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A . l  INTRODUCT ION 

A . l . l  Purpose 

Th is appendix prov ides the ihforma tion needed to unde r s tand the 
conceptual des i gns for the remed ial act ion alterna t ives addr essed in th i s  
FEIS . Th is  appendix i s  intended to prov ide s u f fic ient de ta il for the r eader 
to unders tand the remed ial act ion a l ternat ives and the antic ipa ted env iron
men ta l impacts . Th is appendix is  not in tended to prov ide the de ta iled 
eng ineer ing necessary to implemen t the a l terna t ives . Add i t ional deta ils o f  
the proposed r emedial action ( i . e . , Al ter na t ive 3--r eloca tion to Sou th Cl ive ) 
can be found in the Draft Remed ial Ac t ion Plan (DOE , 1 9 8 4 ) . De ta ils o f  s tabi
l iz ation on the Vi tro s i te ( i . e . ,  Al ter native 2)  are  ava ilable in the DOE 
UMTRA Project Off ice in Albuquerque , NM. 

A. l . 2  Des ign object ives 

The purpose of  the remed ial action is to d ispose of  the uran i um mill  
ta il ings and other contaminated ma ter ial in a manner wh ich compl ies with EPA 
s tandards ( 4 0  CFR 1 9 2 ) . Con s i s tent w i th these s tandards , and project 
ob jectives , the following ma j or design ob j ectives have been established for 
both action al ternatives : 

Reduce the aver age r adon flux f rom the di sposal s i te to 
20 picocur ies per square me ter per second . 

Des ig n  con trols to be e f fect ive for up to 1 0 0 0  yea r s  w i th min imum 
ma intenance and a min imum des ign l i fe of 2 0 0  year s .  

Pr even t inadver tent human intrus ion through the use o f  pas s ive 
techn iques . 

Ensure tha t  exi s t ing or an ticipa ted bene ficial  uses of  g round and 
sur face wa ters are not adver sely a f fec ted . 

Reduce con taminant levels on areas released for unres tr icted use 
to levels wh ich do not exceed 5 picocur ies per g r am ( Ra- 2 2 6 )  above 
backg round in the top 15 cen t ime te r s  of soil and do not exceed 1 5  
picocur ies per g ram above background in any 15-centimeter laye r below 
tha t  depth . 

Protect aga inst releases of  con tami nants f rom the s i te dur ing 
cons truct ion . 

Prov ide flood protection , r unoff and sedimen t con trol , and treatmen t  
of  waste wa ter as requ ired . 

Min imize areas d i s turbed dur ing con s tr uction and min imize wor ker and 
publ ic exposure to contam inated ma ter ials . 

A-l 
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A . 2  STAB ILI ZATION ON THE VITRO S ITE (ALTERNAT IVE 2 )  

A . 2 . l  Major e lements of the des ign 

The pr inc ipal feature of this des ign concept is the consolida tion of the 
ta i l ing s and other con tamina ted ma ter ials into an embankmen t on the 
sou thcentral and southeast por t ions of the v i tr o  s i te ( F igure A-l ) . Th i s  
des ign would r equ ire the follow ing ma j or con s tr uct ion ac t i vi t ies : 

P r epa rat ion of  the s i te , includ ing erect ion of  a secur i ty fence , and 
cons t r uc t ion of  wa ste-wa ter sed imentat ion bas ins  to protect aga i n s t  
inadver tent r elease of  con taminants f rom the s i te d u r ing con s tr uc t ion . 

Const r uc t ion of  d r a inage con trol measures to d i rect was te-water 
and s torm-wa ter r unoff to sed imentat ion bas ins dur ing construct ion 
ac t i v i t ies . 

Removal ,  re loca t ion , or abandonment of  sur face and s ubs ur face 
u t i l i t ies  within the embankmen t area to prevent the need for human 
acces s  on the s i te . 

Excava t ion and handl ing o f  ta i l i ng s  and other con tami na ted ma ter ials . 

Installat ion of  mea sures to control eros ion and sed imentat ion from 
d i sturbed areas dur ing construct ion . 

In stallat ion and operation of  a was te-wa ter tr eatment fac i l ity to 
protect aga inst release of  contaminat ion to sur face wate r s  d u r i ng 
con s tr uc t ion . 

Cons truct ion of  a l iner sys tem to isolate the ta i l ing s and other 
contamina ted ma ter ials from the ground wa ter . 

Cons truct ion o f  the embankmen t  to i solate ta i l ings and other 
con tami na ted ma ter ial . 

Demol it ion and d isposal of  st r uctural foundat ions and 
rubble on the s i te . 

Decontaminat ion of  ex i s t i ng s u r face waterways and placement of  
mate r ia l  in  the embankment .  

Cons t r uc t ion o f  the f inal cover sys tem ove r the ta i l ing s to inh ib i t  
water i n f i l trat ion and radon exha lat ion . 

A-3 
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Restor at ion o f  all  excava ted areas o f  the s i te to at or near 
natural contour s with impor ted f i l l  and f i nal g r ad ing to prov ide 
su i table dra inage control . 

Emplacement of  eros ion protect ion on the embankment . 

Revegetat ion of  all  d i s turbed areas to m i t ig a te eros ion . 

Instal lat ion of  temporary and pe rmanent fenc ing to d i scourage human 
intrus ion . 

A . 2 . 2  Descr ipt ion of f i nal cond it ion 

The completed s i te wou ld be an embankment s i tua ted on the sou thcen tral 
and southeas t  por t ions o f  the pr esent s i te and would occupy approx ima tely 53 
acres . The completed s i te would be bounded on the west by the ex i s t ing South 
Vi tro D i tch , on the south by Utah H ighway 171 ( 3 3 0 0  South S tr ee t ) , on the eas t 
by the r a i lroad r igh t-of-way ( R . O . W . ) ,  and on the nor th by the CVWRF pr ope r ty 
( F igure A-l ) . The embankment boundary would extend nor th from Utah Highway 
171 and along the east s ide of the South Vi tro D i tch for approx ima tely 1 2 5 0  
feet and thence e a s t  t o  the r a i lroad R. O . W .  

Th e top o f  the emban kment wou ld cover about 2 5  ac res . S ide s lopes o f  the 
embankment would have a slope of  1 ver tical to 5 hor i zontal and the top would 
be s l igh tly convex (2 percent ) , reach ing a max imum eleva t ion of approx ima tely 
50 feet above the surround ing te r ra i n .  The top and s ides would be covered 
w i th p i t  r un rock for eros ion protection .  

An unpaved access road , t ied into the p i t  run rock , would loop the bot tom 
of the embankment . A secu r i ty fence with war n ing s igns wou ld enclose the 
embankment and roadway . Channels ad j acent to the embankmen t would provide 
d r a i nage and d ive r t  sur face r unoff around and away f rom the embankmen t .  

The r ema i n ing areas of  the present s i te would b e  restored w i th c lean 
so i l ,  con tour ed for sur face d r a i nage , and r evegeta ted . Approx imately 75 acres 
of  the present s i te would be released and ava i lable for uses permi t ted by 
local zon ing ord inances . 
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A . 3 DES IGN FEATURES - VITRO SITE ( ALTERNATIVE 2 )  

A . 3 . 1  I n troduct ion 

Included in th is  sect ion is a descr iption of the ma jor features of the 
des ign . Table A-l summar i zes ear thwork volumes descr ibed in the following 
sect ions . Figure A-2 illustr ates the s i te concept . 

Table A-l . Ear thwor k volume summary--stab i l ization on the Vi tro s i te 

Item descr ipt ion 

1 .  CONTAMINATED MATERIAL RELOCATION: 

2 .  

Excavat ion outside embankment area 
Relocation in embankment area 
Windblown and v ic inity proper ties 

( spread and compac t )  
Rubble 

(PRELOAD SYSTEM) : * 

3 .  LINER SYSTEM: 

Subbase ( r andom f i l l )  
Base ( g r anular so il)  
Liner ( f ine g r a ined so i l )  

4 .  EMBANKMENT COVER: 

5 .  

Radon bar r ier ( s ilty sand ) 
Eros ion barr ier (pit  r un rock ) 

RESTORATION ( select f i l l )  

Est ima ted volume 
(cub ic yar d s )  

1 , 3 70 , 0 0 0  
8 5 0 , 0 0 0  

15 0 , 0 0 0  
80 , 0 0 0  

( 3 , 0 0 0 , 0 0 0 )  

220 , 0 0 0  
3 0 0 , 0 0 0  
190 , 0 0 0  

2 9 0 , 0 0 0  
1 5 5 , 0 0 0  

710 , 0 0 0  

*The designs included i n  th is  E I S  are based upon ava i lable in forma t ion 
a nd suppo r t ing eng ineer ing analyses . It i s  recogn i z ed that there are "margins 
of error " or  " r isk s "  assoc iated with these analyses and that with add i t ional 
f ield and labor atory analys is  these "mar g i n s  of  er ror " or "r isk s "  could be 
reduced . For example , the des ign for Alternat ive 2 doe s not include 
prov i s ions for pr eload ing ( to reduce excess ive d i f ferential settlemen t )  based 
upon the analyses to da t e ;  however , the State of Utah has ind ica ted that 
d i f ferenti al settlement may indeed be more of a concer n than ind icated by the 
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eng ineer ing analyses included in th is  E I S .  I f  pr e load i ng were t o  be requ ired , 
based upon eng i neer ing analyses and cos t  e s t imates prepared by the s tate , an 
add i t ional 3 . 0  m i ll ion cy o f  fill would be needed for about 2 . 5  years to 
preload the s i te pr ior to ta il ings placement .  Th is wou ld increase the cos t  o f  
Alternat ive 2 by $10 . 8  m i l l ion to $ 4 2 . 0  m i l l ion ( le tter f rom S tate o f  Utah 
Depar tment of Tr anspor tation to the Depar tmen t  of Hea l th , December 19 , 1 9 8 3 . )  

A . 3 . 2  Des ign cons ider a t ions 

The r emedi a l  act ion was des igned to ensure that the d i sposal s i te would 
wi ths tand the forces of  nature for a long per iod of t ime ( 10 0 0  year s ) , and 
prov ide r adon con trol and requ ired ground-water protec t ion cons i s ten t w i th the 
EPA standards . 

Sever al fac tor s  wer e  inves tigated and a r e  d iscussed below . 

A . 3 . 2 . 1  Cover Design 

The cover would be cons truc ted of  two bas ic laye r s : a lower compacted 
ear then layer to act as a r adon and wa ter i n f i ltra t ion bar r ier and an upper 
rock layer for sur face s tab i l i ty (Figure A-3 ) . The cover would a lso : 

Act as a bar r ier aga inst inadver tent human intrus ion . 

Act as a bar r ier  to discourage intrus ion by burrowing an imals . 

Ac t as a bar r ier  to d i scourage r oot intrus ion . 

Radon control 

Con trol of  r adon emiss ion s  from the s tab i l ized embankment wou ld be 
accomplished through a comb i na t ion of  techn iques includ ing the followi ng : 

Sequenc i ng of  excavation and cons truct ion in order to place lesser 
contam ina ted " sand s "  over higher contamina ted " s l imes . "  

Plac i ng lesser con taminated founda tion soi l s  and windblown soils  
over the tail ings . 

Plac ing a compac ted soi l  cover over the ta i l ings and o ther 
con tami na ted ma ter ials . 

Data on the d i s tr ibut ion of r ad i um in the ta i l ings , on the proper ties o f  
the bor row ma ter ial , and o n  the antic ipa ted depth of  excavat ion i n  areas t o  be 
resto r ed wer e  analyzed in order to develop an est ima te of  cover thickness . 

Radon emi s s ions be for e and a f ter the r emed ial act ion were calcula ted 
u s ing the RAECO model (Roger s et a l . , 1 9 8 1 ) . Fou r  par ame te r s  for each layer 
of  the cover and ta il ings are r equ i red to compute the exit flux from the p i le 
us ing the RAECO model .  The f i r s t  input is  the source term of  the tail ings ; 
th is  is the ava i lable radon per un i t  volume o f  ta i l ings tha t can be released 
into the atmosphere each second. The second input is  the e ffect ive d i f fus ion 
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coe f f ic ient o f  each layer wh ich i s  based on the poros i ty and leve l o f  mo i s tur e 
saturat ion i n  the layer . The d i f fus ion coe f f icient de f i nes how well a layer 
con f ines the radon gas as it migr a tes through tha t layer .  I f  con f i ned long 
enough , the r adon will decay to radon daughter s ,  wh ich are pa r ticles and will  
be  trapped in the cover laye r .  The th ird inpu t is  the poros ity of  a laye r .  A 
low poros i ty soil will better attenuate the d i f fus ion of  the r adon gas . The 
fourth input var iable is  the thickness o f  each layer wh ich de f ines the pa th 
length the r adon gas mus t  take to be r eleased to the a tmosphere . A th icker 
layer con f ines the radon gas longer allow ing t ime for i t  to decay to i t s  
daughte r s . These four inputs , adj us ted for long-term cover th ickness and 
moisture re tent ion of the ta il ings and cover , allow the model to 
conservatively calculate the radon f lux through the cover compar ed to the 
backg round radon concentrat ion of the atmospher e wh ich is  0 . 59 pCi for Salt 
La ke Ci ty .  

Based upon these data and analyses , the radon bar r ier  requ i r ed to meet 
the EPA s tandard would be constr ucted of approxima tely 3 feet of locally 
ava ilable bor row .  Radon emi ss ions a f ter  r emed ial action , includ ing the 
add i t ional eros ion bar r ier  are calcula ted to be about 17 pCi/m2 sec . The s e  
data a n d  analyses are ava ilable in the DO E  UMTRA Proj ect Of fice , Albuquerque , 
New Mex ico . 

Ground-water protection 

Gr ound-wa ter contaminat ion at the Vi tro s i te currently i s  generated by 
two processes : by wa ter i n f i l trat ing into and through the contaminated 
mater ial , and by g round water flow ing laterally through the base of  the 
ta i l ing s .  After  r emed ial act ion , g r ound-wa ter protect ion would be provided by 
the embankment cover , wh ich would reduce i n f i ltrat ion through the ta i l ing s , 
and by the l i ner sys tem , wh ich would r a i se the embankment ou t o f  the g r ound 
wate r .  

The cover , includ i ng the rock eros ion bar r ier , was analyzed for 
infiltration us ing the mod i f ied HELP model (Walsk i e t  al . ,  1 9 8 2 ) . Da i ly and 
mon thly cl ima tolog ic data for Salt La ke C i ty ( 1 9 7 4-1 9 7 8 )  were used as  model 
inputs . F ive year s  o f  s imulat ion showed tha t the pos t-r emed ial action net 
ave r age annual infilt rat ion through the cov.er sys tem would be 1 . 3  inches . 
Th is  reduct ion to about 8 percent o f  the average annual ra infall i n  the Salt 
Lake C i ty area will substant ially reduce the volume o f  leachate e nter ing the 
g r ound wa te r .  The modell ing r uns , inputs , and other suppor t ing data a r e  
ava i l able i n  the DOE UMTRA Proj ect Off ice , Alb uquerque , New Mex ico . 

The l iner sys tem is  des igned to r a i se the embankment ou t o f  the g r ound 
water . The g ranular base layer will prevent capillary water f rom r i s ing into 
the embankme n t .  The l iner will  also f i l ter  the wa ter that percolates through 
the t a i l i ng s , reduc ing the downward migrat ion of contaminants . The l iner 
sys tem , by prevent ing contact between the g round wa ter and the con tamina ted 
mater ial , will substantia lly reduce the volume and concentrat ion of  leachate . 

Ground-wa ter protect ion will  also be prov ided by seal ing the ex i s t ing 
mon i tor i ng wells dur ing remed ial act ion . Th is  is  espec ially impo r tant for the 
wells completed in the conf ined aqu i fe r .  These we lls r epresent a poten t i a l  
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avenue for loss o f  wa ter f rom the con f i ned sys tem; or  even for contaminat ion 
of the con f i ned aqu ifer i f  a local reve r sa l  of  the ve r t ical head g radient wer e  
to allow downward movement o f  wa ter f rom the uncon f i ned aqu i fe r .  Add i t ion
ally , the location of  a suspected a r tes ian wel l  a t  the head of Vi tro d i tch 
( see Sec t ion D .3 . 1 . 2 ) w i l l  be excava ted dur ing remed ial ac tion . I f  the 
remnants of a wel l  are found , it w i l l  be plugged and sea led . 

A . 3 . 2 . 2  Long-term s tab i l i ty 

water eros ion 

To protect the embankment f rom the e f fects of water eros ion , the 
embankment s lope s wou ld be l imi ted to 1 ver t ical to 5 hor i zontal ( 20 
pe rcent ) . The top of  the embankment wou ld be convex w i th gentle ( 2  percent or 
less )  s lopes to promote dra i nage . 

To ensure tha t  the remed ial act ion would withstand water erosion dur ing 
the des ign l i fe ,  the s u rfaces o f  the radon bar r ie r  cove r would be g raded and 
the corne r s  r ounded , and the entire radon bar r ier would be covered with a roc k 
eros ion bar r ie r . 

Over its des ign l i fe , the emban kment cover may be subj ec ted to seve re 
rainfall event s .  The mos t  sever e  potent ia l  ra infall event i s  a Probable 
Max imum Precipi tat ion (PMP ) , wh ich would have a peak  5-minute intens i ty of  30 
inches/hour on the embankmen t .  To protect aga i ns t  the eros ive e f fects o f  a 
PMP , the s ide s lopes of  the embankment would be covered w i th a 2-foot-th ick 
layer o f  6 - i nch mean d i ame ter p i t  run roc k; the top o f  the embankment , wh ich 
has much g en tler s lopes , wou ld be covered w i th a I- foot thick layer of 2-inch 
mean d iameter p i t  run roc k . 

Wind eros ion 

Due to the he ight of the embankment above the sur round ing ter r a i n , w i nd 
veloc i t ies a t  the s i te , and the long reac h ,  the embankment i s  subj ect to 
eros ion f rom w i nd . The rock layer used to protect aga in s t  water e ros ion wou ld 
protect the embankment aga in s t  wind eros ion . 

Flood protect ion 

The embankment is located in the wid e ,  relat ively flat  alluvial val ley o f  
the Jordan Rive r . The r ive r , a t  i t s  neare s t  po int , i s  approx imately 2 50 0  fee t 
f rom the embankment . M i l l  Cree k , a tr ibutary of  the Jordan River , f lows 
across the val ley and j oins the r ive r nor thwe s t  o f  the proposed embankment .  
Mi ll Creek , a t  i ts nearest po i n t ,  i s  approx imately 1 5 0 0  fee t f rom the 
embankment . 

HEC-2 was used to model Probable Max imum Flood (PMF ) f lows for the Jordan 
Rive r and Mill  Creek us ing cros s  sec tion s obta i ned from the S acramen to 
D i s t r ic t  Corps of Eng ineers and extended us ing USGS quad rang le maps . The 
results o f  th i s  analy s i s  ind icated that the bottom o f  the embankment i s  above 
the 1 0 0 -year f lood level . Dur ing a 5 0 0 -year f lood , s tand ing water wou ld r ise 
about 2 to 3 feet above the base of the embankmen t .  Although the base of the 
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embankment would be inundated ( 6  to 10 feet)  under PMF f lood cond i t ions , the 
embankment wou ld not be s ubj ect to eros ive wa ter veloc i ties ( est ima ted a t  4 to 
5 fps ) . 

Geomorphology ( s tream meander )  

As d i scus sed above , the embankment i s  located i n  the a l luv ial valley of  
the Jordan River and M i l l  Creek . The Jordan River , i n  par t icular , would 
normally be class i f ied as  a meander ing r iver . The locat ion o f  the embankment 
in relation to the wa ter bod ies , comb ined w i th the present and future human 
intervent ion be tween the water bod ies and the embankmen t ,  makes the l i ke l ihood 
of enc r oachment very remote . 

Se i smic i ty 

The vi tro s i te is  located along the Wasa tch Front i n  an act ive 
se i smo tec ton ic area , and the embankment would be subj ect to future se i smic 
hazard . A s e i smic evaluation o f  the embankment has been per formed ( SH&B , 
19 8 3 ; Append ix H ) . 

I n  the even t  of a Max imum Cred i ble Ea r thquake ( MCE ) , w i th a r eturn pe r iod 
of 1 , 0 0 0  to 2 , 0 0 0  yea r s , the s ubsur face sands would be s uscept ible to 
l iquefact ion . This  could result in minor crack ing (a few inches in width ) . 
I t  wou ld not result i n  f low s l ides o f  the ta i l ing s . However , minor repa i r  of  
the s lopes would be requi red . 

Ear thquake- induced g r ound mot ions o f  lesser i ntens i ty ,  wh ich wou ld be 
expected to occur on the average o f  once ever y  5 0  to 4 0 0  yea r s , would cause no 
s ig n i f icant damage to the embankme n t .  Minor crac k ing may occur . Damage of 
th i s  nature would requ i r e  minor repa i r . 
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A . 4  CONSTRUCTION SEQUENCE - VITRO S ITE ( ALTERNAT IVE 2 )  

A . 4 . 1  S i te preparat ion 

A . 4 . 1 . 1  Mob i l i zat ion 

To prov ide for a cons truct ion stag ing area , tail ings and other 
con tam ina ted ma ter ial would be removed and temporar ily stockpi led on the 
rema inder o f  the s i t e .  The staging area would be cons tr ucted immed iately 
nor th of  the industr ial tract loca ted along 9 0 0  West S treet nor th o f  Utah 
Highway 171 ( F igure A-2 ) . 

A . 4 . 1 . 2  Clear ing 

To ensure that d i sposal of  the small amounts of  organ ic ma ter ial does not 
inter fere with the in tegrity of  the embankment and cover , it is proposed to 
cut g rasses , weed s , and low shr ubs close to the ground , shred or ch ip these 
and othe r m i n imum amounts of contaminated organics , and mix them evenly 
throughou t the lower por t ions of the ta i l ing s . No open bu r n ing would be 
cond ucted dur ing shredd ing and ch ipping operations . 

A . 4 . 1 . 3  Storm dra inage 

All earth d i sturbing act iv i t i e s  would be cond ucted i n  s uch a way as to 
pr event acce lera ted eros ion and sed imen tat i on dur ing cons truct ion . Hay bales , 
fabr ic f i lter fences , fabr ic sheets , and the l i ke will  be used to further 

minim i ze eros ion and sed imen tat ion . Areas would be recla imed as  soon a s  
fea s i b le after ta i l ings a r e  removed . 

A . 4 . 1 . 4  Sed imentat ion bas ins 

Sed imentat ion bas ins wou ld be the pr i�ary means to collect contaminated 
waste wa ter pr ior to t r eatment . Waste waters would r esult f rom : 

Decontaminat ion activit ies i nclud ing equ ipment washing and tr uck 
washdown . 

Dewa ter i ng of contamina ted ma ter ial . 

Runof f  f r om contamina ted mater ials . 

Laundry waste from wash ing protect ive cloth ing . 

Shower and wash bas in waste water . 

Bas ins and channels would be s ized to retain the 10-year 2 4 -hour s torm 
event of  the area tr ibutary to the bas ins plus other was te water s .  Reten tion 
would be for a t  least 2 4  hou r s . Embankmen ts , d i kes , and in let/outlet 
structures would be des igned and located to min imize shor t-c i r c u i t i ng with in 
the bas ins and to avo id retard ing c i rculat ion . Bas ins wou ld be designed w i th 
s u f f ic ient f reeboard and spillway sys tems to a llow d i scharge o f  peak f low 

rates f rom larger storm events . 
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A . 4 . l . 5  Waste-wa ter treatment 

Waste wa ter f rom the sources men t ioned above wou ld f low to the 
sedimen ta t ion -bas ins wh ich wou ld prov ide p r imary settl ing and f low and 
contaminan t equa l i z a tion . Some of  th is f low wou ld be u t i l i zed for road and 
pile wetdown for dust and radon control . The r ema inder would be tr eated to 
acceptable l imits and d i scharg ed to e i ther Mill  Creek or Vi tro D i tch . 

The pr inc ipal d ry-wea ther f low at the s ite w i l l  be the g round water f rom 
excavat ion . Th is  flow may be as h igh as  3 0 0  gpm . An add itional treatment 
capac ity of 3 0 0  gpm will  be ava i lable for storm-wa ter r unoff .  The f low f rom 
the other sources will be insignif ican t ,  total ing only a few thousand gallons 
per day . 

