from U . S .  Department o f  Commerce ( US DOC , 1 982b� Tab l e  5 ) . 
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1 980 

524, 628 

-26 , 7 34 

- 3 , 221 

50 1 , 1 1 5  

1 1 9, 142  

85 , 0 1 5  

705 , 272  

81 . 7  
8 , 630 
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FARM AGR I M I N I NG CONST MANUF TRANS WHOLE RETA I L  F I RE SERV I GOV · 

COLORADO MESA COUNTY CA TEGORY 
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Tab l e  K . 1 . 9 Ret a i l sa l es by b u s i n e s s  c l as s  for Co l �r ad o  an d Mes a  
Coun ty,  J u l y  1 ,  1 982 ,  t o  J une  30 , 1 983 

Co l orado Mes a  County 

B u s i n e s s  c l a s s  Amo u n tb PercentC Amo untb Percen td 

Agr i c u l t ure , fores try , 
an d f i s her i e s  $ 95 , 329  0 . 2 9 $ 1 , 1 1 2  0 . 1 0 

M i n i n g  185 , 6 3 7  0 . 56 7 , 303  0 . 72 
Contr ac t  con struc t i on 6 7 3 , 230 2 . 06 53 , 37 1  5 . 25 
Man ufac t ur i n g  3 , 0 52 , 669  9 . 35 47 , 50 7  4 . 67 
Tran sportat i o n  

commu n i cat i on , e l ectr i c ,  
gas , and  san i tary ser v i ces  2 , 824 , 656 8. 66 74 , 934 7 . 37 

Who l es a l e trade  2 , 654 , 585 8 . 1 3  109 , 310  10 . 7 5 
B u i l d i n g mate r i a l s  an d 

farm e q u i pmen t  1 , 56 1 , 826 4 . 79 54 , 61 7  5 . 3 7 
Gen era l  merchan d i s e  1 , 96 7 , 61 3  6 . 03 51 , 13 1  5 . 03  
Food s tores  3 , 805 , 884 1 1 . 66 146 , 1 59 1 4 . 38 
Auto de a l ers  an d 

ser v i ce s t at i on s  4 , 983 , 963 1 5 . 2 7  165 , 1 95 1 6 . 25 
Appare l  an d ac cess ory 

s tores 759 , 01 6  2 . 3 3 31 , 854 3 . 1 3 
F ur n i ture an d home 

furn i s h i ngs  
E at i n g  and  dr i n k i n g  

903 , 606 2 . 77 28 , 0 9 1  2 . 76 

p l aces 2 , 06 3 , 091  
M i sce l l an eous  reta i l 

6 . 32 50 , 669 4 . 98 

s tores 4, 1 1 1 , 488 12 . 60 1 3 2 , 7 30 1 3 . 06 
F i nance , i n s ur ance , and  

re a l  es tate 183 , 780 0 . 56 1 , 764 0 . 1 7  
Hotel  s an d other  

l od g i n g p l  ace s  545 , 1 1 8  
Serv i c es other th an 

1 . 6 7  1 3 , 606 1 .  34 

l od g i n g  2 , 2 31 , 103 6 . 84 47 , 339 4 . 66 
Government  fac i l i t i e s  25 , 268 0 . 08 0 0 
Nonc l a s s i f i ab l e  

es t ab l  i s hmen t s  4, 241 0 . 0 1  0 0 

Tot a l  $32 , 6 32 , 103 100 . 0  $ 1 , 0 1 6 , 691  100 . 0  

�From Co l or ado  Dep artment  of Reven ue , Ann ua l Repor t ,  1 983 . 
Tho u s an d s  of do l l ars . cPercent  of s tate tot a l . d percent  of Mes a  Co unty tota l . 
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Tab l e  K . 1 . 10 I n dex  of person a l  i n come an d per  cap i �a per son a l  i n c ome 
for Mes a  County ,  1 980-2000 ( 1 980=100)  

Tota l  person a l  i n come
b 

P " t " b 
er cap l a l n c ome 

1 980 

100 . 0  

100 . 0  

1 985 

1 1 1 . 9 

94 . 8  

1990 

1 22 . 8  

99 . 7  

1995 

1 29 . 7  

102 . 7  

2000 

1 34 . 6 

105 . 1  

aObt a i n ed from dat a p rod uced by the P l an n i ng an d As s e s smen t  Sys tem , St ate  of  
Co l o r ado  D i v i s i on of Loc a l  Gover nme n t ,  Dep artment  of  Loc a l  Affa i r s ,  Demog r ap h i c  
Sec t i on ( 1 984 ) . 

b I n d i ces  are based on 1983 do l l ars . 
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Tab l e  K . l . l l  Commerc i a l ban k depos it s  i n  Mes a  Coun ty, 1 970- 1983 
( m i l l i on s  of do l l ar s )  

J une  30 
-- - - "  

December 
Commerc i a l  ban k s  1970 1 975 1980 1 982 1 983 

I n t r aWest  of Gran d  J un c t i o n  
b $25 . 9  $ 4 4 . 0  $100 . 3  $ 1 1 9 . 9  $1 1 1 . 1  

F i r st N at i on a l  29 . 9  50 . 8  84 . 4  93 . 7  108 . 2 

Mesa  Un i ted 7 . 7  21 . 1  54 . 1  69 . 9  70 . 6  

F i r st Nat i on a l  North 5 . 8  26 . 3  35 . 7  31 . 3  

C o l o r ad o  N at i oea l  -
Orc hard  Mes a  18 . 6  26 . 6  25 . 9  

Fru i t a 4 . 3  7 . 8  1 5 . 3 22 . 0  20 . 3  

P a l i s ad e  N at i on a l  2 . 9  4 . 2  8 . 6  1 5 . 8  18 . 2  

B an k  of C l i fton 8 . 0d 8 . 7 

B an k  of G r an d  J un c t  i on  3 . 3  

Grand  V a l l ey N at i ona l Bank  1 . 2  

Tot a l  $70 . 7  $133 . 7  $30 7 . 3  $383 . 6  $398 . 8  

31 , 

a From Po l k l s  Bank  D i rectory,  se l ected ye ars ;  Den ver Research  In s t i tute , 
Fac i l i tat i n g  P r i v ate Sector C ap i t a l  Ava i l ab i l i ty i n  Rap i d  Growth Commun i t i es ,  
March , 1982 ;  Den ver Research I n s t i tute , Comparat i ve C o l orado Commerc i a l Bank  
Depo s i t s ,  Jan uary, 1 984 .  

b Former l y  U . S .  Ban k of Grand J unct i on . � F Ormer l Y  B an k  of Orchard Mes a .  
As o f  Decem ber  31 , 1 98 2 .  
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K . l . 3  WORK FORCE  

As s hown in  Tab l e  K . l . 12 ,  tot a l  emp l oyment  grew by 1 3 , 789 , 300 ( 14 . 9  
percent )  i n  the Un i ted States an d 304 , 300 ( 25 . 8  p ercen t )  i n  Co l orado  be 
tween 1975  and 1980 . In  t h i s  p er i od ,  Co l orado · s  s h are of nat i on a l  em
p l oyme n t  grew from 1 . 28 to 1 . 40 percent .  Emp l oymen t  i n  Me sa  County grew 
e ven more rap i d ly ,  r i s i n g from 2 7 , 684 to 38 , 105  ( a  37 . 6  percen t i n 
crease ) .  In  p ercen tage  of tot al st ate emp l oymen t ,  the  cou n ty grew from 
2 . 3  percent i n  1975 to 2 . 6  percen t in 1980 . Tab l e  K . l . 13 summar i zes  em
p l oymen t by broad i n d u s tr i a l sources i n  the coun ty .  I n  genera l , emp l oy
men t  p atterns ref l ect the i n come p atterns  descr i bed  in Sec t i on K . 1 . 2  
( USDOC , 1 982b ) . 

Tab l e  K . l . 1 4  presen ts trends  i n  unemp l oyment rates for Me sa  Coun ty 
an d the State of Co l o rado . The averag e  an n u a l  un emp 1 oyment  rate s for 
the coun ty an d state in 1983 were 11 . 7 perce n t  an d 6 . 6  percen t,  re spec 
t i ve l y .  The unemp l oyment  rate i n  Me sa  County was l ower t han t hat for 
the s tate as a wh o l e  d ur i n g  the 1975- 1978 per iod . However , be tween 1 9 79 
an d 1983 the county rate i ncrease by 6 . 5  percentage po i n ts ,  wh i l e  the  
rate for the state i n creased 1 . 8  percen tage po i n ts . The  l arge  i n crease  
i n  t h e  county rate d ur i n g  1 982 was d ue p r i mar i l y to a s l ow down of o i  1 
s h a l e de ve l opmen t ( U . S .  B ureau of L abor Stat i s t i c s , 1 985 ) . 

The U . S .  Dep ar tment of Labo r ,  Bureau of Labor Stat i s t i cs , con ducts  
mon th l y  sur veys to  de term i n e the unemp l oyment  rate i n  the c oun ty an d i n  
the  s tate an d coun t i e s . Becaus e the s alJl) l e  i s  too sma l l to pro v i de d i 
rect l oca l  es t i mate s for any b ut the 10 l argest s tate s ,  the B ureau uses  
a comp l i cated proced ure  to  e st i mate unemp l oymen t  rates  i n  s tates  1 i k e  
C o l or ado . The es t i mated non -se ason a l l y  ad j us ted  un emp l oymen t  rate i n  
Co l or ado for December ,  1 984 ,  was 5 . 2  percen t ver s us t h e  U . S .  r ate o f  7 . 0  
percen t .  The correspond i n g rate for Me sa  Co unty was 10 . 0  percen t .  
Th us , wh i l e  unemp l oyment  i n  Co l orado  was s u bs tan t i a l l y  be l ow th at o f  the 
Uni ted State s ,  the rate in  Mesa County was con s i derab l y  h i gh e r .  Th i s  i s  
d ue , i n  part ,  to the dec l  i ne i n  the energy i n d us try i n  the area ( U . S . 
B ureau of  Labor Stat i s t i cs , 1985 ) . 

Tab l e  K . 1 . 1 5 s hows l abo r force an d emp l oymen t p roject i on s  for Mes a 
County through  the  ye ar 2000 . Desp i te an expected  r i se i n  the l abo r p ar 
t i c i p at i on rate from 47 percen t t o  49 percen t ,  t h e  rate of unemp l oyme n t  
i s  projected t o  decl  i n e  t o  a reasonab l y  steady l eve l  o f  f i ve p ercen t by 
1 989 ( P l an n i n g  an d As sessmen t System , 1 985 ) . 

Tab l e  K . 1 . 16 d i s p l ays project i on s  ( on a percentag e  bas i s )  for em
p l oymen t by sector i n  Mes a  Co u n ty th rough  the ye ar 2000 . Wh o l esa l e/re
ta i l trade  is  expected to  con t i n ue to  emp l oy the l arges t s h are of 
workers in the county .  Mi n i ng an d man uf actur i n g  sectors are expected to 
make the l argest  proport i onate emp l oymen t ga i n s ,  wh i l e  the propor t i on s  
emp l oyed i n  t h e  agr i c u l ture an d governmen t sectors are exp ected t o  mak e 
the l argest  dec l i n es ( P l an n i ng an d As sessmen t Sys tem , 1 984 ) . 

The Co l orado  D i v i s i on of Emp l oymen t  an d Tr a i n i n g co l l ects  dat a on 
the p ay sca l es for mo re th an 600 occup at i ons  an d p u b l i s hes them quarter
ly .  Tab l e  K . 1 . 1 7  presen ts the  m i n i mum , averag e ,  an d max i mum hour l y  
wages offered for job open i n gs  i n  1 3  occ up at i o n s  i n  Co l orado  State P l an 
n i ng Reg i on 1 1  be tween J u l y ,  1 984 ,  an d December ,  1 984 ;  th i s  regi on i n -
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Tab l e  K . 1 . 1 2 

Type 

Farm p rop r i e tors  
Nonfarm p ropr i etors  
Total  propr i etors 

Farm emp l oyees  
Nonfarm emp l oyees 

P r i v ate 
Agr i c u l t ur a l  ser v i ces  
M i n i n g 
Con struct i on 
Man ufactur i ng 

Nond ur ab l e good s 
D urab 1 e goods 

Tran sportat i on an d 
p u b l i c  ut i l i t i e s 

W ho l esa l e  trade  
Reta i l  trade  
F i nan c e ,  i n suran ce ,  
an d rea l  es tate 
S er v i ces  

Tota l  p r i v ate emp l oyees 

Government  
Federa l , c i v i l i an 
Federal , m i l i tary 
State an d l oc a l  

Total  governmen t 
emp l oyees 

Tota l  nonfarm emp l oyees 

Tota l  emp l oyees 

Tota l  emp l oymen t 

Un i ted State s 

1975  

2 , 888, 000 
5 , 830 , 000 
8 , 71 8 , 000 

1 , 360 , 000 

362 , 000 
748 , 000 

3 , 5 73 , 000 
18 , 320 , 000 

7 , 626 , 000 
10 , 6 7 4 , 000 

4 , 550 , 000 
4 , 42 7 , 000 

12 , 71 5 , 000 

4 , 26 4 , 000 
1 5 , 882 , 000 
64 , 841 , 000 

2 , 89 5 , 000 
2 , 566 , 000 

1 2 , 243 , 000 

1 7 , 704, 000 

1980 

2 , 7 71 , 000 
7 , 00 7 , 000 
9 , 7 78 , 000 

1 , 336 , 300 

56 5 , 000 
1 , 029 , 000 
4 , 332 , 000 

20 , 37 5 , 000 
8 , 1 2 4 , 000 

12 , 25 1 , 000 

5 , 1 56 , 000 
5 , 291 , 000 

1 5 , 086 , 000 

5 , 268, 000 
1 9 , 395 , 000 
76 , 49 7 , 000 

2 , 988, 000 
2 , 45 1 , 000 

1 3 , 362, 000 

1 8 , 801 , 000 

Co l orado  

1 9 7 5  

29 , 61 7 
91 , 808 

121 , 425 

18 , 0 7 7  

4 , 422  
1 9 , 442 
53 , 25 9  

1 38 , 0 1 3  
55 , 843 
80 , 1 70 

59 , 54 7  
5 7 , 239  

1 7 9 , 106 

57 , 20 1  
201 , 1 1 2  
76 7 , 341 

49 , 56 2  
56 , 625  

1 68 , 46 7  

274 , 654 

1 980 

28 , 488 
1 1 9 , 51 7  
148 , 005  

20 , 068 

7, 730 
35 , 92 3  
76 , 242  

1 79 , 852 
63 , 496 

1 16 , 356 

7 7 , 726  
75 , 498 

230 , 631 

80 , 90 1  
265 , 999 

1 ,030 , 502 

51 , 654 
45 , 84 2  

189 , 725  

287 , 221  

82 , 545 , 000 95 , 298 , 000 1 , 041 , 995  1 , 31 7 , 723 

83 , 905 , 000 96 , 634 , 300 1 , 060 , 0 7 2  1 , 337 , 7 91  

92 , 6 2 3 , 000 106 , 41 2 , 300 1 , 1 8 1 , 497  1 , 485 , 796  

aFrom the U . S .  Departmen t of Commerce ,  B ureau of  Econom i c  Ana l ys i s  ( US DO C ,  
1982b )  . 
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Tab l e  K . 1 . 1 3 Emp l oyme n t  by type an d broad !n d us tr i a l sources 
i n  Mesa  Coun ty ,  1 9 75 an d 1 980 

Type 1975  

F arm p rop r i etors 1 , 358 
Nonfarm p rop r i e tors 2 , 618  

Tota l  propr i e tors 3, 976  

Farm emp l oyees 53 2 
Nonfarm emp l oyees 

P r i vate 
Agr i c u l tura  1 serv i c es  106 
M i n i n g 884 
Con s truc t i on 1 , 6 78 
Man ufactur i ng 

Nondur ab l e  good s 604 
D urab l e good s 1 , 60 5  
Tran sportat i on an d p u b l i c  

u t i l i t i es 1 , 744 
W ho l esa l e  trade  1 , 128  
Reta i l trade  4 , 830 
F i nance , i n s ur ance , an d 

rea l  es tate 771 
Serv i ces  4 , 744 

Tota 1 p r i vate emp l oyees 18 ,094  

Go vernme n t  
Federa l , c i v i  1 i an 776  
Federal , m i l i tary 275 
State an d l oca 1 4 , 031  

Tota l  go vernmen t emp l oyees 5 , 082 

Tota l  nonfarm emp l oyees 23 , 1 76  

Tota l  emp l oyees  23 , 708 

Tota 1 emp l oymen t  27 , 684 

1 980 

1 , 30 6  
3 , 722  

5 , 0 2 7  

590 

1 1 7  
2 , 354  
2 , 738  

711  
1 , 91 1  

2 , 343 
1 , 592  
6 , 74 7  

1 , 3 43 
7 , 1 85 

2 7 , 041  

1 , 038 
226 

4 , 1 83 

5 , 447  

3 2 , 488 

33 , 0 78  

38, 105  

aFrom U . S .  Departmen t  of Commerce ( USDOC , 1 982b ) . B ureau of Econom i c  Ana l ys i s .  
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R ef . 

Tab l e  K . 1 . 1 4 Percent unemp l oyed i n  Me sa  County an d the  St ate 
of Co l or ado : 1 975- 1983 

Year Mesa  County State of  Co l o r ado  

1 983 1 1 . 7 6 . 6  
1 982 10 . 7  7 . 7  
1981 5 . 9  5 . 5  
1980 6 . 4  5 . 9  
1 9 79 5 . 2  4 . 8  
1 9 78 5 . 4  5 . 5  
1 9 7 7  5 . 4  6 . 2  
1 9 76 5 . 5  5 . 9  
1 9 75 6 . 1 6 . 9  

U . S .  B ur eau of Labor Stat i st i c s ,  1 985 .  
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Tab l e  K . 1 . 1 5  Labo r for�e and emp l oyment  p rojec t i ons for Mes a Co u n ty, 
1 985-2000 

I tem 1 985 1986 1987 1988 1 989 1990 1 995 2000 

L abor force 39, 7 98 40 , 1 96 40 , 453  40 , 668 40 , 993 41 , 808  43, 5 5 7  45 , 459 

Emp l oyment  36 , 298 36, 822 3 7 , 508 38 , 2 36 38, 979  39 , 735  41 , 420 43 , 230 

Unemp l oyment  3 , 500  3, 374  2 , 945  2 , 43 1  2 , 0 1 4  2 , 0 7 3  2 , 1 3 7  2 , 229  

Unemp l oymen t  
rate 8 . 8% 8 . 4% 7 . 3% 6 .0% 5 . 0% 5 . 0% 5 . 0% 5 . 0% 

L abor p art i c i -
pat i on rate 47 . 4% 47 . 5% 47 . 4% 47 . 3% 47 . 3% 47 . 4% 47 . 6% 49 . 2% 

aFrom the P l an n i ng and As sessmen t  Sys tem , State of Co l o rado , D i v i s i on of Loca 1 
Governmen t ,  Dep artmen t of Loca l Affa i r s ,  Demograp h i c  Sect i on ,  1 98 5 .  

Tab l e  K . 1 . 16 P rojected  emp l oymen t by sector for Me sa  C�unty ,  
1 985-2000, by p ercent  of tot a l  emp l oyment  

Sec tor 1985 1 990 1 995 2000 

Agr i c u l tura l  p ropr i e tors 2 . 8  2 . 4  2 . 2  2 . 0  
Agr i c u l tura  1 1 abor 1 . 7  1 . 5  1 . 3  1 . 3  
M i n i n g 5 . 5  6 . 0  7 . 3  7 . 1 
Construct i on 6 . 3  7 . 1  6 . 9  6 . 9  
Man uf actur i n g  6 . 3  6 . 7  6 . 7  6 . 9  
Tran s . /comm . /p u b l i c  ut i l i t i es  6 . 2  6 . 0 6 . 0  6 . 0 
Who l esa l e/reta i l trade  2 3 . 8  23 . 9  23 . 4  23 . 6  
F i nance/ i n s ur ance/re a l  e s  tate 4 . 0  3 . 8  3 . 8  3 . 8  
Serv i ce s  19 . 2  1 8 . 8  18 . 7 18 . 9  
Government  1 4 . 3  1 3 . 6  1 3 . 3  12 . 9  
Other 9 . 9  10 . 1  1 0 . 3  10 . 6  

-- --

Tota l 100 . 0  100 . 0  100 . 0  100 . 0  

aFrom the P l an n i n g  an d As sessmen t Sys tem , St ate of Co l o rado , D i v i s i on o f  Loc a l  
Governmen t ,  Dep artmen t o f  Loca l Affa i r s ,  Demograp h i c  Sec t i o n ,  Sep tember  7 ,  
1984 . 
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Tab l e  K . 1 . 1 7  Hour l y wages for occup at i on s  t h at w i l l  be req u i red for 
remed i a l act i on ,  Co l orado aS�ate P l an n i n g Reg i on 11 , 
J u l y ,  1 984-December ,  1 984 ' 

P ay sca l e  ( do l l ars p er hour ) c 

Occ up at i on Mi n i mum Aver age Max i mum 

Mach i n i s t  9 . 91 9 . 9 1 9 . 91 
Con struc t i on -eq u i pmen t mech an i c 6 . 50 7 . 25 8 . 00 
D i e s e l  mec h an i c  1 . 92 4 . 2 1  6 . 50 
B u l l do zer oper ator  I 12 . 50 1 2 . 50 12 . 50 
P ower-shov e l  oper ator 7 . 00 8 . 50 10 . 00 
Oper at i n g  eng i n eer 4 . 00 8 . 72 10 . 00 
P i p e  f i tter ( constr uct i on )  1 3 . 50 1 3 . 50 1 3 . 50 
P l umber ( construc t i on )  10 . 00 10 . 00 10 . 00 
Con s truc t i on wor ker I 3 . 1 3 5 . 44 12 . 3 3 
D ump -tr uck  dr i ver 8 . 00 8 . 50 9 . 00 
Trac tor-tra i l er-truck dr i ver 6 . 00 6 . 60 8 . 00 
He avy-tr uck  dr i ver 4 . 50 7 . 1 8 1 2 . 00 
Fro n t -en d - l oader operator 12 . 00 1 2 . 00 12 . 00 

�From Co l orado  D i v i s i on of  Emp l oyment  and Tr a i n i n g ( 1 985 ,  Tab l e  V ,  pp . 56-61 ) .  
Co l orado  State P l an n i n g Reg i on 1 1  en compasses  Garf i e l d , Mes a ,  Moffet ,  an d R i o  
B l anco Coun t i es .  c The amounts  are based on t he  rates offered i n  the  job open i n g s  rece i v ed by 
t h e  D i v i s i on  of Emp l oymen t  an d Tr ai n i n g for the  J u ly  1984 to December 1984 
per i od .  
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c l  udes Mesa County .  The aver ag e  wage offer for a trac tor-tra i  l er truck  
dr i ver , wh i c h  w i l l  be  on e of the  ma i n  occup at i on s  i n v o l ved  i n  the  
remed i a l ac t i on ,  was  $6 . 60 per  hour . Other  i mportan t  occ up at i on s  an d 
the i r  wage offers are con s tr uct i on -equ i pmen t mech an i c ,  $ 7 . 2 5 per hour , 
an d b u l l do zer operator ,  $1 2 . 50 per hour . I n  projects  funded  by t h e  
Federa l  Governme n t ,  l abor wages  are de term i n ed by the  U .S .  Dep artme n t  o f  
Labor under the  Dav i s -Bacon Act ( Co l o rado  D i v i s i on of  Emp l oymen t a n d  
Tra i n i n g ,  1 985 ) . 

K . 1 . 4 HOUS I N G  

There were 32 , 5 73  hous i n g  un i t s i n  Me sa  Co u n ty i n  1980 , an d abo u t  
4340 new un i t s h ave been con s tructed recen t ly ,  br i n g i ng the  tota l to  
abo ut  36 , 900 un i ts ( T ab l e  K . 1 . 1 8 ) . Ren t a l un i t s accounted  fo r abo u t  26  
percen t of the  1980 to ta l ,  an d the  med i an rent a l  pr i c e  was  $2 25 ,  c om
pared w i th $223 for the  s t ate . The ren ta l  vacan cy rate in  t he  coun ty 
was  9 . 2  percen t ,  s l  i gh t ly abo ve  the  s t ate rate of 8 . 8  percen t ( US DO C ,  
1 982a ; Co l orado  West Area Counc i l  o f  Governmen ts , 1 982 ) . 

The 1980 med i an v a l ue s of  owner-occup i ed hous i n g  for the  s t ate  an d 
Mesa  County were  $64 , 100 an d $56 , 700, respec t i v e l y .  The vacancy r at e  
wa s 3 . 4  percen t i n  the cou n ty an d 3 . 0  percen t  i n  t h e  s t ate . Accord i n g 
to the Co l or ado  We st  Area  Co unc  i 1 of Governmen t s ,  the  vacancy r ate i n  
the  county for new un i ts ( ren ta l  an d homeown er ) was 3 . 5  percen t ( US DO C ,  
1982a ; Co l orado  We s t  Area  Counc i l o f  Go vernme n t s ,  1 982 ) . 

The fact that the 1980 vacan cy r ates for bo th ren ta l  an d own er 
occup i ed hous i n g were  abo ve  the  s t ate r ates i n d i cate s th at there  was a 
s u bs t an t i a l s up p l y  of  ho u s i n g  i n  the area  at the t i me  of  the  1 980 
Cen s u s . S i n ce then , the hous i n g  stock  h as i n creased by about  13  pe r 
cen t ,  p ar t l y  i n  re spon se to energy-re l ated ac t i v i t i e s i n  t he  are a .  
Beca use  o f  t h e  recent  dec l  i n e i n  t h e  energy i n dus try an d t h e  r e s u l t i n g 
drop i n  t he  demand for  hous i n g ,  v acan cy r ates may h ave  i n creased . 

K . 1 . 5  GOV ERNMENT 

K . 1 . 5 . 1  Government s tructure  

A l l i n corpo r ated town s an d cen s us -de s i g nated p l aces i n  
Mesa County are l i sted i n  Tab l e  K . 1 . 1 .  Cen sus -de s i gnated  
p l aces  are  un i n corporated pop u l at i on centers  t h at meet  the  
Cen sus  Bureau ' s  cr i ter i a  for  popu l at i on de n s i ty .  Th e coun ty 
go vernment  p rov i des  ser v i ces for cen s us -de s i gnated pl ac es as 
i t  does for a l l un i n corporated areas . The cou n ty s e at of  Mes a 
County i s  Gran d  J unct i o n .  

Mes a Co u n ty h as three county commi ss i on ers  an d a c l  er k ,  
treasur er , an d as sessor , an d e ach  off i c i a l  serves a four -ye ar 
term of off i ce .  A cou n ty manager oversees f i n ances  an d t h e  
prov i s i on of county ser v i ces . The serv i ces pro v i ded  i n c l  u de  
l aw enforcemen t ,  ro ad con struc t i on an d ma i n tenance , p l an n i ng 
an d zon i n g ,  b u i l d i n g an d s an i t ary i n spec t i on s ,  an d a coun ty-
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Tab l e  K . 1 . 1 B  1 980 ch ar ac ter i st i cs of hou s i n g  in Mes a Cou n ty an d e s t i m ated new construct i on be tween 1 980 an d 1 982a 

Tot a 1 Number o f  Number o f  Owner occuQ i e d  Renter occu�i ed V ac ant E s t i mated new 

b number year -round occ u p i ed Medi an Medl an For s ale For rent construct i on 
P l ac e  of un i t s  un i t s un i t s  Number va l ue Number r en t  Tot a l  Number % Number % Ot her 1 980- 1 982 

Mes a County 32 , 5 73 32 , 2 6 5  29, 668 21 , 3 53 $56 , 7 00 8 , 3 1 5  $225 2 , 59 7  747 3 . 4  840 9 . 2  1 , 0 3 9  $4, 338 

C l i f t on 2 ,053 2 , 048 1 ,861 1 , 5 1 2  49 , 400 349 259 187 56 36.0 5 7  14. 1 74 NAc 

Fru i t a 1 ,025 1 ,025 947 741 45 , 400 206 2 1 5  78 1 4  1 . 9  2 7  1 1 . 6  37 1 70 
Gr an d Junc t i o n  12 , 706 1 2 , 692 2 , 706 1 6 , 493 49 , 7 00 10 , 56 7 21 7 926 1 93 1 . 2  46 7 4. 2 226 646 
Orc h ard Mes a 1 ,807 1 ,805 1 , 664 1 , 402 56 ,400 262 261 1 41 100 6 . 7  1 7  6 . 1  24 NA 
P a l i sade 6 5 7  65 7 629 375 49 , 800 210 254 28 NA NA NA NA NA 86 

State 1 , 1 94 , 253 1 , 168, 681 1 ,0 61 ,249 684 , 408 64, 1 00 37 6 , 841 223 10 7 , 4 32 2 1 , 2 5 5  3 . 0  36 , 2 2 2  8 , 8  49 , 95 5  N A  

aFrom U . 5 .  Depa rtment of Commerc e ( US DO C ,  1 982a , T ab l es I ,  5 ,  31 , 3 6 ,  37 , 41 , 4 5 ,  an d 46 ) .  New-construct i on es t i mates f r om t he Co l or ad o  Wes t Area 
bCoun c i l of Government s ( 1 98 2 ,  p . 3 ) . 

Cen sus d a t a  for p l ac es wi t h  1980 popu l a t i o ns of 1000 or mor e .  Thes e data ar e not av a i l ab l e  for C o l lbr an and DeBeque because t he i r 1 980 popu l at i ons 

cwe r e  be l ow 1000 . New con struc t i o n  ( 1 980- 1982) for C o l lbr an and DeBeque es t i mated at 1 5  and 19 un i ts ,  r es pec t i v e l y ,  
N A  = Not avai l ab l e .  
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op erated we l f are  program .  The coun ty a l s o h as a p r i vate  
mus eum,  a l i br ary dep artmen t ,  an d a p arks  an d recreat i on 
dep artmen t ( Norman , 1 985 ) . 

Of the  c i t i e s an d town s i n  Me sa  Coun ty, Gran d  J unc t i on , 
Fru i t a ,  an d P a l i sade  have a coun c i l -manager form of gov ern 
men t .  DeBe q ue an d Co l l br an s h are  a manager an d h av e  separate  
counc i l s .  DeBeque an d P a l i sade h ave  government s  organ i zed ac 
cordi  n g  to Co l or ado  statutes ; Grand  J unct i on an d Fr u i  t a  h ave  
de ve l op ed home -ru l e  ch arter s .  In  add i t i on to a mayor o r  man ag 
er , a l l of the  town s h ave  s i x  coun c i  1 members . Th e counc i 1 
members are e l  ected at 1 arge an d ser ve  a four -ye ar term of of
f i ce .  Th e c i ty managers  an d mayor s  a l s o  serve  four ye ars , ex
cep t i n  Fru i t a ,  where  the  mayor serves  for  two ye ar s ( No rman , 
1985)  • 

K . 1 . 5 . 2  F i sc a l  ch aracter i s t i cs 

Loc a 1 go vernment reven ue s an d expend i  tures for Mes a  
County are p resen ted for f i sca l year 1982 i n  Tab l es K . 1 . 1 9  and 
K . 1 . 20 ,  respect i ve l y .  Loca l governmen t s  i n c l ude coun ty, c i ty, 
an d sp ec i a l  d i s t r i c t  governments  in the geograp h i ca l  ar ea .  
The d a ta  i n  Tab l e  K . 1 . 1 9  pro v i de  a gener a l  un der s t an d i n g  o f  
re ven ue sources an d types  o f  expend i tures  w i th i n  Mes a  Coun ty 
an d the c i ty of Grand  J unc t i on .  The to ta l f i g ur e s  for a l l l o 
ca l governments  i n  the  s t ate are a l s o  g i ven for comp ar i son . 

The amount  of gener a l  reven ue rece i v ed i n  1982 by l oca l 
go ver nmen t s  i n  Co l orado  was ap p ro x i mate l y  $4 . 7  b i l l i on .  Loca l 
go vernmen t genera l  reven ue s i n  Me sa  County tot al ed $105 . 7 m i  1 -
1 i on .  Fo r the s t ate as a who l e ,  l oca l governments  rece i ved 
28 . 7  percent of a l l genera l  reven ue s in the  form of i n tergov
ernmen ta l  g ran ts .  In  Mes a  Co unty,  l oca l governments  rece i v ed 
36 . 1  percen t of a l l gener a l  reven ue s  i n  the  form of i n tergo v 
ernmenta l  gr an ts ( USDO C ,  1984a ) . Grand J unct i on rece i v ed 9 . 4  
percen t o f  i ts mun i c i p a l  reven ue s through  s t ate an d Feder al i n 
ter governmenta l  g r an t s  ( US DO C ,  1 984b ) . 

The tax structure affect i n g  res i d e nt s  of Gran d  J un c t i  on 
i s  b u i  I t  pr i mar i l y on sa l es an d prop er ty taxe s . The c i ty 
sa l e s tax r ate i s  two percen t ;  comb i n i n g th i s  r ate w i th the  
Mesa  County r ate ( two p ercen t )  an d the s t ate  r ate ( t hree  per
cen t )  resu l ts i n  a total  s a l es tax  rate  i n  Gr an d  J un c t i on of  
se ven percen t .  The  nearby town s of Fr u i t a  an d P a l i sade  a l s o 
h ave  c i ty s a l es tax l ev i e s  i n  effect ; however , t he  r ate i s  on e 
percent  ( C l eaver , 1 985 ) . 

The proper ty tax m i  1 1  l e vi  es for the  Mes a  County govern
men t  an d Grand  J unc t i on C i ty governmen t are 1 7 . 64 an d 8 . 00 
m i l l s ,  respect i ve l y .  The m i l l  l ev i es  for the  c i ty governmen ts  
of Fru i t a ,  P a l i sade , DeBeq ue , an d Co l l br an are  1 7 . 80 ,  1 7 . 84 ,  
1 5 . 0 ,  an d 1 7 . 0 m i l l s ,  respect i v e l y .  The m i l l  l e vy for the  
Mesa  County Va l l ey Schoo l d i s tr i c t ,  the  d i s tr i c t  ser v i n g  Gran d  
J unct i o n ,  i s  52 . 1 1  m i l l s .  Other spec i a l  d i s tr i c ts  h ave  m i l l  

K -2 3  



Tab l e  K . 1 . 1 9 Genera l  reven ue s for l oca l governmen t s  i n  C o l orado , 
Mesa Cou n ty ,  and Gran d J un c t i on , f i sca l year 1982 

Typ e of reven ue fo�o���tea Mesa  C�uBty 
area ' 

Gran d c Jun c t i on 

I n tergovernmen ta l  reven ues 
Tot a l  ( m i l l i o n s  of do l l ars ) 1 , 344 . 2  38. 1 1 . 6  
Port i on  rec e i ved from the 

Federa l  Government  ( percen t )  19 . 1  1 5 . 0  46 . 3  

Taxes 
Tota l  ( m i l l i on s  of do l l ars ) 1 , 752 . 4  38 . 5  9 . 6  
P roperty tax , per  cap i ta 

( do 1 1  ars ) 41 7 . 0  35 7 . 0 N/A 

Tota l  ( m i l l  i on s  of do l l ars ) 4 , 686 . 1  105 . 7  1 7  . 1  

a 
bData  from U . S .  Dep artmen t of Commerce ( USDO C ,  1 984a ) .  
c From U . S .  Departmen t of Commerce ( USDO C ,  1 984b ) . 

I n c l udes on l y  the Gran d  J un c t i on mun i c i p a l  governmen t reven ue s ;  data  from 
U .S .  Dep artment  of Commerce ( 1 984b ) . 

Tab l e  K . 1 . 20 D i rect gener a l  expen d i tures for l oca l government s  
i n  Co l orado , Mes a  County, a n d  Gran d J unc t i o n ,  
f i sca l  ye ar 1982 

Typ e of  expen d i ture fo�o���tea Mesa C�uBty 
area ' 

Gr an d c Junc t i on 

Total  ( m i l l i on s  of do l l ars ) 4 , 3 72 . 2  106 . 1 1 4 . 1 
Per  cap i ta ( do l l ars ) 1 , 3 2 4 . 0  1 , 306 . 0  505 . 9  
Educat i on ( percen t )  34 . 5 41 . 6  
H i ghways ( percen t )  5 . 4  6 . 5  1 7 . 5 
P u b l i c  we l f are  ( p ercen t )  5 . 6  7 . 3  
Hea l th an d hosp i ta l s  ( p ercen t )  5 . 4  1 . 7  

�Data  from U . S .  Dep artmen t  of Commerce ( USDO C ,  1 984a ) .  
From U . S .  Department  of Commerce ( USDO C ,  1 984b ) . c I n c l udes on l y  the  Grand J u nc t i on mun i c i p a l  governmen t expend i tures ; dat a from 
U . S .  Departmen t of Commerce ( US DO C ,  1 984b ) . 
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l e v i e s  des i g ned to meet spec i f i c  need s ;  howe ver , they are 
restr i c ted  to sma l l geograp h i ca l  areas ( C l e av er ,  1 985 ) . 

Tot a l  l oca l government  expen d i tures i n  Co l orado  i n  1 982  
were o ver $4 . 7  b i l l i on . I n  Me sa  Co u n ty, l oca l governme n t  ex
pen d i tures  were  $106 . 4  m i l l i on . Th e cou n ty l oca l g o vernmen t 
expen d i ture of approx i mate l y  $1 , 306  per p erson  was l ower t h an 
the statew i de f i g ure  of $1 , 324 .  The Grand J unct i o n  mun i c i p a l  
go vernment  spen t $506 per c i ty res i d en t .  Th e governmen t i n  
Mesa Co u n ty a l l ocated 41 . 6  percen t o f  1982 expen d i tures  t o  e d 
uc at i o n ,  6 . 5  percen t to h i ghways , an d 7 . 3  percen t to p u b l i c  
we l fare . The percen tage of 1982 fun d s  a l l ocated to hea l th a nd  
hosp i ta l s statew i d e  was  l arger t han the p ercen tag e  a l l oc ated  
by the l oca l governments  i n  Mesa  Co unty ( USDO C ,  1 984a , b ) . 

The 1982 budget  f i g ur es for Me sa  Co unty s howed a d ef i c i t , 
w i th $36 . 5  mi l l i on i n  re ven ue s an d $37 . 4  m i l l i on i n  expen d i 
tures . P roperty taxe s i n  1985 were es t i mated  to be $8 . 1  m i l 
l i on , or 22 percen t of reven ue s ( Morgan , 1985 ) . The 1 985  
budgetary reven ue s  an d expen d i tures for  Grand  J unct i on were  e s 
t i mated at $4 7 . 9  m i l l i o n  an d $3 3 . 8  m i l l i on ,  respec t i v e l y ;  t h e  
total  re ven ue f i g ure  i nc l udes  $9 . 6  m i l l i on des i g nated  as r e 
serves or  e armarked f or  p rojects  beyond  1 985 ( C l eaver , 1 985 ) . 

K . 1 . 6 COMMUN I TY S ERV I C ES 

K . 1 . 6 . 1  Educat i on 

Wh i l e  th e n umber of p r i mary an d secon dary schoo l  t eac hers  
i n  the Un i ted States fe l l by 2 . 5  percen t ,  from 2 , 1 71 , 7 5 3  to  
2 , 1 1 7 , 0 5 7  be twe en the  1 9 74- 7 5  an d the  1983-84 sc hoo l  ye ars ,  
the n umber in  Co l orado  g rew from 26 , 2 7 9  to  28 , 41 7 ,  an i ncrease  
of  8 . 1  percent .  Dur i ng the s ame p er i od , averag e  s a l ar i es ro se  
from $1 1 , 650 t o  $2 2 , 0 1 9  i n  t h e  Un i ted States , an 89 . 0  percen t 
i ncrease , and  from $10 , 930 to $2 3, 2 76 i n  Co l orado , a 1 1 3 . 0  per
cen t  i n crease ( Co l orado  Dep artmen t of  Ed ucat i on ,  1 984a , p . 1 ) . 
For th e three schoo l d i s tr i cts  i n  Mes a  County, averag e  teacher 
sa l ar i es for the 1983- 1984 sc hoo l  ye ar var i ed  from $ 1 7 , 30 6  i n  
the  DeBeque Schoo l  D i s tr i c t  to $20 , 38 2 ,  i n  th e Mes a  Co un ty 
Va l l ey D i str i c t  ( Tab l e  K . 1 . 2 1 ) . 

The s t ate studen t- to - te ac her rat i o  d ur i n g  the 1 983- 1 984 
schoo l  year was 1 7 . 1 ;  it  was  8 . 6  i n  DeBeq ue , 1 3 . 8  i n  P l ateau 
V a l l ey ,  an d 1 9 . 0  in Me sa  County Va l l ey .  The number  of s t u 
d e n t s  enro l l ed d ur i n g  t h e  1 984- 1985 school  ye ar was l owes t  i n  
DeBeque ( 1 1 3 )  an d h i g hest  i n  Me sa  Co unty Va l l ey ( 1 5 , 58 1 ) ; t h e  
tota l  n umber o f  students  i n  t h e  cou n ty was 1 6 , 053 , wh i ch was 
2 . 9  percen t of the state tot a l  ( Co l orado  Dep artmen t of 
Ed ucat i on ,  1 985 , 1 984a ) . 

The reven ue sources for the three schoo l  d i  s t r i c t s  i n  
Mesa  Cou n ty an d for a l l the sc hoo l  d i str i c ts i n  Co l or ado  for 
the ca l endar ye ar 1983 are p resen ted in Tab l e  K . 1 . 2 2 .  For t he  
s tate ' s  sc hoo l  d i s tr i cts  a s  a who l e ,  property taxe s  p rov i d e d  
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Tab l e  K . 1 . 21 Se l ected stat i s t i cs for s tudents , teac her s ,  an d profe ss i on a l  staff 
in the schoo l  d i s tr i c t s  of Mes a  Co untya 

Fa l l membersh i� Teachers 1 983-84 

Schoo l d i s tr i ct  1984 1983 1 981 N umber b 

De8eque 1 1 3  126  168  1 4 . 6  

P l ateau  Va l l ey 359 358 41 7 26 . 0  

Mes a County V a l l ey 1 5 , 581 16 , 460 1 5 , 826  863 . 7  

County tot a l  16 , 053  16 , 944 16 , 41 1  904 . 3  

�D ata  from Co l orado  Department o f  E ducat i on ( 1982 ,  1 984b ) . 
� N umber o f  fu l l - t i me -equ i v a l ent  ( FTE ) p er son ne l . 
� en 

Averag e  
sa l ary ( $ )  

1 7  , 306 

18 , 358  

20 , 382  

1 9 , 747  

P rofes s i on a l  s taff 
b Averag e  

Number sa l ary ( $ )  

1 7 . 1  18 , 381 

31 . 0  1 9 , 1 70 

993 . 7  21 , 698 

1 , 01 1 . 8  21 , 568 

Stude n t : teac her 
rat i o  ( 1 983-84 ) 

8 . 6  

1 3 . 8  

1 9 . 0  

18 . 7  



Tab l e  K . 1 . 2 2  Revenue s  for schoo l  d i s tr i ct s  i n  Mes a Cou nty , c a l endar year 1 983a 

Source o f  reve n ue 

Scho o l  d i str i ct b Loca l  Ot her 1 oca  1 County St ate Feder a 1 
property t a x  taxe s t ot a  1 t ot a l t ot a l  Tot a 1 

DeBeq ue 
Reven ue s  ( $ ) 528 , 265  1 49 , 1 1 6  0 126 , 2 5 5  1 0 , 7 5 1  81 4, 38 7  
Amou nt per ADAE ( $ ) 3 , 980 1 , 12 3  0 951 81 6 , 1 3 7  
Por t i o n o f  a l l funds  ( % ) 64 . 8 18 . 3 0 1 5 . 5  1 . 3  100 . 0  

P 1 a te a u V a l l ey 
Reven ues  ( $ ) 665 , 458  1 83 , 16 5  3 , 2 10 429, 2 1 8  59 , 0 5 8  1 , 3 40 , 109  
Amou nt per ADAE ( $ )  1 , 7 32 476 8 1 , 1 1 7  1 53 3 , 488  
Por t i o n  o f  a l l fund s ( % ) 49 . 6  13 . 6  (c ) 32 . 0  4 . 4  1 00 . 0  

Mes a Co unty Va l l ey 
7" Revenues  ( $ ) 1 7 , 383 , 9 2 3  4 , 8 28 , 130 48 , 400 2 1 , 950 , 547  2 , 04 7 , 1 91 46 , 2 58 , 1 91 I 
N Amount  per ADAE ( $ )  1 , 1 3 6  31 5 3 1 , 435  133  3 , 0 2 5  '-l 

Por t i o n o f  a l l fund s  ( % ) 37 . 5  10 . 4  (c ) 47 . 4  4 . 4  100 . 0  

State t ot a l  
Reven ues ( $ ) 81 9 , 499 , 3 92 2 28 , 3 44 , 0 76 1 , 61 4, 76 7 76 7 , 2 2 4 , 1 3 4  86 , 1 76 , 853 1 , 90 2 , 859 , 2 2 2  
Amou nt per ADAE ( $ ) 1 , 61 7 450 3 1 , 51 4 1 7 0  3 , 756  
Por t i o n o f  a l l fund s  ( %) 43 . 0  1 2 . 0  ( c ) 40. 3 4. 5 100 . 0  

�Dat a  from Co l or ado Dep artme nt o f  Edu cat i on ( 1 984 , Tab l e  1 ) .  
ADAE = aver age d a i l y  atte ndan ce e nt i t l ement . cLes s t h an 0 . 5  percent . 



43 . 0  percen t of  reven ue s ; the s t ate governmen t ,  40 . 3  percen t ;  
t he  Feder al Government ,  4 . 5  percen t ;  an d other l oca l sources , 
the  rema i n i n g 12 . 2  percent .  The i mportance of  the  property 
tax  i n  the Me sa  Co unty sc hoo l d i s tr i cts  var i e d  con s i derab l y ;  
proper ty taxes prov i ded  49 . 6  percen t o f  the reven ue s  i n  the  
P l ate au Va l l ey Schoo l  D i str i c t ,  37 . 5  percent  i n  the Mesa  
County V a l l ey Schoo l  D i s tr i c t ,  an d 64 . 8  percen t i n  DeBeq ue . 
The state ' s  contr i b ut i on ran ged from 1 5 . 5  percent i n  DeBeq ue 
to 47 . 4  percen t i n  Mesa  Co unty Va l l ey ; the Federa l  
contr i b u t i on was  under  f i v e  percent  i n  a l l schoo l d i s tr i cts . 
The aver age  reve n ue per p up i l  var i ed from $3 , 02 5  i n  Mesa  
Coun ty V a l l ey t o  $6 , 1 37  i n  DeBeque . The s t ate aver age  reve n ue 
per  p up i l  was $3 , 7 56 ( Co l o rado Dep artmen t of Ed uc at i on ,  
1 984b ) . 

Tab l e  K . 1 . 2 3  shows schoo l -d i s tr i c t  expen d i tures  by major 
funct i on .  The l argest percen tage of expend i tures  for a l l 
schoo l  d i s tr i cts  i n  the st ate , 51 . 9  percen t,  i s  for i n struc 
t i on . Th i s  cons i s ts ma i n l y  of s a l ar i e s  ( 40 . 6  percen t of  tota l  
expen d i tures ) ,  emp l oyee benef i ts ( 7 . 2  percen t ) , p urch ased  ser
v i ces  ( 1 . 4  percen t ) , s u pp l i e s  an d mater i a l s  ( 2 . 0 percen t ) , and  
cap i ta l  out l ay ( 0 . 5  percen t ) . Support  serv i ces--pup i l  ser
v i ce s ,  i n struc t i on ser v i ces , general  an d schoo l  adm i n i stra
t i on ,  operat i ons  an d ma i n tenance , p up i l  tran sportat i on ,  an d 
food ser v i ces--accou nted  for 35 . 9  percen t of total  expen d i 
tures . The p ercentage d i s tr i b ut i o n  of expen d i tures  by major  
funct i on f or  e ac h  o f  t h e  th ree d i s tr i cts  was s i mi l ar t o  the 
st ate d i str i b ut i on .  The aver age  expen d i ture p er p up i l  var i ed 
from $3 , 0 43 i n  Me sa  County V a l l ey to $5 , 134  i n  DeBeque . Th e 
s tate aver age per p up i l  expen d i ture was $3 , 695 ( C o l orado  
Departmen t of  Ed ucat i on ,  1 984b ) . 

K . 1 . 6 . 2  Hosp i ta l s and hea l th  s er v i ces 

Tab l e  K . 1 . 24 l i sts the ho s p i t al s ,  the number of  l i censed  
bed s ,  an d the av erage  n umber of  outp at i ents  prov i de d  ho s p i ta l  
care each d ay i n  Mes a  Coun ty .  Three  o f  t he  four ho s p i ta l s  are 
i n  Grand Junct i o n .  The l argest  i s  St . Mary ' s  Ho s p i ta l  an d 
Med i c a l  Cen te r ,  wh i c h  h as 264 l i censed  bed s  an d t re at s  app rox
i mate l y  130 outpat i ents  per day ( Co l orado  Wes t  Imp rovemen t,  
I nc . ,  1982 ; Amer i can Ho s p i t al As soc i at i o n ,  1 984 ) . The tota l  
n umber of  l i cen sed hosp i t al b e d s  i n  t h e  county i s  461 . 

The n umber of  ho sp i ta l  bed s  ava i l ab l e  to serve  a popu l a
t i on i s  an i n d i cator of the ade q uacy of med i ca l  care i n  a re
g i on .  Mes a  County  h as approx i mate l y  5 . 0  hos p i ta l  bed s  per  
1000 peop l e .  Th i s  rat i o  i s  h i g h er t han the 1979  nat i ona l aver
age of 4 . 5  an d the 1 9 79 Co l orado  r at i o  of  4 . 3  ( U . S .  Departmen t  
o f  Hea l th an d Human Serv i ces , 1 98 1 ) . The h i g h r at i o  f or t he  
co unty ,  a nd  for  Grand  J unct i on i n  part i c u l ar ,  i n di cate s t hat 
t he  cou n ty prov i de s  hos p i ta l  ser v i ces to peop l e  i n  the s ur 
rou nd i n g r eg i on .  
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Tab l e  K . 1 . 2 3  E x pend i tu r es by fu�ct i on for schoo l d i s tr i ct s  i n  Mes a County ,  
c a l endar  year 1 983 

Scho o l  d i s tr i ct b 

DeBeque 
E xpend i t u res ( $ ) 
Amou nt per ADAE ( $ ) 
P or t i o n  of  a l l funds  ( %) 

P l ate au V a l l ey 
Expend i tu r es ( $ ) 
Amou nt per ADAE ( $ ) 
P or t i o n  0 f a l l fun  d s ( %  ) 

Mes a Cou nty Va l l ey 
Expen d i t u res ( $ ) 
Amount per ADAE ( $ )  
Por t i o n  o f  a l l funds  ( % ) 

State Tot a l  
Expend i  t u r es ( $ ) 
Amount  per ADAE ( $ )  
Por t i o n  o f  a l l funds  ( %) 

Su p por t 
In s truct  i on s er v i ces 

379 , 0 2 3  2 22 , 4 5 7  
2 , 856 1 , 6 76 
55 . 6  32 . 6  

653 , 845  5 24 , 24 2  
1 , 7 02 1 , 364  

49 . 8  3 9 . 9  

24 , 82 2 , 4 5 1  1 6 , 691 , 0 89 
1 , 6 23  1 ,0 91 
53 . 3  35 . 8  

9 72 , 76 2 , 62 2  6 7 3 , 1 31 , 484 
1 , 920  1 , 328 
51 . 9 35 . 9  

�Data  fr om Co l or ado Dep artment o f  Educat i on ( 1 984b ,  Tab l e  3 ) . 
ADAE = aver age da i l y  atte ndan ce e nt i t l eme nt . 

Commun i ty 
s e r v i ces Ot her 

98 79 , 7 2 7  
1 600 
0 1 1 . 7 

0 13 3 , 5 21 
0 34 7 
0 10 . 1 

53 , 84 7  4 , 964, 00 7  
3 324 

0 . 1  10 . 6  

3 , 0 60 , 7 2 2  2 2 2 , 786 , 985  
6 43 9 

0 . 1  1 1 . 9 

Tot a 1 

681 , 285  
5 , 1 34 
100. 0 

1 , 31 1 , 608 
3 , 41 4 
1 00 . 0  

46 , 531 , 400 
3 , 043  
1 00 . 0 

1 , 8 71 , 74 1 , 863 
3 , 695  
100 . 0  



A 
I 

W 
o 

N iIl1e /f ac i l i ty 

St . Mary ' s  Hospi t a l  an d 
Med i c a l  Center 

Gr an d Junc t i o n  Osteopath i c  
Hos pi t a  I 

u . S .  Ve ter an s  Adm i n i s t r a t i o n  
Med i c a l  Center 

Hos p i t a l  
N ur s i n g f ac i l i ty 

Tot a l  

lower Va l l ey Hos pi t a l : 
Hos p i t a l  
Nurs i n g  f ac i l i ty 

Tot a l  

Tab l e  K . l . 24 Ch aracter i st i cs of ho s p i t a l s  i n  Mes a Cou n ty , 1 982- 1983 

C i ty 

Gr and Jun ct i o n  

Gr and Jun ct i o n  

Gr and Junct i on 
Gr and Junct i on 

Gr and Jun c t  i on 

Fru i t a  
Fru i t a 

Fru i t a 

N umber o f  
I i cenaed 

beds 

264 

78 

99 
42 

1 41 

20 
120 

1 40 

Adm i s s i ons a 

1 1 , 5 1 9 

3 , 26 7 

2 , 542 
19 

2 , 56 1  

341 
61 

402 

Aver age n umber 
of outpa t i snts 

per day 

1 30 

30 

N A  
NA 

50 

NA 
NA 

6 

Occupa�cy 
rate 

65 . 5% 

51 . 3% 

NA 
NA 

86 .8% 

NA 
NA 

7 7 . 9% 

Bi r t h s a 

1 , 3 1 3  

53 5 

28 

28 

Per sonne I a 

90 6 

204 

261 
1 7  

2 7 8  

3 3  
8 6  

1 1 9 

�Dat a for year end i ng September 30 , 1 983 , f r om  Ame r i c an Hos pi t a l  Assoc i at i o n ,  1 984. 
From Col or ado Wes t I mp r oveme nt , I n c . ( 1 982) and H ar ry Moon , Ass i stant Adm i n i str a t or , lower Va l l ey Hospi t a l ,  December 2 1 ,  1 982. 

Type o f  s er vi ces a 

Gener a l ,  ac ut e , 
an d  l ong-term c a r e  

Ge ne r a l  c are 

Genera I ,  acute , 
an d l ong -term care 

Ge ne r a l  c a r e  
long -term c a r e  



K . 1 . 6 . 3  

Other hea l th fac i l i t i e s an d programs av a i l ab l e  i n  Mes a  
Cou n ty are l i s ted i n  Tab l e  K . l . 25 .  The coun ty p rov i de s  p u b l i c 
hea l th ser v i ces an d fami l y-p l an n i n g programs th at are fu n ded  
by Fed era l , state , an d l oca  1 mon i e s  an d some fees . A 
men ta l - hea l th cen ter i n  Gran d  J unct i on p rov i de s  var i ou s  types 
of ther apy and counse l i n g .  Sup port  group s are a l so  av a i l ab l e  
for a l c oho  1 i c s  an d drug  ab users and members of the i r fami 1 i es 
( H uman Serv i ces  D i rectory,  1 98 1 ) . 

Ser v i ces for deve l opmen t al l y  d i sab l ed persons  are a l s o  
ava i l ab l e  i n  Gran d  J unct i o n ,  an d t h e  coun ty h as four n ur s i n g  
homes . P rograms t o  as s i s t l ow- i n come persons  w i th food s up 
p l i e s  an d l ega l serv i ces  are av a i l ab l e ;  however , they are fun d 
e d  by var i ous  Federal Government  agenc i e s  an d face  an u n 
certa i n  future becaus e o f  red uct i ons  i n  Federa l  a i d  ( H uman Ser 
v i ces  D i rectory ,  1 981 ) . 

Water s upp l i e s ,  was te-water treatment ,  and pub l i c  ut i l i t i es 

Mos t of the res i d e nt s  of Mes a  County are s up p l i ed w i th wa
ter from we l l s ,  s p r i n g s ,  creek s ,  an d surface-water sources,  as  
i nd i c ated i n  Tab l e  K . 1 . 26 .  Gran d  J unct i o n , P a l i sade , an d the  
Ute Water Con servancy D i s tr i c t  co l l ect  surface  water off Gran d  
Mesa an d obt a i n some water from the Co l orado  an d Gun n i son 
R i vers  d ur i n g  dry we at her per iod s .  Cl i f  ton an d DeBeq ue ob t a i n  
water from the C o l orado  R i ver . Co l l br an obta i n s  water from 
sp r i n g s  ( Bowman , 1 985 ) . 

The water-treatme n t  process  for a l l p l  aces  not  hav i n g  
we l l s an d s p r i n g s  i s  rap i d  s an d  f i l trat i on w i th chem i ca l 
co ag u l at i on .  H i gh s a l i n i ty l e ve l s  i n  the Co l orado  R i ver n e ar 
Grand J unct i on make treatmen t an d use  of water from the r i ver 
l es s  des i r ab l e  i n  t hat are a  ( Bowman , 1 985 ) . 

W ater-cons ump t  i on f i  g ures  for Mes a  Coun ty are es t i mate s 
pro v i ded  by the C o l orado  Dep artmen t of He a l th .  Dome s t i c  water 
co n sump t i on in summer an d in wi n ter i s  es t i mated at 350 an d 
1 50 ga l l on s p er person per day, re spect i ve l y .  The h i gher  s um
mer rate i n c l udes water used for the i rr i gat i on of crops . 

The waste -water treatment  p l  an ts i n  Mesa  Coun ty are 1 i st
ed  i n  Tab 1 e K . 1 .  2 7  • The mos  t common type i s  a 1 agoon sys tern . 
I n  Grand J unct  i o n ,  waste water i s  current l y  treated at a n ew 
act i v ated -s l  ud ge p l  an t .  The Gran d  J unct i on waste -w ater tre at
men t  p l an t  i s  the l argest i n  the coun ty ,  w i th a capac i ty of 
20 . 0  m i l l i on g a l l ons  per d ay ,  and i s  operat i n g  we l l be l ow ca
pac i ty .  Other town s an d de ve l opments  a l ong  the Co l orado  R i ver  
a l so appear to  be operat i n g we l l  be l ow capac i ty ( Bowman , 
1 985 ) . 

E l ectr i c i ty i s  s up p l i ed to the Grand J unct i on area by t he  
P ub l i c  Serv i ce Company of  Co l orado  an d by Gran d  V a l l ey Rur a l  
Power l i n e s . Te l ephone ser v i ce i s  pro v i ded  by Moun t a i n  Be l l .  
N at ura  1 gas serv i  ce  i s  pro v i  ded  by the P u b  1 i c Serv i  ce Comp any 
of  Co l or ado . Accord i n g to John Ken ney, ac t i n g  P u b l i c  Wo rks  
D i rector of the C i ty of Gran d  J unct i on ,  the area ' s  ut i l i t i es 
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Tab l e  K . 1 . 25 Maj or  hea l th ser v i ces  by type i n  Mesa  County, 1 982a 

Typ e of serv i ce 

Commun i ty hea l th 

Men ta l  h ea l th 

A l coho l  and drug  ab use 

C are an d trai n i n g of deve l op 
men ta l l y  d i s ab l ed person s 

C are of , and a i d  to , aged 
person s 

A i d  to l ow- i n come person s 

Program,  i n st i tut i on ,  or  fac i l i tyb 

Me sa  County He a l th Dep artmen t 
C h i l d  an d M i gran t  Serv i ce s ,  I n c .  
Med i ca l  As s i stance  for I n d i gen t Person s  
Mesa County Fami l y  P l an n i n g  

Fami l y  Cou n se l i n g an d Le arn i n g Cen ter  
Mesa County Men ta l  He a l th Cen ter ,  I n c . 
Res i d en t i a l He a l th Care Fac i l i ty 

Al coho l i cs Anonymous/Al -Anon/Al ateen 
A l ternat i v e s  to Drug  and A l coho l  Ab use 
B r i d ge Ho u s e ,  I n c . 
C l e arv i ew , I n c . 

Co l orado  State Home an d Tra i n i n g Sc hoo l  
H i l l top Hou se  Re h ab i l i t at i on Cen ter 

Bethesda C are  Cen ter 
H i l l top House Re h ab i l i t at i on Cen ter 
La  V i l l a Grand C are Cen ter 
Mesa Man or 

Co l or ado  West  Commun i ty Act i on P rograms 
( f l ood an d n utr i t i on )  

Co l or ado  R ur a l  Leg a l  Ser v i ces , I n c . 

a Informat i on from Cr i s i s  I n terven t i on an d Su i c i d e  P re ven t i on Cen ter , Human 
bServ i ces D i rectory for Mesa  County Re s i de nt s ,  J an�ary, 1 981 . 
A l l serv i ces  are l ocated i n  Gran d  J unct i on .  
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Tab l e  K . l . 26 Sou rces of w ater  an d aes t i mated dome s t i c  water con s ump t i on 
i n  Mesa  County ,  1 985 

E s t i mated dome s t i c  
water con s umBt i on 

( mg d )  
N umbe r of 

C i ty Water s ou rce peop l e served Summer Wi n ter  

Fru i t a Ute Water Con servan cy 

C l i fton Co l or ado  R i ve r  1 5 , 000 5 . 3 5 2 . 2 5 

Grand J unct i on Grand Mes a  s u rface  28 , 500c 9 . 98 4 . 2 8  
wate r ;  Co l or ado  an d 
Gun n i son R i ver  
can  be  used 

Ute Water Grand Mesa  s urface  45 , 000 1 5 . 80 6 . 80 
Con ser van cy an d Co l orado  R i ve r  
D i s tr i ct  water 

P a l i s ade  Grand  Me sa  s urface  3 , 000 1 . 05 0 . 45 

DeBeque Co l orado  R i ve r  350 0 . 1 2 0 . 0 5  

Co  1 1  b r  an 3 sp r i n g s  370 0 . 1 3 0 . 06 

aD at a  from D i ck Bowman , Co l or ado  Dep artment of He a l th ,  Water Qual i ty Con tro l  
bD i v i s i on ,  Feb r uary, 1 985 .  
mgd  = m i l l i o n  ga l l ons  per  day . Con s ump t i on es t i mated to be  350  ga l l on s  p e r  
person per  d ay i n  summe r  an d 1 50 ga l l on s per  person  p er d ay i n  w i n te r .  CTot a l  con s i sts  o f  28 , 000 res i d e nt  users  and 500 non -res i d en t  users . 
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Tab l e  K . l . 2 7  Was te -water treatme nt  p l an ts i n  Mes a  Coun ty, 1 985a 

C i ty oper at i n g p l an t 

Fru i t a 

Grand  J unct i on 

C l i fton 
San i tat i on D i str i c t  1 
San i tat i on D i s tr i c t  2 Eas t 
San i tat i o n  D i s tr i c t  2 West  

P a l i sade 

DeBeque 

C o l l br an ( on P l ate au Creek ) 

Typ e  

Lagoons  

Act i v ated 

Evaporat i on 
Lagoons  
Lagoon s 

Lagoons  

Lagoons  

Lagoon s 

aData  from D i ck Bowman , Co l orad o  Dep artmen t 
b D i v i s i on ,  Febr uary , 1 985 .  

Treatme n t  
capac i �y Averag e  f l ow 

(mgd )  (mg d )  

1 . 25 0 . 49 

20 . 00 6 . 0  

0 . 1 4  0 . 30 
0 . 41 0 . 06  
1 . 4  0 . 41 

0 . 52 0 . 1 5  

0 . 07  0 . 02 

0 . 200c 0 . 06 

of Hea l t h ,  Water Qua l  i ty Con tro l  

M i l l i on g a l l on s  p er day .  C Est i mated by D i ck Bowman , Co l orado  Dep artmen t of He a l th ,  Water Q ua l i ty 
Con tro l D i v i s i on ,  February , 1 985 .  
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wou l d  be ab l e  to accommod ate any ad d i t i on a l  deman d as soc i ated  
w i th remed i a l ac t i on ( Ken ney, 1 985 ) . 

K . 1 . 6 . 4  Po l i ce and f i re protect i on 

The Grand J unct i on Po l i ce Dep artmen t has 67 sworn po l i ce 
off i cers , 33 of whom are aut hor i zed c i v i l i an s ,  an d 30 po l i ce  
veh i c l es  ( E vers , 1 985 ) . The Mes a  Co u n ty Sher i ff 1 s  Dep artmen t 
h as 27 road deput i es ,  s i x  s erge an ts ,  a s t aff  of 83 peop l e , an d 
40 ve h i c l es .  The dep ut i e s patro l the en t i re coun ty, an d ar 
rangements  can be made for coun ty as s i s t ance i n  Gran d  J un c 
t i on ,  P a l i sade , an d Fr u i t a ,  a l l o f  wh i ch h ave  the i r  own po l i ce 
dep artme n t ,  an d a l s o  i n  Co l l b r an an d DeBeq ue , e ac h  of wh i ch 
h as a dep uty mars ha l . A cen tr al commun i cat i ons  center i n  
Grand Junct  i on  serves as a d i  s p atch cen ter f or the emergency 
serv i ce s  of the p o l i ce ,  s h er i ff 1 s , an d f i re dep artments  ( Me sa  
Co un ty Sher i ff 1 s  D ep artmen t ,  1 985 ) . 

The Grand  J u nct i on F i re Departmen t prov i d es f i re protec
t i on for Gr an d J unct i on an d for rur a l  areas surrou n d i n g  Grand 
J unct i o n ;  the to ta l  serv i ce area  i n c l udes 84 sq uare m i l es .  
The f i re dep artment staff cons i sts of 60 fu l l -t i me  f i ref i g ht
er s .  F i re  f i gh t i n g equ i pment  i n c l ude s s i x  1 250- ga l l on pump 
ers , on e 750- ga 1 1  on pumper , a 3500- ga 1 1  on tan ker , one 85-foot 
aer i a l p l  atform ,  two re sc ue un i t s ,  and on e h azardo u s  chem i c a l  
un i t ( C  amp be 1 1 ,  1 985) . 

K . 1 . 7  TRANSPORTATION  

The averag e da i l y  vo l umes of  traff i c  o n  se l ec ted h i g hways i n  the  v i 
c i n i ty of Grand J unct i on are g i ven  i n  Tab l e  K . 1 . 28 .  A map d i sp l ay i n g  
t h e  major  h i ghways i s  shown i n  F i g ure  K . 1 . 2 .  The vo l ume o f  traf f i c  var 
i e s  from 1 100 veh i c l es  per day on U . S .  H i ghway 6 & 50 be tween Mack an d 
Two Road to 21 , 200  veh i c l es per d ay on U . S .  H i ghway 50 between Unaweep 
an d South Aven ue s .  Cars an d p i ck up s  account for mo st  of the traff i c  on 
a l l h i ghways . I n  general , I n terstate 70 carr i e s  the greatest  number an d 
percen tage of l arge truck s . 

Traff i c  vo l ume s  for county road s an d c i ty streets th at may be u sed 
i n  the remed i a l  act i on project are g i ven i n  Tab l e  K . 1 . 2 9 .  These  n umbers  
are for  the year 1983 , an d the traf f i  c vo  1 urnes h ave  probab l y  decre as ed 
s l i gh t l y  s i n ce then ( Tra i nor ,  1 985 ) . 