Un it processes wh ich have been selec ted for treatment of  the settled and 
equal i zed f low include : 

Mult i-med ia f i ltration for r emoval of  s uspended solids . 
Ur anium- and rad ium-select ive ion exchange for control o f  rad ium 
and gross alpha . 

S uspended sol ids wh ich are captured by the f i lter and later backwashed 
will be placed in an excava t ion for solids conta inment .  Solut ions f rom r e s i n  
r egenerat ion and the ult imate spent r es i ns w i l l  b e  bur ied o n  the s i te for 
contaminant containmen t .  Neutr a l i z ing chemicals ( e . g . , NaOH or H 2S0 4 ) and 
f loccu lent a id s  ( e . g. ,  polyme r )  may be mixed w i th the sed imentation bas i n  
inflow , i f  neces sary , for pH and sol ids control . 

The per formance spec i f icat ions for the treatment u n i t  w i l l  be deta i led i n  
the final design for construction by a n  exper i enced manufacturer . The system 
will inc lude automa tic controls for min ima l  operator attention and be weathe r
proo f , requ ir ing no enc losure . After complet ion of the r emed i al act ion , the 
trea tment sys tem will be decontaminated and salvaged or bur ied on the s i te . 

A . 4 . 2  Fug i t ive dust control 

Dus t generated by excava tion , earth movemen t ,  veh icle use , s tockp i l ing , 
seed ing , and s imilar ac t i v i t ies would be control led and min imized by the use 
of  a water -based surfactant sprayed under moder ately h igh pressure ( f rom 
trucks and hose s ) . The source fbr dust suppress ion water would be potable 
water . In  add it ion , hoses would be avai lable for areas of  excavat ion . 

A . 4 . 3  Demol i t ion 

No complete structures rema in on the s i te with the exception of the water 
tower and tan k .  Numerous foundat ions rema in on the s i te in the former m i l l  
area . S i nce th is  area wou ld become par t of  the embankment , those por t ions of 
the foundat ions that would i nter fere with the cons truct ion or integ r ity o f  the 
embankment would be demoli shed and incorpor ated , w i thou t nes t i ng , into the 
inter nal por t ions of the embankment .  Ta i l ings wou ld be d i str ibu ted and 
compacted between and against  the r ubble to preven t settlement . 
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A . 4 . 4  Preload ing (see note to Table A-I) 

After excavat ion and stockpil i ng of t a i l i ngs and contamina ted mate r i al s , 
3 , 00 0 , 00 0  cy of  non-contaminated mater ial wou ld be truc ked in to cove r the 
53-acre d is posal s i te for preload ing . The pre load wou ld s tay in place for 
approximate ly 2. 5 years ( de termina t ion of the t ime would be based on f ield 
measurements of  settlement to determine the amount and r ate of  set tlement ) .  
Once settlement has s lowed and the amount of  settlement tha t would take place 
d ue to the cons truc t ion of the embankment has taken place , 2 , 0 0 0 , 0 0 0  cy of the 
preload mater ial would be hauled away for d is pos a l .  The rema i n ing mater ia l  
wou ld b e  used in the construction o f  the l iner sys tem and for f i ll around the 
s i t e .  

A . 4 . 5  Liner sys tem cons truc t ion 

The embankment liner sys tem would isolate the contaminated mater ials f rom 
the g round wate r .  I t  would b e  cons tructed of  three layers : a s ubbase laye r , 
a base layer , and a l i ner  (Figure A-3 ) . The s ubbase is  des igned to r a ise the 
embankment out of the g r ound wate r .  Pr ior to subbase emplacement , r e s idua l 
r ad ioact ive mater ials would be excavated . The base laye r ( about 3 feet th ick ) 
would provide a capi l lary break between the s ubbase and the l i ne r .  I t  would 
also serve as  a sol id base for the compac t ion o f  the l i ner . Th e  l iner (2 feet 
th ick ) would r ed uce the transport of  contaminants f rom the embankment into the 
g round water . water wh ich has inf i ltr ated through the embankment cover would 
be f i ltered by the l i ne r .  The l iner wou ld have a g r eater permeabil ity than 
the cover to prevent water bui ld-up w i th i n  the embankment . 

A . 4 . 6  Embankment construct ion 

The embankment would be constr ucted in the southcentral and southeast 
po r t ions of the present s i te .  All r e s id ual rad ioac t ive mater ial f rom the 
ex i s t i ng s i te and mater ial from vic i n i ty prope r t ies remed ial ac t ion wou ld be 
consolidated into the emban kment . 

Ta i l ings wou ld be dewatered as  r equ i r ed for mater ial hand l ing . Th is  
would be accompli shed in layer s  by sc raping , trenching and d ry ing , excavat i ng 
the dewatered mater i al unt i l  a new level i s  r e ached wh ich is  too wet for 
hand l ing , and repeating the proces s .  The dewater ing water would be pumped or 
allowed to g rav i ty flow to the sedimentation basins . 

Pockets o f  s l ime s  would be mixed with d r ier sandy ta i l ings dur ing 
placement in the embankment to prov ide a stable wor k i ng sur face for 
cons truc t ion equ ipment and to help r educe the e f fects of  d i fferential 
settlement in the tai l i ng s .  For purposes o f  r educ i ng r adon emi s s ions and 
provid ing a capi llary break , sandy ta i l ings would be ident i f ied and 
incorpora ted into the upper por t ion of the embankment . 

The purpose o f  the upper capi llary break wou ld be to limit or eliminate 
upward mig rat ion of  moi s ture-transpor ted contaminants . The bene f i ts of  
placement of  sandy tail ings in the upper por t ion of the embankment would 
outwe igh the d i sadvantage of the s l ight increase of net in f i ltr a t ion into the 
ta i l ings . 
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A . 4 . 7  Restorat ion 

Dur ing the relocat ion of  t a i l ings i nto the embankment , large port ions of 
the exist ing s i te would be excavated to be low ground level . These a r ea s  would 
be restored with uncon taminated bor row to the approximate elevat ion of  the 
sur round ing terrain  and contoured to provide s u r f ace d r a inag e . 

A . 4 . S  Exist ing util ities  

Numerous u t i l ities , includ ing an overhead power l i ne ,  a bur ied telephone 
cable , water l ines , gas l ines , and a sewer d r a i n  ex ist ad j acent to or under 
3 3 0 0  South Str eet . These l ines would be left in place . A 4 2- inch sewer l i ne 
traverses the pr esent s i te along the west s ide of  the South Vitro Ditch and 
access road . T h i s  l ine would be protected dur ing construc t ion and left  in 
se rvice . The ar tes ian we lls , wh ich are located in the embankment area , wou ld 
be plugged and abandoned . All wells or holes to be abandoned would be sealed 
so a s  to pr even t futur e contami nation of ground water . 

A . 4 . 9  Revegetat ion 

Al l areas of the s i te d i sturbed by the remed ial act ion except for the 
emban kmen t cove r would be prepared and seeded with nat ive g r asses .  

A . 4 . 10 Fenc ing 

After remed ial act ion , permanent fenc i ng would be placed around the 
embankmen t .  Th e fence would be 6- foot cha in l ink  with barbed wire  topwor k s. 
A gate would be installed for access from 3 3 0 0  South Street . 

A . 4 . 1 1 Tempor ary fac i l i t ies  

Dur ing cons tr uct ion operation s , temporary fac i l i t i e s  would be r equ ired 
for construct ion wor kers  and supe r v i sory , eng ineer ing , admin istrat ive , 
secur ity , and mon i tor ing pe r sonnel . The fac i l i t ies  would con s i st of  o f f ice 
space , shower s  and change fac i l i t ies for all per sonnel wor k i ng on the s i te , 
and fac i l i t ie s  for la under ing con tam ina ted cloth ing . 

A. 4. 11 . 1  Secu r i ty 

Fenc ing i s  requ i r ed to ensure s i te secur i ty dur ing the constr uct ion 
per iod . Por t ions of  the ex ist ing fenc ing would be used d ur ing construc t ion i f  
poss ible . All other ex ist ing fenc ing would be r emoved and r eplaced with a new 
fence sur round ing the entire s i t e . No veh icle would be allowed to ex i t  the 
s i te without mon i tor ing at the decontaminat ion stat ion located at or near the 
stag ing area . 

A. 4 . 1 1 . 2  Wa ter supply 

An S-inch wa ter l i ne r uns along 9 0 0  West Street . This  would supply 
showe r s , laund ry , veh icle wash when needed , and d r in k ing wa ter . 
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A . 4 . 11 . 3  was te wa ter 

Por table construc t ion toilets would be u sed . Was te water from showers , 
wash bas ins , and laundry would gravity f low to a hold ing tank . Wash wa ter 
from the vehicle wash area would be held in a p i t .  These wa ter s wou ld b e  u sed 
for dust suppress ion or would be pumped to the sed imentat ion ba s i n  for 
treatmen t  and d i scharge . 

A . 4 . 11 . 4  Tr anspor tat ion 

To ease traf f ic cong es tion due to the remedial act ion along 9 0 0  West 
Street and 3 3 0 0  South S treet , m i t igations s uch as upg r ad ing intersections , 
tr a f f ic s ignal s , and f lagmen wou ld be employed as requ i red . 

A . 4 . 1 2 Bor row area 

A local bor row area for embankment cover and r es tor at ion mater ial has 
been iden t i f ied w i th i n  abou t 1 0  miles of  the Vitro s i te .  I t  i s  loca ted along 
5 4 0 0  South Street i n  the sou thwest Salt La ke Coun ty a r ea and is locally 
operated by Moulton Excava t ing , I nc . 
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A . S RELOCATION TO SOUTH CLIVE (ALTERNATIVE 3 ) --PROPOSED ACTION 

A . S . l  Major elements of  the design 

The pr inc ipal feature of  this  d e s ig n  concept is the relocat ion of the 
t a i l i ng s  and other contamina ted mater i al to a d i sposal s i te located near 
C l ive , Utah (Figure  A-4 ) • 

Th is alter native cons ider s two modes for transpor t i ng ( tr a in , truc k )  
ta i l i ng s  and other contamina ted mater ials from the Vi tro s i te to the South 
Cl ive s i te . The ma j or cons truc t ion act i v i t ies for the proposed act ion a r e  
l i s ted s epara tely below for the t r a i n  and truc k  transpor tat ion modes . 

A . S . l . l  T r a i n  T r ansportat ion 

Prepa r a t ion of both s i tes , and cons truction of  was te-water 
sed imen tat ion bas ins to protect aga i n s t  r elease o f  contaminants . 
Secu r i ty fenc i ng would be i ns ta l led a t  the V i tr o  s i te . 

Construc t ion of  d r a inage control me�sures to d i rect generated 
was te-wa ter and s torm-wa ter r unof f  to the wa ste-wa ter sed imen tation 
bas i ns d u r ing construction activ i t i e s . 

I nstallat ion of measures to control e ros ion and sed iment f rom 
d i s tu rbed areas dur ing construc t ion . 

Installa t ion and operat ion o f  a waste-water treatmen t  fac i l i ty a t  
t h e  Vitro s i te to protec t ag a inst inadvertent contaminant release 
dur i ng construct ion . 

Protec t ion of sur face and subsur face u t i l i ties  a t  the v i tro s i te 
d ur ing construc t ion . 

Cons truc t ion of  a r a i lroad loadout spur on the Vitro s i te .  

Construct ion o f  a r a il road spur and o f f load i ng fac i l i ty at the South 
Cl ive s i te .  

Upg rad ing of  the e x i st i ng fron tage road f rom the Ar agon i te ex i t  of  
I-80  to the Cl ive overpass and construct ion o f  an acces s  road f rom the 
I-80  overpass to the d i sposal s i te . 

Demol i t ion and d i sposal of  s t r uctures and r ubble . 

Excava t ion and load ing of  t a i l i ng s  and other contamina ted 
mater ial into train  car s .  

Excavat ion and con s truction o f  the embankmen t at the 
South C l ive s i te . 

Relocat ion of  the ta i l i ngs f rom the o f f load i ng fac i l i ty to the 
emban kment . 
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Cons t r uct ion of  the cover sys tem over the ta i l ings to inh ibit 
water inf i ltrat ion and radon exhalat ion . 

Emplacement of eros ion protec t ion on the embankmen t .  

Installation o f  a permanent fence around the d i sposal s i te .  

Demo l i t ion of r a i lroad spu r s  at both s i tes . 

Restoration of  the excava ted areas a t  the Vitro s i te w i th bac k f i l l  
and vegetation . 

A . S . l . 2  Truck Tr ansportation 

Prepar a t ion of  both s i tes , and cons truct ion of  waste-wa ter 
sed imentat ion bas ins to protect aga inst release of  contaminan ts . 
Secu r i ty fenc i ng would be i ns tal led a t  the V i tro s i te . 

Cons truct ion of dra inage control measures to d i r ec t  generated 
was te-wa ter and storm-wa ter r unoff to the sed imenta t i on bas ins dur i ng 
cons truc t ion act iv i ties . 

Installa t ion of  measures to control eros ion and sed imentat ion f rom 
d isturbed areas dur ing construct ion . 

I nsta llat ion and operation o f  a was te-water treatmen t  fac i l i ty a t  
the Vitro s i te t o  protect aga i ns t  inadver tent con taminan t  release 
d u r ing construc t ion . 

Protec t ion of s u r face and s ubsur face u t i l i t ies  a t  the V i tro s i te 
dur i ng cons truct ion . 

Upg r ad ing of the ex i s t i ng f rontage road f rom the Aragon i te ex i t  of  
1-80  to the Cl ive overpass and cons truct ion o f  an access road f rom the 
1 - 8 0  overpass to the d i sposal s i te . 

Demo l i t ion and d i sposal of  s t r uc tures and r ubble . 

Excavat ion and load ing of  ta il i ng s  and other contami na ted 
mater ial i nto trucks . 

Excavat ion and con s truc t ion of  the emban kment a t  the 
South Cl ive s i te .  

Cons truc t ion of the f inal cover sys tem over the ta i l ings to inhib i t  
water i n f i l trat ion and radon exhalat ion . 

Emplacement of  eros ion protect ion on the embankment . 

Installation of  a permanen t fence around the d i sposal s i te .  

Res tor a t ion o f  the excavated a r eas a t  the V i tro s i te w i th bac k f ill  
and vegeta t ion . 
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A . S . 2  Descr ipt ion of  f inal cond i t ion 

The d i sposal s i te i s  located about 8 5  road mi les we s t  of  Sal t Lake C i ty 
and about 1 . 5  miles south of the Cl ive s id ing of  the Un ion Pac i f ic System . 
The total ava ilable s i te , wh ich is  one full  sec t ion or 6 4 0 acres , is  a 
relat ively f la t  area a t  about 4 , 3 0 0  feet above sea leve l along the easter n 
edge of  the Great Salt La ke Des er t .  The s i te i s  spar sely vegeta ted w i th 
g r as ses and small bushes . S i t e  access i s  by a fron tage road f rom the 
Aragon i te ex i t  of  1-80 about 7 miles eas t of  C l ive . 

The comple ted embankment would be par t ially below grade , extend i ng 
approxima tely 110 0 feet by 2 2 0 0  feet (Figure A-S ) . The ta i l i ng s  would extend 
from approx ima tely 6 feet below grade to approx ima tely 2 7  feet above g rade . 
Ma ter ial excava ted for par t ial below g r ade d i sposal would be u sed for cover . 
The f i nal covered embankment would be 3 4  feet above the sur r ound ing terra i n .  
The emban kmen t  would have max imum s ide s lopes of  2 0  pe rcent and a s l ightly 
convex top . The top and s ides wou ld be covered with p i t  r un r ock for e r os ion 
protect ion . The unpaved access r oad f rom 1-80  would r ema i n . A chain l in k  
fence w i th war n ing signs wou ld enclose the s i te .  

The excavated areas a t  the vitro s i te would be resto r ed w i th clean soi l 
to the or ig inal approx imate g r ound leve l ,  contoured for s u r face dra i nage , and 
revegeta ted (Figure  A-6 ) . The vitro s i te would be ava i lable for uses 
permitted by local zon i ng ord inances .  
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A . 6  DES IGN FEATURES - SOUTH CLIVE (ALTERNATIVE 3 )  

A. 6 . 1 Introduct ion 

Included in th is sect ion is a descr iption of the ma j or fea tures of the 
conceptual des ign for the proposed action . The deta i l s  of the conceptual 
des ign can be found in the Remed ial Ac tion Plan (DOE , 1 9 8 4 ) . 

Tables A-2 and A-3 summar ize ear thwork volumes descr ibed in the fol lowin g 
s ection s .  Figur e A-S illustr a tes the s i te concept . 

A . 6 . 2  Des ign Cons idera t ions 

The r emedial act ion was des igned to with s tand the forces of natur e for a 
long per iod of time ( 10 0 0  year s ) , and pr ovide radon control and r equired 
ground-water protec t ion con s i s tent with the EPA s tandards . Several factors 
that could a f fect the e f fec tiveness of the embankmen t were investigated and 
a r e  d i scussed below . 

A . 6 . 2 . 1  Cover 

The cover would be con structed of two bas ic laye r s :  a lower compacted 
ear then layer to act as a radon and water in f i l tration barr ier and an upper 
r ock layer for eros ion protection . The cover would also : 

Ac t as  a barr ier aga inst inadver tent human intr u s tion . 

Ac t as a barr ier to d i scour age in tr us ion by burrowing an ima ls . 

Ac t as  a barr ier to di scourage root intrus ion . 

A typical cross sect ion through the embankmen t is  shown in Figur e  A- 7 . 
Add i t ional deta ils are ava ilable in the �mediah Ac t ion Plan (DOE , 1 9 8 4 ) . 

Radon control 

Co ntrol of r adon emi s s ions from the embankment would be accompl ished by 
the placemen t of  a compacted so il cover over the ta i l ings and oth er 
con taminated mater ial . In add i tion , the reloca tion of the ta il ings would 
promote natural mixing of  s l imes and sands wh ich results in a mor e  even 
d i str ibut ion of ta i l ings . However , the maj or factor in the r educt ion of 
em i s s ions would be the clean cover mater ial . 

Da ta on the d i s tr ibution of r ad i um in th e ta il ings , on the pr oper ties of 
the cover ma ter ial , and on the an ticipa ted depth of  excavat ion in areas to be 
r es tored wer e analyzed in order to develop an es tima te of cover th ickness . 
Radon emiss ions be fore and a f ter the remed ial act ion were calculated us ing th e 
RAECO model (see Section A. 3 . 2 . 1  for an explanation of  RAECO ) . Based upon 
these data and analyses , the radon and water i n f i l trat ion barr ier would be 
con s tr ucted of appr oxima tely 5 feet of soil from th e embankment excava tion . 
Radon emiss ions a f ter remedial act ion are calcula ted to be 2 0  pC i/m2 sec . 
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Table A-2 .  Ear thwork volume summary--t r a in relocat ion to South C l ive 

I tem desc r iption 

vi tro s i te : 

Ra i l  spur cons truct ion 
Excava t ion of  contami nated ma ter ials 
Subgrade and subballast ( se lec t f i l l )  

Contaminated mater ials 
Ta il i ng s  and contaminated s ubso i ls 
Windblown and vic in i ty proper t i e s  
Rubble 

Res torat ion ( se lect f i l l )  

South C l ive s i te : 

Access road construct ion 
Road subg rade (compac ted f i l l )  
Gravel sur face 

Ra i l  spur cons truct ion 
Subgrade (compac ted f i l l )  
Subba llast ( select compacted f i l l )  

Embankment cons truct ion 

Cove r 
Radon ba r r ier 
Eros ion bar r ier , d i tches , and 
pe r ime ter roads ( p i t  run roc k )  
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E s t imated volume 
(cubic ya rds)  

1 8 0 , 0 0 0  
9 4 , 0 0 0  

2 , 2 2 0 , 0 0 0  
1 5 0 , 0 0 0  

8 0 , 0 0 0  

9 4 5 , 0 0 0  

2 7 , 0 0 0  
31 , 0 0 0  

9 8 , 0 0 0  
10 , 0 0 0  

2 , 4 50 , 00 0  

4 6 0 , 0 0 0  

2 0 2 , 0 0 0  



Table A- 3 .  Earthwor k volume s ummary--tr uc k r e locat ion to South C l ive 

I tem descr ipt ion 

vitro s i te : 

Contamina ted mater ials 
Ta il ings and contamina ted subs o i ls 
Windblown and vic i n i ty prope r t ies 
Rubble 

Re s tor a t ion ( select f i l l )  

South C l ive s i te :  

Access road construct ion 
Road s ubg rade (compac ted f i ll )  
Gr avel s u r face 

Emban kmen t cons truc tion 

Cover 
Radon bar r ier  ( excavated from embankment)  
Eros ion barr ier , d i tches , and per ime ter 
roads ( impo r ted pit r un rock ) 
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Estima ted volume 
(cubic yar d s )  

2 , 2 2 0 , 00 0  
1 5 0 , 0 0 0  

8 0 , 00 0  

1 , 0 4 0 , 0 0 0  

2 7 , 0 0 0  
4 4 , 00 0  

2 , 4 5 0 , 0 0 0  

4 6 0 , 00 0  

2 0 2 , 0 0 0  
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Ground-wa ter protect ion 

Stab i l i z ing and cover ing the tai lings and other contamina ted mater ials a t  
a min imum of 1 5  feet a bove the water table would red uce the potent ia l  for 
leach ing of soluble contaminants and s ubsequent migra tion via the ground-water 
reg ime . Fur ther , the embankment cover includes a low permeab i l ity so il , and 
coupled w i th low prec ipitat ion ( i . e . , no leachate or dr iv ing force for 
leachate produc t ion) , would result i n  essent ially no in f i ltration into th e 
t a i l i ng s .  

S ome seepage from the embankment would be expected a s  a result o f  the 
red i str i but ion of mo i s ture with in the t a i l i ng s .  The existing g round-water 
cond i t ions would limit the impact of th i s  seepage because of the extr emely 
poor qual ity of the water (Append ix D ) , and the absence of any uses (current 
or ant ic ipated ) of the g round wate r near the s i te .  Add i t ionally , the volume 
of seepage would be small , also l imiting the potential for deg r adation o f  the 
g round water . 

A . 6 . 2 . 2  Long- term stab i l i ty 

Water eros ion 

To protect the embankment from the e ffects of water eros ion , the 
embankment s lopes would be l imi ted to 20 percent . The top of the embankment 
would be convex with gentle ( 2  percent or less )  s lopes to promote dra i nag e . 

To ensure that the remed ial act ion would wi ths tand water eros ion dur i ng 
the des ign l i fe ,  the sur faces of the radon bar r ier cover would be gr aded and 
the corners rounded , and the entire embankment radon bar r i er would be covered 
with a roc k eros ion bar r ie r .  

Ove r i ts des ign l i fe , the embankment cover may b e  s ub j ected to severe 
r a i n fall events . The mos t  severe potential  r a infall event is  a PMP wh ich 
would have a peak  5-minute intens i ty of approx imately 3 0  inches/hour on the 
embankment .  To protect against the eros ive e f fects of a PMP , the side s lope s 
of the embankment would be covered with a 2-foot-thick layer of 5-inch mean 
d i ameter pit run rock ; the top of the embankment , which has much gentler 
s lopes , would be covered with a 2�foot-th ick layer of 1 . 5- inch mean d iame ter 
pit  run rock . 

Wind eros ion 

Because of the long open reach in the Cl ive area , wind ve loc i t ies at the 
s i te must be con s idered . The rock layer u sed to protect aga in s t  water eros ion 
would a lso prov ide protec t ion aga i nst wind eros ion . 

Flood protect ion 

Flood ing at the Sou th Cl ive s i te wou ld result f rom the col lection o f  
runoff ( sheet flow) d u e  t o  prec ipitat ion o n  the Cedar Mounta ins eas t of the 
s i te . There are no bod ies of water in the area . The PMF peak flow pas t the 
embankment result ing from a 6-hour Probable Maximum Prec i p i ta t ion est imated 
(PMP ) o f  9 . 7 inches over the 46-square-m i le dra inage area was calcula ted 
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Hansen e t  al . ,  1 9 7 7 )  and USGS topographic maps . The l-hour PMP was used i n  
calculating the PMP because the 6-hour general PMP for the 4 6-square-m i le 
dra inage area is  o f  lesser intens ity ( 2 . 4 5 vs 3 . 6 6 inches ) ( USDO I , 1 9 7 7 ) . Th e 
peak flood depths and veloc i t ies wer e  found us ing flood control channel 
hydraulic des ign me thods ( CaE , 1 9 70 ) . The results of the analys i s  ind icate 
tha t  the PMF wou ld have a peak flow of 8 3 , 0 0 0  c fs and max imum depth adj acent 
to the embankmen t o f  approximately 5 . 5 fee t .  The veloc ity o f  the over land 
flow would be appr oxima te ly 2 fps and the peak veloc i ty (at the toe of the 
embankmen t s lope ) would be approx ima tely 10  fps . 

Rip r ap des ign me thods (Simons and Sen tur k ,  1 9 7 6 )  wer e then used to 
deter mine the s tab i l i ty of the eros ion bar r ier dur ing passage of the PMF .  Th e 
p i t  r un r ock layer on the embankment would pr ov ide pro tection from the flood 
wa ters . 

Other s tab i l i ty concer ns 

No per enn ial r iver s or  str eams occur near the Sou th Cl ive s i te .  
Ther e fore , s tr eam encr oachment into the s tab i l ized embankmen t i s  o f  no concer n .  

Se ismically i nduced l iquefact ion of the subsoils  and r es ul tant e ffects to 
the embankment ar e also of l i ttle concer n .  Fir s t , the ground wa ter i s  a t  
lea s t  2 0  feet below the s ur face and below sever al layer s o f  unsatur a ted s i l ty 
sands . Second , these sand layers ar e of med ium to h igh dens i ty . These 
factor s ,  comb ined w i th the r elatively h igh s ta t ic over burden pr essur e to the 
saturated soi l  layer s ,  indicate tha t s ig n i f icant l iquefact ion due to an MCE 
( 3 , 0 0 0 - 1 5 , 0 0 0 year s r ecur r ence inter val ) i s  improbable ; at mos t ,  self-heal ing 
"cracks " may r esul t .  Add i t ional de ta ils ar e ava ilable i n  Append ix H o f  th i s  
FEIS . 
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A . 7  CONSTRUCTION SEQUENCE - SOUTH CLIVE (ALTERNATIVE 3 )  

A . 7 . 1  Vitro s i te wor k  

A . 7 . 1 . 1  Mob il i zat ion 

To provide for a cons truc t ion s tag ing a r ea , ta il ings and other 
con tam inated ma terial would be removed and temporar ily stockpiled . The 
s tag ing a r ea would be cons truc ted ad j acent to the ind u s tr ial bu i ld ings along 
9 0 0  Wes t  Street ( F igure A-8 ) . 

A . 7 . 1 . 2  C l ear ing 

To ensure that d i sposal of sma l l  amounts of organ ic mate r ial does not 
inter fere with the embankmen t and cover at the d i sposal s i te , it is  proposed 
to cut g r as ses , weed s , and low shrubs close to the g r ound , shr ed or chip these 
and other min imum amounts of contamina ted· organics , and mix them evenly with 
the t a i l ings . There would be no open burning and care would be taken to 
pr even t ma ter ial from becoming a i r borne . 

A . 7 . 1 . 3 Eros ion and sed iment con trols 

All ear th-d is turb ing ac t i v i t i e s  would be cond uc ted i n  s uch a way as  to 
prevent acce lera ted eros ion and sed imentat ion dur i ng construct ion . Areas 
would be reclaimed as soon as  feas ible a f ter  ta il ings are removed . 

A . 7 . 1 . 4 S torm dra inage and was te-water sed imentat ion bas ins 

Basins and channels would be s i z ed to retain r unof f from the 10-year 
2 4-hour s torm event plus other waste water s .  Re tent ion would be for a t  least 
24 hour s .  Embankmen ts , d ikes , and inle t/outlet s tr uctures would be des igned 
and loca ted to minim i z e  short-c i rcu i t ing w i th i n  the bas ins and to avoid 
retard i ng c i rcula t ion . Bas ins would be des igned with s u f f i c ient fr eeboard and 
sp i l lway sys tems to allow d i scharge of peak flow r ates f r om larger s torm 
events . 

Sed imentat ion bas i ns would be the pr imary means to collec t  contamina ted 
was te wa ter pr ior to treatment . was te waters would result from : 

Decontaminat ion ac tivit ies includ ing equ ipment wash ing and 
truck/t r a i n  washdown . 

Dewater ing of con tami na ted mater ial . 

Runoff from contamina ted ma ter ials . 

Laundry waste from wash i ng protec t ive clothing . 

Shower and wash bas i n  waste water . 
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A . 7 . 1 . 5 Dewater ing 

Gr ound water at the Vi tro s i te is  near the surface and at t imes r ises 
i nto the ta i l i ng s .  To fac i l i tate hand l ing , the t a i l i ng s  wou ld requ i r e  
dewa ter i ng . 

Dewater ing would be accompli shed in laye r s  by plowing or tr ench i ng a nd 
dry ing ( by evaporation ) ,  excava ting the dewatered ma ter ial unt i l  a new leve l 
i s  reached wh ich is  too wet for handl ing , and repea t i ng the process .  Wa te r 
would be pumped or g r av ity flow to the sed imentat ion bas ins . 

A . 7 . 1 . 6  Was te-water treatmen t  

Waste water from the sources men t ioned above wou ld flow t o  the 
sed imentat ion bas i n s  wh ich would prov ide pr imary settl ing and flow and 
contaminant equa l i za t ion . Some of th is  flow wou ld be u t i l ized for road and 
p ile wetdown for dust and radon control . The rema inder would be treated to 
acceptable limits and d i scha rged to e i ther Mill  Creek or Vi tro D i tch . Th e 
flows and treatment scheme would be the same as d i scussed for Alternat ive 2 
( Sect ion A . 4 . 1 . 5 ) . Th e con taminants from the treatment plant wou ld be 
transpor ted to the South Cl ive s i te for f inal d i sposal .  

A . 7 . 1 . 7  Fug i t ive dust con trol 

Dust generated by excava t ion , ear th movement , veh icle use , s tockpil ing , 
seed i ng , and s imi lar ac t i v i t ies would be contr olled and minimi zed by the use 
of a water-based surfactant sprayed under moder ately h igh pressure ( f rom 
trucks and hose s ) . The source for dust suppress ion wa ter would be potable 
water . In add i t ion , hoses wou ld be ava i lable for areas of excava t ion . 

A . 7 . 1 . 8  Demol i t ion 

Ex i s t ing foundations on the Vi tro s i te would be demolished and comb ined 
with the rubble from v ic i n i ty proper t ies for d i sposal in the embankment a t  
South Cl ive . Rubble wou ld b e  placed in the lower levels of the d i sposal 
embankment . Pieces would not be nested . Ta i l i ng s  would be spread and tamped 
between and aga inst the rubble so that vo ids would not occur presently or in 
the futur e .  

A . 7 . 1 . 9  Ra ilroad construc t ion ( tr a in tr anspor t mod e )  

Tr anspor t of the ta i l ings and other contamina ted mater ial t o  the Sou th 
Cl ive s ite by railroad wou ld requ i r e  the cons truct ion of approx imately 3 8 0 0  
feet o f  r a i l road spur o n  the Vitro s i te . The spur would or ig inate at an 
exist ing spur at the Roper rail  yard , follow the ex i s t ing r a i lbed to the m i ll 
s i te , turn about 1 20 ° ,  and angle through the s i te ( F igure  A-8 ) . 

To prepare for the rai lroad bed , ta i l ings and any con taminated s ubbase 
would be r emoved from the r a ilroad route and stockpi led . S i nce i t  i s  proposed 
to load the car s direc tly with a front-end loader , the r a i lroad route through 
the tail i ngs would be excava ted to a width s u f f ic ient for the r a i lroad plus a 
wor k ing area for load ing from both s ides of the tr a i n .  
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A . 7 . 1 . 10 Excavat ion and load ing 

Tr a i n  

Ma ter ial with i n  easy wor k i ng d i s tance o f  the r a i lroad would b e  excavated 
and loaded with front-end loader s .  Mater ial beyond a rea sonable wor k ing 
d istance would be dewa te red as necessary , excavated with scrape r s  or other 
s tandard earth mov ing equ ipment , transpor ted to the r a i lroad spu r ,  and sp read 
along both s ides of the spur for the full length of  the train and at an 
opt imum wor k ing d istance f rom the tra i n .  From there it would be loaded with 
f ront-end loader ( s) . 

Truck 

The mater ial would be dewatered as necessary , excavated , and loaded w i th 
f ron t-end loader s  and backhoes into truck s .  

A . 7 . 1 . 1 1 Tr anspor tation 

Train 

Ta i l i ngs and other contamina ted mater ial wou ld be hauled f rom the '7i tro 
s ite to the South Cl ive s i te by tra i n .  The concept is  based on transpor t i ng 
5 4 0 0  tons per day (TPD) . 

Ta i l ings would be transpor ted w i th one tr a in per day . Two tra ins o f  5 4 , 
100-ton capac ity car s would be requ ired . One would be loaded at the Vi tro 
s ite da i ly wh ile the other is be ing unloaded at the South Cl ive s i te . The 
loaded train would be covered , decontaminated , and hauled to the South Cl ive 
s ite in the even ing . The locomot ive eng ines would leave the loaded train  a t  
the South Cl ive s i te and return t o  the Vitro s i te with the unloaded t r a i n  by 
mor n ing . 

Fi fty o f  the rai lroad cars ( per unit  tra in) wou ld be rotary-coupled 
gondola cars wh ich wou ld be water and sand tigh t .  Large p ieces of  rubble or  
other contamina ted mater ial wh ich cannot be handled by the o f f load ing system 
at the South Cl ive s i te would be transpor ted in four s ide-dump r a i lcar s f i tted 
with door seals to preven t release of  contaminated mater ials . 

To prevent windblown contaminat ion dur ing transpor t ,  ra i lcars would be 
covered with a tarpau l in or canopy , or with a sprayed latex seal . 

Tr uck 

Ta i l ings and other con tamina ted mater ials wou ld be hauled to the South 
Cl ive s ite by truc k .  The concept is based on haul ing 5 4 0 0  tons pe r day . 
Seventy-seven , 3 5-ton capac i ty trucks wou ld be requ ired . The trucks wou ld 
make two round tr ips per day . They would be loaded , covered , and 
decontaminated at the Vi tro s ite in the morn ing , dr iven to the South Cl ive 
s ite , unloaded and decontaminated , and returned to the Vitro s i te in the 
afternoon to obta in a second load for d isposal at South Cl ive . Each round 
tr ip would take 4 . 5  to 5 hour s .  
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The trucks would be 3 5-ton capac ity trucks and t r a i le r s  f it ted with door 
s ea l s  to prevent leakage . To prevent windblown contaminat ion d u r i ng 
transpor t ,  the trucks would be covered with a sprayed la tex seal , tarpaul i n , 
or  canopy . 

A . 7 . 1 . 1 2 Res torat ion 

After r emoval of the con tami nated mater ial from the Vi tro s i te ,  all a r eas 
of  excavat ion wou ld be restored to the approx imate o r i g inal contour s  ( i n 
concurrence with CVWRF) and released for unrestr ic ted use ( F igure A-6 ) . The 
s i te would be restored by impor t ing , spread ing , and compac t ing clean f i l l  
mater ial ( see Sect ion A . 4 . 11 for source of f i l l ) . 

A . 7 . 1 . 1 3 Ex i s t i ng u t i l i t ies 

S i nce the Vi tro site would be decon taminated and released for 
unrestr icted use , the existing 4 2- inch sewer l ine and all  other s u rface and 
underg round u t i l i t ies wou ld be protected i n  place dur ing constr uc t ion or  
tempora r i ly r emoved and replaced i n  k i nd .  

A . 7 . 1 . 1 4 Temporary fac i l i t ies 

Dur ing construc t ion operat ions , temporary fac i l i ties  wou ld be r equ i r ed 
for con s tr uc t ion wor kers  and supervisors ,  eng ineer ing , admin i s trat ive , 
secur i ty and mon i to r i ng per sonne l , and equ ipment ma intenance and repa i r . The 
fac i l i t ies  wou ld cons ist of off ice space , showers and change fac i l i t ie s  for 
all per sonnel wor k i ng on the s i te , as wel l  as  fac i l i t i es for launder ing 
cloth i ng .  

Secu r i ty 

The ent i r e  site would be fenced dur i ng construc t ion . Access would be 
controlled and no par k ing would be permit ted on the s i te . Cons truct ion 
veh icles wou ld rema in on the s i te . Tr uck s  br inging con s tr uc t ion mater ials 
from off  the s i te would be mon i tored and decontamina ted a s  requ i red pr ior to 
ex i t .  A secur i ty sta f f  wou ld be on the s i te 2 4  hou r s  per day . 

Water supply 

An 8-inch water line r un s  along 9 0 0  West Stree t .  Th is  would s upply 
shower s ,  laundry , veh icle wash when needed , and d r ink ing wate r .  

waste water 

Por table con struct ion toilets wou ld be u sed . Was te water from shower s ,  
hand basins , and laundry would g r av i ty flow to a hold ing tan k . Wash wa ter 
f rom the veh icle wash area would be held in  a p i t . These water s  would be 
d i sposed of on the s i te by a mob ile irr igat ion system , or treated . 
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A . 7 . 2  South C l ive s i te wor k  

A . 7 . 2 . 1  Mob i l i z a t ion 

A cons truc t ion stag ing area would be construc ted a t  the South C l ive s i te 
and temporary fac i l i t ies installed ( F igur e A- S )  • 

A . 7 . 2 . 2  C lear ing 

Low brush wou ld be cleared only from a r eas to r ece ive embankment 
mater ials . I f  burn ing is  not allowed , brush would be mulched and added to the 
topso i l .  

A . 7 . 2 . 3  Eros ion and sed iment controls 

All earth d i s turb ing ac t iv i t ies would be conduc ted in such a way as  to 
prevent acce le ra ted eros ion and sedimentat ion dur ing cons truc t ion . 

A . 7 . 2 . 4  S torm dra inag e and waste-wa ter r e tent ion ba sins 

Ba s i ns and channels would be s i z ed to retain r uno f f  from the lO-year 
2 4-hour s torm event of  the area tr ibutary to the ba s i ns plus other waste 
water s .  Re tent ion would be for at leas t 2 4  hou r s . 

Retent ion bas ins would be the pr imary mean s to collec t contaminated was te 
wa ter for evaporat ion . Wa s te wate r s  wou ld result f rom : 

Decon tam ina tion ac t iv i t ies including equ ipment washing and 
truck/tra in washdown . 

Dewa ter ing of con tamina ted mater ial . 

Runoff  from contamina ted ma ter ials . 

Laundry was te from washing protective c loth ing . 

Shower and wash ba s i n waste wate r .  

A . 7 . 2 . S  Fug i t ive dust con trol 

Dust gene ra ted by exc ava tion , earth movement , vehicle use , s tockp il ing , 
seed ing , and s imilar act ivi ties would be controlled and min imi zed by the use 
of  a water -based sur factant spr ayed under moder ately h igh pr essure ( from 
truc k s  and hoses ) . The source for dust suppress ion wa ter wou ld be ground 
water . 

A . 7 . 2 . 6  Roads 

Road acces s  to the s i te would be v ia the Aragon i te exit  off I-80 , along 
the north frontage road wes t  along s ide I - 8 0  for abou t 7 miles , to the ove rpass 
across I - 8 0 , and thence by about 3 mi les of  new access road ( F igure A- S ) . 
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The exist ing frontage road between the Ar agon ite exit  and the Cl ive 
ove rpass is  a gr aded , gr aveled , county road and wou ld requ ire upg r ad ing to 
carry the increased we ight and fr equency of traf f ic . 

Fr om the C l ive overpas s ,  approx ima tely 3 miles of  n ew access road wou ld 
be cons tr ucted to the d i sposal s i te . 

A . 7 . 2 . 7  Ra i l  car unload ing ( tr a i n  tr anspor t mode ) 

Approx ima tely 1 3 , 8 0 0  feet o f  r a i lroad spur would be constr ucted to 
prov ide r a i l  access to the off load ing fac i l i ty ( F igure A-5 )  • 

The o f f load ing fac i l i ty would cons i s t  o f  a car pos i t ioner , rotary dump , 
rece iv ing hoppe r ,  and stac k i ng conveyor system. The car pos i t ioner wou ld 
advance a car ove r the rotary dump mechan i sm ,  rotate the car abou t the axis  of  
i ts end coupler s ,  and dump the con tents into a rece iving hopper . 

The conveyor sys tem would remove tail ings from the hopper beneath the 
rotary dump for depos i t ion in s tockpiles . The sys tem wou ld cons ist of 
feede r s , an incl ine conveyor , and a r ad ial stacke r .  The rad ial stac ker would 
d i scharge into two 5 0 0 0-ton s tockp i les , one be ing depos i ted while the other is 
be ing tr anspor ted to the embankment . Rubble and other mater ials that arr ive 
at the South Cl ive s i te in s ide-dump car s would be d umped along s ide the 
track . After unload ing , the train  would be chec ked for contamina t ion , 
decontamina ted as necessary,  and retu rned to the Vitro s i te for load i ng . 

A . 7 . 2 . 8 Embankmen t construction 

The t a i l ings and othe r contaminated ma ter ials would be placed in an 
embankment constructed largely above grade . Mater ials for the radon bar r i er  
would be excava ted , the contaminated mater ial placed and compacted , and the 
radon bar r ier cover and eros ion cover placed over the tail ings and othe r 
contami na ted mater ials . 

Ta il i ng s  wou ld be placed about 1 5  feet above the ground-water table and 
the cover would be contoured and compac ted to minimize wa ter inf i l trat ion . 
Ta i l i ng s  and other contamina ted ma ter ial would be placed i n  a nd over the 
excava ted area . For the tr anspor t by train  opt ion , ta il ings would be removed 
from the stockpiles created by the r ad i a l  s tacker w i th dozers and scr aper s ,  
transpor ted to the excava t ion , spread , and compacted . For the tr anspor t by 
truck opt ion , trucks wou ld dr ive into the excavat ion and spr ead the ir  load for 
compac t ion . 

A . 7 . 2 . 9  Cover construct ion 

The cover wou ld be constructed of  two bas i c  layer s :  A lower compacted 
ear then layer , and an uppe r roc k laye r .  The earthen layer wou ld be excavated 
with scrape r s  from the por t ion of  the emban kme nt area under constr uct ion and 
compac ted over alr eady completed por t ions of the embankment in a cont inuous 
cut  and cover operation . The rock layer , for eros ion protect ion , would be 
brought i n  by truc k ,  spread , and compacted . 
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A . 7 . 2 . l 0  Res tor a t ion 

The s i te would be retur ned to its approxima te natu r al cond i t ion . Excess 
excava ted ma ter ial would be was ted around the d isposal area . A s ite acces s 
road and d r a i nage d i tch wou ld sur round the embankment . The ra i lroad and 
of fload ing fac i l i ty would be d i sman tled , decontaminated , and salvaged . 

A . 7 . 2 . ll Fenc ing 

The embankment a r ea wou ld be secured by a 6-foot-h igh cha in l ink  fence 
w i th bar bed w i r e  topwor k s .  A loc ked gate would be installed for access to the 
s i te . 

A . 7 . 2 . l2 Temporary fac i l i t ies  

Dur i ng cons truc t ion oper at ions , tempo r ary fac i l i t ies wou ld be requ ired 
for cons truc t ion wor kers  and s upervisor s , eng ineer i ng , admin i strative , 
secur i ty and mon i tor ing per sonne l ,  and ma i ntenance and repa i r  s ervice s . The 
fac i l i t ies  wou ld cons i s t  of o f f ice space and showers and change fac i l i t ies  for 
all  per sonn e l  wor k i ng on the s i te , as we l l  as fac i l i ties  for launde r i ng 
cloth i ng . 

Access would be control led and constr uction veh icles would r ema in on the 
s i te . Trucks br ing ing cons truct ion mater i al s  from off the s i te would be 
mon i tored and decon taminated as  requ ired pr ior to ex i t .  All veh icles leaving 
the s i te would be checked for any con tam inated ma ter ial wh ich is s ubj ec t  to 
release on publ ic thoroug h fares . A paved washdown area would be provided to 
r emove all  s uch contaminat ion . Wash wa ter would be collec ted and trea ted . A 
secur ity s ta f f  wou ld be on the s ite 2 4  hou r s  per day . 

There i s  no developed water s upply a t  the d i sposal s i te .  Brack ish wa ter , 
adequate for equ ipment decontam inat ion , compact ion , a nd dust control on the 
s i te would be developed from an on-s ite wel l .  A hold ing pond would be 
cons truc ted for s torage of deve loped wa ter . Potable water wou ld be hauled 
from the near e s t  source . 

Por table con s tr uc t i on toi lets would be used . Waste water from showe r s , 
hand bas ins , and laundry would gravity flow to a hold ing tan k . Wash water 
from the veh icle wash area would be held in a pi t .  These wate r s  would be u sed 
for d u s t  suppress ion or d isposed o f  on the s i te by a mob ile i r r igat ion system . 

No elect r i c i ty ,  gas , or other u t i l i t ies  are avai lable a t  the d i sposal 
s i te . Electr ic i ty would be suppl ied by por table generator s .  Telephon e  
serv ice wou ld b e  b y  r ad io telephone . 
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A . S  EQUI PMENT , PERSONNEL , ENERGY CONSUMPTION , 
AND FUEL ESTIMATES , ALTERNAT IVES 2 AND 3 

A . S . I  Vitro s i te-- introduct ion 

As d iscussed in Sec t ions A . 2  through A . 4 ,  stab i l i zat ion on the Vitro s i te 
(Alternative 2 )  cons i s ts o f  reloca t i ng all  of the t a i l i ng s  and contaminated 
ma te r ial into an embankment on the southcentral a nd southeas t  areas of the 
ex i s t ing s i te . The embankmen t would occupy approx imately 53 acre s .  The 
rema i nder of the s i te would be decon taminated , restored to approx ima te g r ade , 
and released for unrestr icted use . 

The cons truct ion ac tivi ties a r e  d iv ided into phases . Each o f  the phases 
are descr ibed i n  the following subsec t ions . 

A . S . I . I  S i te preparation 

Ta i l ing s ,  r ubble , and other contaminated mater ial presently ex i s t  on 
por tions of the area wh ich would be u t i l i zed for the embankment . To prov ide a 
s table foundat ion for the t a i l i ngs embankment , i t  would be n eces sary to 
relocate and recompact t a i l ings presently i n  the embankmen t area , and to 
demolish and re locate foundations and other r ubble in this  area . The proposed 
construc t ion s tag ing area is  presently covered with tail ing s and these would 
be removed and relocated as par t  of the s i te prepa r a t ion . 

The s i te preparat ion ac tivity would requ ire abou t 2 0  wor k ing days to 

complete and would u t i l i ze the follow i ng equ i pment . 

Type o f  equ ipment 

D- S dozer  
Mob ile c r ane 
Tr uck 
Grader 
Front end loade r 

A . S . I . 2  Ta i l ings relocat ion 

Number 

3 
I 
I 
I 
I 

To i ns tall a l iner sys tem , ta i l ings and contaminated mater ial i n  the 
embankmen t  area would be removed , a l iner system ins talled , and the contami
na ted ma ter ial replaced and r ecompac ted on the l iner system .  Althoug h the 
ta i l i ng s  and con tamina ted mater ial relocat ion and l iner placement would be two 
sepa r a te ope r a t ions , they would prog ress concurrently and thus some of the 
equ ipmen t  would be u t i l i zed for both act iv i t i e s . 

Th is ac t ivity i nc ludes relocat ion o f  a l l  of the ta i l ings a nd contamina ted 
ma ter ial presently loca ted in the embankmen t area . Th ese ma te r i a l s  are sub
d ivided into three general ca tegor ies depend i ng upon degree of s atura tion . 

Dry ma ter ial  
Damp ma ter ial 
We t ma ter ial 
Total 
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Dry mate r i al i s  def ined as loose ta il ing s  that can be r eloca ted with 
heavy ear th-mov ing equ ipment wi thou t spec ial pr eparat ion . Damp ma ter ial is  
de f ined as  loose ma ter ial that would r equ ire furrowing and dewater ing pr ior to 
relocat ion with heavy earth-mov ing equ ipmen t .  wet ma te r ial would require 
dewa ter ing pr ior to exc ava t ion with a dragl ine or bac khoe for r e loca t ion . 

Th is  ac t i v i ty would require approx imately 50  wor k i ng days ( 1 0 wee k s )  and 
the follow ing equ ipment . 