The number s  of fat a l , i n j ury,  an d property traf f i c  acc i dents  h av e  
been decl  i n i n g i n  Mesa Cou n ty recen t l y .  I n  1 981 ,  there were a tota l  of 
3683 acc i den t s :  33 fata l , 80 1 i nj ury,  and 2849 prop erty d amag e acc i 
dents . I n  1984, the acc i dent  total  d ropped to 1 964 : 1 1  fat a l , 496 i n 
j ury,  and 1457  proper ty d amag e acc i dent:'8 The 1984 countyw i d e  f at al ac -
ci dent  rate was 0 . 0 2  acc i dents  p er 10 ve h i c l e -m i l es trave l l eg . Th e 
1 984 countyw i d e  i n j ury acc i de nt  r ate was 0 . 72 acc i dents  p er 10 veh i -
cl e -m i l e s tr av e l l ed .  The tot al acc i dent  rate for Mes a Co unty i n  1 984  
was  2 . 85 acc i dents  per 1 , 000 , 000 ve h i c l e -m i  l es trave l l ed ( Sm i th ,  1 985 ) . 
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Tab l e  K . 1 . 28 Averag e  d a i l y  traf f i c  on se Aec�ed h i g hway routes i n  
Gran d  J unct i on an d v i c i n i ty , 

H i ghway 

U . S .  50 
U . S.  50 
U . S .  50  
U . S .  50  
U . S .  50  
U . S .  50 
U • S. 50 
U • S. 50 
U . S .  50  
U . S .  50 
U . S .  50, Loop 70 

( Ute Ave ) 
U . S .  50 , Loop 70 

( P i tk i n Ave ) 
U . S .  50 ,  Loop 70 
U . S .  50 , Loop 70 
U . S .  50 ,  U . S .  6 

Loop 70 
U . S .  50 ,  U . S .  6 

Loop 70 
U . S .  50 ,  U . S .  6 

Loop 70 
U . S .  50 ,  U . S .  6 

Loop 70 
I - 70d I - 70d 1 - 70 c U . S .  50 , U . S .  6 

Ro ute s egment  

Me sa-De l ta County L i n e  to W h i tewater 
W h i tewater to 32 Ro ad ( St ate Road 146 )  
32 Road ( State Route  146 ) to 30 Road 
30 Road to 281 Road 
28t Road to B t  Road 
Bt Road to 27t  Road 
27 Road to Unaweep Ave n ue 
Unaweep Aven ue to South  Aven ue 
South Aven ue to P i t k i n Aven ue 
P i t k i n Ave n ue to Ute 

5th Street to 1 st Street 

5th Street to 1 st Street 
Ute to State Route 340 
State Route 340 to North ( U . S .  6 )  

North ( U . S .  6 )  t o  2 5  Road 

24t Road to 24 Road 

24 Road to 6 Road 

6 Road to I - 70/Loop 70 J unct i o n  
Lo op 7 0  t o  Fr u i t a  Ex i t  
Fr u i t a  Ex i t  to Loma Ex i t  
Loma Ex i t to Mack Ex i t  
Mack to  Two Road 

Aver ag e  
da i l y  traf f i c  

3 , 800c 
4 , 600 
5 , 425 
7 , 800 
9 , 100 

1 3 , 800 
16 , 400 
2 1 , 500 
20 , 200 
1 2 , 000 

9 , 400 

1 2 , 000 
18, 900 
1 3 , 100 

2 2 , 000 

1 1 , 000 

10 , 700 

10, 400 
5 , 100 
3 , 400 
3 , 000 
1 , 100 

�D at a  from Tra i n o r ,  1 985 , un l e s s  otherw i se noted . 
Aver age n umber of ve h i c l es p as s i n g d ur i n g a 24- hour p er i od at a po i n t  a l ong  
t he  road segment .  �D at a  from Mesa County En g i n eer an d Gr an d  J unct i on C i ty Eng i neer ,  1 983 . 
D at a  from C o l or ado  Dep artment  of H i ghways , 1 980 . 
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Tab l e  K . 1 . 2 9  Average d a i l y  traff i c  on s e l ected c i �y an d county 
ro ad s  i n  Gran d  J unct i o n  and v i c i n i ty 

Road 

Struthers  Aven ue 
9th  Street 
9th  Street 
1 2 t h  Street 
1 5 th Street 
Ute Aven ue 
Ute Aven ue 
P i tk i n  Ave n ue 
P i t k i n  Ave n ue 
D Road 
D Road 
D Road 
D Road 
32  Ro ad ( State 

Route 146 ) 
32 Road ( S tate 

Route 146 ) 
N o l an d Aven ue 
4th  Aven ue 
4th  Aven ue 
4th  Aven ue 
7th Street 

Road s e gmen t 

7th Street to proces s i n g  s i te 
Str uthers to 4th  Aven ue 
4th Avenue to Ute Aven ue 
K i mba l l to D Road 
P roces s i n g  s i te to D Road 
9th Street to 5 th Street ( on e-w ay )  
5th Street t o  1 st Street ( on e-way )  
1 s t  Street t o  5 t h  Street ( on e -way )  
5th Street t o  9 t h  Street ( on e-way )  
9th Street t o  27i  Road 
27i  Road to 28 Road 
28 Road to 29 Road 
29 Road to 32 Road ( State Rou te  146 )  

D Road to Bi  Road 

Bi Road to U . S .  50 
U . S .  50 to 7th Street 
9th Street to 7th Street 
7th Street to R i vers i de  P ar k  Dr i v e 
R i vers i de  P ark Dr i v e to U . S .  50 
No l an d to Strut hers 

�D at a  from Tra i nor ,  1 985 . 
Est i mated by Tra i n or ,  1 985 . 
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Aver ag e  
da i  l y  traf f i c  

650 
1 , 100 
8 , 950 b l ess  th an 1 , 100  

l ess  th an 1 , 100b 
12 , 800 
9 , 400 
7 , 900  

1 2 , 000 
6 , 900  
4 , 650 
3 , 650 
3 , 700 

8 , 0 50 

3 , 700 
570 

1 , 450 
400 
550 

1 , 0 50 



Spec i f i c  acc i de n t  rates  for routes  wh i c h  may be used  d ur i n g  remed i a l  
act i on are p resen ted i n  Sect i on 5 . 1 5  o f  Vo l ume I - Text ( Tab l e  K . 1 . 30 ) . 

The Den ver an d R i o  Grande We s tern  Rai  l road fo l l ows the Co l or ado  
R i ver an d con nects Grand Junct  i on w i t h  Mack  10 m i l es  to the  northwe s t ,  
wh i c h  i s  near t h e  Two Ro ad s i te .  Th e Montrose branch of  t he  Denver  an d 
R i o  Grande Wes tern fo l l ows the  G u n n i son R i ver  out of Gran d J unct i on an d 
ru ns  through  W h i tewater ,  wh i c h  i s  ne ar the  Cheney Reservo i r  s i te .  The 
ma i n  l i ne  to Mack i s  a s i n g l e trac k  w i th se veral  l oop s i d i n gs  p ara l l e l  
to the  ma i n  1 i n e .  I t  i s  used by 2 5  to 30 fre i g h t  trai n s  per d ay an d a 
p assenger trai n th at runs  three days per week . Sh i pments  i n  1 98 1  
averaged  an e s t i mated 2 9  m i l l i on gro s s  ton s .  There are ap prox i mate l y  23  
grade  cros s i n gs be tween Grand Junct i on an d Mack ; mo s t  of  them are 
e q u i pped  w i th act i ve warn i n g de vi ces . The Mon trose branch ra i l l i n e ,  
wh i ch ru ns  t o  Wh i tew ater ,  i s  a s i n g l e h eavy-duty track  used pr imar i l y  
for coal  trai n s  an d a fre i gh t  trai n th at runs  t o  Mon trose th ree o r  four 
t i mes per week . The 1981 vo l ume for th i s  sec t i on of the  rai l road was 
es t i mated at n i ne m i l l i on gro s s  tons . There are ap prox i mate ly  n i ne 
grade  cros s i n gs a l ong  the Grand J un c t i o n -W h i tewater rout e ( DO E ,  1 983 ) . 

A s ummary of ra i l road acc i dent s  for 1980 an d 1981  i s  g i v en i n  Tab l e  
K . 1 . 31 ,  wh i c h  comp ares th e rates for the Denver an d R i o  Gran de Western 
Ra i l road w i th those  reported for a l l ra i l road s in  the Un i ted St ates 
( USDOT, 1981 , 1 982 ) . 
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Tab l e  K . 1 . 30 Acc i d ent data  for major road s  i n  Mes a County , 1 981 a 

Segme nt Aver age  Property 
Lengt h da i ly  damage In j ur y Fata l  Tot a l  

H i ghway From To (m i l es ) tr af f i c  ac c i d ents  ac c i d ent s  ac c i d ent s  ac c i d e nts 

Inter s t ate 70 Mack State Rt . 1 3 9  3 . 95 3 , 000 1 0 0 1 
St ate Rt . 1 3 9  W .  Fru i t a  4 . 1 6  3 , 400 2 4 0 6 
w .  Fru i t a St ate Rt . 340 0 . 32 3 , 400 7 2 0 9 
State Rt . 340 E .  Fru i t a 1 . 1 0 4 , 400 1 2 0 3 
E .  Fru i t a  State Rt . 6 5 .02  4 , 400 13  9 3 25 

Loop 70 State Rt . 6 St ate Rt . 340  0 . 745  1 1 , 7 00 21 4 0 25 
State Rt . 340 5th St . 0 . 7 08 1 7  , 000 96 20 0 1 16 

State Rt . 340 W .  Gran d Junct i o n  L oop  70 0 . 56 4  2 1 , 0 00 1 9  4 0 2 3  

U . S .  Rt . 50 P i t k i n  St . Un aweep  Ave . 1 . 2 1  20 ,000  39  1 1  0 50 
7<: I Unawe ep Ave . B! Rd . 1 . 1 9  13 , 500 31 12  2 45 
+>-
0 B! Rd . S .  Gran d Junct i on 0 . 0 8  8 , 4 00 2 2 0 4 

S .  Gran d Junct i o n  30 Rd . 2 . 80 7 , 400 10 7 0 1 7  
30 Rd . St ate Rt . 1 46 1 . 33 4 , 500 3 0 0 3 
State Rt . 1 46 State Rt . 1 41 2 . 6 2 5 ,000 1 1 0 2 
State Rt . 1 41 Mes a Cou nty l i ne 1 1 .  91 3 , 800 12  13  1 26 

S tate R t .  1 46 U . S . Route 50 B! Rd . 2 . 66  3 , 000 9 2 0 1 1  
B !  Rd . Loop 70 2 . 6 7  7 , 700  50  1 8  1 69 

aFrom Mes a County E n g i neer an d Gran d Junct i on C i ty  E n g i neer , 1 983 . 



Tab l e  K . 1 . 3 1  Rai l road acc i dent  an d i n c i dent  d ata  fo r 1980 an d 1 981 a 
( p er m i l l i on tra i n m i l es )  

R a i l road 

Den ver  an d R i o  
Grande Wes tern 

A 1 1  U .  S .  r a i l ro ad s 

Ye ar  

1980 
1 981 
Avg . 

1 980 
1 981 
Avg . 

Acc i d ent s  
and 

i n c i dents  

1 7 . 82c 
1 3 . 39c 
1 5 . 61 

29 . 45 
24 . 0 5  
26 . 75 

I nj ur i e s  Fat a l i t i es 

10 . 8  0 . 76 
7 . 9 7 1 . 1 8 
9 . 3 9  0 . 97 

1 9 . 0 4  1 . 8 7 
16 . 37 1 . 80 
1 7 . 71 1 . 84 

Damag esb ( $ 1 000)  

74 . 3  
2 1 . 8  
48 . 1  

381 .  7 
35 1 . 2  
366 . 5  

aD at a  and def i n i t i on s  prov i ded  by U . S .  Dep artmen t of Tran sport at i on ( US DO T ,  
b 1 981 , 1 982 ) . 

Dat a l i mi ted to acc i d ent s  i n vo l v i n g operat i on of on -trac k  equ i pment  t h at r e 
s u l ted i n  d amag es exceed i ng a report i n g  t hresho l d : $2 900 i n  1980 an d $3600 i n  
1 981 . cN umber of i n c i d ents  not repo rted by the  ra i l road . Stat i s t i c  based  on  t he  a s 
sumpt i on th at t h e  r at i o  o f  i n j ur i es  t o  acc i dent s  an d i nc i d e n ts i s  t he  s ame f o r  
t he  Den ver  an d R i o  Gran de  We s tern as i t  i s  for a l l U . S .  r a i l ro ad s .  
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K . 2 . 1  

K . 2  SOC I OECONOM IC  I MP ACTS 

IMPACTS ON POPULAT I ON AND WORK FORC E 

The i mp act s  descr i bed i n  the  fo l l ow i n g  sec t i on are based p r i mar i l y  
on outp ut  from the  P l an n i n g an d As sessmen t Sys tem ( P AS )  econom i c  an d de
mo grap h i c  mode l , ma i n ta i ned by the  State of  Co l orado  - D i v i s i on of  Loc a l  
Governmen t .  The PAS mod e l  i s  composed o f  three mod u l e s  wh i c h  are 1 i n k ed 
together by an exten s i ve data  base . The f i rs t  mod u l e of P AS i s  a d a t a  
base man ager wh i c h  keep s  track  o f  cr i t i c a l  bas i c  act i v i t i e s ( p rojects  o r  
econ om i c ac t i v i t i e s wh i ch form the  bas i s  o f  a l oca l economy ) . Th e s ec 
on d mod u l e  u s e s  data  from t h e  f i r s t  mod u l e  a l on g  w i th other county eco
nom i c  an d demograp h i c  dat a an d prod uces project i on s  at the  c oun ty l e ve l . 
The th i rd mod u l e  al l ocates coun ty l e v e l  projec t i on s  to s ubcounty areas . 

The i mpact s  of each of the  remed i a l  act i on a l ternat i v es  an d the  v i 
ci n i ty proper t i es  c l e an up on the  pop u l at i on an d emp l oyme nt  of the  Gran d  
J unct i on area  an d Me sa  Co unty are d i sp l ayed o n  Tab l e s  K . 2 . 1  an d K . 2 . 2 ,  
respect i ve l y .  Th e terms II popu 1 at i o n i mp ac t ll an d lI emp 1 0yment  i mp ac t ll 
w i l l  be used to de sc r i be the d i fference be tween base l  i n e  or  no ac t i on 
popu l at i on an d emp l oyment  l eve l s ,  and  the  popu l at i on an d emp l oyment  l e v 
e l s res u l t i n g  from t h e  adopt i on of a p art i c u l ar remed i a l ac t i on a l terna
t i ve or the  v i c i n i ty p roper t i e s  c l e an up . 

K . 2 . 1 . 1  No act i on a l ternat i ve 

Pop u l at i on an d emp l oyment  trends  wou l d  be unaffected by 
the  no act i on a l ternat i v e .  There i s  a s u b s tan t i a l  amou n t  of 
i nd us tr i a l l an d  av a i l ab l e  in  Grand Junct i o n  wh i ch i s  capab l e  
of sup po r t i n g  fur ther deve l opmen t .  Therefore , t he  l o s s  o f  th e 
Grand J un ct i on s i te as a poten t i a l  s i te for econom i c  de ve l op 
men t  wou l d  not be expected to affect l oca l pop u l at i on o r  em
p l oymen t l e ve l s .  

K . 2 . 1 . 2  Stab i l i zat i on on s i te a l ternat i ve 

The stab i l i z at i on on s i te a l terna t i v e  wou l d  i n vo l v e an av 
er age of 125  project workers over the p roposed 33-mon th con 
struc t i on per i od star t i n g  i n  198 7 .  An es t i mated 10 1 of these  
workers wou l d  come from the l oca l Mesa  Cou n ty work  force ,  
wh i l e  t h e  remai n der ( pr i mar i l y superv i sory an d f i e l d  s t aff 
workers ) ,  wou l d  be ob t a i ned from outs i d e  the  cou n ty.  Dur i n g 
the  peak construct i on per i od ,  a tot al of 185 proj ect worker s  
wo u l d  b e  emp l oyed . 

Loc a l  non 1 abor  purchases  ( i . e . ,  mater i a l , e q u i pmen t ,  an d 
serv i ce s )  wou l d  create i n d i rect emp l oymen t ,  as  i n creased l oca l 
s a l es cou l d  s up port a l arger work  force . A s i mi l ar secon dary 
effect on emp l oymen t  wou l d  be i n d uced as project  worker i n come 
i s  spen t an d re spen t i n  the l oca l economy ( an es t i mated $10 . 1 
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A I 
.p. 
.p. 

Year 

1 985 

1 986 

1 987  

1 988 

1 989 

1 990 

1 991 

1 992 

1 993 

1 994 

1 995 

Tab l e  K . 2 . 1  Popu l at i o n  imp acts  o f  remed i a l act i on o n  Mes a �o u n ty an d Gr an d Junct i on 
by a l ternat i ve an d v i c i n i ty p roper t i es c l ean up 

Stab i l i zat i on Che ney Cheney Two R oad Two Road 
on s i te truck tr ai n an d truck truck tr ai n and truck 

Gran d Mes a Gr an d Mes a Gr an d Mes a Gr an d Mes a Gr an d Mes a 
Junct i on County Jun ct i o n  Cou nty Ju nct i on Cou nty Ju nct i on Cou nty Junct i on Cou nty 

50 6 7  47 6 7  45 64  47  67  47  67  

1 2 7  200 133  226 130 221  1 40 238 142  24 2 

295 501 332 559 329 555  355 596 362 608 

35 56 65 103 64 102 69  10 9 69 1 10 

12  1 6  1 7  23  17  22 1 9  24 1 9  24 

8 9 1 1  12  1 1  1 1  10 12 12 1 3  

7 7 9 9 9 9 9 9 10 10 

6 6 8 8 8 8 9 9 8 8 

6 6 8 8 8 8 8 8 8 8 

aFrom P l an n i n g  an d A s ses sment Sys tem , 1 985 . 

V i  c i n  i ty 
propert i es 

Gr an d Mes a 
Ju nct i on Cou n ty 

1 24  1 96 

645 93 5 

660 95 7 

5 50 76 7 

45 71  

34 42 

26 33 

25 30 

2 3  26 

21  21  



A 
I 

� 
Ul 

Year 

1 985 

1 986 

Tab l e  K . 2 . 2  Emp l oyme nt i mp ac t s  o f  remed i a l ac t i on on Mes a �o u nty an d Gr an d Junct i o n 
by a l ternat i v e an d v i c i n i ty p roper t i es c l ean up 

Stab i l i z at i on Che ney C heney Two Road Two Road 
on s i te truck  tr ai n an d truck truck tr a i  n an d truck 

Gran d Mes a Gr an d Mes a Gr an d Mes a Gr an d Mes a Gr an d Mes a 
Junct i o n  County Jun ct  i on  County Junct i on County Jun ct i on Cou nty Junct i on Cou n ty 

V i c i n i ty 
pro pert i es  

Gr an d Mes a 
Junct i on Cou n ty 

3 5 7  440 

1 98 7  1 60 20 3 1 1 9  1 49 128 1 64 202 256 138 1 76 1 , 1 74 1 , 4 3 6  

1 988 278 356 229 291 244 31 5 253 32 7 269 346 386 424 

1 989 189 255  21 8 284 2 10 282 231 30 3 2 31 309 28 58 

1 990 5 35 20 60 22  59 1 9  6 4  20 64 9 

1 991 - 1 4  4 -16  8 - 14  8 -20 8 - 1 8  8 -5  3 

1 992 - 1 7  1 -2 1 1 - 18  1 -25 1 -2 3 1 -6 1 

1 993 - 1 7  -21 -18 -25 -24 -6 1 

1 994 - 1 7  -22 - 19  -25 -24 -6 1 

1 995 - 1 7  . -22 - 1 9  -25 -24 -5 1 

aFrom P l an n i n g an d As ses sme nt Sys tem , 1 985 . 



m i l l i o n  wou l d  be p a i d  i n  wages  and s a l ar i es under the s t ab i l i 
zat i on on s i te a l ter nat i v e ) . These  secondary effects are cap
tured by the  P AS mode l . 

The tota l  emp l oyment i mp act  ( i n c l ud i n g d i rect , i n d i rect , 
an d i n d uced jobs ) of the s t ab i l i zat i on on  s i te a l ter na t i v e  on  
Mes a  Cou n ty wou l d  be 203  jobs  i n  198 7 ,  reac h  a peak of 356  
jobs  i n  1988,  and f a l l to 255  jobs  i n  1989 . Th e emp l oyment  i m
pact wo u l d  decl  i n e to 35 jobs  i n  1 990 an d red uce to zero  by 
1 993 . The emp l oymen t  gener ated d ur i n g  the p eak p er i od wou l d  
red uce the  countyw i de u n emp l oyment  rate by 0 . 9  percen t .  

O f  th e tota l  n umber o f  emp l oyed ho l d i n g jobs  created d i 
rect l y , created i n d i rec t l y , or wh i c h  wou l d  be i n d uced by the 
s t ab i l i z at i on on s i te a l ter nat i v e in  198 7 , 1 60 wou l d  res i d e  i n  
the  Gr an d J unct i o n  area  ( def i n ed as the  c i ty of Gr an d  J unc t i on  
an d ad j acent  d e ve l op ab l e  areas an d es t i mated by the P AS mode l  
as h av i n g a 1985 pop u l at i on o f  48 , 286 ) . The n umber o f  em
p l oyed i n  the Grand J un c t i on area  whose jobs  wou l d  be p roj ect
re l ated wou l d  i ncrease to  278 i n  1988,  dec l i n e to  189 i n  1989,  
and fa l l to f i v e by 1990 .  Between 1991  an d 1 9 95 , the  n umber 
of unemp l oyed res i d i ng i n  the Gran d Junct i on area wou l d  be 
s l i gh t l y  h i g her th an i t  wou l d  be w i thou t the proj ect d ue to a 
sma l l n umber of proj ect re l ated i nm i g ran ts rema i n i n g i n  the 
Grand Junct i on area af ter the remed i a l ac t i on was comp l ete ;  
they wou l d  e i ther be  searc h i n g for ot her work wh i l e u n emp l oyed 
or  d i s p l ac i n g others  wh o wou l d  h ave  ot herw i se he l d  jobs  tak en 
by i nm i g r ants . However , the n umber of i nm i g r an ts remai n i n g 
wo u l d  be smal l i n  re l at i on to the tot al n umber of emp l oyed , 
and there wou l d  not be a not i ceab l e  effect on the Gran d 
J unct i on area unemp l oymen t  r ate . 

I n  198 7 ,  approx i mate ly  64 percent  of the  to ta l  emp l oyment  
gener ated  by the project wou l d  be  i n  t he  cons truct i on s ec to r .  
Approx i mate ly  1 0  percen t o f  th e emp l oyment  generated wou l d  be 
i n  wh o l esa l e  an d retai l trad e ,  s i x  p ercen t i n  serv i ces , and 
four percent in  the government  sector .  As the project  con t i n 
ued to comp l et i o n , th e effects o f  the c i rc u l at i on o f  proj ect 
wag e s ,  sa l ar i e s ,  an d non l abo r expen d i tures wou l d  i ncrease the 
n umber of i n d i rect an d i nd uced jobs . Thus , by 1 989 , the pro
port i on of the emp l oyment  gener ated by the project he l d  by the  
construct i on sector wou l d  f a l l to 53 percen t, wh i l e  the propo r
t i on s  he l d  by tr ad e ,  serv i ce s ,  an d governmen t wou l d  i n crease 
to 13 , n i n e ,  and s i x  p ercen t ,  respect i v e l y .  Once the remed i a l  
act i on was comp l ete , d i rect p roject emp l oymen t  wou l d  f a l l to 
zero and on l y  i n d i rect and i nd uced emp l oyment  i mp acts  wou l d  re
ma i n .  Tr ade ( 30 percen t ) , serv i ces ( 20 percen t ) , and gover n 
men t  ( 1 5 percen t )  wo u l d  ho l d  the l argest s h ares o f  th i s  
remai n i n g emp l oyme n t ;  the s h are he l d  by the con struc t i on sec
tor wou l d  f a l l to s i x  p ercen t .  

The i n m i g ran t proj ect wor k er s  an d i nm i gran ts s earc h i n g  
for wo rk re l ated to the remed i a l ac t i on wou l d  create p op u l a
t i on i n creases . In 1987 ,  the proj ect rel ated pop u l at i on i m-
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pact  wo u l d  be an es t i mated 67  per sons . Th i s  popu l at i on i n 
crease wou l d  con s i s t pr i mar i l y of i nm i g r an t  p roject superv i 
sors , f i e l d  s taff,  and  the i r  fam i l i e s .  

The un emp l oyment  rate i n  Mes a  Co unty i s  projected to d e 
c l i n e  be tween 1985 an d 1990 w i th o r  w i thout remed i a l act i on .  
The emp l oymen t  created by the s t ab i l i z at i on on s i te a l terna
t i ve wo u l d  red uce the l oca l  l abor  s up p l y  an d unemp l oyment  r ate  
to l ev e l s wh i ch wo u l d  encour ag e  ot her s out s id e  Me s a  Cou n ty to 
i nm i gr ate . A cou n tyw i de popu l at i on i mp act  of 200 peop l e i n  
1988 an d a peak o f  50 1 peop l e  by 1989 wo u l d  b e  t h e  re s u l t .  
The peak i mp act  wou l d  rep resen t a 0 . 6  percen t i n crease i n  t he  
coun ty popu l at i on .  Once  the remed i a l ac t i on was comp l eted , 
t he  l o s s  of the  d i rect proj ect emp l oyment  comb i ned w i th  the  i n 
d uced con trac t i ve effect s  on emp l oyment  i n  re l ated e s tab l i s h
men t s  wo u l d  res u l t  in outm i g rat i o n ,  red uc i n g the popu l at i on 
i mp act to  s i x  persons  by 1995 . 

The e s t i mated pop u l at i on i mp act  on the  Grand  J u nc t i on ar
ea in  1987 is  50 per son s .  The i mp act  wo u l d  reac h  a peak of 
295 person s in 1989 ,  or 0 . 6  percen t of the  Grand J unc t i on are a 
popu l at i on . Once the remed i a l act i on was comp l eted , t he pop 
u l at i on  i mp act  wou l d  f a l l ,  decl i n i ng to an i mp act  of s i x  p er 
son s by  1995 . 

K . 2 . 1 . 3 Ch eney truck a l ternat i ve 

Re l ocat i o n of the ta i l i n g s  to Cheney Re servo i r  v i a the 
Cheney truck a l ternat i ve wou l d  i n vo l v e an aver age  of 128 p ro 
ject workers over the p roposed  34-mon th con s truc t i on p er i od 
s t art i n g  i n  198 7 .  App rox i mate l y  103 of these  workers  wou l d  be  
expected to  come from the  l oca l Mes a  County  work force ,  wh i l e  
the  rema i nder , p r i mar i l y  s up erv i sory an d f i e l d  s t aff  worker s ,  
wo u l d  b e  ob t a i n ed out s i de  t h e  coun ty .  Dur i n g  t h e  p e ak con 
struc t i on per i od ,  a tota l  of 146 project  wor kers  wou l d  be 
emp l oyed . 

An e s t i mated $10 . 3  m i l l i on i n  wages an d s a l ar i es wou l d  be  
pa i d  to  the  project  work forc e .  The c i rcu l at i on throughout  
the  Mes a  Coun ty economy of the por t i on of  th i s  tota l  s p en t  l o
ca l l y ,  comb i n ed w i th the c i rc u l at i on of do l l ars  spent  l oca l l y 
for  non l abor i tems ,  wou l d  create  secondary emp l oyment  effect s . 
The tot a l  emp l oymen t  i mp ac t  ( i n c l ud i n g  d i rec t ,  i n d i rect , an d 
i n d uced job s ) of the  Ch eney truck a l terna t i v e  on Mes a  Co u n ty 
wo u l d  be 1 49 jobs  i n  198 7 ,  i n crease to 291  job s i n  1988, an d 
decl  i n e  to 284 jobs  i n  1989 . The emp l oyment  i mp ac t  wou l d  f a l l 
to  60 j o b s  by 1990 an d f i n a l l y  red uce to zero by 1 993 . The to
ta l  emp l oymen t  gener ated d ur i n g the  peak per i od wou l d  red uce 
the  countyw i de  unemp l oymen t  r ate by 0 . 7  percen t .  

O f  the  tota l  n umber  of emp l oyed ho l d i n g  job s created d i 
rect ly ,  created i n d i rect ly ,  o r  wh i c h  wou l d  be i n d uced by t he 
Cheney truck al terna t i ve i n  198 7 ,  1 1 9  wou l d  res i d e  i n  t he  
Grand Junct i on area .  Th i s  n umber of proj ect re l ated  emp l oyed 
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res i d i ng i n  t he  Grand J unct i on area wou l d  i n cre ase  to 229  i n  
1988 , dec l i n e  to 2 18  i n  1989 , and fa l l to 20 by 1990 . Between 
199 1  and 19 95 , the n umber of unemp l oyed res i d i n g i n  the Gran d  
J unc t i on area wou l d  be s l  i gh t l y  h i gher than i t  wou l d  be w i th
out  the  project  d ue to the sma l l n umber of project  re l ated i n 
m i gran ts rema i n i n g i n  Gran d  J unct i on after the  remedi  a l  act i on 
was comp l ete . However , the  n umber of i nm i gr an ts rem a i n i n g  
wou l d  be sma l l i n  re l at i o n  t o  t h e  to ta l  n umber o f  emp l oyed , 
and there wou l d  be no  not i c eab l e  effect on the  Gran d J unct i on 
un emp l oyment  r ate . 

I n  198 7 ,  approx i mate ly  61 percent  of the tot al emp l oyment  
gener ated by  the  Cheney truck a l terna t i v e  wou l d  be i n  t he  con 
struct i on sector . Other sectors ho l d i n g re l at i v e l y  l arge  
s h ares of the  emp l oymen t  gener ated wou l d  i n c l ude t rade ( 10 per
cen t ) , serv i ces ( s i x  percen t ) , an d government  ( f i v e  p ercen t ) . 
As the  p roj ect con t i n ue d  to comp l et i on ,  t h e  effect s  of the  c i r
cu l at i on of p roj ect wag es ,  s a l ar i e s ,  an d non l abor  expen d i tures 
wou l d  i n crease the n umber of i n d i rect an d i n d uced jobs . Thus , 
by 1989 , t he  proport i on s  of the  proj ect gener ated emp l oyment 
he l d  by the construc t i on an d t ran sportat i on /commun i cat i on s/ p u b 
l i c ut i l i t i e s sectors , wh i c h  ho l d  s u bs tan t i a l s hares of d i rect 
project emp l oymen t ,  wo u l d  dec l i n e ( to 56 an d s i x  p ercen t ,  re
spect i v e l y ) , wh i l e  th e proport i ons  h e l d  by trad e ,  ser v i ce s ,  
an d government  wo u l d  i n crease ( to 1 2 ,  e i g h t ,  an d s i x  p ercen t ,  
re spec t i v e l y ) . Once  the  remed i a l act i on was comp l ete , d i rect 
project emp l oymen t wo u l d  fa l l to zero an d the  p roport i on of 
the proj ect gen er ated i n d i rect an d i n d uced emp l oyment  he l d  by 
the  con struct i on an d tran sportat i on/commun i cat i ons/p ub l i c  ut i -
1 i t i e s sectors wou l d  f a l l to 26  percen t an d f i v e percen t ,  re
spec t i v e l y ;  t he  s h are s he l d  by the  trade , serv i ces , an d gover n 
men t  sectors wou l d  i n crease t o  21 , 1 5 ,  a n d  1 1  percen t ,  respec 
t i ve l y .  

The countyw i d e  popu l at i on i mpact caus ed by i nm i g ran t pro
ject  workers an d i nm i gr ants  searc h i n g for  remedi  a l  ac t i on re
l ated work  wou l d  be  an  es t i mated  67  per son s  i n  198 7 .  These  
wou l d  p r i mar i l y  con s i s t of i nm i gran t  proj ect s up erv i sor 3 ,  
f i e l d  s t aff, an d th e i r  fam i l i e s .  The i mp act  i s  ex pected t o  i n 
creas e  t o  a peak o f  560 per son s i n  1989 as t h e  f a l l i n g  un em
p l oymen t  r ate en cour ages  fur ther i nm i grat i o n .  Th i s  peak I'lou l d  
represen t a 0 . 6  percen t i n crease i n  the  county pop u l at i on . 
Once the remed i a l ac t i on was comp l eted , t h e  l o s s  of the  d i rect 
project emp l oymen t  comb i n ed w i th the i n d uced contrac t i v e ef
fects on emp l oyme n t  in re l ated  e stab l i s hments  wou l d  res u l t i n  
outm i g r at i on , red uc i n g  t h e  pop u l at i o n i mp ac t  t o  e i gh t  persons  
by  1995 . 

The es t i mated pop u l at i on i mp act  on the  Gran d  J unct i on ar
ea in 198 7 is 47 person s .  The i mp act  wo u l d  reac h  a p eak of 
332 person s i n  1989 , or  0 . 7  percent  of the Gran d J unct i on are a 
po p u l at i o n .  Once the  remed i a l act i on was comp l eted , t he pop
u l at i on i mp ac t  wo u l d  f a l l ,  dec l i n i n g to an i mp act  of e i gh t  p er 
son s by 1 995 . 
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K . 2 . 1 . 4 C heney tra i n  and truck a l ternat i ve 

Re l ocat i on of  the tai l i n g s  to Cheney Reservo i r  v i a t he  
C heney tra i n  an d truck a l ternat i v e  wou l d  i n v o l v e an av erag e  o f  
1 1 2  project  workers  over  the  proposed 34-month  construc t i on pe
r i od start i n g  i n  198 7 .  Ap p rox i mate l y  89  of  t hese  worker s  
wo u l d  b e  expected to  come from the  l oca l Me sa  Coun ty wo rk 
forc e ,  wh i l e  the remai n de r ,  p r i mar i l y  superv i sory an d f i e l d  
s t aff workers , wo u l d  be ob t a i n ed outs i d e  the  cou n ty .  D ur i n g  
t h e  peak con struc t i on per i od , a tota l  of 1 2 7  projec t  worker s 
wo u l d  be emp l oyed . 