Type of  equ ipment 

D-S dozer 
Scraper ( 2 0 cy capac ity)  
Bac k hoe (4  cy capac ity )  
water tr uck 
Compactor 

A . S . l . 3  L i ner system placement 

Number 

6 
6 
2 
2 
2 

Th is  activity includes placement of  a base layer , s ubbase l ayer , and the 
l i ner . Ma ter ial would be hauled from an of f-s i te bor row loca t ion , placed , and 
compac ted . This  act iv i ty wou ld r equire the placement of 7 1 0 , 0 0 0  cy of s ubbase 
and l iner ma ter ial . Liner system placement would requ ire 2 2 0  wor k ing days ( 4 4  
wee k s )  and the followi ng equ ipment . 

Type o f  equ ipment 

D-8 doz e r  
Bac khoe ( 4  c y  capac i ty )  
Trucks ( lS . 5  cy capac ity )  
Compactor 
Grader 
water t r uck 

A . 8 . 1 . 4 Ta i l ing s  consol idat ion 

Numbe r 

4 
1 

3 5  
2 
2 
2 

T h i s  act i v i ty i ncludes relocat ion o f  t a i l i ngs from the remainder of  the 
s i te to the embankmen t area . These tail i ng s  ar e subd ivided i nto three 
ca tegor ies . 

Dry mater ial 
Damp ma ter ial  
we t ma ter ial 
Total 

9 0 , 0 0 0  cy 
8 7 5 , 0 0 0  cy 
4 0 5 , 0 0 0  cy 

1 , 3 7 0 , 0 0 0  cy 

Th is ac t i v i ty would r equire 2 0 0  wor k ing days ( 4 0 week s )  and require the 
followi ng equ ipment . 
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Type of  equ ipmen t 

D-B dozer 
Scr aper ( 2 0  cy capac i ty )  
Truck ( 12 cy capac i ty )  
Back hoe ( 4  cy capac i ty )  
Grader 
Compactor 
Water truck 

A . B . l . 5  Cover insta l lat ion 

Number 

6 
7 
6 
2 
2 
2 
2 

Th is act ivity includes the placement o f  the cover over the f in ished 
embankmen t .  The cove r mater ial is d iv ided into two ca tegor ies : a radon 
bar r ier  and an eros ion bar r ier . All cover ma ter ials wou ld be acquired f r om an 
off-s i te bor row locat ion , hau led to the s i te , spread , and compacted . 

Radon bar r ier cover 
Eros ion bar r ier cover 

2 9 0 , 00 0  cy 
1 5 5 , 0 0 0  cy 

T h i s  act ivity wou ld r equ i r e  140 wor k ing days ( 2 B  wee k s )  to complete and 
the following equ ipmen t .  

Type of  equ ipment 

Trucks ( l B . 5  cy capac i ty )  
D-B dozer 
Grader 
Compacto r 
Wa ter truc k  

A . B . l . 6  S i te r e s torat ion 

Number 

3 5  
4 
2 
2 
2 

Th is  activ ity includes the placement of  ! estorat ion ma ter ial . Dur ing the 
reloca t ion , t a i l ings and contam ina ted ma ter ial would be excava ted to depths 
below the e levat ion of  the sur round i ng ter r a i n .  T h i s  excavated mater ial would 
be r eplaced with c lean f i l l  to restor e the area and to provide dra inage . The 
restor a t ion ma te r ial wou ld be acqu i r ed from an o f f- s i te bor row location , 
hauled to the s i te , spr ead , and compac ted . The area would be revegetated . 
The quan t i ty of  f i ll r equired for restorat ion and revegetation i s  est imated to 
be 6 4 0 , 0 0 0  cy of  random f i l l  and 7 0 , 0 0 0  cy o f  selec t  f i ll . 

Th is  act i v i ty wou ld requ ire 2 2 0  wor k ing days ( 4 4  weeks ) to complete and 
the fol low ing equ ipment . 

Type of  equ ipment 

Truc k s  ( l B . 5  cy capac ity )  
Water trucks 
D-B dozer 
Compac tors 
Grader 

Number 

A-43 
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A . S . l . 7  Summary of per sonnel ,  energy consumpt ion , and fuel est imates 

Tables A-4 through A-6 conta in a s umma ry of personnel r equir ements , and 
energy and water consumpt ion . 

A . S . 2  Sou th Cl ive s i te-- i ntroduct ion 

As d i scussed in Sec t ions A. 5 through A . 7 ,  th e propos ed act ion 
(Alter nat ive 3 )  cons i s ts of r elocating the ta i l i ngs and other contaminated 
mater ial from the Vitro s i t e  to the South C l ive s i t e .  The embankment would 
occupy about 55 acr es . The Vitro s i te wou ld be decontaminated , r es tor ed to 
approx imate grade , and released for unr es tr ic ted use.  

Const r uction act iv i t i es are d ivid ed into phases . Each phas e i s  descr ibed 
below by mod e of transpor tat ion . 

A . S . 2 . 1  S i te pr epar at ion--train opt ion 

Vitro s i t e  

A cons truct ion stag ing area , s i t e  dra i nage system , waste-water r etention 
bas i ns , and a r a i l  spur would be constructed dur ing the s i te pr eparat ion 
phase .  The staging and r a i l  spur area wou ld be clear ed of l S O , O O O  cy o f  
contaminated mat er i als and f i lled w i th 9 5 , 0 0 0  c y  of compacted clean s o i l s  from 
an off- s i t e  bor row locat ion . A r a i l  spur 3 , SO O  feet long , and a turn out and 
swi tch would be installed .  

The s i t e  pr epar at ion activ i ty on the Vitro s i t e  wou ld r equ i r e  about 3 5  
wor k i ng days t o  complete and would u t i l i z e t h e  follow i ng equ ipment . 

Type of equ ipment 

D-S dozer 
Backhoe ( 4  cy capac ity)  
Truc k s  ( lS . 5  cy capac i ty )  
Grader 
Compac tor 
Water truck 

South C l ive Site 

Number 

4 
1 

3 2  
1 
1 
1 

A construc t ion stag ing ar e a ,  s i t e  dra inage sys t em ,  waste-water 
s ed imentat ion bas i n ,  r a i l  spur , r a i l  unload ing system ,  and access road would 
be constructed dur ing the s i t e  pr epar at ion pha s e .  The 7-mi le frontage road 
along I-SO  wou ld be upgrad ed by add ing 4 1 , 0 0 0  cy of g r avel . A 2 . 3-mile access 
road from I-SO to the s i t e  and a 2 . 6-mile r a i l  spur w i th four switches would 
be bu i l t  of 12 5 , 0 0 0  cy of compact ed ad j acent soi l s ,  g eotext i l e  fabr ic , and 

A-4 4  



Ta bl e A-4 . Perso nnel  req u i rements and  expo s u re type - sta bi l i za t i o n  i n  p l ace . 

No On-Bite 
eX228ure

l 2 
Hours eX�8ure Total 

NWlber per Nu.ber Hrs (OOOs) Number Hrs (OOOs) Number Hrs (OOOs) 
of days day people exposure people e"posure people e"poaure 

Site ereearat ion 
Bquipaent operators 20 8 6 1 
Truck drivers 20 8 1 
Maintenance personnel 20 8 1 
Miscellaneous personnel 20 8 4 1 
SUE!rv isorifore.en 20 8 2 

TOTAL PERSONNEL '0 14 14 
TOTAL BXPOSURE HOURS (OOOs) 2 2 

Ta ilings relocation 
Bquip.ent operators 50 8 16 6 
Truck dr ivera 50 8 2 1 
Maintenance personnel 50 8 2 1 
Miscellaneous personnel 50 8 
SUE!rvisoriforemen 50 8 -.l 1 

TOTAL PERSONNEL '0 23 23 
TOTAL DPOSURE IIOURS (OOOs) I I 

Liner s�st .. elace .. nt 
Bquip.ent operators 220 8 9 16 
Truck drivers 220 8 35 62 
Maintenance personnel 220 8 4 7 
Miscellaneous personnel 220 8 
SUE!rvisoriforemen 220 8 3 2. 

TOTAL PERSONNEL 35 16 51 
TOTAL EXPOSURE HOURS (OOOs) 62 28 10 

Tailings consolidation 
Equipment operators 200 8 19 30 
Truck drivers 200 8 8 13 
Maintenance personnel 200 8 3 5 
Miscellaneous personnel 200 8 0 
SUE!rvisoriforemen 200 8 -.l 2. 

TOTAL PERSONNEL '0 3 3  3 3  
TOTAL BXPOSURE HOURS (OOOs) 53 53 

Cover installation 
Bquipaent operators 140 8 8 9 
Truck drivers 140 8 35 39 
Maintenance personnel 140 8 4 4 
MiscellaneouB personnel 140 8 
Sueervisoriforemen 140 8 3 -.l 

TOTAL PERSONNEL 35 15 50 
TOTAL EXPOSURE IIOURS (OOOs) 19 17 56 

Site restoration 
Bquipaent operators 220 • 7 12 

Truck dr ivers 220 8 35 62 

Maintenance personnel 220 8 4 7 

Miacellaneoua peraonnel 220 • 
8u2!rvisorifore.en 220 • 3 2. 

TOTAL PERSONNEL 3s Ii 41 

TOTAL BXPOSURE HOURS (ODDs ) 62 25 .. 
General SU2!rvis ion 

Bquip.ent operators 600 8 1 5 

rieid aervice peraonnel 600 8 7 34 

Security personnel 600 • 4 11 

Office personnel 600 • 2 10 

Monitoring E!r8onnel 600 • ...! l! 
TOTAL PERSONNEL '0 20 20 

TOTAL EXPOSURE lIOUiS (OOOs) 58 96 

'I'O'l'AL EXPOSURE BOORS (ODDs) 162 231 193 

lLiaitecS e"posure to reaecSial action workers transpoc ting uncontaainatecS till. 
211<poaure to reaecSial action workers on the site. 
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Table A-5 . Energy consumption - s tab i l ization in plac e 

Con s tr uct ion phase Fuel (gal)  
El ectr icity 

Kwh . 

S i te pr epa r a tion 
Ta il ings reloca t ion 
Li ner sys tem pl acement 
Ta il ings consolidation 
Cover installation 
Restor a t ion 
Gener al supervis ion 

Total 

2 0 , 0 0 0  
150 , 0 0 0  
4 50 , 0 0 0  
5 0 0 , 0 0 0  
5 0 0 , 0 0 0  
8 0 0 , 0 0 0  
100 , 0 0 0  

2 , 5 20 , 0 0 0  

Ta ble A-6 . Wa ter consumpt ion - stab il iza tion in place 

Con s tr uction Phase gal lons 

S i te wor k (gener al ) 
Ta il ings reloca t ion 
Ta il ings consol idat ion 
L iner sys tem placement 
Cover installation 
Restor a t ion 
Mi sce llaneous 

Total 

1 , 0 0 0 , 0 0 0  
4 0 0 , 0 0 0  

1 , 2 0 0 , 0 0 0  
3 , 0 0 0 , 0 0 0  
2 , 7 0 0 , 0 0 0  
1 , 60 0 , 0 0 0  
1 , 1 0 0 , 0 0 0  

11 , 0 0 0 , 0 0 0  

-0-
-0-
-0-
- 0-
-0-
-0-

4 0 0 , 0 0 0  
4 0 0 , 0 0 0  

20 , 0 0 0  cy o f  g r avel . The componen ts of  the rotary dump , hopper , and s tack ing 
conveyor un load ing fac i l i ty would be pr efabr icated of f the s i te and assembled 
on th e s i te .  

The s i te pr epar ation act iv ity wou ld requ ir e abou t 3 5  wor k ing days to 
complete and would u t i l i ze the following equ ipment . 

Type o f  equ ipmen t  

D-8 dozer w/scar i fyer 
Sc r aper 
Compactor 
Tr uck s ( 1 8 . 5  cy capac i ty )  
Grader 
Wa ter tr uck 
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A . 8 . 2 . 2  S i te preparat ion--truc k  opt ion 

Vi tro s i te 

S i te prepa r a t ion would be the same as  for the r a i l  opt ion wi thout the 
r a i l  spur constr uct ion . Approx imately 10 wor k ing days and the follow ing 
equ ipment wou ld be requ i red . 

Type of equ ipment 

D- 8 dozer 
Bac k hoe (4 cy capac i ty )  
Trucks ( 1 8 . 5  cy capac ity )  
Grader 
Compac tor 
Water truck 

South Cl ive s i te 

Number 

1 
1 
8 
1 
1 
1 

S i te prepa r at ion would be the same as  for the r a i l opt ion , wi thout th e 
r a i l  spur and off load ing fac i l i ty construct ion . Approx ima tely 2 5  wor k ing days 
and the following equ ipment would be requ i red . 

Type of equ ipment 

D- 8 dozer w/scar i fyer 
Scraper 
Compac tor 
Trucks ( 1 8 . 5  cy capac i ty )  
Grader 
Wa ter Truck 

A . 8 . 2 . 3  Ta i l ing s  relocat ion--train option 

Number 

1 
1 
1 

1 2  
1 
1 

Th i s  activity inc lude s relocat ion of  all of  th e ta i l i ng s  and contamina ted 
mate r ial  presently located at the .Vi tro s i te ,  1 0 0 , 0 0 0  cy of  contamina ted 
vic i n i ty proper t i es , and 5 0 , 0 0 0  cy of windblown contamina ted so i l s  to the 
South C l ive s i te . Tail ings are subd iv ided into three general catego r i e s  
depend ing upon degree of saturat ion . 

Dry ma ter ial 
Damp mater ial 
We t ma ter ial  
Total 

1 7 0 , 0 0 0  cy 
1 , 3 8 0 , 0 0 0  cy 

6 7 0 , 0 0 0  cy 
2 , 22 0 , 0 0 0  cy 

Dry ma ter ial  is def ined as  loose ta i l i ng s  that can be r eloca ted w i th 
scrape r s  w i thout spec ial preparat ion . Damp mater ial is def ined as  loose 
ma te r ia l  that would require  fur rowing and dewater ing pr ior to r e loca t ion w i th 
sc rape r s . We t ma ter ial  would requ ire dewater ing pr ior to excava t ion with a 
d r agl ine or bac khoe for re locat ion w i th haul truc k s .  The windb lown 

contamina ted soils are generally d ry .  These ma ter ials would be excavated , 
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transpor ted , and depo s i ted bes ide the r a i l  spu r .  Front end loaders wou ld the n 
place the ta i l i ngs and fine-grained con tami nated mater ials in the gondola 
car s .  Rubble and v ic i n ity prope r ty mater ials ( l B O , O O O  cy ) wou ld be reduced i n  
s iz e , a s  necessary , with a mobi le crane and wr ecker ball , excavated w i th a 
doze r , and loaded i nto the s ide-dump cars w i th f ront end loader s .  

Th is  act iv i ty would requ i r e  approximately 6 3 5  wor k i ng days ( 12 7  wee k s )  
and the follow ing equ ipment . 

Type of equ ipment 

Mob i le c r ane ( 2 0 d ays only ) 
D-B dozer 
Scraper ( 2 0  cy capac ity )  
Backhoe ( 4  c y  capac i ty )  
On- s i te haul trucks ( 1 2 cy cap) 
Water truck  
Front end loaders 
Rai l  car s ( 10 0  ton capac ity)  
Grader 

A . B . 2 . 4  Ta i l i ngs relocation--tr uck option 

Number 

1 
2 
3 
1 
3 
1 
2 

l O B  
1 

The activity would be the same as the t r a in opt ion except that the 
contamina ted mater ials wou ld be loaded d i rectly into 3 5- ton capac i ty trucks 
with front end loader s .  Each truck would make two tr ips per  day ( 9 -1 0  hour s  
per day ) . Th is  act ivity would requ i r e  approx imately 6 3 5  wor k i ng days ( 1 2 7  
wee k s )  and the followi ng equ ipment.  

Type of equ ipmen t  

Mob ile crane ( 2 0  days only) 
Fr ont end loader 
Backhoe (4 cy capac i ty)  
D-B dozer 
Trucks ( 3 5-ton capac ity )  
Gr ader 
Water truck 

Number 

1 
2 
1 
1 

7 7  
1 
1 

A . B . 2 . 5  Embankment and cover construction--train option 

The embankment would be constructed in a continuous cut and cove r 
operation . Th e ex i s t ing soils would be excavated for use in cover ing al ready 
completed por t ions of the embankment .  The bot tom o f  the excavat ion would be 
compacted in preparat ion for placement of the contaminated ma te r i als wh ich 
would then be compacted in l i fts to the des ign elevat ion . Approx imately 
2 , 2 70 , 0 0 0  cy o f  con taminated ma ter ials would be tr anspor ted from the r a i l  
stockp i le to the embankment with sc rapers and l B O , O O O  cy of r ubble by truck s .  
Th e radon bar r ier wou ld requ ire 4 6 0 , 0 0 0  cy o f  compac ted soil and the eros ion 
bar r ier would requ ire 2 0 2 , 0 0 0  cy of rock from an o f f-s i te bor row area . 

The embankment and cover cons truction would be concur rent with the 
ta i l ings reloca t ion and would requ ire 640 wor k i ng days ( 1 2 B  wee k s )  and the 
following equ ipment . 
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Type of equ ipmen t  

Scr aper 
D-8 dozer 
Fron t  end loader 
Compac tor 
Water truc k  
On-s i te trucks ( 12 c y  capac i ty )  
Of f-s ite trucks ( 18 . 5  cy capac ity )  
Grader 

Numbe r s  

6 
2 
1 
1 
1 
1 
3 
1 

A . 8 . 2 . 6  Embankment and cover construc t ion--tr uck option 

The ac t iv i ty wou ld be the same as  i n  the train opt ion except all o f  the 
contamina ted mater ials wou ld be depos ited d i rectly on the embankment . 

The embankment and cover cons truct ion would requ ire 6 4 0  wor k ing days ( 12 8  
week s )  and the fol low ing equ ipment . 

Type of equ ipment 

Scr ape r 
D-8 doze r 
Compactor 
Wa ter truck 
Of f-s ite trucks ( 18 . 5 cy capac i ty )  
Gr ader 

A . 8 . 2 . 7 S i te restor ation--tr a in opt ion 

Vitro s i t e  

Number 

1 
2 
1 
1 
3 
1 

Th is  ac t iv i ty i ncludes the placement of restor a t ion ma ter ial ( se lect 
f i l l ) . Dur ing the relocat ion , ta il i ngs and contamina ted ma ter ial would be 
excava ted to depths below the e levat ion o f  the sur round ing ter r a i n . Th is 
excava ted mater ial would be replaced with c lean f il l  to restore the area and 
to provide d r a inage . The restor a t ion mater ial would be acq u i r ed from an 
off-s i te bor row locat ion , hau led to the s i te ,  spread , and compacted . The ar e a  
wou ld be revege ta ted . The qua n t i ty o f  f i l l  requ i r ed for restoration and 
revegetat ion i s  e s t imated to be 1 , 0 4 0 , 0 0 0  cy o f  select f i l l .  Approx imately 
9 5 , 0 0 0  cy o f  clean f i l l  would have been brought in for the r a i l  spur and 
stag ing area , thus 9 4 5 , 0 0 0  cy would be brought i n  the restor at ion phase . 

Th is  ac t iv ity wou ld requ i r e  6 2 5  wor k ing days ( 1 25 wee k s )  to complete and 
the following equ ipment . 

Type of equ ipment 

Truc k s  ( 1 8 . 5  cy capac i ty )  
Wa ter truck 
D-8 dozer 
Compacto r s  
Grader 
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South C l ive S i te 

A f ter all  of  the ta i l ings and contaminated ma ter ials have been reloca ted 
from the Vitro s i te to the South Cl ive s i te the r a i l  spur track and off load ing 
fac i l i ty wou ld be decontaminated and sa lvaged . The r a i l  spur subbase wou ld be 
recontoured to approx imately the orig inal grade . The embankment construction 
equ ipment wou ld be used a short t ime in th i s  tas k .  The access road wou ld 
rema in .  

A . B . 2 . B  S i te restorat ion--truc k opt ion 

Vitro S i te 

The ac t iv i ty would be the same as  in the train opt ion except that 
restorat ion f i ll requ i red would be g r eater than the amoun t  for the r a i l  spu r . 

The s i te restorat ion wou ld requ i r e  6 1 5  wor k ing days ( 1 23 wee k s )  a nd the 
following equ i pment . 

Type of equ ipmen t  

Trucks ( l B . 5  c y  capac i ty )  
Water truc k  
D-B dozer 
Compactor 
Gr ader 

South C l ive S i te 

Number 

1 9  
1 
1 
1 
1 

No restorat ion ac t iv i t ies would be r equ i red a t  the Sou th Cl ive s i te . 

A . B . 2 . 9  Summary of  per sonnel , energy consumpt ion , and fuel est imates 

Tables A- 7 through A-l l con ta i n  a summa ry of  per sonnel requi rements , and 
ene rgy and wa ter consumpt ion for Alte r na t ive 3 .  
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Table A- 7 . Per sonnel requi r emen t s  and expo sure - train option -

r e location to South C l ive . 

No 
1 

On Site 
2 

Hou r s  EX22sure EX22sure 
Exposure 

3 
Our ins iiaul Total 

N unt>er Per N umber ii r s  ( O O O s )  Number ii r s  ( O O O s) N umber Hrs ( O O O s )  Number ii r s  ( O O O S )  
of Days Day People Expos ure People Exposure People Exposure People Exposure 

S ite EreEa r at ion - vi tro 
Equipment operators 3 5  8 1 1  
T r uck dr ivers 35 8 3 2  
Maintenance pe r sonnel 3 5  8 2 1 
Miscel laneous personnel 20 8 22 4 
su�rvi sorLforemen 3 5  8 8 1 

TOTAL PERSONNEL 32 43 75 
xor AL EXPOSURE HOURS ( O O O s )  9 9 18 

S i te ereearat ion - Clive 
Equipment operators 35 8 9 
T r uck d r ivers 3 5  8 8 2 
Maintenance personnel 3 5  8 2 1 
Miscellaneous personnel 20 8 28 4 
SUE!rvi sorLforemen 12. 8 � _2 

Tor AL PERSONNEL 5 5  5 5  
TOTAL EXPOSURE HOURS ( 0 0 05)  12 12 

T a i l inss relocation - V i tro 
Equipment Operators 6 3 5  8 9 4 6  
Equipment operators 20 8 1 2 5  
T r uck drivers 6 3 5  8 3 15 
Maintenance personnel 6 3 5  8 2 10 
Miscellaneous pe r sonnel 6 3 5  8 11 56 
Sueerv isorLfor emen 6 3 5  8 ...i 20 

TorAL PERSONNEL 3 0 3 5  
TOTAL EXPOSURE HOURS ( O O O s) 147 2 5  1 7 3 

Embankment construction - Cl ive 
Equipment operators 640 8 1 3  6 7  
T r uck dr ivers 640 8 15 1 
Maintenance personnel 640 8 2 10 
M i scellaneous personnel 640 8 8 4 1  
Supervi sor/foremen 640 8 ...i 1.Q. 

TOTAL PERSONNEL 28 31 
TorAL EXPOSURE HOURS (0005) 1 5  1 4 3  ' 1 5 9  

S i te restoration - Vitro 
Equipment operators 6 2 5  8 20 
Truck dr ivers 6 2 5  8 17 8 5  
Maintenance pe r sonnel 6 2 5  8 1 
M i scellaneous personnel 625 8 
SUEervi sorLforemen 6 2 5  8 � .!Q. 

TOTAL PERSONNEL 1 7  7 24 
TorAL EXPOSURE iiOURS ( O O O s )  8 5  3 5  120 

TOTAL EXPOSURE HOURS ( O O O s) 1 2 1  3 3 5  2 5  482 

lL imi ted exposure to remed ial action workers transporting uncontaminated f i l l .  
2Exposure t o  r emed ial action workers on the site.  
3Exposure to remedial action workers transporting tailings. 
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Talbe A-B . Per sonn e l  requ irements and expo sure - truck option -

r e l oc a t ion to South C l ive . 

No 
1 

On Si te 
2 

Hours Ex�sure E�sure 
Exposure 

3 
Dur inS! Haul Tvtal 

Number Per NuDt>er Hrs ( O O O s) Number Hrs ( O O O s )  Number H r s  ( O O O s) Number Hrs ( O O O S) 
of Days Day People Exposure people Exposure people Exposure People Exposure 

S i te EreEarat ion - vitro 
Equipment operators 10 8 
T r uck dr ive rs 10 8 1 
Maintenance personnel 10 8 1 
Miscellaneous personnel 10 8 9 2 
su�rvisorLfor emen 1 0  8 ....! 