An e st i mated $8 . 7  mi l l i on i n  wages an d s a l ar i es wou l d  be 
p a i d  to the p roject work force . The c i rc u l at i on t h ro u g h out  
the  Me sa  Cou n ty ec onomy of the port i on of th i s  tot a l  s p en t l o 
ca l l y ,  comb i n ed w i th the  c i rc u l at i on of do l l ars  spen t  l oc a l l y  
for  non l abo r i tems ,  wou l d  create secondary emp l oymen t effects . 
The tota l  emp l oyment  i mpact  ( i n c l ud i n g d i r ect ,  i n d i rec t ,  a nd  
i nd uced job s )  of the Cheney tr a i n an d truck a l ter nat i v e  on 
Mesa County wou l d  be 164  jobs  i n  1987 ,  i n crease to 31 5 jobs  i n  
1 988,  an d dec l i ne to 282 jobs  i n  1989 . The emp l oymen t i mp ac t  
wo u l d  f a l l to 59 jobs  by 1990 an d f i n a l l y  red uc e to ze ro  by 
1 993 . The tota l  emp l oyment  generated d ur i n g  t he  p e ak p er i od 
wo u l d  red uc e  the c ou ntyw i d e  unemp l oymen t r ate by 0 . 8  percen t .  

Of the tot a l  n umbe r of emp l oyed ho l d i n g  jobs  created d i 
rec t l y ,  created i n d i rec t l y , or wh i c h  wou l d  be i n d uced by t h e  
C heney tra i n  an d truck a l terna t i v e  i n  198 7 , 1 28 wou l d  res i d e  
i n  t h e  Gran d  J unct i o n  are a .  Th i s  n umber o f  p roject  r e l ated em
p l oyed res i d i n g i n  the Gran d  Junc t i on area wou l d  i n crease  to 
244  i n  1 988, decl  i ne to 210  in  1989 ,  an d f a l l to 22  by 1990 . 
Betwe en 1991  an d 1 995 , the  n umber  of u nempl oyed re s i d i n g i n  
t h e  Gran d  J unc t i on area  wou l d  be s l  i g h t ly h i g h er th an i t  wou l d  
be w i thout  the  p roject d ue to the  sma l l n umber  of p roj ect  re
l ated i n m i g r an t s rema i n i n g i n  G ran d  J unc t i on after the  remed i 
a l  act i on was comp l ete . However , the  n umbe r  of  i nm i g r an ts 
rema i n i n g wou l d  be sma l l i n  r e l at i on to the tota l  n umber  of em
p l oyed , an d there wou l d  be no  not i c eab l e  effect  on the  Gran d  
J unc t i on unemp l oyment  r ate . 

I n  198 7 ,  ap p rox i mate l y  52 percent  of the to ta l emp l oYlTE n t  
generated by the Chen ey tra i n an d truck a l terna t i v e  wou l d  be 
i n  the  construc t i on secto r .  Other sectors ho l d i n g  r e l at i v e l y  
l arge s h ares of the  emp l oyment gen erated wo u l d  i n c l ude t ran s 
portat i on /commu n i cat i ons/p u b l  i c  ut i  1 i t i es ( 1 3 percen t ) , t rad e  
( 10 percen t ) , an d man uf actur i n g  an d serv i ces  ( bo t h  w i th  10  per
cent ) . A s  the  p roj ect con t i n ued  to  comp l et i on ,  t he  effec ts of  
t h e  c i r c u 1 at  i on 0 f pro  j e c t wa g e s , sa l  a r i e s , an  d non  1 ab 0 r ex -
pen d i tures wou l d  i n crease the n umbe r  of i n d i r ect an d i n d uced 
jobs . Th us , by 1989 ,  the  p roport i on s  of p roject gener ated em
p l oymen t he l d  by the con struc t i o n ,  tr an sportat i on /commun i ca
t i on s /p u b l i c ut i l i t i e s an d man uf actur i n g sector s ,  wh i c h ho l d  
s ubstan t i a l  s h ares of d i rect p roj ect  emp l oymen t ,  wou l d  d e c l i n e  
( to 51 , n i ne ,  an d f i v e p er ce n t ,  respect i v e l y ) , w h i l e  the  pro-
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port i on he l d  by tr ade  and serv i ces wou l d  i n crease  ( to 1 2  an d 
e i g h t  percent ,  resp ect i v e l y ) . Once th e remed i a l  ac t i on was 
comp l ete , d i rect proj ect emp l oyment  wo u l d  f a l l to zero and t he  
proport i on of  the  proj ect gener ated i n d i rect an d i n d uced em
p l oyment  h e l d  by the  con struc t i on and tr an sportat i on/commun i 
cat i ons/pub l i c  ut i l i t i es sectors wou l d  f a l l to 25  percen t and 
se ven percen t ,  res pect i v e l y ;  the s h ares he l d  by the  trad e  an d 
serv i ces  sectors wou l d  i n crease  to 22  an d 1 5  percen t ,  respec 
t i v e l y ,  wh i l e the sh are he l d  by t h e  man uf ac tur i n g sector wou l d  
remai n at f i v e p ercent . 

The countyw i d e  pop u l at i on i mp ac t  caus ed by i nm i g ran t p ro
ject  workers an d i nm i gran ts se arch i n g for remed i  a l  ac t i on re
l ated work  wo u l d  be  an est i mated 64 per sons  in  1 98 7 .  Thes e  
wo u l d  pr i mar i l y  con s i s t o f  i nm i g r an t  p roject s up er v i sors ,  
f i e l d  s t aff ,  a n d  th e i r  f am i l i es .  T he  i mp ac t  i s  expected  to i n 
crease to a peak of 555  per sons  i n  1989 as the  f a l l i n g  u n em
p l oymen t rate encour ag es fur ther i nm i g r at i on .  Th i s  p eak wou l d  
rep resen t a 0 . 6  percen t i n cre ase  i n  the cou n ty popu l at i on .  
Once the remed i a l ac t i on was comp l eted , t he  l o s s  of the d i rect 
project emp l oyment  comb i n ed w i th the  i n d uced con tr ac t i v e ef
fects on emp l oyme n t  i n  re l ated es tab l  i s hrre nts  wou l d  res u l t i n  
outm i g r at i on ,  red uc i n g the popu l at i on i mp ac t  to e i gh t  p er son s 
by 1995 . 

The es t i mated popu l at i on i mp act  on the  Gran d  J unct i on ar
ea  in  1987 is  45 per son s .  The i mp act  wou l d  reac h  a p e ak of 
329  person s  in  1989 , or 0 . 7  percen t of the  Gran d  J un ct i on area 
popu l at i on .  Once the remed i a l  ac t i on was comp l eted , the pop
u l at i on i f1lJ act  wou l d  f a l l ,  dec l i n i n g  to an i mp ac t  of  e i g h t  per
son s by 1995 . 

K . 2 . 1 . 5 Two Road truck a l ternat i ve 

Re l ocat i o n  of the  ta i l i n g s  to the Two Road s i te v i a the  
t r uck a l terna t i ve wou l d  i n vo l v e an  av erag e  of 127  project  work 
er s over the proposed 34-mon th con struc t i on p er i od s t art i n g  i n  
1 98 7 .  App rox i mate l y  103 of th ese  workers  wou l d  be expected to 
come from the  l oca l Me s a  Coun ty work force ,  wh i l e  the rem ai n 
der , pr i mar i l y superv i sory an d f i e l d  s t aff  work ers , wou l d  be 
obta i ned out s i de the county.  D ur i n g the p eak construct i on p e 
r i od ,  a tot a l  o f  1 4 7  proj ect workers  wou l d  b e  emp l oyed . 

An e s t i mated $10 . 3  m i l l i on i n  wages an d sa l ar i es  wo u l d  be 
p a i d  to the  proj ect  wo rk  force . The c i rc u l at i on throu ghout  
the  Mesa County ec on omy of the port i on of th i s  tota l  s pent  l o 
ca l l y ,  comb i n ed w i th th e c i rc u l at i on of do l l ars spen t l o ca l l y 
for non l abor  i tems , wou l d  create secon dary emp l oyrre nt effect s .  
The tota l  emp l oyment  i mp act  ( i n c l ud i n g d i rect ,  i n d i rect , an d 
i n d uced jobs ) of the Two Road truck a l terna t i v e  on Me s a  Coun ty 
wou l d  be 256 jobs  i n  198 7 ,  i n crease to 327  jobs  i n  1988,  an d 
dec l  i n e  to 303 jobs  i n  1989 . The emp l oyment  i mp ac t  wou l d  f al l 
to 64 jobs  by 1990 an d f i na l l y red uc e to zero by 1993 . The to
t a l  emp l oyment  gener ated d ur i n g  the peak p er i od wou l d  red uce 
t h e  countyw i d e  unemp l oyment  rate by 0 . 8  perce n t .  
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Of the total  n umber of emp l oyed ho l d i n g job s created d i 
rec t l y , created i n d i rect ly ,  or  wh i c h  were i n d uced by the Two 
Road truck a l terna t i v e  i n  1 987 , 202 wou l d  res i de  i n  the  Grand 
J unct i on are a .  Th i s  n umber of p roject re l ated emp l oyed re s i d 
i n g i n  the Grand  J unct i o n  area  wou l d  i n crease to 253 i n  1 988, 
decl i n e to 231 in 1 989,  an d f a l l to 19 by 1990 .  Between 1991  
an d 1995 , the n umber of unemp l oyed res i d i n g  in  the  Grand  
J unct i on are a  wou l d  be  s l  i g h t l y  h i g h er th an i t  wou l d  be  w i th
out the p roj ect d ue to the sma l l n umber of  p roj ect re l ated i n 
m i grant s  rema i n i n g i n  Gran d J unct i o n  after the  remed i a l  act i on 
was comp l ete . However , the  n umbe r  of i nm i gran ts rema i n i n g 
wo u l d  be sma l l i n  re l at i on to the tot al n umber of emp l oyed , 
an d there wou l d  be no not i ceab l e  effect on the  Gran d J unct i on 
un emp l oyment  rate . 

I n  198 7 ,  ap prox i mate l y  61 percent  of the tot a l  emp l oymen t 
generated by the Two Road truck a l ter na t i v e  wou l d  be i n  the  
co n s truc t i on secto r .  Oth er  sector s ho l d i n g re l at i ve l y  l arge  
s h ares of the  emp l oyme nt gener ated wou l d  i n c l ude trad e  ( 10 per
cen t ) , tran sportat i on /commun i cat i on s/pub l i c  ut i l i t i es  ( e i g h t  
percen t ) , ser v i ces ( s i x  percen t ) , an d government  ( f i v e  per 
cen t ) . As the  proj ect con t i n ue d  to comp l e t i on ,  the  effect s of  
the  c i rcu l at i on of proj ect wages , s a l ar i es ,  and non l abo r  exp en 
d i tures  wo u l d  i n crease the number  of i n d i rect an d i n d uced 
jobs . Th us , by 1989, the proport i on s  of proj ect gener ated em
p l oyment  he l d  by the con struct i on an d tr an sportat i on /com
mun i cat i ons/pub l i c ut i l i t i e s  sectors , wou l d  decl i n e  ( t o  54 an d 
se ven percent ,  respec t i v e l y ) , wh i l e  the proport i o n s  he l d  by 
trad e ,  serv i ce s ,  an d gov ernment  wo u l d  i n crease ( to 1 3 ,  e i gh t ,  
an d s i x  percent , respect i v e l y ) . On ce the remed i a l  ac t i on  was 
comp l ete , d i rect proj ect emp l oyment  wou l d  f a l l to zero and the 
proport i on of the proj ect gener ated i n d i rect an d i n d uced em
p l oyme n t  he l d  by the con struct i on an d tr an sportat i on /com
mun i cat i on s/pu b l i c  ut i l i t i e s  sectors wou l d  fa l l  to 25  percen t 
an d s i x  percen t ,  respec t i v e l y ;  the s h ares he l d  by the trad e ,  
serv i c e s ,  an d government  sectors wou l d  i n crease t o  2 2 ,  1 6 , and  
11  percen t ,  respect i v e l y .  

The countyw i d e  popu l at i on i mp act caus ed by i nm i g ran t p ro 
ject  workers an d i nm i g ran ts se arch i n g f or  remedi  a l  act i on re
l ated work wo u l d  be  an es t i mated 67 pers on s i n  1 98 7 .  The se  
wo u l d  pr i mar i l y con s i st o f  i nm i g r an t  proj ect s up er vi sor s ,  
f i e l d  s taff,  a n d  th e i r  f am i l i e s .  The i mp ac t  i s  ex pected to i n 
crease to a peak of 596 per son s i n  1989 as the f a l l i n g u nem
p l oyment  rate encour ages further i nm i g rat i on .  Th i s  p e ak wou l d  
represent a 0 . 7  percen t i ncrease  i n  the  county po p u l at i on .  
Once th e remed i a l act i on was comp l eted , the  l os s  o f  the  d i rect 
project emp l oymen t comb i n ed w i th  the i n d uced con tr ac t i v e  ef
fects on emp l oyment  in re l ated es t ab l i shments  wou l d  res u l t i n  
outm i g r at i on , red uc i n g the pop u l at i on i mp ac t  to e i gh t  persons  
by  1 995 . 

The es t i mated pop u l at i on i mp act  on the Grand J unct i on ar
ea in  1987 is  47 per son s .  The i mpact  wou l d  reach  a p e ak of 
355  person s in  1989,  or 0 . 7  percent of the Gran d J unct i on are a  
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pop u l at i on .  Once the remed i a l  ac t i on was comp l eted , t he pop
u l at i on i mp act  wou l d  f a l l ,  dec l i n i n g to an i mp act  of  e i gh t  per
son s by 1 995 . 

K . 2 . 1 . 6  Two Road tra i n  and truck  a l ternat i ve 

Re l ocat i o n of the  ta i l i n gs  to the Two Road s i te v i a the  
tra i n an d tr uck  a l ternat i v e  wou l d  i n vo l v e  an  av erage of 118  
proj ec t workers over the  p roposed 34-month  construc t i on p er i od 
s t ar t i n g  i n  198 7 .  App rox i mate ly  94 of these  wor k er s  wou l d  be 
expected to come from the  l oc a l  Mes a  County work force ,  wh i l e 
t he  rema i n der , pr i mar i l y s up erv i sory an d f i e l d  s t aff  worker s ,  
wo u l d  be ob t a i ned out s i d e  t h e  county.  D ur i n g  t h e  p e ak con 
s truc t i on per i od ,  a tot a l  of 136  proj ect wo rkers wou l d  be 
emp 1 oyed . 

An est i mated $9 . 4  m i l l i on i n  wages an d s a l ar i e s  wou l d  be 
p a i d  to the  project  work forc e .  The c i rc u l at i on throughout  
the  Mes a County economy of the  port i on of th i s  tot a l  spen t l o 
ca l l y ,  comb i n ed w i t h  the  c i rcu l at i on o f  do l l ars spen t l oca l l y  
for non l abor i tems , wou l d  create secon dary emp l oyment  effect s .  
The tota l  emp l oyment  i mp act  ( i nc l ud i n g  d i rect ,  i n d i rect , an d 
i n d uced job s )  of the  Two Road tra i n and truck  a l terna t i v e  on 
Mes a  County wou l d  be 1 76 jobs i n  1987 ,  i n c rease  to 346 jobs  i n  
1 988,  and decl i n e to 30 9 jobs i n  1989 . The emp l oyment  i mp ac t  
wo u l d  f a l l t o  64 jobs by 1990 an d f i n a  l ly red uce t o  zero by 
1 993 . The tota l  emp l oyment  gener ated d ur i n g  the  p e ak p er i od 
wo u l d  red uce the countyw i de  unemp l oyme n t  r ate by 0 . 8  percen t .  

Of the  tot al  n umber o f  emp l oyed ho l d i n g jobs  created d i 
rec t l y , created i n d i rect ly ,  or wh i c h were i n d uced by the  Two 
Road tr a i n and truck a l terna t i v e  i n  1987 ,  1 38 wou l d  res i d e  i n  
t h e  Grand J unct i o n  are a .  Th i s n umber of proj ect re l  at ed em
p l oyed res i d i n g i n  the  Gran d  J unct i on area  wou l d  i ncrease to 
269 in 1988, decl  i n e to 231 in 1989 , and f a l l to 20 by 1 990 . 
Between 1991  an d 1995 ,  the n umber  of unemp l oyed res i d i n g i n  
t h e  Grand Junct i o n  are a  wo u l d  be s l  i g h t ly h i gher  t h an i t  wou l d  
be w i thout the  proj ect d ue t o  the sma l l n umber of p roj ect  re
l ated i nm i g r an t s rema i n i n g in  Grand J unc t i on after the  remed i 
a l  ac t i on was comp l ete . However , the n umber  of i nm i g r an ts 
rema i n i n g wou l d  be sma l l i n  re l at i on to the  tot a l  n umber  of em
p l oyed , an d there wou l d  be no not i ceab l e  effect on the Gran d 
J unct i on unemp l oyment  rate . 

I n  198 7 ,  app rox i mate l y  51  percent  of the  tot a l  emp l oyme n t  
generated by t h e  Two Road t r a i n  an d truck a l terna t i v e  wou l d  be 
i n  the construct i on sector . Other sectors ho l d i n g re l at i v e l y  
l arge s h ares o f  t h e  emp l oyme nt  gener ated wou l d  i n c l ude tran s 
portat i on /commun i cat i on s /pub l i c  ut i l i t i es ( 1 4 percen t ) , t rad e  
( 10 percen t ) , an d serv i ces an d man uf actur i n g  ( bo t h  a t  s i x  p er
cen t ) . As the  project  con t i n ue d  to comp l et i on , t he  effect s of 
the c i rcu l at i on of proj ect wages , s a l ar i e s , and non l abo r  exp en
d i tures  wou l d  i n crease the  n umber of i n d i rect an d i n d uced 
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jo b s .  Th us , by 1989 , the  proport i on s  of project gener ated em
p l oymen t he l d  by the con struct i on an d tran sportat i on /commun i 
cat i on s/pu b l i c  ut i l i t i es  sectors wou l d  dec l i n e  ( to 50 an d n i n e 
percen t ,  respect i v e l y ) ; wh i l e the  propo r t i o n s  he l d  by trade  
an d serv i ces  wou l d  i n crease ( to 1 2  an d e i g h t  p ercen t,  respec
t i v e l y ) , the s h are  he l d  by man uf actur i n g wo u l d dec l i n e  to 
f i ve percen t .  Once the remed i a l ac t i on was comp l ete , d i rect  
project emp l oyme n t  wo u l d  fa l l to  zero an d the  proport i on of  
t he  proj ect gen er ated i n d i rec t an d d i rect emp l oyrren t  he l d  by 
t he  con struct i on and t ran sportat i on /commun i cat i on s/p ub l i c  ut i l 
i t i es sectors wou l d  f a l l to 23 percent  an d s i x  percen t,  r e spec
t i ve l y ;  the  sh ares he l d  by t he  trade  an d ser v i ces  wou l d  
i n crease  to 2 2  an d 1 6  perc en t ,  respect i v e  l y .  Man uf actur i n  g 
wo u l d  c on t i n ue to ho l d  a f i ve p ercen t s h are . 

The cou ntyw i de pop u l at i on i mp act  caused by i nm i g r an t p ro
ject  work ers an d i nm i g ran ts s e arch i n g  for  remed i a l ac t i on r e 
l ated work wo u l d  be an es t i mated 67  per sons  i n  1 98 7 .  The s e  
wou l d  pr i mar i l y  con s i st of i nm i g r ant  proj ect s up er v i s ors , 
f i e l d  s t aff,  an d th e i r  fami l i e s .  The i mp ac t  i s  exp ec ted to  i n 
crease to a peak of 608 person s i n  1989 as the fa l l i n g  u nan
p l oyme n t  rate encour ages  further i nm i g rat i o n . Th i s  p eak wou l d  
rep resen t a 0 . 7  percen t i n cre ase  i n  the county pop u l at i on .  
Once th e remed i a l act i on was comp l eted ,  t he  l o s s  of  the  d i rec t 
proj ect  emp l oymen t comb i ned w i th the i n d uced con tr ac t i v e ef
fects on emp l oyment  in  re l ated es tab l i shments  wou l d  r es u l t i n  
outm i g r at i on ,  red uc i n g the pop u l at i on i mp act  to e i gh t  per son s 
by 1 995 .  

The es t i mated pop u l at i on i mp act on the Gran d J unct i on ar
ea in  1987 is  47 person s .  The i mp act  wo u l d  reach a p e ak of 
362 perso n s  in 1 989, or  0 . 7  percent  of the Gran d J unc t i on area  
pop u l at i on .  On ce the raned i a l  ac t i on  was  comp l eted ,  t he  p o p 
u l at i on i mp act  wou l d  f a l l ,  decl i n i n g t o  an i mp act  of  e i gh t  p e r 
son s b y  1 995 . 

K . 2 . 1 . 7  V i c i n i ty propert i es 

The v i c i n i ty proper t i e s  c l e an up wou l d  i n vo l v e  an av er ag e  
of 513  proj ect workers over the p roposed 2 7-month con str uc t i on 
per i od start i n g i n  1986 . App rox i mate l y  443 of these worker s 
wou l d  be expected to come from the l oca 1 Mesa  Coun ty wo rk 
force , wh i l e  the rema i n der , pr i mar i l y superv i sory an d f i e l d  
s taff  workers , wo u l d  be ob ta i n ed out s i d e  the coun ty.  Dur i n g  
the  peak con struct i on per i od ,  a tota l  of 8 15  proj ect wor ker s 
wo u l d  be emp l oyed . 

An est i mated $28 . 8  m i l l i on i n  wages an d s a l ar i e s wou l d  be 
p a i d to the proj ect work force . The c i rc u l at i on t hrou ghout  
the  Mesa  County econ omy of  the port i on of th i s  tot a l  spen t l o
ca l l y, comb i ned  w i th the c i rc u l at i on of do l l ars spen t  l oca l l y 
for non l abor i tems , wo u l d  create secondary emp l oyment  effect s .  
The tot a l  emp l oyment  i mp act  o f  the v i c i n i ty propert i e s  c l ean 
up on Me sa  Coun ty wo u l d be 440 job s i n  1986,  i n crease  to 1436 
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jobs  i n  198 7 ,  and dec l  i n e to 424 jobs  i n  1988 .  Th e emp l oyme n t  
i mp act  wo u l d  f a l l to 58 jobs  by 1989 and bec ome neg l  i g i b l e  by 
1 9 92 .  The emp l oyment  gener ated d ur i n g  the  peak per i od wou l d  
red uce the  countyw i de un emp l oyme n t  r ate by 3 . 5  percen t .  

Of the tot a l  n umbe r  of emp l oyed ho l d i n g jobs  created d i 
rect ly ,  c reated i nd i rect ly ,  o r  wh i c h  were i n d uced by t he  v i c i n 
i ty propert i es c l ean up i n  1986 , 357  wou l d  res i d e  i n  th e G r an d  
J unct i on ar e a .  Th i s  n umbe r  o f  project  r e l ated emp l oyed res i d 
i n g i n  t h e  G rand  J un c t i on area wou l d  i n crease t o  1 1 74 i n  198 7 ,  
dec l  i n e  t o  386 i n  1988,  a n d  f a l l t o  28  by 1 989 . Between 1991  
and 1995 ,  the  n umbe r  of  unemp l oyed res i d i n g in  the  G ran d  
J unct i on area wou l d  b e  s l  i g h t ly h i g her  t h an i t  wou l d  be w i th
o u t  the  project  d ue to the  sma l l n umbe r  of project  r e l ated i n 
m i g r ants  rema i n i n g i n  Grand  Junc t i on after the  remed i a l  ac 
t i on was comp l ete . However , the  n umber  of i nm i g r an ts rema i n 
i n g wo u l d  be sma l l i n  re l at i on t o  the tot a l  n umber  o f  em
p l oyed , an d there  wou l d  be no not i c e ab l e  effect on the  G ran d  
J unc t i o n unemp l oyme n t  r ate . 

I n  198 7 ,  app rox i mate l y  60 percen t of th e to ta l  emp l oyme n t  
gener ated by the v i c i n i ty proper t i es c l ean up wo u l d  be i n  t he  
con s truc t i on sector . O t her  sectors h o l d i n g s u bs tan t i a l  s h ares 
o f  the emp l oymen t gener ated wo u l d  i n c l ude trade  ( 1 3 percen t )  
an d ser v i ces ( s i x  p ercen t ) . As t he  project  con t i n ued  to com
p l et i o n ,  t he  secto ra l  d i s tr i b ut i on of project  gener ated emp l oy
men t wou l d  rema i n rou gh l y  con stan t .  On ce  the  remed i a l ac t i on 
was comp l eted , d i rect project emp l oyme n t  wo u l d  fa l l  to zero 
and the propor t i on of the project gener ated i n d i r ect and d i 
rect emp l oymen t h e l d  by the  con struc t i on sector wou l d  f a l l to 
f i ve p ercen t ,  wh i l e  the s h ares he l d  by the trad e ,  ser v i ce s ,  
and government  sectors  wo u l d  i n crease to 28 , 1 9 ,  and 1 4  per 
cen t ,  respect i v e l y .  

The countyw i de  pop u l at i on i fTlJ ac t  caused by i nm i g r an t  p ro
ject wo rk ers and i n m i g r an t s  search i n g fo r remed i  al  ac t i on re
l ated wo r k  wou l d  be an es t i mated 196 per son s in 1986 . These 
wo u l d  pr i mar i l y con s i s t of i nm i g r an t  projec t  super v i sor s ,  
f i e l d  s taff ,  an d t he i r fam i l i es . The i mp act  i s  expected to i n 
crease to a peak of 95 7 per sons i n  1988 as t he  fa l l i n g  unem
p l oyme n t  r ate encour ag es fur ther i nm i g r at i on . Th i s  p e ak wou l d  
rep resen t a 1 . 1  percen t i n crease i n  the  county pop u l at i on .  
Once th e remed i a l ac t i on was comp l eted , the  l o s s  of t he  d i rect  
project  emp l oyme n t  comb i n ed w i th the  i n d uced contrac t i ve ef
fects on emp l oymen t i n  re l ated estab l i s hments  wo u l d  res u l t i n  
o u tm i g r at i o n ,  red uc i n g  t h e  popu l at i on i mp act  t o  2 1  per son s  by 
1 995 . 

The e s t i mated popu l at i on i mp act  on the  G ran d  J unc t i on ar 
ea i n  1986 i s  124  per son s .  The i mp act  wo u l d  reach a p e ak of 
660 per son s in 1988,  or  1 . 3  percen t of  the G r an d  J unc t i on area  
popu l at i on .  Once the  remed i a l act i on was  comp l eted , the  pop
u l at i on i mp act  wo u l d  f a l l ,  dec l i n i n g to  an i mp ac t  of 2 1  per 
sons  by 1995 . 
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K . 2 . 2  IMPACTS ON HOUS I NG ,  SOC I AL STRUCTURE ,  AN D COMMUN I TY S ER V I C ES 

K . 2 . 2 . 1  No  act i on a l tern at i ve 

The Gran d J un c t i o n  s i te i s  l o cated i n  an i n d us tr i a l are a  
wh i c h i s  i n tersper sed  w i th  houses  t o  t h e  wes t .  The i n d us tr i a l 
nat ure of the area ,  the ab undan ce  of b u i l d ab l e  l an d  i n  t he 
Grand J unct i o n  area ,  an d the  fact t h at the  Gran d  J un c t i on s i te 
i s  l ocated i n  a 100-year f l o od p l ai n are reasons  to con c l ude 
t h at the  no  ac t i o n  a l terna t i v e  w i l l  h av e  no  i mp ac t  on l o ca 1 
hous i n g . I n  genera l , becaus e no  proj ect  wo rk fo rce wou l d  be 
emp l oyed ,  no i mp ac t s  on the  l oc a l  soc i al structure  or c ommun i 
ty serv i ces  wo u l d  be expec ted . However , c ommun i ty recre at i on 
a l  ser v i ces  wou l d  be affected s i nce the  Gran d  J unc t i on s i te 
cou l d  not  be deve l oped i n to part  of the  Co l orado  R i v er P ar k  
System a s  set forth  i n  t h e  P ar k s  an d Recreat i on P l an of  the  
C i ty of Grand  J unct i o n . 

K . 2 . 2 . 2  Stab i l i zat i on on s i te a l ternat i ve 

The s t ab i l i z at i o n  on s i te a l ter nat i v e  wo u l d  br i n g  max i mum 
popu l at i on  i n creases to Mesa  Coun ty an d the Gran d  J unct i on ar
ea of 50 1 and 295 peop l e ,  respec t i v e l y .  The 1980 Mesa Coun ty 
an d Gran d  J unct i o n  ho u s i n g stocks  were 32 , 5 73  an d 1 2 , 706 tot a l  
hous i n g un i t s ,  respect i v e l y .  Con s i d er i n g  t h e  s i ze of  t h e  hous
i n g  stocks  re l at i v e  to the  expected pop u l at i on i ncrease s ,  c om
bi n ed w i th the recen t Mes a County an d Gran d J un c t i on popu l  a
t i on dec l i n es , i t  i s  ex pected t h at an adeq uate s up p l y  of h o u s
i n g  wo u l d  be av a i l ab l e  for  project re l ated i nm i gran ts .  

S i nce  approx i mate l y  80 percen t of the  proj ect work  force 
wo u l d  come from l oca 1 areas , no  i mp ac t s  on the  s oc i  a l  struc
t ure i n  Mesa Cou nty or Gran d  J unct i o n wou l d  be  exp ec ted . 

A maxi mum of 105 scho o l  ag e ( f i v e to 18 ye ar s o l d ) c h i l 
dren wou l d  be expected to i nm i g r ate to Me sa  Coun ty w i th th e i r  
paren t s  as a res u l t of the  remed i a l  ac t i o n . The majo r i ty of  
these  ch i l dren wo u l d  be  enro l l ed i n  the  Me sa  Coun ty V a l l ey 
Schoo l D i str i c t .  En ro l l ment  i n  th i s  d i s tr i c t reached a p eak 
i n  1983 of 16 , 460 studen ts . Th e n umber enro l l ed f e l l by 879  
students  to 1 5 , 581  i n  1 984 as  the  l oca l pop u l at i on dec l i n ed . 
Thus , ad eq uate fac i l i t i es ex i s t to accommodate  the i nm i g ran t 
popu l at i on .  

P ro j ect pop u l at i on re l ated water con s ump t i on wou l d  be ex
pected to reac h  a peak in  1 989 of 125 , 250 ga l l on s  per d ay i n  
Mesa County us i n g a 250 ga l l o n  per d ay p er cap i t a  c on sump t i on 
f actor . D i rect proj ect u se  wou l d  i nc l ude 65 . 3  m i l l i o n  ga l l on s  
o f  non -potab l e  water for c omp ac t i on ,  d us t  contro l , a nd  ve h i c l e 
was h ;  i t  wo u l d  a l s o  i n c l ude 1 . 1  m i l l i o n  g a l l on s  for dr i n k i n g ,  
s hower s ,  and l aundry .  G i v en the  s i ze of av a i l ab l e  water s up 
p l i es ,  n o  prob l ems wou l d  be expected regard i n g  the  req ui red 
q uan t i t i es of water . 
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The p roj ect  pop u l at ion  re l ated sewer demand  i n  Mes a  Coun 
ty wo u l d  be expec ted to reach a p e ak of 50, 100 ga l l ons  per  day 
i n  1989,  us i n g  a 100 ga l l on per day per cap i ta s ewage genera
t i o n factor . The recen t l y  comp l eted Grand J unct i on waste wa
ter treatmen t pl an t is c urrent l y  operat i n g  we l l  be l ow 
cap ac i ty .  Thus , regard i n g  sewag e  treatme n t  capac i ty, no  p rob
l em wo u l d  be exp ected . 

An es t i mated 1 , 768, 000 k i l owat t- hour s  of e l ect r i c i ty 
wo u l d  be used d i rect l y  for p roject re l ated act i v i ty .  Add i t i on 
a l  demands wou l d  be p l aced on e l ec tr i c i ty s up p l i es ,  natur a l  
gas s up p l i es ,  te l ep hone serv i ces ,  p o l i ce ,  f i re ,  and other com
mun i ty ser vi ces . However , s i n c e  commun i ty fac i l i t i es an d ser
v i  ces have  been  bu i  1 t to ac commod ate a 1 arger p op u l  at i on t han 
curren t l y  ex i sts  i n  Gran d J unc t i on an d Me s a  County, n o  ad ver se 
i mp ac ts wou l d  be expec ted . 

K . 2 . 2 . 3  Cheney truck  a l ternat i ve 

The Cheney truck  a l ternat i v e  wou l d  br i n g  max i mum pop u l a
ti on i n creases to Me sa  County an d the Gran d J unc t i on area  of 
559 an d 332 peop l e , respec t i v e l y .  Con s i der i n g  the s i ze of the  
Mesa  County an d Grand J unct  i o n  hous  i n g  stoc k s ,  comb i n ed w i t h 
the  recent pop u l at i on  dec l  i n e s ,  an ad eq uate sup p l y  of hous i n g  
wo u l d  be expected to be av a i l ab l e  for p roj ect re l at ed i nm i 
gr an t s .  

S i nce  approx i mate l y  80 perc en t o f  the p roject  work force 
wou l d  come from l oc a l  areas , no i mp act s  on the s oc i a l s truc
ture  i n  Mesa  County  or Grand  J unc t i on wo u l d  be  exp ected . 

A max i mum of 1 1 7  sc hoo l  age ( f i v e to 18 ye ars o l d ) c h i l 
dren wou l d  be expected to i nm i grate to Me s a  County w i th the i r  
p aren ts as a resu l t  of the remed i a l ac t i on .  The major i ty of 
these  ch i l d ren wo u l d  be en ro l l ed in the Mes a Coun ty V a l l ey 
Schoo l  D i str i c t .  Ade q uate fac i l i t i e s  wou l d  ex i st to ac commo
date the i nm i gran t  pop u l at i on . 