TO!AL PERSONNEL '8 19 2 7  
TarAL EXPOSURE HOURS ( O O O s )  1 2 2 

S ite EreEa r a t ion - Clive 
Equipment ope rator s 2 5  8 5 1 
Truck dr ivers 2 5  8 12 2 
Maintenance per sonnel 2 5  8 1 1 
Mi scellaneous personnel 2 5  8 6 1 
Su�rvi sorLforemen II ....! -l 

TarAL PERSONNEL 28 2 8  
TOTAL EXPOSURE HOURS ( O O O s) 6 6 

T a i li!:!Ss relocation - vitro 
Equipment operators 6 3 5  8 6 3 0  
Equipment operators 20 8 1 
T r uck drivers 6 3 5  8 7 7  489 
Ma i ntenance personnel 6 3 5  8 2 10 
Miscellaneous personnel 6 3 5  8 1 5  7 6  
SUEerv i sorLfor emen 6 3 5  8 4 20 

Tar AL PERSONNEL 2 8  77 1 0 5  
TOTAL EXpOSURE HOURS ( O O O s) 1 3 7  4 8 9  6 2 6  

Embankment construction - Cl ive 
Equipment operators 640 8 2 6  
T ruck dr ivers 6 4 0  8 1 5  0 
Maintenance personnel 640 8 1 5 
Mi scellaneous personnel 640 8 9 46 
Su�rvi sorLforemen 6 4 0  ....! � 

TO!AL PERSONNEL 3 19 22 
TarAL EXPOSURE HOURS ( O O O s) 1 5  97 ll3 

Site restoration - Vitro 
Equipment operators 6 1 5  8 4 2 0 
Truck dr ivers 6 1 5  8 1 9  9 3  
Maintenance personnel 6 1 5  8 1 5 
Miscellaneous personnel 6 1 5  8 
Supervisor/ foremen 6 1 5  8 2 lQ 

TO!AL PERSONNEL 19 7 26 
TarAL EXPOSURE HOURS ( O O O s )  93 35 128 

TOTAL EXPOSURE HOURS ( O O O s) ll5 2 7 1  489 8 7 5  

lL im i ted exposure t o  remed ial action wor kers transporting uncontaminated f i l l .  
2Expcsure to r emedial action wor kers on the site. 
3Expcsure to remedial action workers tr anspcr ting ta il ings. 

A- 5 2  



Table A-9 . Energy consumpt ion--tr a i n  opt ion 

Cons truct ion phase 

S i te preparat ion 
Ta i l i ng s  relocat ion 
Embankment cons truc t ion 
Res torat ion 
Gene ral s upe r v i s ion 

Total 

Fuel ( g a l )  

1 8 0 , 0 0 0  
3 , 4 20 , 0 0 0  
2 , 0 0 0 , 0 0 0  
1 , 0.7 0 , 0 0 0  

3 0 0 , 0 0 0  
6 , 9 70 , 0 0 0  

E lec t r icity ( Kwh ) 

8 0 0 , 0 0 0  
8 0 0 , 0 0 0  

Table A-10 . Energy consumpt ion--truc k  opt ion 

Cons truct ion phase 

S i te prepar at ion 
Ta il ings re location 
Emban kment cons truction 
Res torat ion 
Gene ral supe rvis ion 
Total 

Fuel ( g a l )  

51 , 0 0 0  
4 , 9 40 , 0 0 0  

6 9 0 , 0 0 0  
1 , 1 40 , 0 0 0  

3 0 0 , 0 0 0  
7 , 1 2 1 , 0 0 0  

E lec t r ic i ty ( Kwh) 

8 0 0 , 0 0 0  
8 0 0 , 00 0  

Table A-ll . Summary o f  wa ter use--g allon s  

Total 

Ac t iv i ty 

S i te prep 
Relocation 
Embankment 
Re stor at ion 
Du st control 

Total 

Opt ion 

Tr a i n  
Vi tro C l ive 

2 , 6 0 0 , 0 0 0  1 , 4 0 0 , 0 0 0  
4 0 0 , 0 0 0  4 0 0 , 0 0 0  

4 , 7 0 0 , 0 0 0  
6 , 1 0 0 , 0 0 0  
2 , 7 0 0 , 0 0 0  2 , 7 0 0 , 0 0 0  

11 , 80 0 , 0 0 0  9 , 2 0 0 , 0 0 0  

2 1 , 0 0 0 , 0 0 0  

A- 5 3  

T r uc k  
Vi tro Cl ive 

3 0 0 , 0 0 0  
1 , 5 0 0 , 0 0 0  1 , 50 0 , 0 0 0  

4 , 70 0 , 0 0 0  
6 , 7 0 0 , 0 0 0  
2 , 7 0 0 , 0 0 0  2 , 70 0 , 00 0  

10 , 9 0 0 , 0 0 0  9 , 20 0 , 0 0 0  

2 0 , 10 0 , 0 0 0  

- - - - -
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A . 9  CAPITAL COST ESTIMATES 

A . 9 . 1  V i tro s i te --Al ternat ive 2 

A cost e s t ima te has been pr epa r ed , based upon the conceptual des ign 
descr ibed in th i s  Append ix .  The conceptual des ign cos t est imate is $ 3 1 . 24 
m i l l ion and i s  s ummar i zed in  Table A-12 . Th i s  repr esents the prel iminary cos t  
est imate for cost-shar ing pur poses . A deta i led br eakdown of  the remed ial 
act ion constr uct ion costs i s  pr esen ted in  Ta ble A-13 . These costs do not 
inc lude the v i c i n i ty proper ty work . 

Table A-1 2 .  S i te cost estimate summary ( 1 9 8 3  - $ 0 0 0 )  
Alter nat ive 2 

Item Costs 

S i te acqu is i t ion 

Mineral value 
Land value 

TOTAL S ITE ACQUIS ITION 

Remed ial Act ion (RA) 

Proces s ing s ite 
S i te pr epa r a t ion 
L iner system 
S i te grad ing 
Cover 
Eros ion pr otect ion 
Decontaminat ion fac i l i ties 
Res tor ation 
Fenc ing 
Super v i sor y & field serv ices 

TOTAL REMED IAL ACTION 

Eng i neer ing/cons tr uct ion management 

o 
5 , 0 0 0  

1 , 5 5 0  
4 , 2 3 0  
8 , 3 7 0  
1 , 3 7 0  

9 3 0  
6 0  

3 , 9 6 0  
8 0  

3 , 6 0 0  

Eng ineer ing 6 3 0  
Cons truct ion management 1 , 110  

5 , 0 0 0  

24 , 15 0  

TOTAL ENGINEER ING/CONSTRUCT ION MANAGEMENT 1 , 7 4 0  

MA INTENANCE AND SURVE ILLANCE 3 5 0  

TOTAL COST ESTIMATE $31 , 2 40 * 

*Ba sed upon the State of Utah eng ineer ing analyses and cos t estima tes for the 
pr eload sys tem , the cost for Al ternat ive 2 would increase to $4 2 . 0  million . 

A- 55 



Table A-13 . Cos t est imate--deta iled 
Alternat ive 2 

I tem Cost ( $ 0 0 0 )  

SITE PREPARATI ON 

1 .  Mob i l i z a t ion ( lump s um) 

2 .  Stag i ng area ( lump sum) 
• Laydown and par k i ng fac i l i t ies 

3 .  Roads 
• Construct and ma intain temporary roads 
• Conc rete protec t io n  pad s over u t i l i t ies 

4 .  C lear ing and gr ubbing ( lump sum) 

5 .  Dewater i ng 
• Tempor ary d i tches , gr avel l iners 
• Sump pumps and l ines 
• Retent ion ponds 
• Permanent d i tches 

6 .  was te-water tr eatmen t  fac i l i ty 

7 .  Demo l i  t ion 
• Stack , concrete foundat ions 
• Telephone and power l i nes ( r eloca te)  
• water and gas l ines ( r eloca te ) 

Total s i te pr eparat ion 

TAILINGS P I LE 

1 .  Re locate , g r ade , and compact 
• Dry 
• Dewatered 
• We t 
• Rubble 
• Off-s ite mater ials 

2 .  L i ner system 
Su bba se preparat ion 

• Base pr eparat ion 
• L i ner preparat ion 

(on-s ite mater ials ) 
( 1 70 , 0 0 0  cy)  

( 1 , 3 8 0 , 0 0 0  cy ) 
( 6 70 , 0 0 0  cy ) 

( 8 0 , 0 0 0  cy ) 
( 1 50 , 0 0 0  cy)  

( 2 20 , 0 0 0  cy ) 
( 3 0 0 , 0 0 0  cy ) 
( 1 90 , 0 0 0  cy ) 

A- 5 6  

6 0  

2 0  

8 0  

10 

140 

8 6 0  

3 8 0  

$1 , 5 5 0  

8 , 3 7 0  

4 , 2 3 0  



Table A-1 3 .  (con t inued ) 

I tem 

RADON COVER 

1 .  Compacted bor row 
• Purchase ,  haul , spr ead , 

and compac t 

EROSION COVER 

1 .  p i t  r un rock 
• Purchase , hau l , spread , 

and compac t 

DECONTAMINATION ( lump sum) 

1 .  Dr iveway washdown fac il ity 

S ITE RESTORATION 

1 .  

2 .  

F i l l  mater i a l  
• Purchase , haul , spread , 

and compact 

Select f i l l  mater ial 
• Purchase , hau l , spread , 

and compact 

S eed ing 

FENC ING ( lump s um)  

SUPERVISORY AND FIELD SERVICES 

1 .  Field s taf f 
• Proj ect manager 
• Proj ect eng ineer 
• Con s t r uc t ion eng ineer 
• Sa fety eng i neer 
• Schedules/cost eng i neer 
• Secretary 

2 .  F ield services 
• Add i t i onal labor 
• Secur ity 
• Survey crew 
• Qua l i ty control 

( 2 9 0 , 0 0 0  cy)  

( 1 55 , 0 0 0  cy) 

( 6 4 0 , 0 0 0  cy ) 

( 70 , 0 0 0  cy ) 

( 7 5 Ac ) 

( 7 , 0 0 0  LF ) 

A- 5 7  

C o s t  ( $ 0 0 0 )  

1 , 3 7 0  

9 3 0  

6 0  

3 , 9 6 0  

8 0 

1 , 0 0 0  

1 , 0 6 0  



3 .  

4 .  

Table A-1 3 .  ( cont inued)  

I t em 

Fi eld health serv ice s 
• Heal th phys ics manag er 
• Acce s s  control techn ic ian 
• Tr uc k  mon i tor 
• Labor atory services 
• Equ i pmen t  and miscellaneous 

Tempor ary fac i l i t ies  
• F i eld o f f ice 
• Field o f f ice expenses 
• Change and showe r u n i t  
• Tempor ary u t i l i t ies  
• Tempor ary san itary fac i l i t i e s  
• Insur ance 
• Cons umable supp l ie s  
• Laundry and operat ion 
• Mob i le equ ipment 
• Fenc i ng , barr icade s ,  s i gns , 

and m i sce l laneous 

Supe r v i sory and Fi eld Services Tota l : 

Tota l  Prel iminary Cos t Est imate 

A- 5 8  

Cost ( $ 0 0 0 ) 

1 , 0 7 0  

4 70 

3 , 6 0 0  

$ 2 4 , 15 0  



A . 9 . 2  South Cl ive s i te--Al ternat ive 3 ( propdsed ac t io n )  

A cost est imate h a s  been pr epared , based upon the conceptual des ign 
descr i bed in this Append ix . The conceptual desig n  cost est imate i s  $ 6 3 . 7 8 
( tr a i n )  or  6 7 . 6 8 ( tr uc k )  mill ion and i s  summar ized i n  Tables A-14 and A- 1 5 . 

Th i s  represents the prel iminary cost est ima te for cos t-shar ing purposes . A 
deta i led breakdown of the r emed ial act ion con struct ion cos ts i s  presented i n  
Tables A-16  ( t r a i n )  and A-1 7  ( tr uc k ) . These cos t s  d o  not include the v ic i n ity 
property wor k .  

Table A-14 . S i te cost estimate s umma ry ( 1 9 8 3  - $ 0 0 0 ) 
Alternat ive 3 - train transpor tat ion 

I t em 

S i te acqu i s i t ion 

Mineral value 
Land value 

TOTAL S ITE ACQUI S ITION 

Remedial ac tion ( RA )  

Wor k  a t  Salt La ke C i ty 
S i te preparat ion 
Decontaminat ion 
S i te reloca t i on 
S i te restorat ion 
Supervi sory and f ield serv ices 

Wor k  at Cl ive 
S i t e  prepa r a t i on 
Cove r 
Eros ion protect i on 
Decon tam inat ion 
S i te reloca t i on 
Fenc ing 
Super v i sory and f ield services 

To'rAL REMEDIAL ACTION 

Eng i neer ing/construct ion management 

Eng ineer ing 
Construct ion manag emen t 

TOTAL ENG INEERING/CONSTRUCTION MANAGEMENT 

MAINTENANCE AND SURVE ILLANCE 

TOTAL COST EST IMATE 

A- 5 9  

o 
8 0  

8 0  

2 , 520  
3 3 0  

3 3 , 4 0 0  
5 , 2 7 0  
3 , 9 8 0  

2 , 8 20  
1 , 2 50 
1 , 43 0  

3 3 0  
6 , 4 60 

9 0  
3 , 0 2 0  

1 , 1 5 0  
1 , 5 6 0  

Costs 

4 5 , 50 0  

1 5 , 4 0 0  

6 0 , 9 0 0  

2 , 710 

90  

$6 3 , 7 8 0  



Table A-1 5 .  S i te cos t est ima te summary ( 1 9 8 3  - $ 0 0 0 )  
Alte r nat ive 3 - truck transpor tat ion 

I tem Cost s  

S i te acqu i s t ion 

Mineral value 
Land value 

TOTAL SITE ACQUI S ITION 

Remedial act ion ( RA )  

Wor k  a t  Salt Lake C i ty 
S ite preparat ion 
Decontamina t ion 
S i te relocat ion 
S i te restor a t ion 
Supe r v i sory and f i e ld serv ices 

Wor k at Cl ive 
S i te pr epa rat ion 
Cove r 
Eros ion protec t ion 
Decon taminat ion 
S ite relocat ion 
Fenc ing 
Super v i sory and f ield services 

TOTAL REMED IAL ACTION 

Eng ineer ing/construct ion management 

Eng ineer ing 
Construct ion management 

TOTAL ENGINEERING/CONSTRUC'r ION MANAGEMENT 

MAINTENANCE AND SURVE ILLANCE 

TarAL COST EST IMATE 

A-60 

o 
8 0  

8 0  

1 , 49 0  
1 2 0  

41 , 3 0 0  
5 , 2 7 0  
4 , 3 20  

3 , 510 
1 , 2 5 0  
1 , 4 3 0  

1 2 0  
2 , 68 0  

9 0  
3 , 2 20  

1 , 1 50 
1 , 5 6 0  

5 2 , 5 0 0  

1 2 , 3 0 0  

6 4 , 8 0 0  

2 , 7 10 

90 

$ 6 7 , 680  



Table A-1 6 .  Cos t est imate--deta i led 
Alternat ive 3 - t r a i n  transportat ion 

I tem 

WORK AT SALT LAKE CITY 

SITE PREPARATION 

1 .  Mob i l i za t ion ( lump sum) 

2 .  Stag ing area ( lump sum) 
• Laydown and pa r k ing fac i l i t ies  

3 .  Ut i l ity protect ion 
• Concrete protec t ion pads ove r u t i l i t ie s  

4 .  Clear ing and g r ubbing ( lump sum )  

5 .  Dewater ing 
• Temporary d i tches , g r ave l l iners 
• Sump pumps and l ines 
• Retent ion ponds 
• Pe rmane nt d i tches 

6 .  Waste-water treatmen t  fac i l i ty 

7 .  Demo l i t ion 

• Stack , concr ete fou ndat ions 
• Te lephone and power l ines ( relocate)  
• Wa ter and g a s  l ines ( r eloca te)  

8 .  Temporary r a i lroad spur 
• Construct base , install new a nd used tr ack , 

ma in tenance and sa lvage 

To tal s i te prepa rat ion 

DECONTAMINATION ( lump sum) 

1.  Equ ipment and truck wash-down fac i l i ty 

2 .  Tra i n  wa sh-down fac i l ity 

S I TE RELOCAT ION 

1 .  Excavate and load contam i na ted mate r ial  ( 2 , 4 5 0 , 0 0 0  cy ) 

2 .  Transpor tat ion : cars , ma in tenance , haul ing , cove r s  

A-61 

Cost ( $ 0 0 0 )  

6 0  

2 0  

2 0  

10 

1 4 0  

8 6 0  

3 8 0  

1 , 0 3 0  

$ 2 , 520  

3 3 0  

8 , 810  

2 4 , 5 9 0  



Table A-1 6 . (con t i nued ) 

I tem Cost ( $0 0 0 )  

S ITE RESTORATION 

1 .  F i l l  mater ial 
• Purchase , haul , spread , 

and compac t 

( 8 2 5 , 0 0 0  cy) 

Select f i l l  mater ial ( 1 20 , 0 0 0  cy) 
• Purchase ,  haul , spread , and compac t 

2 .  Seed ing 

SUPERVI SORY AND F IELD SERVICES 

1 .  Fi eld s ta f f  
• Proj ec t  manager 

Proj ect eng ineer 
• Cons truct ion eng ineer 
• Sa fe ty eng ineer 
• Schedules/cos t eng ineer 
• Sec retary 

2 .  Fi eld services 
• Add i t ional labor 
• Secur i ty 
• Survey crew 
• Qua l i ty con trol 

3 .  F i eld health services 
• Heal th phys ics manager 
• Access control technic i an 
• Labor atory services 
• Equipmen t and miscellaneous 

4 .  Temporary fac i l i t ies 
• Field o f f ice 
• Fi eld o f f ice expenses 
• Change and shower un i t  
• Temporary u t i l i t ies  
• Tempor a ry sani tary fac i l i t ies 
• Insurance 
• Consumable supplies 
• Laund ry and ope ration 
• Mobile equ ipment 
• Fenc ing , bar r icade s ,  s igns 

and miscellaneous 

( 12 8  Ac ) 

Supervi sory and field services total : 

A-6 2  

5 , 2 70 

1 , 19 0  

1 , 0 90  

1 , 1 4 0  

5 60 

3 , 9 80 



Table A-16 . (con t i nued)  

I t em Cos t ( $0 0 0 ) 

WORK AT CLIVE 

SITE PREPARATION 

1 .  Mob i l i za t ion ( lump sum)  

2 .  S tag ing area ( lump sum )  
• Laydown and pa r k ing fac i l i t ies 

3 .  Roads 
• Cons truc t  and ma inta in tempor ary roads 
• Construct perma nent roads 

4 .  Dewa ter ing 
• Temporary d i tches , g r avel l iners 
• Re ten t ion pond s 
• Permanent d i tches 

5 .  Wa ter we l l  

6 .  Tempor ary r a i lroad spur 

Total s i te preparat ion 

RADON COVER 

1 .  Compacted on s i te so i l s  
• Excava te , spread , 

and compact 

EROS ION COVER 

1 .  p i t  run roc k 
• Excavate , haul , spread 

DECONTAMINATION ( lump sum) 

( 5 70 , 0 0 0  cy ) 

( 19 0 , 0 0 0  cy ) 

1 .  Equ ipment and truck wash-down fac i l ity 

2 .  Train wa sh-down fac i l i ty 

SITE RELOCATION 

1 .  Haul ta i l ings from radial s tacker ; 
spr ead and compact 

2 .  Of f-load ing fac i l i ty 

A- 6 3  

( 2 , 4 5 0 , 0 0 0  cy ) 

6 0  

2 0  

1 , 0 7 0  

1 9 0  

1 2 0  

1 , 3 60  

$ 2 , 82 0  

1 , 2 5 0  

1 , 4 3 0  

3 30 

4 , 2 9 0  

2 , 170  



Table A-1 6 . ( cont i nued ) 

I tem Cost ( $ 0 0 0 )  

FENC ING ( 7 , 50 0  LF ) 

SUPERVI SORY AND FIELD SERVICES 

1 .  Field staff  
• Cons t r uct ion eng ineer 

2 .  Fi eld services 
• Add it ional labor 
• Secur ity 
• Sur vey c rew 
• Qu a l i ty control 

3 .  Field health services 
• Health phys ics manager 
• Access control technic ian 
• La boratory services 
• Equ i pment and miscel laneous 

4 .  Temporary fac i l i t ie s  
• Field o f f ice 
• F ield o f f ice expenses 
• Change and s hower unit  
• Tempor ary u t i l i t ies  
• Temporary sanitary fac il i t ies  
• Insurance 
• Consumable suppl ies 
• La undry and operat ion 
• Mob i le equ ipment 
• Fenc ing , bar r icades , s igns 

and misce llaneous 

Supervisory and f i e ld services total : 

Total pre l imi nary cos t est imate 

A- 6 4  

9 0  

2 6 0  

1 , 260  

8 1 0  

6 9 0 

3 , 0 2 0  

$ 6 0 , 9 0 0  



Table A-1 7 . Cos t estimate--detai led 
A l ternative 3 - truc k  transpor ta t ion 

I tem 

WORK AT SALT LAKE CITY 

S I TE PREPARATION 

1 .  Mobi l i za t ion ( lump s um) 

2 .  S tag ing area ( lump s um)  
• Laydown and par k i ng fac i l i t ies  

3 .  Ut il ity protect ion 
• Concrete protec t ion pads over u t i l i t ies 

4 .  Clear ing and g rubbing ( lump s um)  

5 .  Dewater ing 
• Temporary d i tches , g r avel l iners 
• Sump pumps and l ines 
• Retent ion ponds 
• Pe rmanent d i tches 

6 .  Waste-water treatment fac i l i ty 

7 .  Demol i t ion 
• Stack , conc r ete foundat ions 
• Telephone and power l ines ( r elocate)  
• Water and g a s  l ines ( reloca te ) 

Total s i te preparat ion 

DECONTAMI NATION ( l ump s um)  

1 .  Equ ipment and truc k  wash-down fac il ity 

S I TE RELOCATION 

1 .  Excavate and load contamina ted mater ial ( 2 , 4 5 0 , 0 0 0  cy) 

2 .  Tr ansportat ion : t r uc k s ,  ma i ntenance , haul ing , covers 

A- 6 5  

Cos t ( $O O O )  

6 0  

2 0  

2 0  

1 0  

1 4 0  

8 60 

3 8 0  

$1 , 4 9 0  

1 2 0  

4 , 5 10 

3 6 , 79 0  



Table A-17 . ( con t inued ) 

I tem Cost ( $0 0 0 )  

SITE RESTORATION 

1 .  F i l l  ma ter ial  
• Purchase , haul , spread , 

and compac t 

Select f i l l  mater ial 
• Purchase ,  haul , spr ead , 

and compac t 

2 .  Seed ing 

SUPERVISORY AND FIELD SERVICES 

1 .  Field s ta f f  
• Proj ec t manager 
• Proj ect eng ineer 
• Cons truc t ion eng ineer 
• Sa fety eng ineer 
• Schedule s/cos t eng ineer 
• Secr e tary 

2 .  Field services 
• Add i t ional labor 
• Secur i ty 
• Sur vey c r ew 
• Qual i ty con trol 

3 .  F i e ld health services 
• Health phys ics manager 
• Access control tech n ic ian 
• Tr uc k  mon i tor 
• Labor atory serv ices 
• Equipment and m i scel laneous 

4 .  Temporary fac i l i t ies 
• Fi eld o f f ice 
• Field o f f ice expenses 
• Change and shower un i t  
• Temporary u t i l i t i es 
• Temporary san itary fac i l i t ies 
• Insurance 

Cons umable suppl ies 
• La undry and operat ion 
• Mob i l e  equ ipment 
• Fenc ing , bar r icades , s igns 

and miscel laneous 

( 8 2 5 , 0 0 0  cy ) 

( 1 20 , 0 0 0  cy) 

( 1 2 8  Ac ) 

Supe rvisory and f i eld services total : 

A-6 6  

5 , 2 70 

1 , 19 0  

1 , 0 9 0  

1 , 50 0  

5 4 0  

4 , 320  



Table A-17 . (cont �nued ) 