P roject  pop u l at i on  re l ated water cons ump t i on wou l d  be ex
pected to reac h  a p eak in  1 989 of 1 39 , 750 ga 1 1  ons  per d ay i n  
Mesa County ,  us i n g a 2 50 ga l l on per day per  cap i t a con s ump t i on 
f actor . D i rect p roj ect use wo u l d i n c l ude 70 . 7  m i l l i on ga l l on s  
of non -potab l e  water for comp ac t i on ,  d us t  contro l ,  an d veh i c l e 
was h ;  i t  wo u l d  a l s o  i n c l  ude 1 . 8 m i  1 1  i on ga l l ons for d r i n k i n g ,  
s h ower s ,  an d l aundry .  N o  prob l ems wo u l d  be expec ted regard i n g  
t h e  req ui red quan t i t i es o f  water . 

The p roj ect pop u l at i on re l ated sewer demand i n  Mesa 
Coun ty wo u l d  be expected to reac h a p e ak of 55 , 900  ga l l ons  per  
d ay in  1989  us i n g  a 100 ga l l on p er day per  cap i t a sewage  gener
at i on factor . No p rob l ems wou l d  be expec ted regard i n g  sewage 
t reatment  capac i ty .  
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An es t i mated 1 , 3 23 , 000 k i l ow att- hour s  of e l ec tr i c i ty 
wo u l d  be used d i rect l y  for proj ect  re l ated ac t i v i ty. 
Add i t i o na l deman ds  wou l d  be p l ac ed on e l ec tr i c i ty s up p l i e s ,  
nat ura l  gas s up p l i e s ,  t e l ephone  serv i c e s ,  p o l i ce ,  f i re ,  and  
ot her commun i ty serv i ces . However , s i nce commun i ty f ac i l i t i e s 
an d serv i  ces  have  been b u i  1 t to accommod ate a 1 arger popu  1 a
t i on than curren t l y  ex i s ts in Gran d J unc t i on an d Me s a  Coun ty, 
no ad verse i mp act s  wo u l d  be expected . 

K . 2 . 2 . 4  Cheney tra i n  and truck a l ternat i ve 

The Chen ey trai n an d truck a l terna t i v e  wou l d  br i n g  max
i mum popu l at i on i n creases to Mesa  Co unty an d the Gran d 
J un ct i o n  area  of 555  an d 329  peop l e , res pec t i v e l y .  
Con s i d er i n g  the s i ze of the Mes a  Coun ty an d Gran d J unc t i o n 
hous i n g  stock s ,  comb i ned w i th the recent pop u l at i on dec l  i n es , 
an adeq uate s up p l y  of ho us i n g  wou l d  be expected to be av a i  1 -
ab l e  for proj ect rel ated i nm i g ran ts .  

S i nce  ap prox i mate l y  80 percent of the project  wo rk f orc e 
wou l d  come from l oc a l  areas , n o  i mp act s  on the s oc i a l  stru c 
ture i n  Me sa  Cou n ty or Gran d J unct i on wou l d  b e  ex pected . 

A max i mum of 1 1 5  schoo l ag e ( f i v e to 18  ye ars o l d ) c h i l 
dren wou l d  be expected to i nm i grate to Mes a  Cou n ty w i th th e i r  
parents  as a res u l t of the  remed i a l act i on .  The majo r i ty o f  
these  ch i l dren wo u l d  b e  en ro l l ed i n  t h e  Me sa  Coun ty V a l l ey 
Schoo l D i str i c t .  Adeq uate fac i l i t i e s wou l d  ex i s t to ac commo
date the i nm i gran t  popu l at i on .  

P roject  popu l at i on re l ated water consump t i on wou l d  be  ex
pected to  reac h a peak i n  1 989 of  138, 7 50 ga l l on s  per  d ay i n  
Mes a Co unty,  us i n g  a 250 ga l l on per day p er cap i t a  con s ump t i on 
f acto r .  D i rect project use  wou l d  i n c l  ude 69 . 9  m i l l  i on g a l l o ns  
of non -po t ab l e  water for  comp ac t i on ,  d us t  co ntro l ,  an d ve h i c l e 
was h ;  i t  wou l d  a l s o  i nc l ude 1 . 7 m i l l i on ga l l ons  f or d r i n k i n g ,  
s howers , and l aun dry .  No pro b l ems wo u l d  b e  exp ected regard i n g  
t h e  req u i red quan t i t i es o f  water . 

The project pop u l at i on re l ated sewer deman d  i n  Me s a  Co u n 
ty wo u l d  be expec ted to reach a p eak o f  55 , 500 ga l l o ns  per  d ay 
i n  1989,  us i n g a 100 ga l l on  per d ay per cap i t a sewag e ge ner a
t i on factor . No prob l em wou l d  be expected  rega rdi n g  s ew ag e  
treatmen t capac i ty .  

An es t i mated 1 , 323 , 000 k i l owatt-hours  of e l ec tr i c i ty 
wou l d  be used d i rect l y  for proj ect re l ated act i v i ty .  Add i t i on 
a l  demands  wou l d  be p l aced on e l ectr i c i ty s up p l i e s ,  natur a l  
gas s up p l i e s ,  te l ep hone serv i ce s ,  p o l i ce ,  f i re ,  a nd  other com
mun i ty ser v i ces . However , s i n c e  commun i ty f ac i l i t i es an d ser
v i ces  h ave  been  b u i l t  to  accommodate a l arger pop u l at i on th an 
curren t l y  ex i s ts i n  Gran d Junct i on an d Me s a  Coun ty, n o  ad 
verse i mp acts  wou l d  be exp ected . 
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K . 2 . 2 . 5  Two Road truck a l ternat i ve 

The Two Road truck a l ternat i v e  wo u l d  br i n g  max i mum p o p u l a
t i on i n creases to Mesa  County an d the  Gr an d J un c t i on area  of 
596 and 355 peop l e ,  respec t i v e l y .  Con s i d e r i n g  the  s i ze of  the 
Mes a Cou n ty and Gran d J unc t i on hous i n g s tock s ,  comb i ned  w i th 
the  recent  pop u l at i on dec l  i n es , an ade q uate s up p l y  of hous i n g 
wo u l d  be expected to be av a i l ab l e  for proj ect  re l ated i nm i 
gran ts .  

S i nce  approx i mate l y  80 perce n t  of the  p roj ect  work force 
wo u l d  come from l oca l areas ,  no  i mp acts  on the s oc i a l  s truc
ture  i n  Me sa  Co u n ty or Grand  J unct i on wo u l d  be  expec ted . 

A maxi mum of 1 24  schoo l  ag e ( f i v e  to 18  ye ars o l d ) c h i l 
dren wou l d  be expected to i nm i grate  to Mesa  Co u n ty w i th  the i r  
p aren ts  as a res u l t  of the remed i a l ac t i on .  Th e majo r i ty of  
t h ese c h i  l d ren wo u l d  be  en ro l l ed i n  the  Me sa  Coun ty V a l l ey 
Schoo l D i s tr i c t . Adeq uate fac i l i t i e s  wou l d  ex i s t to accommo
date the i nm i gran t  popu l at i o n .  

P roject  pop u l at i on re l ated water c o n s ump t i on wou l d  be ex
pected to reac h a peak i n  1 989 of 149 , 000 ga l l o ns  p er d ay i n  
Mesa Cou n ty ,  us i n g  a 250 ga l l on per day per  cap i t a c o n s ump t i on 
factor .  D i rect project  use wou l d  i n c l ude 67 . 3  m i l l i on ga l l on s  
of  non -potab l e  water for comp ac t i on ,  d us t  con tro l , a n d  ve h i c l e 
was h ;  i t  wou l d  a l s o  i n c l ude 1 . 9 m i l l i on  ga l l on s  for d r i nk i n g ,  
s howers ,  and  l aun dry. N o  prob l ems wo u l d  b e  exp ec ted  regardi n g  
t h e  req u i red quan t i t i e s o f  water . 

The p roject  pop u l at i on re l ated  sewer deman d i n  Me s a  Coun 
ty wo u l d  be exp ec ted to reac h  a p eak of 59 , 600 ga l l o ns  p er day 
i n  1989,  us i n g  a 100 ga l l on  per day per cap i ta sewag e  gener a
t i on fac t o r .  No prob l ems wou l d  be exp ec ted regardi n g  sewag e 
treatment  capac i ty .  

A n  es t i mated 1 , 365 , 000 k i l owatt-hours  of e l ec tr i c i ty 
wo u l d  be used d i rect l y  for project  re l ated ac t i v i ty.  Add i t i on 
a l  deman d s  wou l d  be p l aced on e l ectr i c i ty s up p l i e s ,  natu r a l  
gas s up p l i e s ,  te l ephone serv i ces , p o l i ce ,  f i re ,  a n d  other  com
mun i ty ser v i ce s .  However , s i n ce commun i ty fac i l i t i e s an d ser
v i ces have  been b u i l t  to ac commod ate a l arger pop u l at i on th an 
curren t l y  ex i s ts  i n  Grand J unc t i on an d Mes a Coun ty, n o  ad verse  
i mp acts  wo u l d  be expec te d .  

K . 2 . 2 . 6 Two Road tra i n and truck a l ternat i ve 

The Two Road tra i n and t ruck a l terna t i v e  wou l d  br i n g  max i 
mum popu l at i on i n cre ases  to Mes a  Cou n ty an d t h e  Gran d  J unc t i on 
area  of 608 an d 36 2 peop l e , respec t i v e l y . Con s i der i n g t he 
s i ze of  the  Me sa  County an d Grand J un c t i on hous i n g  s tock s ,  c om
b i n ed w i th  the  recent pop u l at i on dec l  i n es an ad eq uate s up p l y  
o f  hous i n g wo u l d  b e  expected t o  be av a i l ab l e  for p roj ect  re l at 
ed i nm i gr an ts .  
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S i nce approx i mate l y  80 percen t of the  p roject work force 
wou l d  come from l oca l  areas , no i mp act s  on the  soc i  a l  s truc 
ture  i n  Mesa  Coun ty o r  Grand J unc t i on wou l d  b e  expected . 

A max i mum of 1 2 7  scho o l  ag e ( f i v e  to 18  ye ars o l d )  c h i l 
dren wou l d  be expected to i nm i grate to Mes a Coun ty w i th t h e i r 
p aren ts  as a resu l t  of t he  remed i a l ac t i on . Th e majo r i ty of 
these  ch i l dren wo u l d  be en ro l l ed in the Me sa  Coun ty V a l l ey 
Sch oo l  D i s tr i c t .  Adeq uate fac i l i t i e s wou l d  ex i s t to accommo
date t he  i nm i gr an t  popu l at i on . 

P ro ject  popu l at i on re l ated water consump t i on wou l d  be ex 
pec ted to reac h  a peak i n  1 989 of 1 5 2 , 000 ga l l ons  per d ay i n  
Mesa County,  us i n g  a 250 ga l l on per day p er cap i t a  consump t i on 
f actor . D i rect project us e wou l d  i n c l ude 70 . 4  m i l l i on ga l l ons  
of non -potab l e  water  for comp ac t i on ,  dust  contro l , and  veh i c l e 
was h ;  i t  wo u l d  a l so  i n c l ude 1 . 7  m i l l i o n ga l l ons for d r i n k i n g ,  
s howers , an d l aun dry. N o  prob l ems wou l d  be expected regard
i n g  t he  req u i red quan t i t i es of water . 

The project  pop U l at i on re l ated sewer deman d  i n  Me s a  Coun 
ty wo u l d  be expected to reach a p eak of  60 , 800 ga l l ons  p er day 
in 1989, us i n g  a 100 ga l l on per d ay per cap i ta sewag e  gener a
t i on factor . No prob l ems  wo u l d  be expected regard i n g  sewag e 
treatment  capac i ty .  

A n  es t i mated 1 , 365 , 000 k i l owat t-hours  of e l ec tr i c i ty 
wo u l d  be used d i rect l y  for project  re l ated ac t i v i ty. Add i t i on 
a l  demands  wo u l d be p l aced on e l ec tr i c i ty s up p l i es ,  natura l  
gas s up p l i e s , te l ephone ser vi ces , po l i ce ,  f i re ,  a n d  other  com
mun i ty serv i ce s .  Howe ver , s i n ce  commun i ty fac i l i t i e s  and ser
vi  ces h ave  been  b u i  1 t to accommodate a 1 arger pop u l  at i on t h an 
curren t l y  ex i sts i n  Gran d  J unct  i o n  an d Me s a  Coun ty, n o  ad verse 
i lTll ac ts  wou ld  be expected . 

K . 2 . 2 . 7  V i c i n i ty propert i es 

The v i c i n i ty proper t i e s  c l e an up wou l d  br i n g  max i mum pop
u l at i o n i n creases to  Mes a  County  an d the  Gran d J unc t i on are a  
o f  95 7 an d 660 peop l e ,  res pect i v e l y .  Con s i der i n g  the s i ze o f  
t h e  Me sa  County an d Grand J unct i on hous i n g  s tock s ,  comb i n ed  
w i th t he  recent  popu l at i on  dec l i n e s ,  an  adeq uate s up p l y  of  
hous i n g  wou l d  be expected to be  av a i l ab l e  for  project  re l ated 
i nm i gran t s .  

S i n ce approx i mate l y  85 percent  of the  proj ect work force 
wo u l d  come from l oca 1 areas ,  n o  i mpacts  on the  soc i  a l  s truc
ture in  Mesa  Co u n ty or Grand  J unct i on wo u l d  be expected . 

A maxi mum of 167  sc hoo l ag e ( f i ve to 18 ye ars o l d ) c h i l 
dren wou l d  be expected to i nm i grate to Mes a Co u n ty w i th t h e i r 
paren ts  as a res u l t  of the  remed i a l  ac t i on .  The major i ty of  
these  ch i l d ren wo u l d  be  en ro l l ed i n  the  Me sa  Coun ty V a l l ey 
Schoo l D i s tr i c t .  Adeq uate faci l i t i es wou l d  ex i s t to accommo
date the  i nm i gran t  popu l at i on .  
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K . 2 . 3  

P roj ect popu l at i on re l ated water consumpt i on wou l d  be ex 
pected to reach a peak i n  1988 of 239 , 250 ga l l ons per day i n  
Mes a County ,  us i n g  a 250 ga 1 1  o n  per day per  cap i t a con sumpt i on 
factor .  D i rect proj ect use wou l d  i n c l ude 12 m i l l i on ga l l ons 
of  water for comp ac t i on ,  dus t contro l , veh i c l e was h ,  d r i n k i n g ,  
s howers ,  an d l aun dry .  N o  p rob l ems wo u l d  b e  expected rega rdi n g  
t h e  req u i red q uan t i t i es o f  water . 

The proj ect pop u l at i on re l ated sewer deman d i n  Mesa  
County wo u l d  be expected to reach  a p eak of  95 , 700 ga l l ons  per 
day in  1988 us i n g  a 100 ga l l on per day p er cap i t a sewage gener
at i on factor .  No prob 1 ems wou 1 d be expected rega rdi  ng sewag e  
treatmen t  capac i ty .  

A n  es t i mated 6930 k i l owat t-hours o f  e l ectr i c i ty wou l d  be 
used d i rec t l y  for proj ect re l ated ac t i v i ty .  Add i t i ona l d e 
mands  wo u l d  b e  p l aced o n  e l ectr i c i ty s up p l i e s ,  n atur a l  g a s  s up 
p l i e s ,  te l ephone ser v i ces ,  po l i ce ,  f i re ,  an d ot her commun i ty 
serv i ces . However , s i nce commun i ty fac i l i t i e s  an d serv i ces 
h ave been b u i l t  to accommod ate a l a rger popu l at i on t h an c ur 
ren t l y  ex i sts i n  Gran d  J unc t i on an d Me sa  County, n o  ad verse i m
pacts  wou l d  be expected . 

I MPACTS ON ECONOM IC STRUCTUR E 

The P l an n i n g  and As sessmen t Sys tem ( P AS ) mode l ,  wh i c h i s  mai n t ai ned 
by the  State of C o l orad o -D i v i s i on of  Loca l Governme n t ,  was used  to  d e ve l 
op persona l i n come an d l abor i ncome i mp acts  descr i bed  i n  the  fo l l ow i n g  
sec t i on . The mode l  cap tures t h e  d i rect , i n d i rect ,  a n d  i n d uced i ncome ef
fects res u l t i n g  from p roj ect  wage an d sa l ary p ayme n ts an d non l abor  exp en 
d i tures . The terms IIpersona l i n come i mpact ll an d 1I 1 abor i ncome i mp ac t "  
w i  1 1  be us ed t o  de scr ibe  t h e  d i fference  be tween the  ba se l  i n e  projec
t i ons , wh i c h exc l ude  proj ect i mp act s ,  an d the  proj ected  scena r i o  wh i c h  
i n c l ude s  proj ect i mpacts . The p ersona l i n come an d l abor i n come i mp ac ts 
are presented  on Tab l e s K . 2 . 3 an d K . 2 . 4 , respect i v e l y .  

K . 2 . 3 . 1  

K . 2 . 3 . 2 

No  act i on a l ternat i ve 

The no ac t i on a l ternat i v e wou l d  n ot affect econom i c  s truc-
tures in  Mesa County or Gran d J unct i on .  The Gran d  J un c t i on 
s i te wou l d  con t i n ue to be unde ve l oped . However , the Gran d 
J unct i on area  h as an ab undan t s up p l y  of i n d us tr i a l l an d  capa
b l e  of  accommodat i n g  i n d us tr i a l g rowth in  t he  are a .  

Stab i l i zat i on on s i te a l ternat i ve 

I n  1987 ,  the  person a l  i n come i mp ac t  of the  s t ab i l i z at i on 
on s i te a l terna t i v e on Mesa  Co unty wou l d  be $5 . 4  m i l l i on ,  i n 
creas i n g  county i n come by 0 . 6  percen t .  The p er sona l i ncome i m
pact  wo u l d  reac h a peak of $9 . 2  m i l l i on i n  1988, or  an 
i n crease of 0 . 9  percen t over the  p roj ected Mes a  Coun ty per son 
a l  i n come l e ve l  w i t hout the p roj ect . The i mp ac t  wou l d  f a l l to  
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Tab l e  K . 2 . 3  Per so n a l  i n come i mp acts  of  r eme d i a l  act i on on �es a County 
by a l ter n at i v e  an d v i c i n i ty p roper t i es c l ean up 
( t hou s an d s  of  d o l l ars ) 

Stab i l i za t i o n  
o n  s i te b P er cent 

Year Amount  ch an ge  

1 985 

1 986 

1 987  5 , 405 0 . 6  

1 988 9 , 2 10 0 . 9  

1 989 6 , 465 0 . 7  

1 990 790 0 . 1  

1 991 138 c 

1 992 37 c 

1 993 23 c 

1 994 21  c 

1 995 20 c 

Che ney 
tr uck  b Perc ent 

Amount  ch an ge 

3 , 943 0 . 4  

7 , 5 28 0 . 8  

7 , 300  0 . 7  

1 , 429  0 . 1  

2 18  c 

53 c 

29 c 

25 c 

25 c 

gFrom P l an n i n g  an d Asses sme nt Sys tem , 1 985 . 
Per c ent age ch an ge fr om base l i ne  scenar i o .  cCes s t h an 0 . 1 p ercent . 

Cheney 
tr ai n an d truckb Percent 
Amou nt ch  an ge 

4 , 2 29 0 . 4 

7 , 968 0 . 8  

7 , 084 0 . 7  

1 ,404 0 . 1  

2 1 4  c 

53 c 

28 c 

25 c 

24 c 

Two Road 
truck  b Per cent 

Amount  c h an ge 

6 , 834 0 . 7 

8 , 3 69 0 . 9  

7 , 80 1  0 . 8  

1 , 5 1 3  0 . 2  

231  c 

56 c 

31 c 

2 7  c 

26 c 

Two R oad 
tr ai  n an d t r uckb Per cent 
Amou n t  ch  an ge 

4 , 5 4 2  0 . 5 

8 , 7 5 2  0 . 9 

7 , 790  0 . 8  

1 , 509  0 . 2 

231  c 

5 7  c 

31 c 

2 7  c 

2 7  c 

V i c i n i ty 
pr oper t i es b Per c ent 

Amou nt  c h  an ge  

1 0 , 4 9 7  1 . 1  

34 , 63 7  3 . 6  

10 , 5 23 1 . 1  

1 , 308 0 . 2  

374  c 

1 40 c 

105  c 

100 c 

1 1 7  c 

1 29  c 



;A: 
I 

(j) N 

Stab i l i za t i o n  
o n  s i te b Percent  

Year Amou nt c h an ge 

1 985 

1 986 

1 987  4 , 995 0 . 7 

1 988 8 , 444 1 . 2 

1 989 5 , 927  0 . 8  

1 990 665 0 . 1  

1 991 104 c 

1 992 20 c 

1 993 7 c 

1 994 6 c 

1 995 5 c 

Tab l e  K . 2 . 4  Labor i nc orre i mp ac t s  o f  r eme d i a l  ac t i on on  Mes � County 
by a l tern at i ve an d v i c i n i ty proper t i es c l e an up 
( thou s an d s  of  d o l l ars ) 

Che ney 
truck  b 

Per cent 
Amo u nt c h  an ge 

3 , 61 5  0 . 5 

6 , 90 1  0 . 9  

6 , 692 0 . 9 

1 , 243 0 . 2  

1 70 c 

30 c 

10 c 

7 c 

6 c 

Cheney 
tr a i n  and tr uckb 

Percent 
Amou nt ch  an ge 

3 , 8 7 7  0 . 5  

7 , 305 1 . 0 

6 , 4 94 0 . 9  

1 , 2 2 1  0 . 2 

1 6 7  c 

30 c 

10 c 

7 c 

6 c 

Two R o ad 
truck  b Per cent 

Amou n t  c h  an ge 

6 , 2 6 5  0 . 9 

7 , 6 7 3  1 . 0  

7 , 1 51 1 . 0 

1 , 31 6 0 . 2 

1 80 c 

32 c 

10 c 

7 c 

7 c 

Two R o ad 
tr a i n  and truckb 

Per cent 
Amou n t  c h  an ge 

4 , 1 6 4  0 . 6  

8 ,02 3 1 . 1  

7 , 1 41 1 . 0 

1 , 31 1 0 . 2 

1 80 c 

32 c 

1 1  c 

8 c 

7 c 

�From P l an n i n g an d A s s es sme nt Sys tem , 1 985 . 

c�:��e��:�e
o
�� a���

c
���� base l i n e  s cenar i o .  

V i c i n i ty 
pr o pert  i e s  b Per c e nt 

Amou nt  ch an ge  

9 , 6 2 3  1 . 4  

31 , 7 56 4 . 4 

9 , 5 3 7  1 . 3  

1 , 056 0 . 1 

201 c 

59  c 

32 c 

28 c 

31 c 

34 c 



$6 . 5  m i l l i on i n  1989,  $0 . 8  m i l l i on i n  1 990 ,  an d dec l i n e to 
$20 , 000 by 1995 . The es t i mated $10 . 1  m i l l i on i n  d i rect 
project  wage an d sa l ary p aymen t s ,  comb i ned  w i th l o ca l non l abo r  
purchase s ,  wo u l d  tran s l ate i n to a tot a l  i n crease i n  Mes a  
County person a l  i n come o f  $2 2 . 1  m i l l i on over  the 1987  to 1 995 
per i od . 

I n  198 7 ,  the l abor i n come i mp ac t  of  the s t ab i l i z at i on on 
s i te a l ternat i v e on Mesa Co unty wou l d  be $5 . 0  m i l l i on ,  i n creas
i n g  cou n ty l abor i n come by 0 . 7  percen t .  The l abor i n come i m
pact wou l d  reac h  a peak of $8 . 4  mi l l i on i n  1 988,  or an 
i n crease of 1 . 2 percent over the p rojected Mes a  Cou n ty 1 abo r  
i n come l e ve l  w i thout the proj ect . The i mp act  wo u l d  f a l l to 
$5 . 9  m i l l i on i n  1 989 ,  $0 . 7  mi l l i on i n  1990 ,  an d dec l i n e  to 
$ 5 , 000 by 1995 . The d i rect p roject wage an d s a l ary p ayments ,  
comb i ned  w i th l oca l non l abor purchase s ,  wo u l d  tran s l ate i n to a 
tota l  i n crease i n  Mes a  Coun ty l abor i n come of $20 . 2  m i l l i on 
o ver the 1987  to 1995 per i od . 

Loca l , state ,  an d Federa l  tax rece i pt s  wou l d  be affected 
by the i mp l emen tat i on of the s tab i l i zat i on on s i te a lt erna 
t i ve .  The pr i mary taxes affected wou l d  be s t ate an d Feder a l  
i n come t axes . Loca l an d s tate  s a l es taxes  wou l d  not  be affect
ed d i rect l y  because p urc hases of s upp l i e s ,  mater i a l s ,  an d 
equ i pment  by con trac tors for Federa l  projects  are exempt  from 
state an d l oca l sa l es taxes up on app l i cat i on for exemp t i on by 
con trac tors . Loca l  prop erty tax rece i pts  wou l d  be s l i gh t l y  re
d uced by the remova  1 of the Gran d J unct  i on s i te from the tax  
ro  1 1  s .  Th e Gran d J unct i on s i te i s  c urrent  l y  as  ses sed at 
$ 1 3 , 450 an d faces a m i l l  l evy of 79 . 3 1 5  m i l l s ( Me sa  Co u n ty 
As ses sor ,  1985 ) ; thus , Mesa  Co u n ty wo u l d  l ose  ap p rox i mate l y  
$1 , 070 i n  property taxes an n ua l l y .  

State i n come taxes wou l d  i n crease because o f  taxes on 
wages an d s a  1 ar i e s  earned by proj ect wor kers an d because of  
taxes  on p roject-re l ated i n d i rect an d i n d uced i n creases in  l o
ca l l abor i n come . P r i or study shows t hat the averag e  an n ua l  
st ate i n come t a x  rate for i n comes be twe en $25 , 000 an d $3 5 , 000 
i s  approx i mate l y  two percent  ( DO E ,  1 984b ) . App l y i n g  th i s  r ate 
to the proj ected $20 . 2  mi 1 1  i on i n crease i n  project re 1 ated 1 a-

. bar i n come , an i n crease of $400 , 000 i n  s tate i n come tax re
ce i p ts  wo u l d  be  expected over  the 1987  to  1 995 per i od .  
Assumi n g  an average Federa l  i n come tax  rate of 1 5  percen t ,  
F edera l  i n come tax  rece i pts  wo u l d  i n crease by a tot a l  of $3 . 0  
m i l l i on over the same per i od . Sma l l er ad d i t i on a l  i n creases  i n  
st ate an d Feder a l  i ncome tax rec e i pts  wo u l d  be expected  as a 
re s u l t of project re l  ated i n come gener ated from non l  abo r  p ur 
ch ases outs i de  Me sa  County .  

K . 2 . 3 . 3  Cheney truck a l tern at i ve  

I n  1987 ,  d i  spos a 1 of the ta i  1 i n g s  at Cheney Reservoi  r v i  a 
the  tr uck  a l ternat i v e wou l d  res u l t i n  a p erson a l  i n come i mp ac t  
o n  Mesa Co unty of $3 . 9  m i l l i on ,  i n creas i n g  coun ty i n come by 
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0 . 4  percen t .  The p erson a l  i n come i mpact  wou l d  reach a p e ak of  
$7 . 5  m i l l i on i n  1988,  or an  i n cre as e  of 0 . 8  percen t over the  
projected Me sa  Coun ty persona 1 i ncome l e ve l w i thout t he  
proj ec t .  The i mp act  wou l d  f a l l t o  $7 . 3  m i l l i on i n  1989 , $ 1 . 4  
m i  1 1  i on i n  1990 ,  an d dec l  i n e  to $2 5 , 000 by 1 995 . The 
es t i mated $ 10 . 3  m i l l i on i n  d i rect project  wage an d s a l ary 
payme n t s ,  comb i n ed wi th l oca 1 non 1 abo r  purchases ,  wou l d  
tran s l  ate i n to a tota l  i ncrease  i n  Mes a Co unty persona l i n come 
of $20 . 6  m i l l i on over the 1 987  to 1995 per i od .  

I n  198 7 ,  the  l abor i n come i mp act  of t he  C heney truck a l 
ternat i v e on Mes a County wo u l d  be $3 . 6  m i l l i on ,  i n creas i n g  
co un ty l abor i ncome by 0 . 5  perce n t .  The l abor  i n come i mp act  
wo u l d  reach a peak o f  $6 . 9  m i  1 1  i on i n  1988, or an i ncrease of  
0 . 9  percent  over the projected Mesa  Co unty 1 abo r  i n come 1 eve 1 
w i thout t he  proj ect . The i mpact  wo u l d  f a l l to $6 . 7  m i l l i on i n  
1 989 ,  $1 . 2  mi l l  i on i n  1990 ,  an d dec l  i n e  to $6 , 000 by 1 995 . 
The d i rect p roj ect wage an d s a l ary p ayments ,  c omb i ned w i th l o 
ca l  non l abor purchases , wo u l d  tran s l ate i n to a tota l  i n crease 
i n  Mes a Co un ty l abor i n come of $ 18 . 7 m i l l i on over the  1 987  to  
1 995 per i od .  

Loca l ,  s tate , an d Feder al t ax rece i pts  wou l d  be affected 
by the i mp l emen t at i o n of the C heney truck a l ternat i v e .  State 
and l oca l sa l es taxes wou l d  not be d i rect l y  affected . Th e 
Gran d Junc t i o n  s i te cou l d  be de ve l oped ; thus , Mes a Coun ty 
wo u l d  cont i n ue to rece i ve property t axes from the  own er s .  The 
proj ected $18 . 7  mi l l i on i n crease i n  proj ect  re l ated l abor  i n 
come wou l d  res u l t i n  an expected i n crease  o f  $3 75 , 000 i n  s t ate  
i n come tax  rece i pts  over the 1987 to 1995 per i od . As s um i n g  an 
aver age  Federa l  i n come tax rate  of 15 percen t ,  Federa l  i n come 
tax  rece i pt s  wo u l d  i n crease by a tot al of $2 . 8  m i l l i on over 
t h e  same per i od .  Sma l l er ad d i t i ona l i ncreases  i n  state  an d 
Federa  1 i n come tax rec e i  pts  wou 1 d be ex pected as a res u l t of 
proj ect re l ated i ncome gener ated from n on l abor p ur c h ases out 
s i d e  Mesa Co un ty. 

K . 2 . 3 . 4  Cheney tra i n and truck  a l ternat i ve  

In  198 7 ,  d i spos a l  of the  t a i l i n gs at C heney Reservo i r  v i a 
t he  trai n an d truck  a l ternat i v e  wou l d  res u l t  i n  a p erson a l  i n 
come i mp act  on t>'le sa  Co unty of $4 . 2  m i l l i on ,  i n cre as i n g  cou n ty 
i n come by 0 . 4  percent .  The p ersona l  i n come i mp act  wo u l d  r each 
a peak of $8 . 0  m i l l i on i n  1988 ,  for  an i n crease of 0 . 8  percen t 
over  the proj ected Mesa County pers ona 1 i ncome l e ve l  w i thout 
t h e  proj ect . The i mpact  wou l d  fa l l to $7 . 1  m i l l i on in  1989,  
$1 . 4  m i l l i on in  1990 ,  and dec l i ne to $24 , 000 by 1 995 . The e s 
t i mated $8 . 7  m i l l i on i n  d i rect project  wage an d s a l ary p ay
ments , comb i n ed w i th l oca l non l abor purchases , wou l d  tran s l ate 
i n to a tota l  i n crease  i n  Mes a  County persona l i n come of $2 1 . 0  
m i l l i on over the  198 7 to 1995 per i od . 

I n  198 7 ,  the  l abor i ncome i mp act  of the  Cheney trai n an d 
truck a l ternat i ve on Mesa  Coun ty wo u l d  be $3 . 9  m i l l i on ,  i n -

K -6 4  



creas i n g  cou n ty l abor i n come by 0 . 5  percen t .  Th e l abor  i n come 
i mp act  wou l d  reac h  a peak of $7 . 3  m i l l i on i n  1 988,  or  an 
i n crease of  1 . 0 percen t over the projected Me sa  Co u n ty 1 abo r 
i n come l e ve l  w i thout the  project .  The i mp ac t  wou l d  fa l l  to 
$6 . 5  mi l l i on i n  1 989 ,  $1 . 2  mi l l i on i n  1990 ,  and d ec l i n e to 
$6 , 000 by 1995 . The d i rec t p roject  wage an d s a l ary p ayme n t s ,  
comb i n ed w i th l oca l non l abor purc h as es , wou l d  tran s l ate i n to a 
tota l  i n crease i n  Me sa  Cou n ty l abor i n come of $1 9 . 1 m i l l i on 
over  the  1987  to 1995 per i od .  

Loca l , state , and Federa l  tax rece i pts  wou l d  be affected 
by the i mp l emen tat i on of  the Cheney tr ai n an d truck  a l ter n a 
t i ve .  St ate an d l oca l sa l es taxes wou l d  not  be d i rect l y  af
fected . The Grand Junc t i on s i te cou l d  be deve l oped ; t h u s , 
Mesa Cou n ty wou l d  con t i n ue to rece i v e  property taxe s  from t he 
owners . The p roj ected $1 9 . 1  m i l l i on i n crease i n  project  r e l at
ed l abor i n come wo u l d  resu l t  in  an ex pected  i n crease  of  
$380 , 000 in  state i n come tax rece i pts  over  the 1987  to 1 995 pe
r i od .  As s um i n g  an average  Federa l  i ncome tax  rate  of  1 5  per
cen t ,  Federa l  i n come tax rece i pts  wou l d  i n crease by  a tot a l  of  
$2 . 9  m i l l i on over the same per i od . Sma l l er ad d i t i on a l  i n 
creases  i n  st ate an d Feder a l  i ncome tax rece i p t s wou l d  be ex
pected as a resu l t  of project re l  ated i n come generated from 
non l abor p urchases outs i d e  Me sa  Co un ty. 