I tem Cost ( $ 0 0 0 )  

WORK AT CLIVE 

S ITE PREPARATION 

1. Mob i l i za t ion ( lump s um) 

2 .  Stag ing area ( lump sum) 
• Laydown and par k ing fac i l i t ies  

3 .  Road s 
• Construct and ma intain  tempor ary r oads 
• Construct permanent road s 

4 .  Wa ter well 

5 .  Dewa ter ing 
• Temporary d i tches , g r avel l iners 
• Re tent ion ponds 
• Pe rmanent d i tches 

Total s i te pr epar at ion 

RADON COVER 

1 .  Compacted on-s ite soils ( 5 70 , 0 0 0  cy)  
• Excavate , spread , a nd compac t 

EROS ION COVER 

1 .  p i t  run r oc k  
• Excava te , haul , spread 

DECONTAMINAT ION ( l ump sum) 

1 .  Equ ipment and truck 
wash-down fac i l i ty 

S ITE RELOCATION 

( 1 90 , 0 0 0  cy) 

1 .  Haul ta i l i ngs to embankment area 

FENC ING 

A-6 7  

( 2 , 4 50 , 0 0 0  cy)  

( 7 , 5 0 0  LF ) 

6 0  

2 0  

3 , 1 2 0  

1 2 0  

1 9 0  

$ 3 , 510 

1 , 2 5 0  

1 , 4 3 0  

1 2 0  

2 , 6 80  

9 0  

_ _  - _ ____ _ _ __________________ ----1 



Table A-1 7 .  ( cont inued 

I tem Cost ( $0 0 0 ) 

SUPERVI SORY AND FIELD SERVICES 

1 .  Field sta f f  
• Construction eng ineer 

2 .  F ield services 
• Add i t ional labor 
• Secur i ty 
• Survey c r ew 
• Qua l i ty con trol 

3 .  Field health se rvices 
• Health phys ics manager 
• Access control tech n ic ian 
• Truck mon i tor 
• La boratory services 
• Equ ipment and miscel laneous 

4 .  Temporary fac i l i t ies  
• Fi eld o f f ice 
• Fi eld o f f ice expenses 
• Change and shower unit  
• Temporary util i t ie s  
• Temporary sanitary fac i l i t i�s  
• Insur ance 
• Consumable s uppl ies 
• La undry and operat ion 
• Mob ile equ ipment 
• Fenc ing , barr icades , s igns 

and miscel laneous 

Superv isory and f i eld serv ices total : 

Tota l prel iminary cos t est ima te 

A-6 8  

2 60 

1 , 260  

1 , 0 10 

6 9 0 

3 , 2 2 0  

$64 , 80 0  
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Append ix B 

THE SELECTION OF AN OFF-S ITE D ISPOSAL S ITE 

The impac ts of transpor t ing the Vitro ta i l ings and other contam inated 
mater ial to an off-s ite locat ion are desc r i bed in t h i s  document in terms of a 
new d i sposal s i te approximately 1 mile south of Cl ive , Utah . Th i s  append ix 
provides a backg round for and h i s tory of the events that led to the cho ice of 
the South Cl ive s i te as  the off-s i te a l ternat ive . 
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B . l  BACKGROUND 

On March 1 2 ,  1 9 7 4 , the subcommittee on Raw Ma ter ials of the Joint 
Commi ttee on Atomic Ene rgy (JCAE ) , Congress of  the Un i ted S tates , held 
hear ings on two ident ical bills  subm i tted by Senator Frank E. Mos s  and 
Representat ive Wayne Owens of Utah . The b i l l s , S .  2 5 6 6  and H . R .  1 1 3 7 8 , 
prov ided for the assessment of  an appropr iate remed ial ac tion to l im i t  the 
exposur e of  ind ividuals to r ad iat ion f rom uran ium m i l l  ta il ing s  at the vitro 
s i te in Salt La ke C i ty ,  Utah . These b i l l s  also prov ided for a cooperat ive 
arrangement be tween the Atomic Energy Commiss ion ( AEC ) and the State of Utah 
in mak i ng the assessment . 

Dur ing the JCAE hear ing s , Dr . Wi ll iam D .  Rowe of  the U . S .  Env ironmental 
Protect ion Agency ( EPA) po in t�d ou t that there were other inact ive uran ium 
mill  s i tes that shared the problems of  the vitro s i te ;  he recommended a 
gener ic approach to the problem o f  abandoned uran ium mill  ta i l ing s , with f i r s t  
pr ior i ty be ing g iven t o  address ing the mos t  cr i t ical ta il ings s i tes . S imilar 
recommendat ions were made by Dr . James L.  L iverman who tes t i f ied for the AEC : 
he proposed that a compr ehens ive s tudy should be made of  all  abandoned 
tail ing s  pi les , r a ther than treat ing potential problems on a p iece-meal 
bas i s .  T h i s  comprehens ive s tudy wou ld be a cooperat ive two-phase under tak ing 
by the concer ned states and appropr i ate Federal agenc ies s uc h  as  the AEC and 
EPA . Phase I of th i s  undertak ing would involve ident i f icat ions of s i tes that 
might requ ire remed ial act i on , and de terminat ion of  the need for cor r ec t ive 
ac t ion th rough observat ions of each s i te ' s  cond i t ion , ownersh i p ,  prox imity to 
popu la ted areas , and prospects for increased populat ion near the s i te .  A 
prel iminary repo r t  of Phase-I wor k  would serve as  a bas i s  for determi ning i f  a 
deta iled eng ineer ing assessment ( Ph ase-I I )  was neces sary for each mill  s i te .  
The Phase- I I  eng ineer ing ,  i f  necessary , would include evalua t ion of  the 
problems , examinat ion of  a l ternat ive solutions , preparat ion of  cost e s t imates 
and of  deta i led plans , and spec i f icat ions for a l ternat ive remed ial-ac t ion 
measur e s . 

The Pha se-I assessment began in May 19 7 4 , with teams cons i s t ing of  repre
sentat ives of the AEC , the EPA , and the af fec ted s tates v i s i t ing 21 of the 
known inactive m i l l s i tes . A Phase- I r epor t was presented to the JCAE in 
Oc tober 1 9 7 4  ( AEC , 1 9 7 4 ) . Based on the f ind ing s  of  that r epor t ,  a dec is ion 
was made by the AEC to proceed with the Phase- I I  eng ineer ing asse ssments at 1 7  
s i te s , including the vitro s i te at Salt La ke C i ty .  
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B . 2  H I STORY 

B . 2 . 1  The FBDU eng i neer ing assessments 

An act ive search for alternate d i sposal s i tes for the vi tro mill tail ing s  
beg an in  1 9 7 5 .  On May 5 ,  19 7 5 ,  the u . S .  Energy Research and Development 
Admi n i s t rat ion ( ERDA) , formed by the Energy Reorgani zat ion Ac t of  1 9 7 4  wh ich 
abol ished the AEC , selected Ford , Bacon & Davis  Utah I nc . ( FBDU ) of Sal t Lake 
C i ty to provide arch i tec t-eng ineer ing serv ices for  Phase- I I  assessments of the 
17  mill s i tes ment ioned in  the Phase-I repor t (AEC , 197 4 ) . FBDU began wor k  on 
June 23 , 19 7 5 ,  g iving f i r s t  cons iderat ion to the vitro s i te . The arch i tect
eng ineer ing services con tract spec i f i ed ,  among other th ings , that FBDU would 
determine the adequacy and the env i ronmental suitab i l i ty of s i tes at wh ich 
mill  t a i l ing s  could be d i sposed . 

Th e or ig inal Phase- I I  repor t on the vi tro s i te in Sa lt Lake C i ty was pub
l i shed in Apr i l  1 9 7 6  (FBDU , 1 9 7 6 ) . Altogether 29 potent ial d i sposal s i tes 
or  areas were men t ioned in this  repor t ;  these s i tes are l i s ted i n  Table B-1 . 
The 2 9  s i tes were e i ther nomina ted by state agenc i es , Fede ral agenc i es , 
pr ivate i nd ividuals , or were chosen by FBDU on the bas i s  of  the i r  knowledg e of 
s u i table areas i n  the v i c i n i ty of  Salt Lake C i ty . Because of  tr anspor tat ion 
cos ts , only those locat ions within  1 5 0  miles of Salt La ke C i ty we re i n i t ially 
cons idered . 

Very early in  the i r  wor k  on the eng ineer ing assessments , FBDU developed 
29 cr i te r ia for determining the s u i tabil i ty of s i tes proposed for s torage of  
mill tail ings ( personal commun ica t ion , Mr . Rober t  Overmyer , FBDU , Oc tober 5 ,  
1 9 8 1 ) . These 2 9  c r i ter ia , l i s ted i n  Table B-2 i n  the i r  or i g i nal form as a 
f i eld " score sheet , "  we re log ically developed from general pr inc iples of  
rad iat ion protect ion that had been adopted by ERDA. I t  should be emphas i zed 
that in 1 9 7 5  there were no Fede ral standards or g u idel ines spec i f ically 
d i rected towa rds the cleanup of  uran i um mill  s i tes  or d isposal of  uran ium mill 
ta i l i ng s .  Some g u idelines for cleanup o f  habi table structures contamina ted 
w i th t a i l ings had been publ i shed by the u . S .  Surgeon General for use in the 
Grand Junct ion , Co lor ado remedial prog r am ( 1 0 CFR 1 2 ) , but these gu idel ines 
did not d i rec tly apply to the probl ems of  mill ta i l i ngs d i sposal . Conse
quently , ERDA and FBDU had to create the i r  own g u idelines in order to proceed 
with the eng ineer ing assessments . I n  br ie f ,  these ad-hoc g u id e l i nes had three 
obj ec t i ves : ( 1 )  to reduce res idual gamma radiat ion to levels wh ich would be 
as low as prac t icabl e ;  ( 2 ) where cleanup wa s necessary , to reduce the rad i um 
conten t of  the soil  to no more tha n twice the rad ium background in  the area ; 
( 3 )  to meet appl icable state and Fede ral s tandards for the rad ium-226  con tent 

of g round or sur face wa ters . Other des i r able goals , such as preservat ion of 
local ecosys tems , the min imizat ion o f  pr oj ec t cos ts ,  and mak ing bes t use of 
lands , were factored into the development of the 2 9  s i te-select ion 
cr i ter ia . 

The s i te-select ion cr i ter ia wer e  used to score and rank the 29 s i tes 
shown in  Table B-1 ; the h ighes t-scor ing s i te was ran ked f i r s t ,  the next
highes t-scor ing s i te was ranked second , and so on . In obta i n i ng a total score 
for each s i te ,  the scores for each cr i ter ion (a  numbe r in  the range 1 to 1 0 )  
were s imply added , and equal we ights were g iven t o  t h e  29 cr i ter ia . The 
results of  th i s  rank ing are spec i f ied in Tabl e B-1 for the top-rank ing 15 
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Table B-1 . Twenty-n ine s i tes evaluated as  repos i tor ies for the Vitro 
t a i l ings i n  Phase I I -T i tle I Eng ineer ing Assessmen t  

S a l t  L a k e  Va l ley s i tes 

Salt Lake International Ai rpo r t  
Fill  f o r  proposed r unway expans ion 
Township 1 Nor th , Range 1 Wes t  

Fr eeway I n terchange ( I -80 : 4 0 th W )  
Sou th of  Salt La ke Internat ional Ai rpor t # 1  
Townsh ip 1 South , Rang e 2 Wes t  

Kennecott Ta i l ings Ar ea 
2 miles nor th of Magna , Utah 
Township 1 South , Range 2 Wes t  

Butte r f ield Canyon 
5 miles south , southwes t of Lar k ,  Utah 
Township 1/2 South , Range 1 We st 

Magna Lake Bed 
North and eas t of  Kennecott T a i l i ng s  Pond 
Township 1 South , Range 2 Wes t  

Magna Area State Land 
2 miles east of Magna , Utah 
Townsh ip 1 South , Range 2 WEst 

La r k  Copper Ta il ings S i te 
1/2 m i le east of Lar k ,  Utah 
Townsh ip 3 South , Range 2 West 

Oqu i r r h  Footh i l l s  
12 m i l e s  wes t  of  Midvale , Utah 
Township 3 South , Range 2 Wes t 

Great Salt La ke Desert  s i tes 

1 mile south of Clive� Utah 
Township 1-1/2 Sou th , Range 11 Wes t  

Natural Depress ion 
8 miles nor th of Cl ive , Utah 
Township 1/2 Nor th , Range 12 Wes t  

Na tural Depress ion 
Township 1 Nor th , Range 15 Wes t 

Newfound land Range Bas in 

Township 5-1/2 Nor th ,  Range 14  Wes t  
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FBDU 
s ite iden t i f ication 

numbe r 

6 

1 4  

2 5  

1 1  

12 

FBDU 
ranka 

14  

1 2  

15  

2 

1 



Table B-1 (con t i nued ) 

Great Salt Lake Desert s i te s 

Dugway Proving Grounds 
5 miles wes t  of  Camels Back Ridge 
Township 8 South , Range 11 Wes t  

6 miles nor thwes t  of Knolls , Utah 
Salt Lake Bas e l i ne , Range 12 Wes t  

12 m i l e s  nor thwest of  Knolls , Utah 
Township 1 Nor th , Range 13 Wes t  

1 mile south o f  Low , Utah 

Other locat ions 

Nor th Skull  Val ley 
3 mi les wes t  of Delle , Utah 
Salt Lake Bas e l i ne , Range 9 Wes t  

Rush Va lley 
20 miles south of Tooele Army Depo t 
Township 7 South , Rang e 5 Wes t  

Ripple Va l ley 
5 miles sou theast of Por ter Wel l ,  Utah 
Salt La k e  Basel ine , Range 10 We st 

Cedar Moun ta in Foothills  
10 mi les eas t of  Cl ive , Utah 
Township 1-1/2 South , Range 10 We st 

Cedar Moun tain Foothills 
10 mi les wes t  of  Delle , Utah 
Salt La ke Base l ine , Range 9 Wes t  

Black Mounta in Lakes ide Mining Distr ict 
7 miles north of  Delle , Utah 
Towns h ip 1/2 North , Range 8 Wes t  

Point o f  the Mountain 
3 mi les nor th of  Leh i ,  Utah 
Townsh ip 2 North , Range 10 West 

Pudd le Va lley 
5 m i les east of Grassy Mountain Wel l  
Township 2 No r th ,  Range 10 West  
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FBDU 
s i te iden t i f icat ion 

number 

17  

22  

23  

27  

7 

8 

9 

1 0  

20  

2 6  

13 

FBDU 
ranka 

3 

6 

5 

10 

13 



Table B- 1 (cont inued ) 

Other locations 

Puddle Valley 
Nor thwest of Delle , utah 
Townsh ip 1 Nor th , Range 9 wes t  

Hell ' s  K i tchen Ranch 
40 acre natural bas i n  
Township 17  South , Range 1/2 wes t  

Rush Va lley 
4 miles south of  Tooele Army Depot 
Townsh ip 7 Sou th ,  Range 4 wes t  

Camp Wi l l i ams State Mi l i tary Reservat ion 
T ickvi lle Gulch , 8 m i les west of Leh i 
Township 3 Sou th , Range 3 we s t  

Ripple Val ley 
7 m i les sou thwest of Por ter We l l ,  Utah 
Township 1/2 South , Range 11 wes t  

FBDU 
s i te i dent i f icat ion 

numbe r 

21  

16 

18 

19  

1 5  

aRan k s  a r e  spec i f ied for only the top-rank ing 15  s i tes .  

FBDU 
r anka 

9 

4 

11 

bNo longer ava i lable as of 1981 , s ince developments are alr eady underway 
or are comple ted . 

CAlternat ive d i sposal s i tes se lec ted for cos t stud ies (FBDU , 197 6 ) . 
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Table B-2 . FBDU s ite select ion criteria 

Poi n t  values 

Cri t e r i a  2 3 4 5 6 7 8 9 10 

HYDROLOGY & GEOLOGICAL CONSIDERATIONS 

More Le s s  
than than 

Rain f a l l  30 "ann . <27 "ann . <24 " ann . < 2 1 " ann . < 1 8  "ann . < 1 S "ann . < 1 2 " ann . <9 "ann . < 6 " ann . 3"ann . 

Evidence of Common SOr. Neg li -
f looding occu r .  Chance gible 

Run-of f  Gully She e t  Ril l s  No ero-
charac t e r i s t i c s  erosion erosion evident sional 

features 

Drainage d i s tance 
from s i te to river s , Within Over 
lakes & lower elev . 1 mile > 2  > 3  > 4  > 5  > 6  > 7  > 8  > 9  10 IaUe s  

to Well s  or s p rings Wit hin Over I 
\.0 

in area 1 mile >2 > 3  > 4  > 5  >6 >7 >8 >9 10 miles 

Water Water 
Water table table table 

lo cation >20 ' >40 ' >60 ' >80 ' > 1 00 ' > 1 20 ' > 1 40 ' > 160 ' > 180 ' ove r  200 ' 

Possibi l i t y  o f  
mud or rock s lides , Common Neg l i -
faul t s , avalanche s  occur . gible 

Po tent i al for agr i - Good No top-
cu l ture & grazing , topsoi l soil , 
soi l charc o rocky 

Den S i t y  of vege t a t ive No vege -
cover 100i. 90i. 70i. 50% 30r. 20% l S i.  lOr. Sr. tat ion 

Type of unde rlying Sand & Heavy 
unconsolid . s t r a t a  gravel clay 

Flat and Pro t e c t e d  
W i n d  erosion windy from wind 

Abi l i t y  t o  Impos - Presen t l y  
isolate t he s i t e  si ble Good isolated 



Tab le B-2 (continued) 

Poi n t  values 

Cr I teria 2 3 ,� S 6 7 8 9 10 

Sta bi U z a tion Impos -
potent i a l  sible Good Excel le n t  

D i p  o f  und e r l ying 
strata Folded 20 ° 1 0 °  8 °  6 °  4 °  3 °  2 °  1 °  Fla t 

Evident Occas -
Extent o f  Evident Frac- sional Undis-

faul ting of f s e t s  turing joints tur be d  

Type of bedrock Limes tone Sand s tone Shales Grani te 

Sui t able Sui t able Ve ry 
Ground wat e r  f o r  Uve- for poor 

qua U t y  Potable s t ock indus t ry qua U ty 

ECOLOGICAL CONSIDERATIONS 

tJj I WHd l i f e  Yea r long Seasonal She l ter Neg U -f-' population habi t a t  use area gible 0 
Proximi t y  t o  >2 Ove r 20 

population mi les >'. >6 >8 > 1 0  > 1 2  > 1 4  > 1 6  > 1 8  miles 

Current use Rangeland Was te-
of land land 

Aes thetic Natura l l y  Nonde-
considerat ion beau t . script 

Probable fu ture Human Agricul- None 
land use hab i t a t  tu ral 

ECONOMIC CONSI DERATIONS 

Nat ural resource s Abund ant Neg U -
i n  area gible 

Less 
Highway than >9 >8 >7 >6 >S >4 > 3  > 2  > 1  

acces s i bi U t y  10 mi mi les mi les mi les mi les mil e s  mi les mi les mi les mile 



Table B-2 (continued) 

Point values 

Cri t e r i a  2 3 4 5 6 7 8 9 10 

Le � s  
Proximit y  t o  than ) 1 8  ) 1 6  ) 1 4  ) 1 2  ) 1 0  ) 8  )6 )4 ) 2  

ra i lroad 20 mi miles miles miles miles miles miles miles miles miles 

Over 
Mi les from 1 50 30 

tailings s i t e  miles < 1 3 5  < 1 20 < 105 <90 < 7 5  <60 <45 00 miles 

Less 
Es t imated current than 

value /acre $360 $360 $ 3 20 $280 $240 $200 $ 1 60 $ 1 20 $80 $40 

Ma intenance required Every Every 
for taili ngs in Semi- 2 3 
this area annual Annual yea rs years 4 5 6 7 8 None 

to 
Source of f i l l  Un lim-I 

I-' for SLC s i t e  None ited I-' 



s i tes . I t  is seen that areas in the Great Sal t Lake De ser t ,  or in the ser ies 
of valleys west of  the Salt Lake Val ley , rank the h ighes t .  The h ighest
rank ing s i tes in the Salt Lake Va lley , such as the runway expans ion at Sal t 
Lake A i rport and the Inters tate-80 Exchange , would also be acceptable ; but the 
latter are no longer at a stage of development where j o i n t  u t i l i za t ion for 
ta i l ings d i sposal i s  pr act icable 
(FBDU , 1 9 8 1 ) . 

B . 2 . 2  S i te selec t ion by the State of  utah 

I n  November of 1 9 7 8 , Cong r es s  passed PL9 5-60 4 ,  "The Ur an ium Mill Ta il ing s 
Rad iat ion Con trol Ac t of 19 7 8 "  ( UMTRCA ) . T i tle I of PL9 5- 6 0 4  author ized the 
u . S .  Depar tment of Energy (DOE ) , successor to ERDA , to enter into coope rative 
agreements w i th af fec ted s ta tes and I nd ian tr ibes in order to estab l i sh 
assessment and remed ial ac t ion prog rams at  inact ive uran ium mill ta i l ing s  
s i tes ; the Federal government would pay 90  percent of remedial-ac t ion cos ts 
and the af fected s tate would pay the rema inder . The UMTRCA also s t ipula ted 
that the affected s ta te would acqu i r e  m i ll ta i l i ng s  d i sposal s i tes dur ing 
remed ial-act ion ope r a t ion s ,  but that owne r sh i p  of  these s i tes would rever t to 
the Federal gover nment a f ter complet ion of the remed ial act ion . 

In November 1 9 7 9 , 25 former uran i um-mi ll ing s ites incl ud ing the V i tro 
s i te in Salt Lake C i ty ,  Utah , were des igna ted for  remed ial act ion under 
PL9 5-60 4 .  I n  early 1980 , Utah ' s  gover nor d ir ected the State D i v i s ion of 
Env i ronmental Health to recommend a f inal d i sposal s i te for the Vi tro 
ta i l ing s . A comm i t tee of e ight member s ,  repr esent ing all per t i nent Bureaus in  
the D i v i s ion of Env ironmen tal Health and the Utah Geolog ical and Mineral 
Off ice , was establ i shed to ma ke the requ i s i te stud ies and recommend a t ions . 
The commi t tee , called the "Vi tro Ta i l ings S i te Select ion Comm i ttee " (VTSSC) 
beg an wor k  with the cons ider a t ion of s i tes  proposed in prev ious stud i es . The 
29 s i tes men t ioned in the 1 9 7 6  eng ineer ing assessmen t  ( FBDU , 1 9 7 6 , and Tabl e 
B- 1 )  were s tudied , and all but the 3 top-ran k ing cand idates wer e  el iminated . 
E ight new cand idates were added to obta in the 11 s i tes  l i s ted on Table B-3 . 
All of the s i tes in the Sal t  Lake Val ley wer e  el imina ted in  th i s  f i r s t  round 
of s i te sc reen i ng . 

The VTSSC adopted the fol lowi ng rules for conduc t i ng i t s  second and f inal 
round of scr een ing : ( 1 ) each comm i t tee member would evaluate only those 
aspec ts of the s i te representat ive of h i s  par t icular expe r t i se ; ( 2 )  the 
techn ical cr i ter ia used by FBDU ( see Table B-2 ) would be used w i th poss ible 
changes in relat ive we ight ing of these cr i ter ia ; ( 3 )  each comm i t tee member 
would s ubm i t  a repor t  to the Chai rman who wou ld summar i ze the commi ttee 
recommenda t ions ; ( 4 )  only phys ical acceptab i l i ty of the s i te s  would be 
evaluated on the bas i s  of d irect observat ions and a review of in format ion from 
reports of previous invest igat ions ; and ( 5 )  each committee member was to 
cons ider three separate opt ions . The three opt ions we r e :  Opt ion-I s i tes ,  the 
use of wh ich was j udged to enta i l  no economic or pol i t ical compl icat ions ; 
Opt ion-I I s i tes ,  those s i tes requ i r ing further evaluat ions to determine i f  
transport of the ta i l ings to them would be economical ; and Opt ion-I I I  s i tes at  
wh ich reprocess ing of the ta i l ings might be poss ible , subj ect to favorable 
outcomes of evaluat ions of the pol i t ical and economic fac tors involved wi th 
reproce s s i ng . The VTSSC even tually dec l i ned evaluat ion of  Opt ion- I I  and 
Opt ion- I I I  s i tes (VTSSC , 19 8 0 ) , pend ing an economic evaluat ion by the DOE 
( see Sect ion C . 2 ,  Append ix C ) . 
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Table B-3 . S i tes cons idered by vitro ta i l ing s 
s i te select ion commi ttee (VTSSC ) 

VTSSC FBDU 
s i te no . Location s i te no . a 

Opt ion-I s i tesb 

1 

2 

3 

4 

Opt ion- I I  s i tesb 

5 

6 

Opt ion -I I I  s i tesb 

A 

B 

C 

D 

E 

a See Table B-1 . 