K . 2 . 3 . 5 Two R oad truck  a l tern ati ve 

In 198 7 ,  d i s posa l  of the ta i l i n gs at the  Two Road s i te 
v i a the  truck  a l ternat i v e  wou l d  res u l t i n  a p ers ona l i n come i m
pact on Mes a Cou n ty of $6 . 8  m i l l i on ,  i n creas i n g  coun ty i n come 
by 0 . 7  percen t .  The person a l  i n come i mp ac t  wou l d  reac h  a p e ak 
of $8 . 4  m i l l i on i n  1988,  or an i n crease of  0 . 9  percen t over 
the  p roj ected Mesa  Coun ty pers ona 1 i n come l e v e l  w i thout  t h e  
proj ec t .  The i mp act  wo u l d  fa l l t o  $7 . 8  m i l l i on i n  1 989 ,  $ 1 . 5  
m i l l i on i n  1990 , and dec l i n e to $26, 000 by 1 995 . The es t i mat
ed $10 . 3  m i l l i on in  d i rect proj ect wage and s a l ary p ayme n t s ,  
comb i ned  w i th l oca l n on l abor p urc h ases ,  wou l d  tran s l ate i n to a 
tota l  i n crease i n  Me sa  Coun ty persona l i n come of $2 4 . 9 m i l l i on 
over the  1987 to 1995 per i od . 

I n  198 7 ,  t he  l abor i n come i mp act  of  the  Two Road truck  a l 
ternat i ve on Mesa Coun ty wou l d  be $6 . 3  m i l l i on ,  i n creas i n g  
co u n ty l abor i n come by 0 . 9  percen t .  The l abor i n come i mp ac t  
wo u l d  reac h  a peak o f  $7 . 7  m i l l i on i n  1988, o r  an i n c re ase  o f  
1 . 0 percent  over the proj ected Mes a  Cou n ty l abor i n come l e v e l  
w i thout the  proj e c t .  The i mp ac t  wou l d  f a l l to $7 . 2  m i  1 1  i on i n  
1 989 ,  $1 . 3  m i l l i on i n  1990 ,  and dec l i n e  to $7 , 000 by 1995 .  
The  d i rec t project  wage an d s a l ary p aymen ts ,  c omb i ned  w i th l o 
ca l non l abor p urc h ase s ,  wo u l d  tran sl ate i n to a tota l  i n crease  
in  Me sa County l abor i n come of $2 2 . 6  m i l l i on over the 1 98 7  to 
1 9 95 per i od . 

Loc a l , state , and Federa l  t ax rece i pt s  wou l d  be affected 
by the  i mp l emen tat i on of  the Two Ro ad truck a l ternat i v e .  
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State an d l oca l  sa l es taxes wou l d  not be d i rec t l y  affected . 
The Grand J unct i on s i te cou l d  be deve l oped ; thus , Me sa  Cou n ty 
wou l d  con t i n ue to  rece i v e  proper ty t axe s from the  own er s .  The 
proj ected $2 2 . 6  m i l l i on i n crease i n  proj ect-re l at ed l abor  
i n come wo u l d  res u l t i n  an  expected i n crease of  $450 , 000 i n  
s t ate i n come tax rece i pt s  over the 1987 to 1995 per i od . 
Assumi n g  an av erage Federa l  i n come tax rate  of  15  percent ,  
Federa l  i n come t ax rece i pts  wo u l d  i ncrease  by a tot al of  $3 . 4  
m i l l i on over the s ame per i od .  Sma l l er ad d i t i on a l  i n creases i n  
s t ate an d Federa l  i ncome tax rece i pts  wou 1 d be expected as a 
re s u l t of p roj ect re l ated i n come generated from non l abo r  
purchases  outs i d e  Mesa Coun ty .  

K . 2 . 3 . 6 Two Road tra i n and truck a l ternat i ve 

I n  198 7, d i s po s a l  of the ta i l i n gs at the Two Road s i te 
v i a the  tra i n an d truck a l terna t i v e wou l d  res u l t i n  a p er s ona l 
i n come i mp ac t  on Mesa Co u n ty of $4 . 5  m i l l i on ,  i n creas i n g  cou n 
t y  i n come by 0 . 5  percen t .  The per son a l  i n come i mp ac t  wou l d  
re ach  a peak of $8 . 8  m i  1 1  i on i n  1988, o r  an i n crease of 0 . 9  
percen t over the  proj ected Me sa  Cou n ty per sona 1 i n come l e ve l  
w i thout the  proj ect . The i mpact  wou l d  f a l l to  $7 . 8  m i l l i on i n  
1989 ,  $1 . 5  m i l l i on i n  1990 , an d decl i n e to $2 7 , 000 by 1 995 . 
The est i mated $9 . 4  m i l l i on i n  d i rect p roject wage an d s a l ary 
payme n t s ,  comb i ned  w i t h  l oca l non l abor p urchases , wou l d  t ran s 
l ate i n to a tota l  i ncrease i n  Me sa  Co u n ty per son a l  i n come of  
$2 3 . 0  m i l l i on over the  1987 to 1995 per i od . 

I n  198 7 ,  the  l abor  i ncome i mpac t  of the  Two Ro ad trai n 
and truck a l ternat i v e  on Me sa  County wo u l d  be $4 . 2  m i l l i on ,  i n 
creas i n g  county l abor i ncome by 0 . 6  percent .  The l abor  i n 
come i mp ac t  wo u l d  reach a peak o f  $8 . 0  m i  1 1  i on i n  1988, o r  an 
i n crease of 1 . 1  percen t over the p roj ected Me sa  Coun ty l abor  
i n come l e ve l  w i thout  the  proj ect . The i mp ac t  wo u l d  f a l l to  
$7 . 1  m i l l i on i n  1989,  $1 . 3  m i l l i on i n  1990 ,  an d decl i n e  to  
$7 , 000 by 1995 . The d i rect p roject  wage  an d s a l  ary p ayments ,  
comb i n ed w i th  l oca l non l abo r purch ases , wou l d  t ran s l ate i n to a 
tota l  i ncrease i n  Me sa  Co u n ty l abor i ncome of $20 . 9  m i l l i on 
over  the 1987  to 1995 per i od . 

Loca l ,  s tate , an d Federa l  tax rece i p t s  wo u l d  be affected 
by the i mp l emen tat i o n of the Two Road tra i n an d t ruck a l ter na
t i v e .  S tate an d l oca l sa l es taxes wo u l d  not  be  d i rec t l y  affect
ed . The Grand J unct i on s i te cou l d  be de ve l oped ; thus , Mes a  
Coun ty wo u l d  cont i n ue to  rece i v e p roperty t axes from t h e  own 
er s .  The p roj ected $20 . 9  m i l l i on i ncrease i n  p roj ect re l ated 
l abor i n come wou l d  resu l t  i n  an ex pected i ncrease of  $420 , 000 
i n  st ate i n come tax rece i pt s  over the 1987  to 1 995 per i od .  
As sum i n g  an average Federa l  i ncome tax rate of 1 5  percent ,  
Federa l  i n come tax rece i pts  wou l d  i n crease by a tot al of  $3 . 1  
m i l l i on over the  s ame p er i od . Sma l l er ad d i t i on a l  i n creases  i n  
state an d Federa l i ncome tax rece i pt s  wou l d  be expected as a 
resu l t  of proj ect  re l  ated i ncome gener ated from n on l abo r  p u r 
ch ases o uts i de  Mesa  County.  
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K . 2 . 3 . 7  V i c i n i ty propert i es 

I n  1986 ,  the  v i c i n i ty proper t i es c l e an up wou l d  res u l t i n  
a p ersona l i n come i mp act  on Mes a  Co u n ty of $10 . 5  m i l l i on ,  i n 
creas i n g  county i n come by 1 . 1  percen t .  The p ersona l i n come i m
pact wo u l d  reach a p eak of $34 . 6  m i l l i on i n  1 98 7 ,  or  an 
i n crease of 3 . 6  percen t over the  p roj ected Me s a  County person 
a l  i n come l e ve l  w i t hout the  project . The i mp ac t  wo u l d  f a l l to  
$ 10 . 5  m i l l i on i n  1988, $1 . 3  m i l l i o n  i n  1989 , and decl i n e to  
$ 1 2 9 , 000 by 1995 . The es t i mated $28 . 8  m i l l i on i n  d i rect p ro
ject wage  an d s a l ary p ayme n t s ,  comb i n ed wi th 1 oca 1 n on 1 abo r  
p urch ases , wo u l d  tran s l  ate i n to a tot a l  i ncrease i n  Mes a  
Cou n ty persona l i n come of $57 . 7  m i l l i on over the 1986 to 1 995 
per i od .  

I n  1986,  the  l abor i n come i mp act  of the  v i c i n i ty p roper
t i e s  c l e an up  on Me s a  County  wou l d  be $9 . 6  m i l l i on ,  i n creas i n g  
co u n ty l abor i n come by 1 . 4 percen t .  Th e l abor i n come i mp ac t  
wo u l d  reach a peak o f  $31 . 8  m i l l i on i n  1987 ,  o r  a n  i n cre as e  o f  
4 . 4  percen t over the proj ected Mes a  Co unty l abor i n come l ev e l  
w i thout  the  proj ec t .  The i mp ac t wou l d  f a l l to $9 . 5  m i l l i on i n  
1 988,  $ 1 . 1  m i l l i on i n  1 989 ,  an d decl i n e to $34, 000 by 1 995 . 
The d i rect proj ect wage an d s a l ary p ayme n t s ,  c omb i n ed w i th l o 
ca l  n on l  abor purchas e s ,  wou l d  tran s l  ate i n to a total i n creas e  
i n  Me s a  Co u n ty l abor i n come o f  $52 . 4  m i l l i on over the 1986 to 
1 9 95 per i od • 

Loca l , s tate , an d Federa l  t ax rece i pt s  wou l d  be affected 
by the v i c i n i ty propert i es c l e an up .  State an d l oca l s a l es t ax
es wo u l d  not be d i rec t l y  affected . Th e p rojected $ 5 2 . 4 m i l 
l i on  i n crease i n  project-re l ated l abor  i n come wou l d  resu l t  i n  
an expected  i n crease of $ 1 , 050, 000 i n  s t ate  i n come t ax re
ce i pt s  over th e 1986 to  1 995 per i od .  As s um i n g  an  aver ag e  
Federa  1 i n come t ax rate o f  15  percent ,  Federa l  i n come t a x  re
ce i pt s  wou l d  i n crease  by a tota l  of $7 . 9  m i l l i on over the  s ame 
per i od . Sma l l er add i t i on a l  i ncreases i n  s t ate  an d Feder a l  
i n come t ax  rece i pt s  wou l d  be expected a s  a res u l t of project  
re l ated i n come generated from n on l abor p urch ases out s i d e  Mes a 
Cou n ty .  
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K . 3 . 1  REGI O NAL  SETT I N G  

K . 3  EX I ST I NG LAND U S E  

Grand J unct i o n ,  t h e  county seat o f  Me sa  Cou nty, i s  t h e  c ommerc i  a 1 ,  
agr i c u l tura l , and tran sportat i o n cen ter of western Co l orado . The c ou n ty 
h as grad u a l l y  s h i fted from an economy based on ag r i c u l ture  to o ne  based  
on con struct i on ,  manufactur i n g ,  an d energy d e ve l opmen t ,  as  we l l a s  ag r i 
cu l t ure . Al t h ough  mos t of the l an d  i n  Mes a  County i s  used a s  r an g e l an d ,  
t h e  county i s  a commerc i a l  cen ter for the reg i o n .  Grand J unct i o n  c o n 
ta i n s  more t h an one -th i rd o f  t h e  coun ty ' s  popu l at i on .  

Tab l e  K . 3 . 1  presen t s  the res u l t s  of a 1982 zon i n g s ur vey . 
Accord i n g to the  s ur vey , Mesa  County con t a i n ed a tot al of  2 , 1 3 3 , 000 
acres . Of the  tot a l  county acreage ,  71 . 5  percen t was own ed by the  
Federa l  Governme n t ,  0 . 25  percen t was  own ed by the state governmen t ,  
26 . 0 3  percen t was p r i vate l y  own ed l and  out s i de  o f  i n corporated  c i t i e s 
an d town s ,  and the  rema i n i n g  2 . 22 percent represe n t s  p r i v ate an d p u b l  i c 
l y  owned  l and  i n s i d e  i n corpo rated c i t i e s and town s ,  and  l an d  i n  u nc l as s i 
f i ed areas , s uc h  as road s ,  r i vers , and  cana l s  ( C i ty/Co u n ty Comp rehen s i v e 
P l an n i n g  Dep artmen t ,  1 983 ) . 

The 1982 sur vey p l aced the major i ty of the l an d  i n  Mes a  Co u n ty 
( 96 . 88 percen t )  i n  the  agr i c u l ture ,  forestry, and  tran s i t i on zon i n g c l as 
s i f i cat i on .  The Federa l l y-owned ac re age  ( 1 , 52 5 , 933 acres ) i n  t h i s  c l as 
s i f i cat i on was managed by the U . S .  Forest Ser v i ce ( 545 , 6 7 9  ac res ) ,  
B ureau of Lan d Man agemen t ( 958 , 094 acres ) ,  N at i on a l  Parks  Ser v i ce  
( 19 , 406  acres ) ,  and B ureau of  Recl amat i o n  ( 2 7 54 acres ) .  Mes a  County re s 
i de n t i  a l  acreag e  i n c l  uded 26 , 748 acres , or 1 . 25  percen t of tot a l  county 
acreage . Co un ty comme rci a l l y  zon ed acreage i n c l uded 41 48 acres , o r  0 . 20 
percent  of tota l  Me sa  Co unty acreage . Acreage zoned for i n d us tr i a l us e 
i n c l ud ed 4206 acre s ,  or 0 . 20 perce n t  of tot al Mes a  Co unty acreag e 
( C i ty/County Comprehen s i ve P l an n i n g  Dep artmen t ,  1 983 ) . 

I n  1978 ,  Mesa  County con tai ned a tot a l  of 1 2 5 7  farms . Land i n  
farms ( 482 , 856 acres ) rep resen ted 22 . 9  percent  of t he  coun ty ' s  to t a l  
1 and area .  The aver ag e  farm s i ze was t hus 384 acres . Of t he  482 , 8 56  
acres i n  farms , 100 , 3 78 acres were used as crop l an d ,  1 6 , 50 2  acres were 
wood l an d ,  an d 365 , 956 acres were used for ot her p urpose s .  A t o ta l  of  
103 , 540 acres  were i r r i gated ( C i ty/Coun ty Comprehen s i v e P l an n i n g  
Departme n t ,  1983 ) . 

I n  198 1 ,  t he  va l ue of Mesa  Coun ty crop prod uc t i on tot a l l ed $2 3 . 0  
mi l l i on .  Maj or crops i n c l ude h ay,  corn gra i n ,  corn s i l ag e ,  bar l ey, 
f r u i t s ,  an d vegetab l e s .  The n umber of i r r i gated acres  i ncreased 23 . 8  
percent  be tween 1974  and 1978 .  Desp i te the econom i c  d i vers i f i c at i on i n  
Mesa Co unty d ur i n g the  past  decade , agr i c u l t ure  i s  expected to con t i n ue 
to be a major  component  of the Mes a  Co unty econom i c  base ( C i ty/Co u n ty 
Comprehen s i ve P l an n i n g  D ep artment ,  1 983 ) . 

W i th i n  the  c i ty of Grand J unct i o n ,  the 1982 zon i n g survey s howed 
43 . 9  percen t of the c i ty ' s  8373 acres  were zoned for res i d e nt i a l us e ,  
43 . 3  percen t were zon ed for commerc i a l use , an d 9 . 0  percen t were zo ned 
for i n d u s tr i a l us e .  R i ver s ,  cana l s ,  and road s covered 216  acres , or  2 . 6  
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Tab l e K . 3 . 1  Mesa Co un ty/C i ty of Gran d  J unct i on zon i n g s ur v ey -
Decembe r ,  1 982 

Zon i n g des i g nat i on 

Res i den t i a l 
Commerc i a l 
I nd ustr i a l 
Agr i c u l ture , forestry ,  and  

t r an s i t i on ( pr i vat e )  
Agr i c u l t ure , forestry ,  and  

t r an s i t i on ( U . S .  Government ) 
O t her ( st ate  gover nmen t )  
I ncorporated  c i t i es  an d town s 

Gran d  J unct i on 
Re s i d  e n t i a 1 
Commerci a l  
I n d us tr i a l 
R i v er s ,  c ana l s ,  l ak e s , and  road s 
Un zon ed 

Mesa  County tot a l  

Acres 

26, 747 . 8  
4, 1 48 . 2  
4 , 206 . 1  

520 , 1 63 . 7  

1 , 525 , 93 3 . 0  
5 , 20 9 . 7 

10, 988 . 0  
8 , 373 . 0  
3 , 6 7 7 . 0  
3 , 6 2 2 . 0  

754 . 0  
216 . 0  
104 . 0  

2 , 1 3 3 , 000 . 0  

Percentag e  

1 .  2 5  
0 . 20 
0 . 20 

24 . 38  

71 . 50 
0 . 2 5 
0 . 53  

( 100 . 0 ) a 
( 43 . 9 )  
( 43 . 3 )  
( 9 . 0 )  
( 2 . 6 )  
( 1 . 2 ) 

100 . 0  

apercen t ages  i n  p arentheses  rep resen t ,  proport i on s  o f  the  tota l  acreag e  i n  th e 
c i ty of Gran d  J un c t i on zoned as des i gnated . 

Ref . C i ty/County Comprehen s i ve P l an n i ng  Dep artmen t ,  1 983 . 
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percent  of the  c i ty ' s  l and . The remal n l n g 1 . 2 percent  of the  l an d  i n  
Grand J unct i on was un zoned  ( C i ty/County Comprehen s i ve P l an n i n g  Dep art
men t ,  1 983 ) . 

K . 3 . 2  GRAND J UNCT I ON S I TE 

The Grand J un ct i on ta i l i n gs  s i te i s  pr i v ate l y  own ed an d i s  l ocated 
in  a p r i mar i l y  ur ban i zed area ,  w i th res i d en t i a l , commerc i a l , an d i n d us
tr i a l deve l opmen t  nearby . The l an d  w i th i n 0 . 5  mi l e  of  the s i te on  the  
north  s i de of the  r i ver i s  undergo i n g  a tran s i t i on from res i d e n t i a l  to 
commerc i a l and i n d us tr i a l us e s .  Re s i dences  are be i n g rep l aced w i th b us i 
ness  estab l i s hments  to the  northeas t an d we s t  of the s i te i t se l f .  Th e 
area ' s  prox i m i ty to the Den ver an d R i o  Gr ande Western Rai l road mak es  i t  
de s i r ab l e  for i n d u str i a l deve l opmen t .  Commerci a l  an d i n d u s tr i a l l an d  
use oc curs i mmed i ate l y  north an d north e as t  o f  the  ta i l i n g s  s i te ( F i g ure  
K . 3 . 1 ) . There are  some res i dent i a l ar eas e as t ,  wes t ,  and  northwes t of  
the  s i te ,  an d there  i s  con s i derab l e  res i d en t i a l d e v e l opment  sout h of t h e  
s i te ,  across  the  Co l orado  R i ver . The re s i d en t i a l  area  west of t h e  s i te 
i s  an o l der l ow- i n come area ,  w i t h many o l d  houses  i n ter sper sed w i th some 
commerc i a l  estab l i s hmen t s .  The l an d  east  of the s i te i s  used f or i n d us 
tr i a l purposes o r  i s  vacan t .  The vacant  l ands  mark t h e  tran s i t i on be 
tween the  urban area  of the c i ty an d the  rur a l  res i d en t i a l and 
agr i c u l t ura l  areas east of the c i ty .  The ra i l road i s  roug h l y  the  n orth
er n bo undary of the  area  of i n d us tr i a l l an d  us e .  There i s  an i n d us tr i a l 
park near the north s i de of the  s i te .  As t h i s  i s  de ve l op ed , i t  i s  ex 
pected  to h as ten the i n d us tr i a l i z at i on of the  ot her l an d  i n  t he  v i c i n i ty 
of the  s i te ( DO E ,  1983 ) . 

The s i te i t se l f  i s  out s i d e  the i n corporated area  of the c i ty of 
Grand J unct i on an d is th erefore not s u bject to the zon i n g  res tr i ct i on s  
o f  the c i ty .  The area  i s ,  however , s u bject  to cou n ty zon i n g ,  and the  
s i te an d the  s urroun d i ng  area are zoned  i n d us tr i a l . S i nce  the  s i te i s  
outs i d e  the  c i ty l i mi ts ,  i t  i s  control l ed by Mes a Co u n ty ' s  L an d  Use P l an 
an d deve l opme n t  po l i c i es .  The l atest  ad d i t i on to the  p l an an d de ve l op 
men t  po l i c i e s  oc c urred i n  Sep tember , 1 98 2 .  The p art  of th i s  doc ument  
t h at i s  mos t  per t i nent  to t h e  d e ve l opmen t of t h e  s i te an d i t s v i c i n i ty 
i s  Sec t i on  9 ,  wh i ch i n c l udes l an d  u se  an d s i te p l an n i n g  s t an dards . Th i s  
sect i on recommends  the  use  of p l an n ed un i t  de ve l opmen ts  to en s ur e  t h at 
al l new construc t i on i s  i n  conform i ty w i th the  ch ar ac ter of the  area . 
The cou n ty en cour ages deve l opers to d raw up the i r  own p l an an d s i te p l an 
n i n g  cr i ter i a ,  wh i c h  are then su bject to gro s s  de n s i ty l i mi ts ,  p erfor
mance standards , an d a req u i remen t for buffer zones  be tween 
s ubstan t i a l l y  d i fferen t types of deve l opment  ( DO E ,  1 983 ) . 

Grand J unct i on ' s  ado p ted  park s an d recreat i on p l an des i g nates the  
ta i l i ngs  s i te as  p art  of  the proposed Co l orado  R i v er P ark  Sys tem . 
However , as prev i ous l y  note d ,  the s i te i s  not c urren t l y  w i th i n  the  c i ty 
l i mi ts . Thus , there i s  an ap paren t conf l i c t be tween the  commer
ci a l / i n d us tr i a l zon i n g an d l an d  use  des i g nat i on of the  s i t e ,  as  we l l  as 
the ad jacen t property ,  an d i t s des i gnat i o n as p art  of the Co l orado  R i ver 
P ark System ( C i ty P l an n i n g  Dep artmen t ,  1 9 79 ) . The s i te i s  l ocated i n  a 
100-year f l ood p l ai n .  C i ty reg u l at i o n s  req u i re t h at a F l o od Deve l opme n t  
Perm i t  b e  obt a i ned before de ve l opments  i n  t h e  f l oodp l ai n may commence  
an d the cou n ty d i scour ages  deve l opmen t i n  the  f l oodp l ai n ( C i ty P l an n i n g  
Dep artmen t ,  1984 ) . 
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K . 3 . 3  CHENEY  RES ERVO I R  S I TE \ \ \ 

The Cheney Re servo i r  s i te  i s  l ocated app rox i mate l y  1 8  m i l es s ou t h 
east  o f  the  Gran d  J un c t i o n  s i te off o f  U . S .  H i ghway 50 . The s i te i s  Fe d 
eral l y  own ed , and  i ts managed by the  B ureau of  Land Managemen t ( BL M ) . 

The s i te  i s  l ocated wi th i n  a BLM  graz i n g  a l l otmen t de s i gnated  for  
cat t l e .  Gr az i n g  on the ran ge l an d i s  the  p r i mary use  of  l an d  w i th i n 
t h ree m i l e s of  the  s i te .  The s i te ,  h owe ver , i s  a l s o  under an o i l an d 
gas l e ase . An e l ectr i c  power tran sm i s s i on l i n e  b i s ects  the  s i te ,  an d 
an ot her  l i ne oc curs east  of the  s i te ( Lo gan -Pe arce ,  1 985 ) . 

The proposed 1 985 Grand J unc t i o n Res ource Management  P l an ( a  mas ter 
p l an for manag i n g and a l l ocat i n g  p u b l i c  l an d  resource s over the  n ex t  1 5  
t o  20 ye ar s )  s h ows two " Man datory P rotect i on  Areas , I I  w i th i n 1 .  5 m i  1 es  o f  
t h e  s i te ,  one t o  the southeas t  an d on e t o  th e southwe s t .  Th e se areas 
are de s i gnated for protect i on d ue to the ex i stence of resources  s uc h  as 
t hreatened p l  an t/an i ma l  spec i es or c u l tur a l  s i tes . Un der  the p referred 
a l ternat i ve of the  p l an ,  the  s i te ' s  water  resources are emp h as i ze d  
( Res ources Managemen t P l an ,  1 985 ) . 

The ne are st  res i dences to th e s i te are two mob i l e  home s l o cated  
approx i mate l y  1 . 5 m i l es to  the  northeast ( F i g ure  K . 3 . 2 ) . A zo ne  o f  
i rr i gated ag r i c u l ture l an d  l i es be tween o ne  an d two m i l es from the  s i te 
i n  the  v a l l ey of Kan na h  Creek near Sm i th D i t ch . As soci ated w i th t h i s  
zone  are farms tead s ,  r anche s ,  and  some tra i l er s .  Mo s t  of  the  i rr i ga ted 
l an d  i s  two an d three m i l es from the s i te ,  and  t here are more f arms te ad s  
and ranges  i n  th i s  zon e .  Between two an d three m i l es northeast  of t h e  
s i te there are at l e as t 1 1  s i n g l e fami l y  homes an d two mob i l e  h omes 
( DO E ,  1 983 ) . 

K . 3 . 4  TWO ROAD S I TE 

The Two Road s i te i s  l oca ted app rox i mate l y  33 . 1  m i l e s ( by road ) 
northwest  of the  Grand J un c t i o n  s i te .  More s pec i f i ca l ly ,  i t  i s  l o cated 
a l on g  Two Road , 3 . 4  m i l es northwest  of the i n tersect i on of  Two Road an d 
U . S .  H i ghway 6 & 50 . The s i te i s  Federa l l y  own ed , a nd  i s  man aged by t h e  
B ureau o f  Land Managemen t ( BLM ) . 

The s i te i s  w i th i n a BLM graz i n g  a l l o tme n t .  The graz i n g o f  s heep 
on the  area ' s  sp arse l y  vegetated ran g e l an d i s  the pr i mary use o f  l an d .  
Deer are the  most  dom i nant  w i l d  graz i n g  an i ma l s ;  howe ver , the i r  n umbers  
are  few in  the reg i on conta i n i n g  the s i te .  The  l an d  con ta i n i n g t he s i t e 
i s  a l so  under  o i l an d gas l e ase s ;  an underground  natur a l  gas  p i pe l i n e 
( runn i n g northwe s t  to southeas t )  i s  l ocated app rox i mate l y  1 . 5  m i l es from 
the s i te ( Logan -Pearce ,  1 985 ) . 

The 1985 Grand J unct i o n  Re source Managemen t P l an s hows two "Man da 
tory P rotect i o n  Areas , " one to th e east  an d o ne  to the north , w i th i n  two 
m i l e s of  th e s i te .  Un der the preferred a l ternat i v e  of the p l an ,  th e 
s i te f a l l s  i n to a recreat i on de s i gnat i on .  Examp l es of  po s s i b l e  recrea
t i o na l us es  i n c l ude off- road veh i c l e p ur s u i t s ,  target s ho o t i n g ,  day h i k 
i ng ,  and sma l l game h un t i n g  ( BLM ,  1985 ) . 
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The Two Road s i te and v i c i n i ty are a l s o  con s i dered as a poten t i a l  
l ocat i on for a system o f  e vaporat i on pon ds  as soc i at'€.d w i th t h e  recommend
ed  p l an of  the  p roposed G l enwood -Dot sero project . The project  has  been 
propo sed as a method of red uc i n g  the  sa l t  con ten t  of  the  Co l orado  R i v er . 
The proposa l  re s u l ted from the  Co l orado  R i v er Water Qua l i ty Improvemen t 
P rogram ,  wh i c h  was i n i t i ated i n  1 9 71 by the  B ureau of  Rec l amat i on ,  U . S .  
Departmen t of I n ter i or . H i g h  s a l i n i ty water i s  undes i r ab l e  f or i r r i ga
t i on ,  s i nce i t  requ i res greater appl  i cat i ons  in  order  to l e ach  m i n er a l 
i z at i on through  t h e  so i l . I t  i s  a l s o  corro s i ve ,  mak i n g i t  unde s i r ab l e  
for i n d u s tr i a l us e ( USDO I ,  1983 ) . 

Accord i ng  to the recommended p l an ,  the G l enwood -Dot sero proj ec t 
wo u l d  i n vo l ve the i n st a l l at i on of co l l ect i on fac i l i t i e s on the  Co l o rado  
R i ver a t  Dotsero an d G l enwood Spr i n gs where c l  us ter s  of  s al i n e  spr i n gs  
ex i st .  The  s a l  i ne water wo u l d  t hen  be t ran sported  to the evaporat i on 
pond system at the  Two Road s i te .  The p roject  wo u l d  red uce the s a l t  
l o ad i n g i n to the  Co l or ad o  R i ver  by an es t i mated 284 , 000 tons  an n ua l l y .  
The average an n u a l  f l ow of  the Co l orado  R i ver  wou l d  b e  dep l eted by an e s 
t i mated 1 5 , 560 acre-feet ( USDO I ,  1 983 ) . 

The G l enwood -Dotsero project wo u l d  req u i re  approx i mat e l y  5000 acres 
i n  the v i c i n i ty of the Two Road s i te for the evaporat i on pon d s .  
Recen t l y, th e State o f  Co l orado  rejected the evapor at i on p on d s  de s i gn .  
The f i  na 1 report  of the s t ate on the  future  of the  project has  not ye t 
been p u b l i s hed ; howe ver , l es s  expen s i v e  s a l i n i ty contro l proj ects  ex i s t ,  
an d i t  i s  un l i k e l y  th at the  G l enwood -Dotsero p roject w i l l  b e  further  c on 
s i dered i n  t he  near future  ( Meze i , 1 985 ) . 

The neares t res i dence to the s i te i s  a mob i l e  home j us t  east  of the  
i n tersect i on of Two Road an d U . S .  H i ghway 6 & 50 ; the  l ocat i on s up ports 
a s heep oper at i on ,  i n c l ud i n g l amb i n g  pen s an d a smal l reser vo i r for wa
ter i n g . A pump i n g  stat i on i s  l ocated approx i mate l y  two m i l es to the  
so utheast  of the  s i t e .  An  agr i c u l tura l  are a ,  i n c l  ud i n g res i dences be 
g i n s  approx i mate l y  f i ve m i l es e as t  of the s i te an d extends east an d 
south  toward Mack , Fru i t a ,  and  Grand J unc t i o n  ( F i g ur e  K . 3 . 3 ) . 

K . 3 . 5  V I C I N I TY P ROP ERT I ES 

The types  of proper t i e s  that wou l d  be affected by the remed i al ac
t i on i nc l ude home s ,  bus i n e s ses , an d open l an d s  in  the  v i c i n i ty of the 
m i l l  t a i l i n gs  s i te .  Bu i l d i n g  l ot s  ( res i dent i a l an d commerc i a l ) may 
ran ge from sma l l l ot s  of approx i mate l y  5000 sq uare feet to se ver a l  acres 
in s i ze .  However , a typ i ca l  l ot me as ures approx i mate l y  100 x 1 00 feet 
( 0 . 25 acre ) . A p r i vate res i dence or commerc i  a l  bui l d i n g ex i s ts  on mo s t  
i den t i f i e d  proper t i e s .  Approx i mate l y  3465 propert i e s  i n  Gran d J unc t i on 
are expected to be cand i d ates  for c l e an up under the  UMTRA P roject  
( Appen d i x L ,  Vi c i n i ty P ropert i es Repor t ) . Beca us e there  are se ver a l  
thous an d  con tami nated proper t i es i n  Grand J unct i on ,  an d be cause  these  
proper t i e s  are not l ocated exc l us i v e l y  in  any s i n g l e sect i o n  of the  com
mun i ty, the  l and  use descr i p t i on for  Gran d J unc t i on as a who l e ( Sec t i on s  
4 . 9 . 1  an d 4 . 9 . 2 )  can serve a s  a descr i pt i on o f  t h e  l an d  u s e  con text for 
the  v i c i n i ty p roper t i e s  ( DO E ,  1 985 ) . 
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The ex i stence of the ta i l i n g s  p i l e s and  poten t i a l  contam i n at i on o f  
proper t i e s  h a s  h ad re l at i v e l y  l i t t l e  i mp act  o n  l an d  u se  or  va l ue s .  
W i t h i n  Grand J un c t i o n  d ur i n g the 1 9 74 to 1984 per i od ,  res i den t i a l  an d 
commerc i a l d e ve l opment  i n creased ad j acen t to the ta i l i n gs s i te ;  an ad d i 
t i on a l  50 to 60 hous i n g  un i ts ,  a s awm i l l  an d l umber yard , s e vera l  w are 
hous e s ,  an d ot her commerc i a l  bus i nes ses were estab l i s hed  n e ar t he  
ta i l i n g s  s i te ( Metz ner , 1984 ) . I n  a study of  l an d  va l ue s  at , a n d  ad j a 
cent  to , the South Sa l t Lak e C i ty s i te ,  i t  was fou n d  t h at ad j ac en t l an d  
va l ue s were unaffected by the t a i l i n gs p i l e  an d were p r i mar i l y  af fected 
by the  h i ghes t an d be s t  use  of the  p arcel ( DO E ,  1 984a ) .  Fo l l ow i n g  decon 
tam i nat i on ,  p roperty v a l ue s may i n cre ase , p r i n c i p a l l y  be cause  of  i mp ro ve 
men ts d ur i n g restorat i on . Mos t o f  the poten t i a l l y  con t am i n ated 
bus i n es se s  show 1 i t t l e  i mp act  from the presence of the ta i l i n g s .  U . S .  
Department  of Energy property va l ue as ses smen ts do not  de va l ue prop er
t i e s  d ue to t a i l i n g s contam i n at i on ( DO E ,  1 985 ) . 