One mi le south of  Cl ive , 
Tooele County 

Eight m i les north of Cl ive , 
(Natural Depress ion ) , Tooe le County 

Th ree mi les wes t of  Del le , 
Tooele County 

Boulder Cree k , Tooele County 

Th ree mi les nor th of Woods ide , 
Carbon County 

Nine miles south of Crescent 
Junct ion , Gr and County 

Nor th of  Cr escent Junct ion , 
Gr and County 

Sager ' s  Flat , Gr and County 

Nor thwe s t  of Wh i tehouse , Grand County 

Wes t  of  C i sco , Gr and County 

North of  C i sco , Grand County 

1 

2 

3 

bOpt ion-I s i tes : Use of these would enta i l  no economic or pol i t ical 
compl ica t ions . 

Option-I I s i te s : Use of these might requ i r e  economic evaluat ions 
to determine if cos ts are compe t i t ive with Opt ion-I s i tes . 

Opt ion- I I I  s i tes : Use of  these might include reproces s ing to recover 
the uran ium and other mineral  value s .  In add i t ion to economic evaluations , 
agr eements w i th the DOE , the State of  Utah , and proper ty owners would be 
requ i red . 
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A r epor t by the VTSSC was s ubmi t ted to the Gover nor of  Utah on June 2 0 , 
1 9 8 0  (VTSSC , 1 9 8 0 ) . The Commi ttee recommended the FBDU s i te No . 2 ,  a natural 
depr ess ion 8 miles nor th of  C l ive in Tooele Coun ty , as  a pr imary s i te for 
f inal d i sposal of  the ta i l ings at the vitro s i te . As secondary s i tes , the 
commi ttee recommended FBDU s i te No . 1 ,  one mile south of  Cl ive , Tooele County , 
and FBDU s i te No . 3 ,  3 mi les wes t  of  Delle , Tooele County . The Governor of 
Utah endor sed these recommendations in a letter to the DOE on January 6 ,  1 9 8 1 . 

A f ter the VTSSC repor t had been submi tted , the Utah Depar tmen t  of  Heal th 
r ecommended cons iderat ion of a fou r th area not previously i ncluded i n  the 
State ' s  s i te-selec t ion proces s .  I n  a letter to the DOE dated July 2 3 , 1 9 81 , 
the Utah Depar tment of Health r eques ted that DOE eval uate an area on the 
ex tr eme nor theast cor ner of  the Wendover Bomb ing and Gunnery Range , about 3 
m i les south of  FBDU s i te No . 1 .  The DOE not i f ied the U . S .  Depar tment o f  
De fense ( DOD ) that i t  would cons ider par t  of  the Wendover Bomb ing Range as a 
locat ion for d i sposal of  uran ium m i l l  ta i l ing s , and reques ted permiss ion to 
pe r form s tud ies and tests on the land in ques tion . Of f ic ials of  the DOD 
dec l i ned approv ing use of the Wendover Bomb ing Range land s  on S eptember 4 ,  
1 9 8 1 , stat ing that the lands wou ld be needed to suppor t oper a t ional r equ i re
ments and that they bel i eved the lands would in any case be env i r onmen tally 
unsu i ted for the proposed use . 

B . 2 . 3  S i te evaluat ions by the DOE 

I n  Apr i l  1 9 8 1 , a DOE con tr actor made an independent analys i s  of the thr ee 
Opt ion- I  s i tes r ecommended by the State of Uta h .  At the conc lus ion of t h i s  
evalua t ion , t h e  DOE determined that the a r e a  1 m i le south o f  C l ive , Tooele 
County ( FBDU s i te No . 1 )  was the super ior of  the three a r eas proposed by the 
State . The r e la t ive rank ings of the three s i tes accord ing to 7 environmental 
and g eotechnical d i sc ipl ines are shown in Table B-4 . 

Table B-4 . Relative ran k i ng s  of  s ta te-nomina ted ar eas 

FBDU FBDU FBDU 
Disc ipl ine S i te No . 1 S i te No . 2 S i te No . 

Vegetat ion 2 1 3 
Wild l i fe 1 2 3 
Soils & reclama t ion 2 3 1 
Hyd rology & 

wa ter qua l i ty 1 2 3 
Meteorology & 

a i r  qua l i ty 1 2 3 
Human resources 1 3 2 
Geotechnical 

eng i neer ing 1 3 2 
Compos i te score 9 16 17  
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A summary of  the evaluat i on of  the three state-nomina ted a r eas , and 
reasons for re j ect ing FBDU s ites Nos . 2 and 3 ,  are prov ided in Append ix C 
where cons idered-but-re j ected alternat ives are d i scussed . 

The Opt ion- I I  and Opt ion-I I I  s i tes proposed by the State ' s  s i te-select ion 
committee were evalua ted by the DOE and then re j ec ted because of  the i r  
d i s tance be i ng at leas t  150  miles by road or r a i l  f rom the vi tro s i te ; 
evaluat ions of  these opt ions and reasons for re j ec t ing them are also conta ined 
in Append i x  c .  

The pos s i b i l ity that there are techn ica lly s u itable d i sposal ar eas nearer 
to the vitro s ite than the three state-nominated areas was also cons idered . 
At the request of  the DOE , Sand ia National Labora tor ies ( SNL ) r eviewed all  the 
s i tes that had so far been proposed as  alternative d i sposa l  s i tes , and i n  
September 1 9 8 1  the DOE determi ned that ( 1 )  the re a r e  presently no 
more-isolated locat ions for d i sposal of  the vitro tail i ng s  within  17 
road-miles of  the Vitro s i te other than the forme r  Vitro s i te i tself , and ( 2 )  
there may be technically s u itable d i sposal areas wes t  o f  the Salt Lake Valley 
other than the three state-nominated areas , but the use of s uch areas would 
offer l i ttle or  no environmental or economic advantages beyond the advantages 
to be r ea l i zed in the use of  one of  the s tate-nominated areas . The refore , the 
DOE determined that it was not reasonable to exam ine these Salt Lake Valley 
areas further . The bases for these conclus ions a r e  outl i ned i n  Appendix c .  
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B . 3  CONCLUS IONS 

The DOE has chosen the area approx imately one m i le south of Cl ive , Utah 
as  the candidate for use as an alternat ive d i sposal s i te for the Vitro 
ta il ings and other con tamina ted mater ial . Th is cho ice is  in accord with s i te 
nomina t ions made by the State of  Utah , and can be j u s t i f ied by the results of  
over 7 yea r s  of  s tudy d i r ected towards f i nd ing sui table alternate areas for 
long-term s torage of  the Vitro s i te was tes . The impacts of  a remed ial act ion 
at the Vi tro s i te that would inc lude the transpor tat ion of m i ll ta i l ings and 
wastes to the area south of Cl ive , Utah , are assessed in the body of th i s  
doc umen t .  
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Appendix C 

ALTERNATIVES THAT WERE CONSIDERED BUT REJECTED 

The alternat ives for remed ial act ions at the Vitro s i te that were 
cons idered dur ing the development of  th i s  E I S  bu t wer e  determi ned to be 
unreasonable are descr ibed in th i s  append ix , and reasons g iven for the i r  
r e j ect ion . The cons idered-but-r e j ec ted alternat ives can be d i vided into four 
classes : ( 1 )  a l ternat ives involv ing d i sposal of the Vitro wa stes at other 
locat ions cons idered by the State of Utah ( exc lud ing the South Cl ive s i t e ) ; 
( 2 )  alter natives involving d i sposal at s i tes in Carbon County ; ( 3 )  
alternat ives involv ing d i sposa l o f  the V i tro was tes a t  location s  within or 
near the Salt La ke Va lley ; ( 4 )  alternat ives tha t would involve the 
reproces s ing of  the vi tro mill  ta i l ings to extract res idua l mineral value s .  
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C . l  STATE-RECOMMENDED ALTERNATE DISPOSAL AREAS 

The State of Utah found three ar eas acceptable for long-term d i sposal of  
the mill ta i l ing s  and other  res idues f rom the Vitro s i te ( see Sect ion B . 2 . 2 ,  
Append ix B ) . They are named and located as follows . 

o The Pr ime Area is the so-cal led g r ea t  depress ion located approx imately 

8 mi les nor th of  Cl ive , Tooe le County , Utah . Th i s  a r ea con s i s t s  of  
three sect ions of publ ic doma in : Sec t i on s  8 ,  1 7 ,  and 2 0  of  TIN , R1 2W. 

o The F i r s t  Al ternate Ar ea is a pa rcel of  s tate land located 
approx i ma tely one mile south of Clive ,  Tooele Coun ty , Utah with in 
Sec t ion 3 2  of  TIS , RIIW . Th i s  area i s  refer red to throughout th i s  E I S  
as t h e  " South Cl ive s i te . "  

o The Second Al ternate Ar ea i s  a sec t ion of  s tate land located approx i
ma tely 3 mi les wes t of  Delle , Tooele Coun ty , Utah : Sect ion 2 o f  TIS , 
R9W . 

The f i rm of  Dames & Moore was contrac ted by the DOE to per form an 
independent evaluat ion of  the s u i tabil i ty of the three areas for d i sposal o f  
uran i um m i l l  ta i l ing s ; the evaluat ion was made in Apr i l of  1 9 8 1  by spec i a l i s t s  
in g eohydrology , surface-water hyd rology , so i l s  and reclamat ion , plan t 
ecology , wild l i fe ecology , me teorology and a i r  qual i ty ,  human r esources , and 
geotechn ical eng ineer ing . Evaluat ions were based on ava i lable l i terature , 
knowledge of  the reg ion , s i te reconna i ssance , and profes s ional j udgemen t .  I t  
was assumed tha t the d i sposal of  the mill ta i l ings would be , accord ing to 
cur rent prac t ice , subg rade in  l ined trenches or cell s .  Fac tors cons idered by 
the spec ial i st s  were or ien ted toward ach iev ing the s tandards then proposed by 
the EPA for d isposal of mill ta i l i ngs under Ti tle I of  UMTRCA ( 4 6  FR 
2 5 5 6- 2 56 3 ) . Spec i f ic fac tor s  cons idered included the fol lowing : 

o Poten t i a l  for geolog ic hazar d s ,  eros ion potent ial , or subs idence . 

o Econom ics of the transpor t and s tab i l i za t ion of  contaminated 
mater ials , includ ing tr anspor ta t ion d is tance , access to e x i s t i ng r a i l  
and h i ghway sys tems , construc t ion of  the r e tent ion system , and 
ava i lab i l i ty of  cover ma ter ials . 

o Geohydrology , includ ing general depth to ground wa ter and poten t ial 
for impacts on ground-water qual i ty .  

o Sur face-wa ter hyd rology , includ ing prox im i ty to and poten t i a l  for 
impacts on intermi ttent and perennial drainages , dra inage bas i n  
characte r i s t ics , and flood poten t ial . 

o Local me teorolog ical cond i t ions and poten tial for impacts on a i r  
qual i ty .  

o Topog raphy a s  rela ted to tr anspo r tat ion , eng inee r i ng ,  and long-term 
s tab i l i z a t ion ( eros ional versus depos i t ional environme n t ) . 
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o Pr esent and potential  land use , general produc t i v i ty .  

o Exist ing and potent ial vegetat ion , value as wildl i f e  habitat and/or 
range land . 

o Impor tance of area to plant and w i ldl i fe spec ies of  concern 
( endangered , threatened , ecolog ically importan t ) . 

o Poten t i al for reclamat ion . 

o Prox imi ty and potent ial for vi sual impacts to human res idences and 
publ ic use areas . 

o Eng inee r i ng restr ic t ions and cons tr uc t ion problems imposed by geotech
n ical cond i t ion s .  

The evaluat ion led to the eliminat ion by the DOE of  two of  the three 
areas that the State had found to be acceptable--the Pr ime Area and the Second 
Alternate Ar ea . The DOE found that these are not reasonable a l ternat ive areas 
( see Appendix B ) . A descr ipt ion of  each of  these a r eas and r easons for the i r  
eliminat ion are g i ven be low . 

C . l . l  The Pr ime Area 

The Pr ime Ar ea is an elonga ted natural depress ion in the Great Salt La ke 
deser t .  The depr ess ion i s  up to about 10 feet in  depth , approx imat ely 1 mile 
in width , and extends both nor th and south beyond the three sect ions of  
concern . The depr ess ion is bounded to the eas t and wes t  by what appear to be 
old sand dune r idges that are spa r sely cover ed with shadscale , winter fat , 
nuttall saltbush , kosch ia , and other salt-tolerant spec ies of  plants . 

Geohyd rology and sur face wa ter s .  Dur ing the s i te reconna i s sance , (Apr i l  
1 9 8 1 ) , the ground-water table was w i th i n  3 f e e t  of  the depr ess ion ' s  floor , 
wh ich i s  a mud flat composed of  sal t-encrusted s i l t  and clay underlain  by Lake 
Bonneville  lak ebed deposi t ion s .  Per iodica lly there is s tand ing wa ter in  the 
depress ion and there would thus be a very h igh poten t ial for impac t on 
ground-water qual i ty if the d i sposal s i te were located there . Otherwi se , th i s  
depr ess ion has no clear-cut d i sadvan tages from a s u r face hyd rology 
s tandpo i nt . I t  would not be sub j ect to eros ion from runo f f  and would have a 
ve ry low po tent i al for flood damage . 

So i l s  and reclama t ion . The general lac k of an on-s ite source of  roc k and 
gravel to protect the reclaimed sur face from wind eros ion coupled with an 
anticipa ted d i f f iculty in establ i sh i ng a vege ta t ive cove r would increase the 
cos t of  reclama t ion ; the latter would make reclamat ion s uccess ques t ionable . 
Th e depress ion i s  a depos i t ional envi ronmen t s ince i t  rece ives r un-in from the 
adj acent r idge s lope s .  Upon dry i ng , however ,  the depos i t ion of ma ter ial 
ca r r i ed in by wa ter would be countered by wind eros ion . The net e f fect of  
these two oppos ing act ions would be mos t influenced by mo i s ture cond i t ions 
wh ich , in  turn , will re flect prec ipita t ion patterns and f luc tuat ions in  Great 
Salt Lake wa ter levels . 
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Wild l i fe and plants . The depress ion f loor i s  nea r ly devoid of  
vegetat ion . As evidenced by the pr esence o f  seve r al des iccated i nd iv iduals on 
the depress ion f loor the day a f ter heavy prec ip itat ion , the mud f lat  contains 
a populat ion of  Great Bas in Spade foot Toad s ;  otherwise , very l im i ted wild l i fe 
hab itat exists  on th i s  area . No endangered or threa tened spec ies ar e known 
f rom th i s  v i c i n ity . 

Me teorology and a i r  qual ity.  The depress ion is the farthest from 
Inter state 8 0  of  the three areas ( about 5 miles) . S i nce about 4 0  percent o f  
a l l  winds g r eater than 1 2  mph a r e  from the south , em i s s ion s wou ld b e  blown 
away from the h ighway . However ,  so i l  eros ion and dr i f t ing in the vicin ity of  
the depress ion ind icate that blow dust and w ind eros ion could be ser ious local 
problems ; use of  the area would involve about 10 mi les of unpaved hau l road s 
(compared to approx ima tely 2 . 5  and 0 . 8  m i les at  the other two areas ) . 

The r a i lroad l ine l ies  0 . 5  mile south of  I -8 0 . I f  con taminated 
mater ial were tr an spor ted by r a i l ,  a transfer po int for transpor t to the 
depress ion would be requ i red wh ich could produce emi s s ion s that would impac t 
h ighway tr a f f ic . 

Th e nearest Class I a i r  qual ity area (Cap i tal Ree f  Nat ional Par k )  i s  
approx ima tely 2 0 0  m i les south of  the area . 

Human r esou rces . The i s sues that are of consequence to the choice of  the 
be s t  among the three nomina ted areas are transpor tat ion costs ( cons tr uc t ion of  
new r a i l  or  road s ,  total cost of tran spor tat ion ) and vi sual impac ts to travel
e r s  on I-80 and/or nea rby res iden t s . The Pr ime Area would involve the long est 
( r a i l  or h ig hway ) d i s tance from Salt Lake C i ty and the gr eatest tr anspor tat ion 
cost for hau lag e from the r a i l  or h ighway to the d i sposa l area . Visual 
impac t s  wou ld be concentrated near Cl ive where mater ial  would be trans loaded 
from the exist ing r a i l  or h ighway to the connec t ing r a i l  spur or haul road . 
The depress ion i s  s u f f i c ien tly far from the ex i s t ing r a i lroad and I-80  ( 8-10  
mi les ) to  prevent on-s i te ac t iv i t ies be ing v i s ible to trave le r s . Of  
h is tor ical inter est , the Donner Tr a i l  pas ses to �he north o f  t h i s  depr ess ion . 

Geotechn ical eng ineer ing . Use of  the depress ion would present ma jor con
struct ion problems relat ive to excava t ion of  p i t s  or trenches in  the so f t  
s i l ty c lays and transport of  contaminated ma ter ials f rom t h e  ad j acent alluvial 
r idges onto the mud f lat . Per iod i c  inundat ion of  the s i te and the shallow 
water table would further complicate eng ineer ing des ig n  and construct ion . 
Excavated c lay from the depr ess ion would be s u i table for u se as  an impermeable 
cover over the d i sposal trenches or p i t s . A bot tom l iner would be unneces sary 
to control ver t ical seepage . The nea rest g r avels for cove r are about 5 miles 
away in  the Gr aybac k H i ll s  to the east . 

Reason s for e l iminat ion . The Pr ime Area was ranked s econd a f ter the 
South Cl ive Area owing ma inly to its d i sadvan tages in terms of  reclamat ion , 
transpor tat ion , and geotechn ical eng ineer ing , all of  wh ich would lead to 
incr eased costs of implementat ion with no i ncrease i n  environmen tal bene f i t s  
over those of fered by u s e  of  t h e  Sou th Cl ive Area . Another maj or problem with 
use of  the Pr ime Area would be the neces s i ty for transpor t ing the ta i l ing s 
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from a r a i lhead near Cl ive , across Interstate 8 0 , and into the Pr ime Are a .  
The most economical means o f  car rying the mater ial over this  path would be 
truck transpor t .  A d i rect tr uck route that crossed I nter s tate 80 would lead 
to ser ious and frequent traf f ic inter r uptions ; on the other hand , use of an 
ex i s t ing overpass west of Cl ive would necess itate the upg r ad ing or 
cons truct ion of f r ontage roads and an extra tr ansport d i s tance of about 1 5  
miles . 

For these reasons , and the fact that an alternat ive involving the Pr ime 
Ar ea wou ld be too close on the spec trum of alternatives to one involving the 
South Cl ive s i te , the DOE has determined that the Pr ime Ar ea alternative i s  
unreasonable . 

C . l . 2  The Second Al ter nate Ar ea 

Th is  area , abou t 3 m i les west of Delle , is in the Skull  Va lley por t i on of 
the old lakebed depos its of Lake Bonneville . The topsoil is poorly developed 
and var ies f rom sandy to clayey s i l t . There is  some topog raphic r e l i e f  in the 
a r ea and d e f i ned r unof f channels are present , particularly on the eas ter n 
por t ion of the sec t ion . The area is  u sed for recreat ion ( hunt i ng and target 
shoot i ng , motorcycle r id ing )  and is  traversed by an acc ess road to the Cedar 
Mounta ins , wh ich are also used for  recreat ion . 

Geohyd rology and sur face wa ter s .  Based upon the l i terature , the upper 
water table is approx ima tely 1 5 0  feet benea th the gr ound sur face . However , 
the area is  clearly the worst from the viewpo int o f  s u r face hyd rology . 
Because of  i ts locat ion relat ive to s ur round i ng ter r a i n  and the s i z e  of  the 
dra inage bas i n ,  it is  susceptible to s u f f ic ient veloc ity and vol ume of  r unof f 
to be hazardous to a d i sposal sys tem .  Th is i s  ev idenced by the exi stence of  
def i ned dra inage channels . A relat ively large depress ion in th e eas ter n pa rt 
of  th is  area i s  not enclosed but , ra ther , is  a por t ion o f  a ma j or d r a i nage 
system through Skull  Val ley . Th us , there would be a ser ious potent ial for 
contaminat ion of down-grad ient water qual ity .  

So ils  and rec lamation . Because o f  its prox imity to the Cedar Mount ains , 
this area is  exposed to lower wind veloc ities  than the other two areas . There 
is  consequently less potential for wind eros ion . As on the other areas , the 
so i l s  are h ighly alkal ine ; the soil texture is  less than 1 8  percent clay . Of 
the three areas , so ils  on this area of fer the greatest poten t ial for 
development o f  winter sheep r ange through proper management . As elsewhere , 
rock and g r avel would h ave to be impor ted for cover ma ter i a l . Because of  the 
relatively favor able soi l s  and ava ilab i l i ty of  su itable plant ma ter ials for 
revegetat ion , this  area would be the eas iest to reclaim o f  the three eva luated . 

Wild l i fe and plants . Because ecolog ical cond it ions on this area a r e  the 
most d iver se of  those evalua ted , i t  is rated as  be ing the most valuable as 
wild-l ife hab i ta t .  I n  add i t i on ,  the presence of pra i r ie dog s is  not only 
academically of interest ( s i nce they were not known to occur in t h i s  vic inity )  
but represents potent ial hab itat for endang ered spec ies . ( However , no 
endangered or threa tened spec ies are known from this  vic in i ty . ) The area i s  
used for recreat ional hunt ing mor e than are the other two . No wetlands are 
present . 
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Vege tat ion on the area var ies f rom wha t  i s  essen t i a lly a gr easewood flat 
on the nor thwestern por t ion of  the sec t ion to a spar se grass land to the eas t ;  
the e x i s t ing vegetation i s  s imilar to tha t on the South Cl ive s i te but i s  mor e  
d iverse and includes l e s s  of the nox ious weed Halogeton . 

Me teorology and a i r  qua l i ty .  Assuming tr anspo r ta t ion emi s s ions would be 
propor t ional to d i stance , this  area is most favorable in be ing the closes t to 
the Vitro s i te .  However ,  the near est res idences are within  2 m i les o f  the 
area and would potent i al ly be impacted by f ug i t ive emiss ions . I n  add i t ion , 
the access road to the Cedar Mounta ins passes along and through this  area ; 
travelers on t h i s  wou ld be impac ted by fug i t ive emiss ions . F i nally , the area 
is  both south of  and the closest to 1-80  ( less than 1 m i le ) ; because abou t 40 
pe rcent of  the winds s t ronger than 12  mph blow from southerly d i r ec t ions , 
fug i t ive emiss ions would be car r ied across the h ighway . 

Human resources . Because the ex i s t ing r a i lroad is  on the oppos ite s ide 
( no r t h )  of 1 -8 0 ,  trans load ing mater ial f rom the ra ilroad would requ ire 
a cros s i ng , increas ing transpor tat ion cos t s . This would be pa r t i a l ly of fset 
by the fac t tha t this  area i s  abou t 25 miles closer to the Vi tro s i te than the 
other s .  The overall cost advantage o f  the Del le area would be min imal . 
Because of i t s  proximity to 1-80  and to De l le , the use of  th i s  area would be 
more v i s i ble than at the other two areas . 

Geotechn ical eng ineer ing . From an eng ineer ing viewpo i nt , t h i s  area i s  
similar t o  the Sou th Cl ive si te except for access problems imposed by the 
r a i l road be ing nor th of  1 -8 0 ; the latter problem is common to t h i s  area and 
the Pr ime Ar e a .  

Based upon the l i ter ature , the upper water table is  deeper than at  the 
F i r s t  Alter nate Area but the d i f ference is not tha t s ig n i f icant rela t ive to 
construct ion and ope r a t ion of a d i sposal s i te .  Construc t ion problems wou ld be 
minima l .  Clay capping ma ter ia l  could b e  obta ined through excavat ion o f  
trenches ; a bot tom l i ner would not b e  necessary . A g ravel source is  less than 
1 m i le from the area . 