K . 3 . 6  BORROW S I TES  

The  borrow s i tes cons i d ered for the remed i a l  act i on a l ter na t i v e s  i n 
cl ude  the 32 an d C i  Road s i te ,  the  Unaweep s i te ,  the Fr u i t a  s i te ,  an d 
l oca l bor row areas at the Cheney Re ser vo i r  and Two Road s i tes . 

The 32 an d C i  Road borrow s i t e cons i s ts of four pr i v ate l y  own ed  
p i t s l ocated 6 . 5  m i l es east of the Grand J unct i o n  s i te an d w i th i n  0 . 2 5 
mi l e  of eac h  other . The p i ts cover a total of  approx i matel y 70 ac re s .  
The nearest res i d ence t o  the s i te i s  wi th i n  one mi l e  o f  any o f  the  four 
p i ts .  There are orchards in  the area  wh i c h are i r r i gated occa s i on a l l y .  

The Unaweep bo rrow s i te i s  l ocated 47 m i l es sout hwes t o f  the Gran d 
J unct i on s i te i n  Unaweep C anyon . The s i te i s  Federa l l y  own ed an d i s  man 
aged by the U . S .  Bureau of Land Managemen t .  There are no res i d e nces  
w i th i n  0 . 25 m i l e  of the s i te .  The  Un aweep s i te cons i s ts of ap p rox i mate 
l y  25 acres an d wou l d  be us ed on l y  under the s tab i l i z at i on on s i te 
a l ternat i v e .  

The Fru i t a bo rrow s i te i s  l ocated 21 . 9  m i l e s e ast  of the  Two Road 
s i te i n  Fru i ta an d wou l d  be us ed on l y  under the Two Road a l ter na t i v e .  
The s i te i s  a p r i vate ly  own ed s an d  and grave l  p i t  an d cons i sts  o f  app rox
i mate l y  10 ac res . I r r i g at i o n d i tches run  ad j acen t to the  p i t . A ready
m i x concrete p l an t  i s  a l s o  l ocated ad j acen t to  the p i t . Th e n e are s t  
res i dences  are o n  smal l i r r i g ated farms l o cated approx i mate l y  0 . 25 m i l e  
to the e as t .  

Sec t i ons  4 . 9 . 3  an d 4 . 9 . 4  de scr i be the ex i s t i n g  l an d  u s e  for t he 
Cheney Re ser vo i r  an d Two Road s i tes . Th us , l and  u se  i n format i on for the  
l oca l  bo rrow area  at  the Cheney Re servo i r  an d Two Road s i tes may be ob 
ta i ned by referr i n g  to those  sect i o n s ( DO E ,  1 985 ) . 
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K . 4 . 1  NO ACT ION  

K . 4  I MP ACTS ON  LAND USE 

The no act i on a l ternat i ve wou l d  prec l ude the 114 acres compos i n g  
the Grand J unct i on s i te from any a l ternat i ve l an d  us e .  The P arks  and  
Recreat i on P l an of the C i ty of Gran d J unc t i on , wh i ch des i g nates  the l an d  
area  occup i ed by the s i te as p art of the p roposed Co l orado R i v er P ar k  
Sys tem , wo u l d  b e  affected . I n d us tr i a l d e ve l opment ,  wh i c h  i s  the  p r i mary 
l and  us e i n  the v i c i n i ty of the s i te ,  wou l d  a l s o  be affected ; however , 
because there i s  an ab undance of av a i l ab l e  i n d ustr i a l l y zoned  l an d  i n  
the  area ,  the i mp act  wo u l d  be s l i gh t .  

C urrent  1 an d va 1 ue s for 1 arge parce l s  of i n d us tr i a l l an d i n  Gran d 
J unct i on ran g e  from appro x i mate l y  $ . 2 5 per  sq uare foot to $1 . 00 per 
sq uare foot ( R az ga ,  1984 ) . App l y i n g  these  va l ue s  to the 114 acres  of 
the Grand J un c t i o n  s i te ,  the es t i mated va l ue of the p arce l , free of con 
tam i nated mater i a l s  an d av a i l ab l e  for de ve l opme n t ,  wo u l d  ran ge be tween  
$1 . 3  m i l l i o n  and $ 5 . 0  m i l l i o n . Because  the s i te i s  w i th i n  the  100-ye ar 
f l oodp l a i n ,  the va l ue of the p arce l may be be l ow even the $1 . 3  m i l l i on 
es t i mate . Mes a Co unty d i scour ages  deve l opment  i n  the  f l oodp l ai n ,  wh i l e 
the c i ty of Grand J unct i on ,  i f  i t  i s sued a F l ood p l a i n  Deve l opmen t 
Perm i t ,  wo u l d  req u i re  cos t l y  speci a l  con struct i on to meet f l ood p l ai n reg 
u l at i on s .  The p arce l w i thout the contami n ated mater i a l removed i s  of 
l i tt l e  market  v a l ue ,  s i nce the cost of remov i n g the ta i l i n g s  wou l d  h ave  
t o  b e  i n c urred before any deve l opme n t  wou l d  b e  po s s i b l e .  The no  act i on 
a l ternat i ve wou l d  have  n o  i mp act  on l an d  va l ues of parce l s surrou n d i n g  
t h e  s i te .  

K . 4 . 2  D I SPOSAL AT THE GRAND J UNCT ION S I TE 

Stab i l i z at i o n  of the tai l i n gs p i l e  at the  Grand J unct i on s i te wou l d  
prec l ud e 93 acres  from any a l ternat i ve l an d  us e .  The l an d  occup i ed by 
the stab i l i zed ta i l i n gs  p i l e  wou l d  not be us ab l e  as de s i g nated by the  
c i ty of  Grand  J unct i on for  p art of  the p roposed Co l orado  R i ver  Park  
System . It  wo u l d  a l s o  be unava i l ab l e  for  i n d us tr i a l us e ;  howe ver , t h i s  
i mp act  s ho u l d  be s l i gh t  g i ven the ab undan ce of l an d  av a i l ab l e  f or i n dus 
tr i a l d e ve l opmen t i n  the area .  

The 9 3  acres , f ree of contam i n ated mater i a l s ,  wou l d  b e  v a l ue d  at ap 
prox i mate l y  $1 . 0  m i l l  i on i f  the l ow p r i ce  i n  the r ange  of p r i ces  of 
Gran d J un ct i o n  i n d us tr i a l l an d  per s q uare foot ( $ . 25/sq  ft ) were deemed 
an appropr i ate p r i c e .  Th i s  va l ue may be h i g h  d ue to the s i te ' s  l ocat i on 
i n  the 100-ye ar f l ood p l a i n . Stab i l i z at i on of the ta i l i n gs on the s i te 
co u l d  pos i t i ve l y  affect the va l ues of l an d  p arce l s i n  the prox i mi ty of 
the s i te ;  howe ver , g i ven the ab undance of b u i l d ab l e  l an d  in Gran d 
J unct i on an d be caus e the presence of the u n stab i l i zed  ta i l i n gs  p i l e  ap 
paren t l y  h as h ad l i t t l e effect on l an d  va l ue s ,  any s uch  pos i t i v e  act i on 
wo u l d  be s l  i gh t .  

A to ta l  o f  132  acres wo u l d  be d i s turbed at the Gran d J unct i on s i te 
dur i n g  the con struct i on per i od . The tot a l  i nc l udes the 1 14  acres of  the 
proce s s i n g  s i te an d an  ad d i t i ona l 18 acres  wh i ch wou l d  h ave  to be p ur 
ch ased . The 18 acres purchas ed wo u l d  become p art of the  93 acres mak i n g 
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up the acreage permanent l y  occup i ed by the  s tab i l i zed p i l e .  Th e excava
t i on of borrow mater i a l s  wou l d  d i sturb approx i mate l y 25  acres at  the Un a 
weep C anyon borrow p i t  an d 7 0  acres a t  the 3 2  an d C i borrow p i t .  The 
Unawe ep Canyo n p i t  wo u l d  be i n  a remote l ocat i o n ,  wh i l e  t he 32 an d C i 
borrow area  con s i sts  of  ex i st i n g  pr i v ate l y  own ed grav e l  p i ts ;  t hu s , tem
porary an d permanent  i mp acts  at  borrow s i tes wo u l d  be m i n i ma l . 

D i spo s a l  at the Grand J unc t i on s i te wo u l d  h ave  on l y  a n egl i g i b l e i m
pact or no i mp act on ex i s t i n g  or future ag r i c u l tur a l  resources . S i m i 
l ar l y , n o  ex i st i n g  tran sportat i on corr ido rs or recreat i on a l  s i te s  o r  re
sources  wo u l d  be  affected . However , as men t i oned prev i ou s l y , future re
creat i ona l resources  c ou l d  be affecte d .  

K . 4 . 3  D I SPOSAL AT THE  C H E N EY R ESERVO I R  S I TE 

D i sposa l  of the t a i l i n gs at the Cheney Reservo i r  s i te wou l d  p erman 
ent l y  remove  approx i mate l y  80 acres of  ran ge l an d from the B ureau o f  Lan d 
Management  Kan nah  Creek al l otment . The acreage occup i ed by the s ta
b i l i zed  p i l e  wo u l d  be unava i l ab l e  for o i l an d gas  exp l o rat i on .  A s t ab i 
l i zed  ta i l i n g  p i l e  at the s i te ,  wh i c h  i s  s urrounded  by Federa l l y  own ed  
l an d , wo u l d  h ave  no i mp act  on  area  l an d  va l ue s .  D i spos a l  at  the Cheney 
Reser vo i r  s i te wo u l d  make the 1 1 4- acre Gran d J unct i o n  s i te av a i l ab l e  f or 
further deve l opment . 

D ur i n g  the construct i on per i od ,  a total  of  480 acres at the Cheney 
Reservo i r  s i te wou l d  be d i sturbed . Of th at tota l , 80 acres wou l d  be 
used for ta i l i n gs d i s posa l  an d 400 acres wo u l d  be used  to obt a i n  bo rrow 
mater i a l . An add i t i on a l  14 acres of l an d  i n  the v i c i n i ty of the  s i te 
wo u l d  be d i s rup ted for an acce s s  road . F i n a l l y, the  1 14-acre Gran d J un c 
t i on s i te wo u l d  be temporar i l y d i srup ted d ur i n g  the  re l ocat i on t o  Cheney 
Reservo i r .  

The perman en t an d tempor ary l os s  o f  acreage  at the  Cheney Reservo i r  
s i te wou l d  affect ranchers  who are perm i tted  to run the i r  cat t l e  on t he 
B ureau of Land  Management Kan nah  Creek graz i n g  a l l o tment .  However,  con 
s i der i n g  the sp arse ch aracter of  the are a l s  vegetat i on an d the s i ze o f  
range  i n  re l at i on to t h e  acreage permane n t ly  l o s t  d ue t o  the con s truc
t i on per i od ,  the i mp act  of affected catt l e  oper at i on s  wou l d  be  sl i g h t .  
T h e  potent i a l f o r  ag r i c u l tur a l  deve l opment  a t  t h e  Cheney Re servo i r  s i te 
ex i sts  becaus e of  the l an d i s  f avorab l e  s l op e ,  ava i l ab l e  water ,  an d prox 
i m i ty to the K an na h  Creek farms . D i sposa l  at the Cheney Re servo i r  s i te 
wo u l d  p rec l ude 80 acres from s uc h  deve l opment .  

D i spo s a l  at Cheney Reservo i r  wou l d  not  be expected t o  affect the e l 
ectr i c  power transm i s s i on l i n e wh i ch crosses  the s i te or the l i n e  that  
occurs  east of  the s i te .  No effects  on ex i s t i n g  or future recre at i on a l  
resources i n  the area  wo u l d  be expected . 
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K . 4 . 4  D I SPOSAL AT THE TWO ROAD S I TE 

D i sposa l  o f  the ta i l i n gs at the Two Road s i te wo u l d  p erman e n t l y  p re 
c l ude 80 acres from any a l ternat i v e l and  us e .  Th us , t h e  s i te ,  wh i c h i s  
curren t l y  under an o i l and gas l e ase , wou l d  not  be av a i l ab l e  for  ex p l o ra
t i on .  The 80 acres wo u l d  be p ermanen t l y  removed from the B ureau o f  Land  
Management  Bar  X graz i n g  a l l o tmen t ,  wh i c h  i s  s t ab i l i zed , Feder a l l y- own ed 
l and . D i spos a l  at the Two Road s i te wou l d  make the 1 1 4-acre Gran d J un c 
t i on s i te av a i l ab l e  for further deve l opmen t .  

D ur i n g  the co n s truct i on per i od ,  80 acres wou l d  be d i srupted  at t h e  
Two Road s i te ,  n o t  i n c l ud i n g acce s s  road s .  Two Road , U . S .  H i ghway 6 & 
50 , and approx i mate l y  two acres of  l an d  for other access  road s  wou l d  be 
d i sturbe d  an d up graded  as necessary to en s ur e  safe an d eff i c i en t  r e l oca
t i on of  the  ta i l i n gs . An ad d i t i on a l  10 acres at  the  Fru i t a borrow  s i te 
wo u l d  be temporar i l y d i s turbed . F i na l l y , 1 1 4  acres at the Gran d J un c 
t i on s i te wo u l d  b e  d i sturbed . 

The permanent  l o s s  of  the 80 acres u sed for t he  Two Road s i te wou l d  
affect r anchers  who run the i r  s heep on the B ureau o f  Land Man agemen t B ar 
X a l l otmen t .  However , the  expan s i ve ran ge an d sparse  vege tat i on i mp l y  
that  these  effects  wo u l d  be neg l  i g i b l e .  No effects  on ex i s t i n g  o r  fu 
ture recreat i o na l resources i n  the are a wo u l d  be expected . Fe as i b i l i ty 
stud i e s for the G l enwood -Dotsero p roject i n d i cate that a l terna t i v e s  to 
t he  Two Road s i te for e vaporat i o n  ponds  are very expen s i ve d ue to p ump 
i n g  req u i reme n t s ;  i f  the State of  Co l orado  were to reve rse i t s dec i s i on ,  
wh i ch d i sa l l owed the  e vaporat i on pon d de s i gn ,  the  i n comp at i b i l i ty o f  t h e  
G l enwood -Dot sero an d ur an i um m i l l  ta i l i n g s  re l ocat i on p roj ects  cou l d  
jeopard i ze the G l enwood -Dotsero project ,  a s s um i n g  th at the t a i l i n gs  were 
re l ocated to  the Two Road s i te .  

K . 4 . 5 V I C I N I TY P ROPERTI ES 

Lon g -term l and  use i mp acts  wo u l d  be negl i g i b l e  i f  remed i  al ac t i on 
were tak en on the  es t i mated 3465 v i c i n i ty propert i e s  ( 86 6  acre s )  i n  
Grand J unct i on . The l and  us e s  an d zon i n g  o f  the  affected proper t i es 
wo u l d  not chan ge fo l l owi n g  the remed i a l act i on . However ,  ap prox i mate l y  
70 acres o f  open l an d  p roper t i e s  wo u l d  b e  ava i l ab l e  for de ve l opme n t  f o l 
l ow i n g the  c l e an up work . The affected p roper t i es wou l d  be d i sturbed  tem
porar i l y d ur i n g  t h e  27  mon ths  of  t h e  remed i a l act i on .  N o  m i n er a l  re
source s , recreat i ona l resource s ,  or  agr i c u l tur a l  resources wou l d  be  ex 
pected to be affected . Fo l l ow i n g  comp l et i on of the remed i a l act i on ,  
l an d  v a l ues o f  the affected propert i e s  conce i va b l y  cou l d  be s l  i gh t ly  en 
han ced , a l tho ugh  there i s  no ev i d ence that the ex i st i n g c on tam i n at i on 
has adverse l y affected property va l ue s .  
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Mesa Coun ty Eng i neer and Grand J unct i on C i ty E n g i neer , 1 983 . Persona l commun i ca-
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Affa i rs ,  Demograp h i c  Sect i on ,  Den ver ,  C o l orado . 

P l an n i n g  an d As sessment System , 1984 . "Demograp h i c  P roj ec t i o n s  - Co l orado  
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1 980 : Vo l ume 8 ,  Rocky Mo unta i n Regi on , U . S .  Bureau of  Econom i c  Ana l ys i s , 
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L . l . l 

L . l  I NTR OD UCT I ON 

BACK GR OU N D  

Th i s  report prov i d es back grou nd  i n format i on o n  the Gr an d Ju nct i on 
v i c i n i ty proper t i es ,  desc r i bes  the r emed i al ac t i on p roce s s ,  an d p rov i d es 
e n g i neer i n g  es t i mate s for rened i a l ac t i o n .  Th i s  i n format i on was then  
u sed to  est i mate t he iflll ac ts o f  r emed i al ac t i on at  the  v i c i n i ty p roper 
t i es .  The te xt of  th i s  Env i ronme nt al Imp act St atement  ( E I S )  des c r i b e s  
t he  e x i s t i n g  env i ronme nt an d e nv i ronme nt a l  imp ac t s  o f  r emed i a l  act i on at 
t h e  v i c i n i ty proper t i es .  Reme d i a l  ac t i on of  the areas ad j ac ent to t h e  
ta i 1 in g s  p i  l e  th at h ave  been co ntam i n ated  by w i n d  an d water ero s i on of  
t h e  ta i l i n g s  are d e sc r i b ed i n  Append i x  B ,  Eng i n eer i n g  Des i g n s .  

Tai l i n g s  from the Gr an d Ju n ct i on tai l i n g s  p i l e  h av e  been removed 
an d used as f i l l  an d as con stru ct i on mater i a l at l ocat i on s  in  the v i c i n 
i ty o f  Gr an d  Ju n ct i on .  Th ese l ocat i on s  are c a l l ed II v i c i n i ty p roper 
t i es . 1I Th i s  ac t i v i ty occu rred before the  pote nt i a l h e a l th h azards of  
the  ta i l i n g s  wer e  reco g n i ze d  an d t h i s  r emov a l  of  the ta i l i n g s  i s  no 
l onger a 1 1  owed . 

The pr i n c i pa l  h azard as so c i  ated w i th the  ta i  1 i n g s  r es u l t s from the  
i n h al at i on of  rado n -222  an d rado n  d au g h ter s .  Rad o n -2 2 2  i s  an i n er t gas 
p rod uced from th e rad i o act i v e  decay of the r ad i um- 2 26 co nta i n ed in the 
t a i l i n g s .  As a gas , radon -222  can d i f fu se throu g h  the ta i l i n g s  an d i n 
t o  the atmo s ph er e . In the atmo s pher e ,  r ad o n -222  decays i n t o  i t s so l i d  
d au ghter  prod ucts w h i c h  attac h  to dust  part i c l es an d ar e i n h a l ed by  h u 
man s . These  d u st  p art i c l es ,  w i th the r ad on d au gh ter  p rod uct s attac hed , 
may ad her e t o  the  1 i n  i n g  o f  the l u n g s  an d decay w i th the r e l e ase o f  r ad i 
at i on d i rect ly  t o  the  l u ng s .  I f  the co n ce ntrat i on o f  r ad o n -2 2 2  an d i t s 
d au ghter prod ucts  i s  h ig h  e nough  an d t h e  exposure  t i me  l ong  e nou gh  can 
cer may deve l op .  Th i s  expo su re p athway i s  e s pec i a l ly imp or tan t i n  
c l osed structures  such  as homes becau se the  con ce ntrat i on o f  r ad o n -2 2 2  
can b u i l d  u p  t o  h ig her l e ve l s  t h ifl  occur i n  t h e  amb i ent atmo s ph er e . 

Gamma rad i at i on i s  a l so em i tted  from the tai l i n g s .  Gamma r ad i at i on 
be h aves  i n dependent ly  o f  the atmo s ph er e an d trav e l s  i n  a stra i g h t  1 i n e  
un t i l i t  imp acts  w i th mat ter . Gamma rad i at i on de l i v er s  an exter na l 
exposure  to  t he w ho l e body w h ic h  may a l s o  c au se can cer t o  deve l op .  

T her e ar e two progr ams w h i c h  i n v o l ve t he c l ean up o f  v i c i n i ty p roper 
t i es i n  the Gr an d  Junct i on area.  Th e Gr an d  Junct i on Remed i a l Ac t i on 
P ro gr am ( G.:R A P )  i s  oper ated by t h e  St ate o f  Co l or ad o  an d t he Ur an i u m  
M i l l Ta i l in g s  Remed i a l Act i on ( U MTRA )  pro gr am oper ated by the  U .S .  
D ep artme nt of  Ener gy ( DOE ) .  

I n  pas s i n g  the Ur an i um  M i l l  Tai l i n g s  
( UMTR CA ) , Pu b l i c  L aw 95-604 , t h e  U .S . 
E nv i ro nme nt a l  Prote ct i on Age n cy ( t:P A ) 
r emed i a l ac t i on at UMTRA Proje ct s i tes . 
Append i x  A ,  E PA  Standards . 
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Based on  i n i t i al r ad i o l og i c a l  sur veys in  t he Gr an d  Junct i on ar ea ,  a 
t ot a l  of 6905  s i tes  ( horres , cOf1'1l'rerc i a l e stab l i sh rre nt s ,  vacan t  l ot s ,  an d 
pu b l i c  fac i l i t.i es ) h ave  been de s i g nated as po s s ib l y  need i n g  reme d i a l  ac 
t i on .  Howe v er , the  Dep artment  of  Ener gy ( DOE ) est i mates  t h at ad d i t i on a l  
r ad i o l o g i c a l  surveys w i l l  s how  t h at many  o f  t hes e s i tes  do  n ot co nta i n  a 
r ad i o l o g i c a l  h azard suff ic i ent t o  warran t  remed i a l ac t i on or t h at t he e l 
ev ated l e v e l s  o f  rad i at i on are cau s ed by sou rce s ot her t h a1  uran i u m  ta i l 
i n g s .  DOE est i mates  t h at o n l y  3648 s i te s  w i l l  u l t i mate ly  r eq u i r e  
r emed i a l ac t i on ( DOE , 1 984 ) . Th i s  i s  bas ed o n  h i st or i c a l i n cl u s i on 
r ates ov er the pas t  two years . S i n ce r eme d i a l  ac t i on h as been corrp l e ted  
at  appro x i mate ly  200 p roper t i es ,  remed i a l act i on at 3465  propert i es i s  
ad dres sed i n  t h i s  E I S .  

L . 1 . 2 RE LATIO NSH I P  B ETWE EN THE UMTRA P ROJECT  AN D G JR A P  

I n  June , 1 9 7 2 ,  t he  U .S . Congr es s  p as sed P u b l i c  L aw 92-31 4 wh i c h  au 
t hor i zed the  State o f  Co l or ad o t o  perform reme d i al act i on at cer tai n 
Gr an d  Ju n ct i on v i c i n i ty proper t i es .  Th i s  proje ct i s  c a l l ed t h e  Gr an d 
J un ct i on Remed i a l Act i on Pro gr am ( G JR A P )  an d was t he f i rs t pu b l i c  p ro
je ct deve l oped to s u p por t the c l ean up of  ur an i um m i l l  t a i l in g s .  G JR AP 
i s  s i m i l ar t o  t he UMTRA Pro je ct v i c i n i ty p roper ty p ro gram .  

T h e  G JR AP i s  adm in i ster ed by t h e  S t ate o f  C o l or ad o an d i s  f in an ced  
w i  t h  75  percent  Feder a 1 funds an d 25 per cent  s t ate f unds . G JR AP appl  i es  
o n l y  t o  uran i um t a i l i n g s  t h at af fect r ad i at i on l e v e l s  i n  h ab i tab l e  s tru c 
tures wh ich  ge ner a l l y  i n v o l ves tai l in g s  bene ath an d w i t h in  1 0  fee t  o f  
t he  structures . 

The stan d ards an d cr i ter i a  fo r G JR A P  r emed i a l act i on wer e  p romu l g a t
ed  i n  December , 1 9 72 ,  by  t he  Atom i c  Ene r gy  Commi s s i on ( now t he  Nu c l ear 
R e gu l at ory Comm i s s i on )  an d are co nta i ned  in 10 C FR Part 12 . 

Appro x i mate ly  650 v i c i n i ty proper t i es hav e  been i d e nt i f i ed as qua l 
i fy i n g  for reme d i a l  act i on un der GJRAP  an d remed i a l act i on h as been  p er 
formed a t  ap prox i mate ly  500 p roper t i es .  The r em ai n der o f  t he p roper t i es 
ar e sch ed u l ed for reme d i a l act i on by 1 987 . Of t h e  650 proper t i es pres 
ent ly  e l i g i b l e  under GJR A P ,  ap prox i mate l y  1 50 p roper t i es may a l s o  be e l 
i g i b l e  for t he UMTRA Project v i c i n i ty proper ty program .  These  
p ro per t i es are ca l l ed " dovetai l p roper t i es . "  Dov e tai l p roper t i es are 
t h o se  h ab i t ab l e str uctures  w i t h t ai l in g s  bene ath an d w i t h in 10 fee t of 
the str uctu res wh i c h  t her eby qu a l  i fy un der G JR AP , an d wh ic h a l s o  h av e  
t a i l i n g s  fur ther from the stru ctures , exceed U MTRA Proje ct stan dards , 
an d t her eby qua l  ify under t h e  UMTRA Project v i c i n i ty p roper ty p ro gram . 
Remed i a l  act i on at t hese  proper t i es i s  performed at one t i me  w i th t he  
costs  s h ared be t\\e en t he  G JR AP an d U MTRA Proje ct p ro gr ams . 

P u b l i c  L aw 92-31 4 was ame nded i n  Feb ru ary,  1 9 78 ,  by P u b l  i c  Law 95-
236  to  a l l ow owners · appl i c at i on t o  t he program to be  exte nded t o  J u ne , 
1980 .  

Tab l e  L . 1 . 1  prov i d es a corrp ari son of  the  G JR A P  an d U MTR A Proje ct 
p ro gr ams . Contam in ated mater i als exc av ated un der GJR AP  are temp or ari ly  
s t ored at  the  State Repo s i tory ad j acent  t o  the  Gr an d Junct i o n  ta i  l i n g s  
p i l e .  These  co ntam in ated mater i a l s  w i l l  be ad ded t o  t he Gr an d Junct i on 
t a i l i n g s  p i l e  d ur i n g  reme d i a l  ac t i on on t he p i l e .  
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Tab l e  L . 1 . 1  Comp a r i son of  GJRAP an d UMTRA P roject v i c i n i ty 
p roper ty p rograms 

1 .  GJRAP ( P L92- 31 4 )  was p as sed i n  
1 9 72 ,  t he  f i r st Federa l l eg i s
l at i on to s upport  c l e an up of  
ur an i um m i l l  ta i l i n g s . 

2 .  GJRAP i s  man aged by the  State 
o f  Co l or ado . 

3 .  GJRAP app l i ed on l y  to hab i tab l e  
structures w i th i n  Mes a  County,  
Co l o rado . 

4 .  GJRAP i s  l i mi ted to remed i a l 
act i on on ta i l i n g s  that affect 
rad i at i on l e ve l s  i n s i d e  struc 
tures . Genera l l y ,  th i s  
i n vo l ves  ta i l i n g s  under  and 
w i th i n  10 feet of  the  str uctu r e .  

5 .  GJRAP excl udes remed i a l act i on 
on ta i l i n gs  that do not affect 
b u i l d i n g s . Vacan t l ot s  for 
examp l e , are not e l i g i b l e  
for  c l e an up under GJRAP . 

6 .  GJRAP w i l l  i n vo l v e the  c l ean up 
of abo ut  650 b u i l d i n g s . 

7 .  F i nanc i n g  for GJRAP i s  p ro v i ded  
us i n g  75 percen t Feder a l an d 
25  percen t state funds . 
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UMTRCA ( P L95-604 )  wa s  author i zed  i n  
1978  to p ro v i de for  the  s t ab i l i z a
t i on an d con tr l of  uran i um m i l l  
ta i l i n g s  at des i g nated i n act i v e  m i l l  
s i tes . 

The UMTRA P roject i s  mana ged by t h e  
U . S .  Departmen t of  Energy .  

The UMTRA P roject covers  24 m i l l  
ta i l i n g s  s i tes i n  10 d i fferent 
stat e s ,  and  the i r  r e l ated v i c i n i ty 
p roper t i e s .  

The UMTRA P roj ect doe s  not i n c l ude  
p ropert i es qua l i fy i n g  for  r emed i a l  
act i on un der GJRAP , excep t under  
spec i a l  c i rcumstance s .  

The UMTRA  P roject c l ean s up a l l 
e l i g i b l e  v i c i n i ty proper t i es 
i n c l ud i n g open l an d .  

Th e UMTRA P roject i s  respon s i b l e  for  
an e st i mated 3648 v i c i n i ty p roper
t i es i n  Mesa  Co u n ty ,  an d i s  not  
l i mi ted  to hab i t ab l e  structures . 

F i nanc i n g for the UMTRA P roject  i s  
prov i de d  us i n g  90 percen t Federa l  
an d 10 percen t state fu nd s .  
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L . 2  DESCR I PT I ON OF THE GRAN D JUNCT I ON V I C IN ITY PRO PERT I ES 

As d i scu s s ed i n  Sect i o n  L . 1 . 1 ,  an e s t i mated 3465 v i c in i ty proper t i es w i l l  
r eq u i r e r emed i a l ac t i o n .  As s hown be l ow these  proper t i es h av e  been d i v i d ed i n t o  
four cate gor i es :  

C ategory 

Res i dent i a l 
Comme r c i  al 
O pen L an ds 
Comp l ex 

Tot al 

E s t i m ated n umber 
of propert i es 

2527  
6 61 
2 64  

1 3  

346 5 

Res i dent i a l v i c in i ty proper t i e s  are  homes an d apartrrents  wh i c h  may h av e  
t a i l i n g s  arou nd an d be neath the struct u r es . Commerc i al v i c in i ty p roper t i e s ar e 
bus i n e s se s ,  schoo l s ,  pu b l i c  ut i l i t i es ,  or other pu b l i c  structures w h i c h  may h av e  
ta i l i n g s  arou nd  or  beneath the str u ct u re s .  Ope n l an ds ar e v i c i n i ty proper t i es 
wh ich  cont a i n  no str u ctures an d wher e tai  l i n g s  h av e  been used as f i l l  mater i a l .  

Comp l ex v i c i n i ty p roper t i es ar e an y pro per t i e s ( i n c l u d i n g  homes , bus i n es s 
es , or open l an ds ) w her e the e s t i mated  co sts of  r eme d i a l  ac t i on exceed $ 350 ,000 .  
These  p ro per t i es ar e us u a l ly  bu i l d i n gs  wh ic h h av e  str u ct u r a l co ntam in at i on .  
Struct u r a l  co nt am in at i on may i n c l ude  ceme nt o r  co n cret  wh i c h  was formed  wi th  
ta i l i n g s .  Comp l ex v i c i n i ty proper t i es may al s o  i n c l ude vac an t l ot s  w her e l ar ge 
quan t i t i es of  tai l in g s  wer e  used as a sou rce  o f  f i l l  i f  the  r emed i a l ac t i on 
costs  wou l d  e xceed $ 350 ,000 . 
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'- . 3 . 1 

L . 3  REME D I AL ACT I ON PROCE D URES  

I N TR OD UCT I ON 

The fo l l ow i n g  d i scu s s i on of  the r emed i a l ac t i on p roced u r es was s um
m ar i zed from a p aper pres ented at t h e  1 985 Waste Man agem: nt Symp o s i u m  i n  
Tucs o n ,  Ar i zo n a  ( Stas s i  e t  a l . ,  1985 )  wh i c h  i s  her eby i n co rpo rated by 
r efer en ce .  

V i c i n i ty proper t i es must  be i dent i f i ed ,  i n c l uded , eng i neer ed ,  an d 
c l e an ed up . On ce a proper ty i s  c l e an e d  u p ,  ver i f i c at i on th at E P A  s t an 
d ards h ave  be en me t  must  be e s t ab l i shed . A ge ner i c  p roper ty s c hed u l e  i s  
p rov i d ed i n  F i g ur e L .  3 . 1  t o  i l l u s tr ate the steps  o f  the pro ce s s  an d t he 
r e l at i v e  t i m:  req u i red to  ac corJ'l) l i sh eac h  tas k .  A de tai l ed out l i n e  o f  
the rem:d i a l ac t i on proce s s  i s  cont ai n ed i n  the V ic i n i ty Pro per t i es 
M an ageme nt an d Imp l eme ntat i on M an u a l  ( VPM I M )  ( DOE , 1 9 84a ) . Th i s  proce s s  
i s  s u mm ar i zed  be l ow .  

L . 3 . 2 PROPERTY EL I G I B I L I TY 

Pro perty i dent i f i c at i on 

As the f i rst  step i n  the c l ean up o f  UMTR A Proje ct v i c i n i ty p roper 
t i es ,  aer i a l s ur veys wer e  cond u cted be tween 1 9 7 7  an d 1 983 by the  DOE t o  
i d e nt i fy ar eas around  ur an i um  t a i l in g s  p i l es w h i c h  cou l d  pos s i b l y b e  co n 
t am i n a ted . Mob i l e gr ound  sur veys wer e a l s o  per form:d t o  fu r ther def in e  
the l oca t i on an d quan t i ty o f  these v i c i n i ty proper t i es .  I n  ad d i t i on ,  
be twe e n  1 9 72 an d 1 980 ,  o n - s i te sur veys we r e  co nducted by var i ou s  
ag e n c i es on i n d i v i d u a l  proper t i e s .  

Des i gn at i on s  

V i c i n i ty pro per ty I Ides i g n at i on ll i s  the  proce s s  by wh i c h  i n format i o n 
from aer i al ,  mob i l e van , an d o n -s i te s u r veys i s  u sed t o  i d e nt i fy an d 
l i s t can d i d ate s  fo r UMTR A Proje ct r eme d i a l act i on .  Th e DOE d e s i g n ate s  
t ho se  proper t i e s  fo r wh i c h  ur an i u m m i l l  t a i l i n g s  co n t am in at i on i s  
s u s pected . 

Property i nc l u s i on - -def i n i t i on and p urpose 

Pr i or to be g i n n i n g  reme d i a l  ac t i on ac t i v i t i e s ,  e ac h  p roper ty mu s t  
be ev a l u ated to  de term i ne  i t s e l i g i b i l i ty for i n c l u s i on i n  the UMTRA  
Project . II I n c l uded ll pro per t i es ar e tho se  proper t i es at  wh i c h  the  ex i s 
te n ce o f  res i d u a l  r ad i o act i v e  co ntam i n at i on i n  exces s of EPA  s t an d ards  
h as be en  co nf i rmed . Th e i n cl u s i on eva l u at i o n  u s u a l ly i n v ol ves  o n - s i te 
r ad i o l og i c a l  s ur veys ; howe ver , mob i l e r ad i at i on s u r veys h av e  be en u s ed 
i n  som: c as es . The s ur vey i n format i on i s  e v a l u ated an d a r ecomrre nd a t i on 
i s  mad e  to  t he DOE for i n c l u s i on or exc l u s i on .  
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Pre l i m i n ary rad i o l og i c a l  data  deve l oped by t he E P A  an d ot her s ar e 
f i rst refer en ced to  as s i s t i n  mak i n g  an i n cl u s i on d e term in at i on .  Shou l d  
ad d i t i on a l  d ata  b e  r equ i red ,  ad d i t i ona l o n -s i te sur veys wou l d  b e  con
d u cted t o  ac qu i r e s upp l eme n t a l  me asureme nt s .  Pr i or t o  t he i n  i t i  at i on o f  
an y i n c l us i on s urvey work , t h e  consent  of  t he pro per ty O'hTler mu s t  be 
ob ta i ned . 

On ce consent t o  sur vey a p roper ty i s  r ece i v ed from the  p roper ty 0'hTl 
er , a s urvey i s  conducted to  i d en t i fy r es id u a l  r ad i o act i v e  mater i a l i n  
exces s of t h e  E PA s t an d ards . A stan dard sur vey proced ur e i s  emp l oyed 
cons i st i n g  of a surfac e  gamma sc an in doors an d ou td oors . So i l  s amp l i n g  
an d an a l ys i s ,  an d work i n g  Leve l  ( WL )  me asureme nts  are conducted o n l y  i f  
r equ i red . The sur vey proced ur e i s  de s i g ned  t o  o pt i m i ze t i me  an d t o  p ro
v i d e  fo r exte nded me asureme nt s  on l y  as t hey are r equ i r ed . 

Cr i t i c a l  data  ge ner ated by t h e se sur veys cou l d  i n cl ude : max i mum  r a
d i  at i o n  expo sure l e ve l s  r ecorded ou t s i d e  an d i n s i d e  any h ab i tab l e  s tr u c 
tur es , rad on d au ghter co ncentr at i ons i n  the ai r ( i n doors on l y ) , an d so i l  
rad i um-226 conte nt i n  sus pected cont am in ated areas . Thes e data  are used 
by DOE for t h ei r in c l u s i on/exc l us i on de term in at i on .  On ce a v i c i n i ty 
proper ty h as been off ic i a l ly in cl uded by the  DOE , eng i n eer i n g  de s i g n s  
are p rep ared fo r reme d i a l  ac t i on .  

L . 3 . 3  PRE PARATI ON FOR REME D I AL ACT I ON 

P urpose 

Pro per t i es wh i c h  h ave been i n c l u ded in  t he UMTRA Project fo r 
r emed i a l ac t i on are fur ther as ses sed from a r ad i o l og i c a l  an d eng i 
neer i n g  v i ewpo i n t  so t h at pre l i m in ary des i g n  for a r emed i a l ac t i on a l ter
n a t i ve , or s e t  of  a l ternat i v es ,  can be gener ated . The R ad i o l og i c a l  an d 
Eng i n eer i n g  As ses sme nt (REA ) def ines  t h e  area l e xtent  an d d epth  of  any 
t a i l i n g s  mater i a l wh i c h  e xceeds t h e E P A  c l ean up s t an dards . 

Once a property ' s  RE A i s  ap proved by DOE , NR C ,  an d the state , t h e  
pro per ty O'hTler enters in t o  an ag r eement w i  th t h e  DOE wh i c h  ou t 1 i nes  t he 
r emed i a l ac t i on p l an for h i s  proper ty . Th i s  i s  c a l l ed a Reme d i a l  Act i o n 
Agr eeme nt ( RAA ) . Th e REA an d RAA p roces ses are d i scu s sed be l ow i n  fu r 
ther d e tai 1 .  

R ad i o l ogi ca l  a nd  Engi neer i ng Asses sment  

The  data ob ta i ned  du r i n g  the  in c l us i on sur vey ar e used as a b as e
l i ne  for t he REA  sur vey . Th e REA  r ad i o l og i c a l  as sessme nt def ines al l 
t a i l i n g s  depo s i t s on a proper ty . DOE gener a l l y  performs a comp l e te s ur
face gamma sc an of  t he  proper ty . Are as o f  s us pected cont am in at i on are  
ou t l  i n ed  on  a map an d fur ther i n v es t i g ated wi th gr i d  gamma s u r veys an d 
dr i 1 1  ho 1 es • 
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Gener a l l y ,  t he  DOE per forms gamma s u r vey me as u r eme nt s  on the i n ter i 
or o f  a stru ct ure  o n l y  i f  the i n cl u s i on s ur vey h as i d e nt i f i ed e l evated 
r ead i n g s  or pote n t i  al ar eas of  contam in at i o n  i n s i d e  the  s tructu r e . Th e 
ar eas of i n door co ntam i n a t i on are  def ined  by cOfll) l e te ly  gamma scan n i n g  
t h e  room wher e co n tam i n an t s  ex i st .  I f  e l evated  surface  gamma r ead i n g s  
ar e noted a t  t h e  f l oo r  o f  a str u ctu r e , ho l es are dr i l l ed t h rou gh the  
fl oor , w i th perm i s s i o n from t he  proper ty owner , an d t hrou gh  the s us pect 
ed  depo s i t . A twc- i n ch by two- i n ch N a I d e tect or i s  l ower ed i n  t he d r i l l  
ho l e  an d s i x- i n ch i n creme nt a l  r ead i n g s  are tak en .  The depth  of  t he  
depo s i t  i s  e s t i mated bas ed o n  t h e  read i n gs t ak e n  i n  the ho l e .  

I f  po s s i b l e , al l ho l es are d r i l l ed t o  a depth  be l ow t he ta i l i n g s  
depo s i t . Howe ver , d r i l l  ho l e  dep ths  can vary based o n  two cond i t i on s :  
the  so i l  type , an d the  depth  o f  contam in at i on .  For ex amp l e ,  i f  d r i l l i n g  
t akes  p l ace  i n  rocky so i l  wi th h an d -h e l d  au gers , th e dr i l l  ho l e  dept h  
may not be suff i c  i ent ly  deep t o  pene tr ate the co ntam i n  a t  i on  b u t  may b e  
adequate t o  determ ine  t he dep th to  c l ean mate r i  al . 

The  l o cat i ons  of  dr i l l  ho l es are gener a l l y  de term in ed by surfac e  
gamma read i n g s  i n  an attempt t o  def ine  t h e  area l extent of t h e  d epos i t  
as we l l  as the dep th . Ho l es are us u a l ly dr i l l ed bot h w i t h in  the  sus 
pected co nt am in at i on areas an d arou nd the  outer per ime ter o f  these  
ar eas • 

I n  ar eas w her e the down ho l e  l og s  s ho w  no contam in at i o n  but  surf ac e  
gamma scan s  s t i l l  s ho w  e l ev ated surf ac e  r ead i n g s ,  " De l ta "  r ead i n g s  are 
tak e n  t o  conf i rm th at the  surfac e  read i n g s  ar e cau sed by s h in e  from ad j a
cent depos i t s .  

I n  ad d i t i on t o  dr i l l i n g  ho l es i n  ar eas o f  h ig h  gamma an omal i es ,  
ho l es may b e  d r i l l ed i n  s u s pected backf i l l areas . Thes e s us pected ar
eas i n c l ud e  bu i l d i n g  fou n dat i ons , ut i l i ty l i n es ,  an d t he l i ke . Th i s  
i d e nt i f i es bu r i ed ta i l i n g s  depos i ts w h i c h  may otherw i se be s h i e l d ed by 
co n crete fou ndat i ons  or c l ean f i l l .  

The  rad i o l og i c a l  i n format i on i s  us ed by DOE t o  es t i mate the  areal  
an d vo l ume tr i c extent  o f  contam i n at i o n .  From th i s  d e term i n at i on ,  DOE 
i d e nt i f i es des i g n  r equ i r eme nts  an d co st  es t i mates for r emed i a l  act i on .  
The  t ot a l  p ack age o f  i n format i on i s  comb i n ed  wi t h  draw in g s  an d i s  pre
sented in an REA .  

The REA  i n c l udes not on l y  a rad i o l og i c a l  as ses sme nt but  a l so  an as 
se ssme nt of  the  en g i n eer i n g  co n d i t i ons  an d co n s i d er at i o n s .  The e ng i ne er 
i n g  as sessme nt  ge ner a l ly  i n cl u des  a l e ga l  des c r i pt i on o f  t he proper ty , 
i d e nt i f i c at i on of  ut i l i t i es an d t he i r  l oca t i on s ,  any pote n t i a l  s af e ty 
h azards t h at shou l d  be co ns i dered d ur i n g  remed i al ac t i on ,  an d a cost  es 
t i mate for e ac h  co n s i d er ed o pt i on .  

The  cost e s t i mate s t h at are presented i n  t he REA i n c l u d e  quan t i t i es 
an d un i t  costs for e ac h  work i te m .  Un i t  costs are us u a l ly  based o n  p re
v i ou s  contracts  fo r s i m i l ar wor k ,  or o n  typ i c a l  co sts  for t h at geogr aph 
i c  l ocat i on .  
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The REA i s  s u bm i tted  to  DOE , NR C ,  an d the r es pect i v e  s t ate or tr i b e  
for comrre nt an d approv a l . The DOE  i n corpor ates  t h e  comme nt s from e ac h  
r es pect i ve  or gan i zat i on i n t o  a f in a l REA .  On no n comp l ex proper t i es ,  
draft REAs ar e not req u i r ed .  Th e f in a l REA  i s  used as t h e  b as i s  for d e 
ta i l des i g n  an d rerred i a l ac t i o n .  At t h i s  s t age the DOE i n terac t s  w i t h  
the  p roper ty owner t o  ob t a i n  h i s/h er agr eerre nt o n  the  propo s ed r eme d i  a l  
ac t i o n  p l  an . 

Remed i a l Act i on Agreements  ( RAA ) 

DOE must  ob t a i n  an RAA from eac h  p roper ty OWTler  whose proper ty r e
q u i r es r emed i a l ac t i o n .  An RAA i n c l udes  a des c r i pt i on of  t he r eme d i a l 
ac t i o n  p l an b ased on  the s e l ected o pt i o n  i n  the  f in a l  R EA .  I t  a l s o  p ro
v i des  t h e  proper ty owner w i th a guaran tee  th at t h e  proper ty w i l l  be  r e
s t ored t o  i ts or i g i n a l  co nd i t i on ,  a r e l ease o f  l i ab i l i ty ,  an d ,  i f  
r eq u i r ed ,  p rov i s i on s  for d i s l ocat i on an d re i mb urseme nt co s t . An RAA p ro
v i des  the DOE w i th an approv a l  for reme d i a l  act i on an d t i t l e  to t h e  r e
s id u a l  rad i o act i v e  mater i a l s . After t h e  RAA i s  fu l ly ap prov ed , DOE m ay 
be g i n  r emed i a l  ac t i o n .  

l . 3 . 4  REME D I AL ACT I ON 

Descr i pt i on 

Remed i a l act i o n  i s  the cu l m i n at i on o f  t h e  v i c i n i ty p roper ty p ro
ces s .  A l tho u g h  th i s  s t age r ep resent s ,  o n  the  aver ag e , l es s  t h Cll 10 per 
cent o f  e ac h  proper ty ' s  sc hed u l e ,  i t  rep res ents  near ly  75 perce nt o f  t h e  
c o s t  an d i s  t he  mo st  v i s ib l e p art o f  the v i c i n i ty proper ty p roces s .  
After remed i a l ac t i on ,  t h e  o n l y  steps  l e ft i n  t h e  v i c i n i ty p roper ty p ro
ces s are to  cer t i fy the  p roper ty ' s  cOfTl) l i Cll ce w i th EPA  s t an dards , t o  p ro
v i d e formal  not i f i c a t i on to the proper ty owner , an d to not ate the 
proper ty ' s  l e ga l  deed . 

For purposes of  th i s  d i sc u s s i on r emed i a l ac t i on i n v o l ves : co ntr ac t 
i n g ,  excavat i on ,  owner/te nan t  d i s l ocat i on ,  res t or at i on ,  h ea l th an d 
s afe ty , cOfTl) l e t i on r epor t i n g ,  cert i f i cat i on ,  an d d ocurre nt tr an sfer/arc h i 
v i  n g . 

Contract i ng 

A l l r emed i a l  act i o n  wor k on  v i c i n i ty p ro per t i es i s  per fo rmed by p r i 
vate co ntr ac t ors . Th e p refer ence i s  t o  prov i d e  wor k t o  l oca l s u bco ntr ac 
t ors  so t h at mo ney can be  fed i n t o  t he l oca l commu n i ty ' s  e co nomy. 

Award o f  the b i d  p ack age i s  g i ven  to  t he qua l i f i ed l owe s t  b i d der .  
Prefer ence i s  g i ve n  to  sma l l ,  d i s ad van t aged , m in or i ty ,  an d wome n -own ed  
bu s in e s se s . Upon award , t he s u bcont r ac t or su bm i ts a sched u l e  so  t h at e x 
cavat i o n  contr o l  an d he a l th an d s afety mo n i t or i n g  c an b e  p l an ned . 
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Owner/ten ant d i s l ocat i on 

Cer tai n cond i t i on s  e stab l i s hed i n  the  RAA  must  be comp l i ed w i th p r i -
or t o  the start of  con str uct i on .  One s u c h  cond i t i o n  i s  t he agr eeme nt  
for  d i s l ocat i on .  

Occas i ona l l y ,  owners  or te nants  must  be temp or ar i ly  d i s l ocated  t o  
ho u s i n g  ot her t h an the i r  home or bu s in es s .  Th i s  i s  typ i c a l l y  r eq u i r ed 
on l y  when exte n s i v e  str uctur a l  decontam in at i o n  i s  performed ; h o� ver , i t  
cou l d  occur  under any cond i t i ons w h i c h  je opardi ze the h ea l th an d s afe ty 
of  the occu p an t s .  Bas ed upon the RAA ,  occu p an ts are d i s l ocated  at  t he 
DOE l s  expense . A co nser vat i v e  per d i em i s  al l owed an d stor age o f  
ho u s eho l d  g ood s  sorre t i me s  i s  perm i tted . 

A l es s  common RAA  cond i t i on i n v ol ves r e imb urseme nt  for l os ses i n 
curred dur i n g  remed i a l ac t i o n .  Th i s  cond i t i on i s  al l owed un der l i m i te d  
c i rcums t an ces when comme rc i al en terp r i ses are i n v o l v ed .  These  cases ar e 
j ud ged on an i n d i v i d u a l  b as i s  by t he  DOE an d the st ate . 

E xcav at i on an d restor at i on 

Once cond i t i on s  of  an R AA are me t  an d the con stru ct i on crews u n der
go he a l th an d safety trai n i n g ,  t he  excavat i o n  of  contam in ated mater i a l 
c an be g i n . Ar eas as ses sed i n  t he REA  for co ntam in at i on are  stak e d . 
Acces s  contro l  t o  the area be i n g  exc av ated  i s  e s tab l i s hed i n  ac cordan ce 
w i th  hea l th an d s afe ty req u i reme nts  ou t l  i n ed i n  the  VPM IM .  These  r e
qu i reme nts  v ary , depend i n g  p r imar i ly upon  t he  vo l ume an d co n ce ntr at i on 
of  contam in ated mater i al be i n g  removed . On ce acce s s  co ntr o l  h as been  es 
t ab l i s hed , the area o f  co ntam in at i on i s  excav ated t o  a m in i mum dep th .  
Beyond the m i n imum es tab l i s hed depth , t he DOE co ntro l s excavat i on w i t h 
h an d -he l d  gamma sc i n t i l l ome ters  unt i l a l l m ater i al co n tam in ated abo ve  
E P A  s t an d ards i s  r emoved . If i n ter i o r  ( stru ctu r a l ) deco ntam in at i on i s  
r eq u i r ed , furn i s h in g s  are r emoved an d d u st  cur tai n s  may be  set  up . 
F l oor s an d fou ndat i ons  abo ve  the  area t o  be decontam in ated are r emoved 
an d t he tai l i n gs excavated . Exc av at i on i s  contr o l l ed in t he s ame m an ner  
as for  exter i or exc av at i o n .  

I n  ad d i t i o n  t o  exc av at i on contro l , the DOE performs occas i on a l  r a
d i o l og i c a l  surve i l l an ces . The sur ve i l l an ce i n cl udes  d u p l i c ate s am
p l i n g ,  f i e l d  me asur eme nts , an d an a l ys es o f  so i l  s amp l es .  Th ese  
s ur ve i l l an ces prov i d e  DOE  wi th a qua l i ty as suran ce me c h an i sm an d contr ol 
o f  f i e l d  act i v i t i es .  

D ur i n g remed i a l ac t i on ,  t he workp l ace  an d l oca l e nv i ronme nt  are mo n 
i t ored i n  ac cordan ce w i th t h e  s pec i f ic  mo n i t or i n g  g u i d e l i n es st i pu l ated 
in the VPM IM . A l ong w i th fo rma l  trai n i n g  of  the constr u ct i o n  crews an d 
ac ces s  contr o l , h ea l th an d s afe ty prov i s i ons  cou l d  i n cl ude  po st in g ,  p er
so nne l an d e q u i pme nt mo n i tor i n g ,  protect i v e  c l ot h in g ,  d o s i me try ,  an d a i r 
mo n i t  or i n  g • 
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Once an exc avat i on  i s  comp l e te , the exc av ated area i s  mon i t or ed an d 
so i l  samp l es are usu a l ly tak en to ver i fy  comp l i Cll ce w i th E P A  s tan dards . 
C l e an mater i al i s  used as back f i l l an d the  s urfac e  i s  r estor ed t o  i t s 
or i g i n a l  co nd i t i on ,  throu gh  e i ther p l aceme nt of  l an dscap i n g  or fur n i s h 
i n g s .  The proper ty owner i s  t hen  as ked to conf i rm t h at t he  p roper ty h as 
been  r es tored t o  h i s/h er s at i sfac t i on .  Upo n co nf i rmat i on of  th i s  f cr:: t 
the  proper ty owner s ig ns Append i  x C of  the RAA--t he Own er Acceptan ce 
For m .  Upo n  s i gn ature  of t h e  RAA t he DOE deve l ops a Comp l e t i on Report .  

l . 3 . 5 PROPERTY CE RTIF ICAT I ON 

I ntro d uct i on 

F i e l d  i n s pect i on s  an d an a lys es ar e performed after  cOlTll l e t i on of  r e
me d i  al act i on to de term i n e  the effect i v enes s of  the act i on an d t o  d emo n 
str ate t hat rad i at i on l e ve l s  at v i c i n i ty p roper t i es ar e w i th in the 
r eq u i r ed  l e v e l s  of the r e l e van t  EPA s t an dards . Reports ar e r eq u i r ed t o  
docume nt the f in d i n g s  o f  thes e i n s pect i on s  an d an a l ys es . 

Th i s  sect i on out l i n es the g u i d e l i n es u sed by the DOE to  cer t i fy 
t h at a v i c in i ty proper ty i s  i n  cOlTll l i crt ce w i th EPA  s tan d ards . 

Compl et i on Report ( CR )  

The DOE pr ep ar es a CR on  eac h  v i c i n i ty proper ty w h ic h  has un der gone 
r emed i a l ac t i on .  Th e CR co nta i n s  two sets of  i n format i on :  an oper at i on s  
s ummary an d a ver i f i cat i on summary . 

The oper at i on s  summary do cume nts  t he  adm i n i str at i v e  por t i ons  of  r e
med i a l  act i o n .  Th i s  i n c l udes  expend i tur e d ata ( actu a l  co st ver s u s  es t i 
mated co st ) an d vo l ume data ( expected exc avat i on vo l umes ver sus  ac tu a l ) .  
The reme d i a l  ac t i on sc hed u l e  i s  al s o  prese nted , w i t h an exp l an at i on of  
any cost  or sc hed u l e  over ru n s .  

The ver i f i c at i on summary s ect i on docume nt s t h e  effect i v enes s o f  t h e  
r eTlEd i a l ac t i o n ,  i n  r e l a t i on to t h e  E P A  stan dards . Th i s  sect i o n  i n 
c l udes the r es u l ts of  p re-r�d i a l act i on measur eme n t s ,  wh ic h  i n c l ude  
the i n c l u s i on s ur vey me asureme nt s ,  su p p l eme nted wi th data obt ain ed dur 
i n g  the RE A sur vey . The post-r eme d i  al act i on me asur eme nts  ar e a l s o  p r e
sented i n  th i s  sect i on .  If  any con t am in at i on i s  l eft  on the proper ty , 
throu gh  the appl  i c at i on of  s upp l eme nt a l  stan d ards t h e  l ocat i on ,  co n ce n 
tr at i o n ,  an d vo l ume o f  contam in at i on ar e docume nted i n  t h i s  s ect i o n  o f  
the  r epor t .  

Cert i f i c at i on 

The CR i s  rev i ewed by DOE an d eva l u ated for cOlTll l e tenes s ,  ac cur acy , 
an d for the p roper ty ' s  cOlTll l i crt ce w i th the E P A  stan d ards . 
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DOE then  cer t i f i es the proper ty an d i s sues a l e tter o f  cer t i f ic a
t i o n t o  t he  proper ty owner , t he  NRC ,  an d st ate or tr i b e . The l e tter n o
t i f i es t he  owner t h at h i s proper ty i s  i n  comp l i cn ce wi th EPA  s tan dards . 

The DOE i s  a l s o  r eq u i r ed t o  i s su e  ru l es an d r egu l at i ons  t h at r e
q u i r e  not i ce , i n  l oca l l an d  r ecor ds , o f  t he  r es i d ua l  r ad i o act i v e  m ater i 
al s wh ic h wer e on  the p roper ty ,  an d not i c e  o f  r emov a l  o f  t h es e  
mater i al s , i n c l ud i n g  t h e  date the r eme d i a l  act i on took p l ac e .  To date , 
the  DOE h as not deve l oped t hese r eq u i r ed regu l a t i on s  an d ,  t her efor e ,  no 
proper ty h as been  o ff ic i a l ly cer t i f i ed .  
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l . 4  ENG I N E ER I N G  EST I MATE S  AN D COSTS 

The fo l l ow i n g  es t i mates prov i d e  the bas i s  for the as ses sme nt  of i mp ac t s  
fr om r emed i a l ac t i o n  a t  the v i c i n i ty p roper t i es .  

Tot a 1 number o f  p roper t i es pres ent  l y  des i g n ated  as po s s  i b  ly  
need i n g  r emed i a l ac t i o n .  6905 

Tot a l  n umber of p roper t i es es t i mated to  requ i r e r erred i a l 
ac t i o n  ( DOE , 1 984b ) . 36 48 

Approx i mate n umber o f  p roper t i es t h at h ave  al r eady 
been deco nt am in ated . 200 

Tot a l n umber of p roper t i es  ad d res sed in  t h i s  E I S .  3 46 5  

Types of propert i e s 

Res i dent i al . 

Comrrerc i a 1 .  
Comp l ex .  

O pen l and s . 

Sched u l e 

Sched u l e  for r emed i a l ac t i on o f  t h e  346 5 
v i c i n i ty p roper t i es .  

Costs  

Reme d i a l ac t i o n .  

24 78 

696  

13 

2 7 8  

2 7  mo n t h s  

$9 9 , 360 , 000 

E ng i n eer i n g ,  con str uct i on man ageme nt , an d e n v i r onme n t a l  
mon i t  or i n g . $ 30 , 810 , 000 

$ 130 , 1 70 , 000 Tot a l  

Vo l umes an d ar eas 

Est imated vo l urre of  co ntam in ated mater i al 
( av er age o f  105 cu b i c  yards per p roper ty ) . 

E st i mated vo l urre o f  unco nt am in ated f i l l  
r equ i r ed ( aver age  o f  165  cu b i c  yards per 
proper ty ) • 
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363 , 5 25 cu b i c yards 

363 , 5 25 cu b i c yards  



-------------------------

Est i mated surfac e  d i sturb an ce at v i c i n i ty 
proper t i e s ( aver age  o f  0 . 25  ac re  per 
proper ty ) • 

Amount  of  con t am in ated mater i al pres ent ly  
at St ate Repos i t ory .  

Amount  o f  cont am in ated mater i al t h at w i  1 1  be 
tr an s po rted to the S t ate Repos i t ory pr i  or  to 
comme n ceme nt of  reme d i a l  ac t i on on the ta i l i n g s  
p i  1 e .  

D i s tances 

Aver age round tr i p  d i stan ce from v i c i n i ty 
proper ty to  Gran d Junct i on s i te .  

Aver age round  tr i p  d i s tan ce from v i c i n i ty 
proper ty t o  borrow s i te ( s ) . 

l abor requ i rements  

Sk i l l  

Tr uck dr i vers 

Heavy e q u i  pme nt oper ators  

C arpenters 

Ot her sk  i l l ed l abor er s ( i  . e . ,  p l umber s )  

l abor er s 

Con struct i o n  man ageme nt , e nv i ro n -
me nt a l , f i e l d  super v i sors 

TOTAL 

Aver age n umber o f  man -mo nt h s  of l abor per p roperty 
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1987  

87 

10 2 

44  

44  

305 

233  

81 5 

866 ac res 

1 1 6 , 2 00 cu b i c  yards 

13 , 9 75 cu b i c yards 

5 m i l es 

5 m i l  es 

Year 

1 988 1989 1990 

86 37 0 

100 43 0 

43 1 9  0 

43 1 9  0 

300 12 9 0 

229 99 20  

80 1 346 20 
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E q u i ement  r equ i r ements Year 

1987  1 988 1 989 1990 

Front -end l o aders  42 41 18  a 

10-cy h au l  truck s 73 72 31 a 

Back hoes 42 41 18  a 

Grad er s  2 2 a a 

Water tr ucks  1 1 1 a 

E s t i mated cons umet i ve vo l umes 

Fue 1 1 , 740 , 2 76  ga l l ons  

Water 1 1 , 986 , 500 ga l l ons  

Ot her - gr as s s eed , sod , sma 1 1  shru b ber y ,  tr ees , cerre nt , l umber , c i n der 
b l ock , por tab l e  t o i l e ts .  

Ref . Comp i l ed from DOE , 1 984b . 
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RE FEREN CES FOR APPEN D I X  l 

DOE ( U . S .  DepartlTE nt of Ener gy ) , 1 984a . V i c i n i ty Proper t i es Man agement  I mp l e-
ment at i on  Man u a l , UMTRA-DOE/ Al-05060 1 , prepar ed by t he U .S .  Dep ar tment  of 
E ner gy ,  UMTRA P roject Off ice , A l b u quer q ue Oper at i o n s  Off ice , A l b uquerque , 
New Mex i co . 

DOE ( U . S . Dep artme nt of  Ene r gy ) ,  1 984b . " V i c i n i ty Pro per t i es Spec i al St u dy , "  
Uran i um M i l l  Tai 1 i n g s  Reme d i  a l  Act i on Pro gr am ,  prep ared by t he Dep artlTE nt 
of  Ene r gy ,  A l b u quer que Oper at i on s  Off ice , A l b u quer que , N ew Mex i co .  

Stas s i  e t  a l . ( P . St as s i , M .  Jack son , an d A .  C l ark ) ,  1 985 . " Reme d i  a l  Act i on at 
V i c i n i ty Pro per t i es , "  in Proceed i ngs of the  Sympos i um on W aste  Man age
ment , p .  1 5 7 , Tucso n ,  Ar i zo n a .  
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PERM I TS ,  L I C EN S E S ,  AN D A P PROVALS 

Th i s  append i x  co nt a i n s  a s ummary of  the perm i t s ,  l i cen ses , an d approv a l s  
th at wou l d  be req u i r ed .  Re g u l atory approv a l s  w i l l  be obt a i n ed by the Reme d i  a l  
Act i o n  Co ntr ac t or or DOE , wh i c he ver i s  app rop r i ate . 
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3: 
I 

N 

Permi t ,  1 i c en se , or 
approv a l  

M i n i n g and r ec l amat i o n  
per m i t  

State h i ghway ac ces s 
approach permi t 

Mes a County cond i t i on a l  
u s e  per m i t  

M i sc e l l aneous Mes a  County 
perm i  ts 

Mes a Cou nty F l ood p l a i n  
use permi t 

C i ty of Grand Junct i on 
f l ood p l ai n  permi t 

Tab l e  M . 1 . 1  Perm i t s ,  l i cen ses , an d a pprov a l s  for r eme d i a l  ac t i on 
( Co n c l uded ) 

Gr an t i n g or approv i n g  agency 

Co l or ado Dep a r tme nt of N atur a l  
Res ources , M i n ed l an d  Rec l am at i on 

Co l or ad o  Department of H i g hways 

Mes a County Board of Comm i s s i oners 

Mes a County 

Mes a County Eng i neer i n g  Department 

Gr and Junct i o n  P l an n i n g  Dep artment 

Statute or regu l a t i o n  

M i n e d  l an d  Rec l am at i on Board ru l es 
and regul a t i on s  

CRS 1 9 7 3 ,  4 3 - 2- 1 47 ; 2 CCR 60 1- 1 

Mes a County land Use Res o l ut i on an d 
CRS 1 9 7 3  30- 20- 10 1  e t .  �. 
Mes a County land Deve 1 opme nt Code 

Mes a County land Deve 1 opme nt Code 

C i ty of Grand Junct i on zo n i n g  an d 
de ve l opme nt cod e 

Act iv i ty 

Mi n i n g  of so i l  an d r ock construct i on 
m.ate r i al s . 

Control of ac ces s t o  s t ate h ig hw ays . 

Con s tr u c t ion of t a i l i n g s  d i s posal  
f ac i l i ty .  

Bu i ld i n g perm i t s ,  mob i l e home s i t i n g  
perm i t s ,  an d r o ad  ac ces s perm i ts .  

Con s tr uc t i on in a f l ood p l a i n .  

Con s truct i on in t he Co l or al o R i ver 
f l ood p l a i n .  



3: 
I 

W 

Permi t ,  l i cense , or 
approv a l  

N R C  l i cense 

Sect i o n  404 d r ed ge  and 
f i l l  perm i t  

Free use permi t 

Threatened an d 
endanger ed s pec i es 
consu l ta t i on 

C u l tu r a l  r esource 
c l ea r ance 

Col or ado po l l utant 
d i sc h ar ge- system permi t 

Ai r pol l utant emi s s i on 
not i c e  an d perm i t  

Water r i gh t s  appl i c at i o n  

Perm i t  t o  construct a 
we l l  

Approv a l  of tes t  ho l e  
or mon i t or  we l l  p l ugging 

Tab l e  M . 1 . 1  Permi ts , l i c enses , an d a pprov a l s  for r eme d i a l  ac t i on 

Gran t i n g  or approv i n g  agency 

U . S . Nuc l ea r  Re gu l a t or y  Commi s s i on 

U . S . Army Cor ps of E n g i neers 

Bur eau o f  L an d  Management 

U . S . F i sh an d W i l d l i f e Ser v i c e  an d 
Co l or ad o  GcYI1e an d F i  s h  

U . S . Bur eau o f  L an d  Management an d 
Col or ado H i st or i c a l  Soc i ety 

Col or ad o  Dep artment of Hea l th ,  Water 
Qu a l ity Contr ol Di v i s i on 

Col or ado Dep artment of Hea l th ,  
Ai r Po l l ut i on Control  Di v i s i on 

Co l or ado Di s tr i c t  Water Cour t 

Co l or ado Department of N atur a l  
Resources , Water Res ources Di v i s i on 

Co l orado Dep artment of N atur a l  
Res ources , W ater Res ources Di v i s i on 

Statute or r egu l a t i o n  

Publ i c  L aw 95-604 , Sect i o n  104 ( f ) 

C l e an W ater Act of 1 9 7 7  

4 3  CFR Part 361 1 

Endange r ed  S pec i es Act of 1973,  
Sec t i on 7 . 16  USC 1 53 1 ,  et . �. 

N at i ona l H i s t or i c  Pres er vat i on Act 

Co l or ad o Water Qua l i ty Control Act 

Co l or ado Ai r Po l l ut i on Co ntrol  
Comm i s s i on r e gu l a t i on s  1 an d 3 
CRS 1973,  37-92-300 
Co l or ado Code for water we l l  
construct i on and pump i n s ta l l at i on 

Co l or ad o  Code for wate r we l l  
constr u ct i o n  an d pump i n s t a l l at i on 

Ac t  i v i ty 

Su rvei  l l an c e  an d main tenance at t he 
f ac i l i ty after comp l e t i on of t he r ane
di al ac t i on • 
. 

Dred ge an d f i l l  of we t l an ds .  

Ext r ac t i on o f  common m i ner a l s  ( c l ay,  
r o ck ,  an d t he l i ke ) on BLM adm i n i s ter ed 
l an ds .  

Pos s i b l e  pres ence o f  t hre atened or en 
danger ed s pec i es n e a r  d i  s po s a  1 s i te s .  

fitl y  ac t i on w h i c h  m i g h t  i mp ac t  cu l tu r a l  
o r  h i s t or i c  r es ou r c e s .  

Co ntr ol l ed s u r f � e  d i sc h arge of was te 
water . 

Con s truct i on or mod i f i c a t i on of a new 
sourc e o f  pol l u t i on .  

Water r i ghts . 

Dr i l l i n g  an d construct i o n  of water 
we l l s and mo n i t or we l l s .  

Aban donme n t  an d p l uggi n g  of mon i t or 
we l ls on t he tai l i n g s  pi l e .  
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