Reasons for e l iminat ion . The Second Alternate Area was ranked only 
s l ightly below the Pr ime Area , and , hence , third a f ter the South C l ive s i te ,  
owi ng ma inly to its  value as wildl i fe habitat , its prox imi ty to the h ig hway 
and the settlement of Delle , and its  un favor able sur face hydrology . As s tated 
above , the Second Alternate Ar ea shares the same k ind of  acces s  problem w i th 
the Pr ime Area--the ta i l ings would have to be transpor ted from the r a i l  head 
ac ross 1 - 8 0  to reach the d i sposal s i te .  Thus , the DOE has conc luded that an 
alternative involv ing the Second Alterna t ive Area would be unr easonable for 
the same reasons that an alternat ive involving the Pr ime Area was de termined 
to be unr easonable . 

C-7 



C-8 



C . 2  ALTERNATE DI SPOSAL AREAS IN CARBON AND GRAND COUNT I ES , UTAH 

The State of Utah ' s  s i te-select ion team cons idered two d i sposal areas in 
Car bon and Grand Count ies , r espec t ively , bu t decl ined to eva luate them i n  
deta il  (VTSSC , 1 9 8 0 ) . These areas wer e  ( 1 )  an a r e a  3 miles nor th of Woods ide , 
Carbon County , Utah , and ( 2 )  an area 9 miles sou th of Cr escent Junct ion , Grand 
County , Utah . The fol lowing i s  a br ief  d isc ussion of  these a l ter nate d i sposal 
areas and the ma jor env ironmen tal and economic fac tor s tha t caused them to be 
rej ected as  reasonable alter nate areas for the d i sposa l of  v i tro mill ta i l ings 
and r e s idues . 

C . 2 . 1  Stab i l i zat ion nor th o f  Woods ide 

The Woods ide s i te tha t was cons idered i s  located approx ima tely 156 road 
miles southeas t  of  Salt Lake C i ty in  Emery County , Utah , as  shown on Figure 
C-l . Cons iderat ion was g iven to th i s  area in  response to a proposal submitted 
to the S tate of  Utah that recommended the use of  an exist ing fleet of  truc k s  
that were cu r r en t ly ( 1 9 8 0 )  haul ing coal from the Emery and Carbon County a r eas 
to the Kennecot t  copper mill  near Salt Lake C i ty .  Af ter the State of  Utah had 
sugges ted th i s  s i te ,  a pr el iminary analys i s  was made by DOE contrac tor s of 
env i ronmen tal and economic factor s a f fec t ing i ts s u i tab i l i ty .  From th i s  
eval uat ion , i t  was conc luded by the DOE that the Wood s ide s i te could not be 
cons idered a reasonable alternat ive d i sposal s i te . 

Gene ral descr ipt ion of the area . The Woods ide s i te ,  approx imately 6 . 5  
square m i les in s i z e ,  i s  loca ted on a level , sparsely vege ta ted ped imen t near 
the base of  the Book Cl i f fs . The s i te area i tself appears to be s u i table for 
the depos i t ion of  the V i tro ta i l ing s accord ing to pr el iminary evalua t i ons i n  
wh ich the geolog i c ,  hydrolog ic , and environmental sett ing of  the s i te were 
cons idered ( FBDU , 1 9 8 1 ) . The s i te i s  i sola ted from ma j or populat ion centers 
and i s  eas i ly acce s s i ble by h ig hway . I t  i s  publ ic doma in admin i s tered by the 
U . S .  Bureau of Land Managemen t .  The s tab i l i za t ion alternat ives proposed i n  
the conceptual plan and eng ineer ing evaluation fOf the South C l ive s i te ( see 
Sect ion 3 . 2 . 4  and Append ix A)  would be s u i table for the Woods ide s ite . 

Reasons for reject ion . Although the Woods ide s i te appears to be 
phys ically s u i table for the stab i l i z a t ion of  ta i l i ng s , the pr imary concern 
assoc ia ted w i th u s i ng this s i te involves the transpor tat ion o f  mater ials . One 
transportat ion proposal pr esented to the State con s i s ted of  us ing coal haul ing 
truc k s  to transport the Vi tro ta i l ings to the Woods ide s i te (VTSSC , 1 9 80 ) . 
The truc k s  curren tly haul coal from mines in  Carbon and Emery Coun t ie s  to the 
Kennecot t  mill near Salt Lake C i ty .  I t  was r ecommended i n  the proposal tha t ,  
once unloaded , the trucks  would b e  d iver ted t o  the Vi tro s i te and loaded with 
ta i l ing s for the i r  return tr i p .  After  d i scuss ions w i th local truck ing 
contrac tor s ,  a prel iminary cost est imate was pr epar ed . The est imate was 
prepa r ed assuming a 9-year transport ing per iod ( 2 50  wor k i ng days per yea r )  
requ i r ing a n  average of  3 9  t r uck loads per day . The est imated cost of  
tr anspor tat ion for  th i s  pe r iod was $ 1 4 . 0 9 per ton wh ich included the cost of  
f i t t ing truc k s  w i th the requi red seals and cover s .  Th i s  cos t i s  well in  
exces s  of  the $ 8 . 50  per ton ( $0 . 10 per  ton m i l e )  est ima ted for  t r uck  
transpor tat ion to the South Cl ive s i te and , thus , from the economic s tand
po int alone does not repf esent a r easonable alternat ive . Furthermor e ,  the 
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9-year transpor t ing per iod wou ld exceed the 7 yea r s  ( a f ter publ icat ion o f  
f i nal EPA s tandards ) allowed for remed ial act ions by PL9 5-60 4 ,  T i tle I .  

An add i t ional concern that decreases the prac t ical ity of  th is  alternative 
is the increased transpor t d i s tance and the consequent incr eased potent ial for 
the occ u r rence of  a t r a f f ic acc iden t involv ing a truck  f i l led w ith contami
nated ta i l ings . The transport d i s tance e s t ima ted for the Wood s ide s i te is 
approx imately 1 5 6  miles compared to a d is tance of  about 85 miles for the South 
Cl ive s i te . Fur ther , as  shown on F igure C-l , the shor te s t  route be tween the 
vi tro s ite and woods ide is  via Highway 6 ,  wh ich crosses the Wasatch Mounta in 
Rang e a t  Sold ier Pass . Dur ing the winter months th is  pass i s  per iod ical ly 
snow pac ked and s l ippery , thus s ign i f ican tly increas ing gene ral truck ing 
hazard s .  

C . 2 . 2  Stab i l i zat ion south o f  Cr escent Junct ion 

The Crescent Junc t ion area is  9 m i les south of Cr escent Junc tion , Grand 
County , Utah . I t  is  abou t 11 square m i les o f  ped ime n t  near the base of  the 
Booker C l i f f s , and is s im i lar to the Wood s ide area except tha t  it l ies  
approx ima tely 2 1 5  road miles f rom Salt Lake C i ty .  Though the State ranked the 
Cr escent Junc t ion area h igher than the Woods ide area i n  terms of technical 
s u i ta b i l i ty for uran ium mill  ta i l ings d i sposal , the State also d i squal i f ied 
the area . Appar ently , use of  the area for uranium mill  ta i l ings d isposal 
wou ld con f l ict with a proposed land exchang e between the Divis ion of  State 
Land s and the Bur eau o f  Land Management (VTSSC , 198 0 ) . 

The DOE d i d  not per form cost est ima tes for transportat ion to the Crescen t 
Junc t ion area , but s ince the area i s  some 6 0  miles f a r ther from Sal t Lake C i ty 
than the wood s ide area the reasons for r e j ec t ing the Wood s ide area would also 
apply with increased force to the r e j ec t ion of the Cr escent Junct ion a r ea .  
Therefor e ,  tr anspor t o f  the tail ing s  and other contamina ted mater ial to the 
Crescent Junc t ion area would not be a reasonable a l ternat ive . 
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C . 3  ALTERNATIVE DI SPOSAL AREAS IN THE SALT LAKE VALLEY 

The State of utah did not recommend any areas w i th in the Salt Lake Va l ley 
for alterna t ive d i sposal s i tes for the Vi tro m i ll t a i l ings and o ther res idues . 
The poss ib i l i ty that sui table areas exist in the Salt Lake Va l ley or on i ts 
per iphery was br ie f ly stud ied in September 1 9 81 by the DOE ' s  contr actor , Sand i a  
Nat ional Laborator ies , and based o n  results o f  that s tudy , the DOE concluded 
that ( 1 ) there are presently no s u i table locat ions for d isposal of the Vi tro 
tail ing s within the Salt Lake Va lley more isolated than the Vi tro s i te i tsel f , 
and ( 2 )  there may be technically s u i table d isposal a r eas west of  the Salt Lake 
Va lley other than the three sta te-nominated areas , but use of  s uch areas would 
offer l i ttle or no env ironmental or economic bene f i t  beyond the bene f its to be 
reali zed in the use of one of the state-nominated areas . Th is  sect ion br iefly 
documents the bases for these two conclus ions . 

C . 3 . 1  Lack of  isolated areas within the Salt Lak e  Va l ley 

The Salt Lake Va lley is ass umed to be that r eg ion bounded on the east by 
the footh ills of  the Wasatch Mounta ins , on the nor th by the Great Salt Lake , 
on the wes t  by the Gr eat Salt Lake and the footh i l ls o f  the Oqu irrh Mounta ins , 
and on the south by the footh ills  of the Trave r se Mountains . The Vi tro s i te i s  
located i n  the nor thwest quadr ant of th is  valley , and stra ight-l ine d i s tances 
from it to other points in the val ley vary up to about 17 miles ; road mi leage 
between any two points is usually larger than the stra ight-l ine mileage . Rail
roads connect ing to the Vitro s i te are l im i ted to a nar row nor th-to-south cor
r idor that roughly bisects the reg ion and l ies  on the western s ide o f  i ts mos t  
urbani zed par t s .  An eas t-to-west r a i lroad corr idor j o ins the nor th-to-south 
cor r idor at a point j us t  nor th of me tropol i tan Salt Lake C i ty and r uns wes tward 
along the southern margin of the Gr eat Salt Lake . No r a i lroads cross the 
Wasatch mounta ins eas t of  the Salt Lake Va lley;  1 - 8 0  is  the ma in route cross ing 
the Wasatch range east of the c i ty .  

The lands eas t o f  the nor th-south railroad cor r idor are , in general , 
heav ily populated and pr ivately owned ; no ar�s there could be constr ued as  
being isolated or  would be acceptable to the Salt La ke Va lley res idents as  a 
s i te for the d isposal of  uran ium . mill ta i l ings . The land s west o f  the 
nor th-south r a i lroad cor r idor are less densely populated , although mos t of these 
are in var ious stages of development . The immed iate vicin ity of the Vi tro s i te 
i s  fairly typical of the type and deg ree of  deve lopment of  th is  western half o f  
the reg ion : land is used for bus inesses ( retail , manufac tur ing , l ight industry ) 
and res idences or , in the extreme west of  the reg ion , for ag r iculture and min ing 
(g ravel pits , copper mine fac i l i tie s) . I t  is thus poss ible that locat ions as  
i solated and as technically sui table for tail ing s  d i sposal as the Vi tro s ite 
could be found in th is western half of the val ley . From the standpo int of the 
ma jor phy s ical factors that determine d i sposal s i te s u i tab i l i ty ( topog raphy , 
geology , hydrology , and c l imate)  all locat ions in the western half would be 
roughly equ ivalent . 

The equ ivalence of the physical factors that de termine s i te s u i tab i l i ty ,  
howeve r ,  suggests that there would be no env ironmental bene f i t  i n  mov ing the 
tail ings from the ir  present locat ion to a new one in the wes ter n  hal f of the 
valley unless the new locat ion a fforded un ique oppor tun i t ies for stab i l ization 
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of the ta i l ings a t  reasonable cos ts and with mlnlmum inte r f erence with planned 
land u se . A few such locat ions have been cons idered in the pas t  in connect ion 
with public construct ion pro j ec t s  s uch as interstate h ighway exchanges or a i rport 
runway extens ions ; but  as of September 1 9 8 1  these proj ects wer e  no longer ava il
able and fur ther projects of  th i s  k ind are not foreseen to occur within the t ime 
span allowed for complet ion of r emed ial act ions under the UMTRCA. For these 
reasons , the DOE de termined tha t an al ternat ive involv ing d i sposal at  a locat ion 
in the Salt La ke Va l ley other than the Vitro s i te would be unreasonable . 

C . 3 . 2  Lac k of techn ically s u i table areas in the mountains 

S u i tably i solated s i tes for d i sposal of the Vitro t a i l ings might be found 
in the Wasatch Mountains border i ng the Salt Lake Va l ley on the east or in the 
Oqu irrh  Mounta ins to the wes t .  However , these moun tains are o f  h igh relie f ,  
and there are few roads lead ing into them that could suppor t a safe and e f f i c ient 
transpor t of the large amounts of mater ial that would be moved dur ing remed ial 
act ion at the Vi tro s i t e . Ra ilroad access to locat i on s  within  the Wasatch Range 
is poss i ble only by a long and roundabout route through Provo , Utah . Ra il  ac
cess to the Oqu irrhs  is apparently l imi ted to routes owned by the Kennecott 
Corpora t ion . 

I t  would be d i f f icult and expens ive to cons truct a n  eng ineered waste con
tainmen t  in these mountains that would mee t the EPA d i sposa l s tandards . The 
large relief  combined wi th relat ively h igh prec ipitation ma ke eros ion a problem ; 
the r e  is  a lso the r i s k  of  long-term contaminat ion of  useful ground water s ,  s ince 
both mountain r anges are r echarge areas for the deeper g round wa ters of the Salt 
La ke Val ley . Thus , the cos t of plac ing the Vitro ta i l ing s  i n  these mountains 
would probably be exce s s ive because of the add i t ional eng ineer ing requ i r ed to 
bu i ld a was te depos itory under these adve rse cond i t ion s .  I n  shor t , the DOE sees 
nei ther environmental nor economic advan tages in plac i ng an a lternat ive d i sposal 
s i te with in the Wasatch or Oqu irrh  Moun t a i ns , and has determi ned that s uch 
alternat ives are not reasonable . 

C-14 



C . 4  ALTERNATIVES INVOLVING REPROCESS ING OF THE VI TRO MILL TAI LINGS 

In alternat ives of th i s  k ind , the h igher-grade tail ings at the vi tro s i te 
would f i r s t  be reproces sed to recover res idual miner als o f  economic value ; then 
the res idues ( s t i l l  retain ing mos t  of the o r i g inal r ad ioac t ive elements)  would be 
placed in an eng ineered structure for long-term d isposal . I n  pr inciple , at  
least two bas ic alternat ives are pract icable : (A )  on-s ite reprocess ing of  the 
Vitro ta i l ings followed by on-s ite stab i l i zat ion of the res idues ; (B) trans fer of 
the was te s  to a new s i te and decon tamina t ion of the Vitro s i te , followed by the 
reprocess ing of the was tes and stab i l i z a t ion of  the r e s idues at  the new s i te .  

These alternat ives involving r eprocess ing cannot be ent ir ely r e j ec ted unt il  
all  procedures for  determin ing the pract icab i l ity o f  reprocess ing h ave bee n 
completed . By law (PL95-60 4 ,  Title I ,  Sect ion 1 0 8 ( b » , the DOE must solic i t  
expr ess ions o f  interest regard ing the remi l l ing of  r e s idual rad ioact ive ma terials 
at  designated inac t i ve proce ss ing s i tes and , upon r ece ipt o f  any express ions of  
interest , must  determine whether the proposals are  pract icable . The determina
t ion of prac t icab i l i ty includes an as say of  the tai l ings to determine the i r  
res idual mineral conten t s .  The DOE h a s  compl ied with these requ i r ements by pub
l i sh ing a r eques t  for expres s ion s of  interes t in the Federal Reg i s ter , "Commerce 
and Bus iness Da i ly , "  and in loca l newspape r s .  Several express ions of  gene ral 
interest  wer e  rece ived ; and an assay prog r am was begun i n  1 9 8 1 . The Vitro 
ta i l ings p i le was sampled for  assay in May 1 9 8 1 . The results o f  the assay 
program are ava ilable in DOE ( 19 8 2 ) . 

Summary of i nve s t igat ions at Vitro s i te ,  Salt Lake C i ty ,  Utah 

Proj ect Descr ipt ion : 

The pr imary obj ec t ives of  these inve s t ig a t ions we re to : 

o Determine the total quant i ty of  uranium bear ing mater ial a t  the s i te . 

o Determine the total qua n t i ty of u ranium ,  vanad ium,  and molybdenum present 
in the ma ter ial a t  the s i te .  

o Determine the extrac tab il i ty of uran ium ,  vanad ium ,  and molybdenum by 
leach ing method s .  

o Evaluate the economics o f  r eprocess ing the ta i l ings for recovery o f  any 
or all of these three me tals . 

o Obta in data on the concentrat ion of  var ious trace me tals normal ly assoc i
ated with uran ium mill  ta i l i ngs , includ ing Ra- 22 6 .  

I n  order to accomp l i sh these obj ect ives i t  was necessary to d r i ll and sample 
the entire  ta i l ings depos i t  at the s i te .  A suf f ic ient numbe r of  samples was 
requ i r ed to assure a stat i s t ical acc uracy of 90 percent w i th a min imum 12 percent 
conf idence interval . A total of  1 0 4  holes ( sampl e s )  were taken at  the s i te .  
Samples o f  each 2 . 5- foot interval we re taken to provide mo isture d eterminat ions 
throughout the p i l e .  Where poss ible , each hole wa s d r i l led a min imum of  5 fee t 
into the subbase mater ial to invest igate the amount of  ur an ium migra t ion into the 
subs t rate . 
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All samples were transpor ted to the Tucson labor ator ies o f  Mountain S ta tes 
Research and Developmen t  ( MSRD )  whe re they were dr ied , analyzed , and prepared 
into compos i te charges for leach testing . Approx ima t ely 1 0  perc en t of  the 
samples were ta ken with Shelby tube sampler s so that bulk den s i ty determina t ions 
could be made on the t a i l i ng s . 

Us ing survey data for the dr i l l  holes , hole depths , mo is ture data , bulk 
den s i ty d a ta ,  and chemical analyses , the volume , tonnage , and me tal content of 
the ta i l i ngs and subbase ma ter ial were calcula ted . 

Laboratory leach tes t ing was conduc ted on compos i te tes t charges to deter
mine opt imum cond i t ions and methods for leach ing of  the uranium,  vanad ium ,  and 
moly bdenum . These data were then u sed to deve lop process f lowsheets and ma jor 
equ ipment l i s ts , from wh ich the cap ital cos t  could be e s t imated for a tr eatmen t  
plant . 

Based upon total recoverable value of  the three me tals , the capital cost o f  
the plant , and the e s t imated cost o f  oper a t ing the plan t ,  a f i nal evaluat ion as  
to the prof i ta b i l i ty of  reprocess i ng the ta i ls was made . 

S i te Descr ipt ion : 

The Vitro s i te is  located i n  the Salt Lake C i ty Me tropo l i tan area and i s  
bordered o n  the south by 3 3 rd South Street and o n  the wes t  by 9 t h  Wes t .  The 
immed iate v ic i n i ty is  zoned for l ig h t  indus try . 

The ta i l ings were depo s i ted in f ive separate and d i s t i nct areas cover ing 
approx imately 75 acres . Sect ion A ,  loca ted in the nor thwest por t i on of  the area 
is  surrounded by berms and dur ing recent year s has been used for d i scard and 
s tor age of sewage plant e f f l uen t .  A ma j or pa r t  of the sect ion is extremely soft 
and has a h ig h  wa ter content . 

Sec t ion E i s  located on the eas tern por t i on of  the s i te and i s  low-ly i ng 
with no d i st inct bounda r ie s . This  sec t ion had some o f  the h ighest g r ade mater ial 
found , proba bly due to i t s  prox imi ty to the mill  and d i scharg e s  o f  h ig her g rade 
mater ial dur i ng emerg ency s i tuat ions as  well as  use for ore s torage . 

The other three sec t ions are eas i ly d is t ing u i shable and , w i th the except ion 
of the heavy r ubble cover on Sect ion C ,  present no par t icular handl ing problem . 

The ta i l ings are typ ical o f  bene f ic iated ore , be ing sandy in nature a nd 
relat ively f ine . Screen analyses ind icate they are 1 0 0  percent minus 10 mesh and 
over 50 percent minus 2 00 -mesh . 

A dr ill i ng and sampl ing prog r am was conduc ted a t  the s i te to provide the 
phys ical and analy t ical data required to determine the total quant ity of  tail i ng s  
and uran ium-bear ing subbase mater ial at  the s ite and the total content o f  uran
ium , vanad ium ,  and molybdenum. From these data the follow ing s tat i s t ics were 
developed : 
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Ta i l i ng s ,  wet tons 
Water , % 

T a i l ings , dry tons 
U308 ' % 

pounds 
V20 5 ' % 

pounds 
Mo , % 

pounds 

Subbase , wet tons 
Water , % 

Subbase , dry tons 
U3 08 ' % 

pounds 

Total ma ter ial , wet tons 
Water , % 

Total mater ial , dry tons 
U3 08 ' % 

pounds 

Amena b i l i ty Tes t ing : 

2 , 75 5 , 71 1  
20 . 21 

2 , 19 8 , 66 8  
. 0 150 

6 5 9 , 4 5 2  
. 0 9 5 5  

4 , 19 8 , 56 5  
. 0 1 7 3  

6 2 , 4 5 8  

7 3 9 , 0 4 7  
3 . 3 9 

5 6 6 , 15 7  
. 0 116 

13 1 , 440  

3 , 4 9 4 , 7 5 8  
2 0 . 8 9 

2 , 7 6 4 , 8 2 5  
. 0 1 4 3  

7 9 0 , 89 2  

Labor atory tes ti ng was conduc ted a t  MSRD ' s  labor ator ies on compos ited 
samples f r om the s i te .  Tes t i ng was conduc ted on samples repr esen t ing each 
sect ion and for the ent i r e  s i te .  Tes t i ng procedures included : 

o Ag itat ion leach wi th sulfur ic acid . 
o Ag i tat ion leach with car bonate solu tion . 
o Ex tended acid ag i tat ion leach . 
o Column leach with ac id . 

The ta i l i ng s  wer e  gener ally unrespons ive to alkal ine leach ing wi th low 
extract ions of uran ium and vanad ium .  

Ag i ta t ion leach i ng w i th ac id ind icated uranium ex tract ions i n  the 5 5  
percent range could be expec ted . Hence , column leach tes t i ng was conduc ted 
wi th ac id only . The bes t  overall results were ob ta ined w i th the column ac id 
leach process , wh ich is  i nd icat ive of what can be attained i n  the heap leach 
proces s .  Analys i s  of the tes t  results ind ica ted that extr act ion for uran ium ,  
vanadium ,  and molybdenum , respec tively , o f  7 5  percent , 3 0  percent , and 5 5  
percent could be expected in a heap leach ope r a t ion on th i s  ma te r ial . 

Accord i ng ly , f lowsheets were developed for a process plant to treat the 
pr egnant leach solut ions from heap leach ing to recover uranium ,  vanad ium ,  and 
molybdenum as  mar k e table products . 

Economic Eval ua t ion : 

Although a total of 2 , 76 4 , 8 2 5  dry shor t tons ( DST) of  uranium-bear ing 
ma te r ial was iden t i f ied at  the s i te ,  only 1 , 19 2 , 9 4 0  DST were cons idered to be 
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acceptable feed for proces s ing by reason of  its gr ade and/or response to trea t
ment . The mater ial cons idered not acceptable is located s uch that it  could be 
e i ther le f t  in place or bypas s  the plant dur ing mi n i ng operat ions . 

The process plant was s i zed to treat the 1 , 99 2 , 9 4 0  DST of  tail ings plus 
subbase mater ial a t  a rate of 7 5 0 , 0 0 0  dry short tons per year with a pro j ect 
l i fe of apporox imately 2 . 7  year s .  Dur ing this  per iod the produc t i on would 
be as  tabula ted below : 

Product Total lbs unit Pr ice Total 

u308 5 6 7 , 9 6 8  $ 2 3 . 0 0  $13 , 0 6 3 , 2 6 4  
V205 1 , 1 6 8 , 8 3 1  3 . 0 0 3 , 506 , 49 3  
Mo 3 9 0 , 16 1  8 . 5 0 3 , 316 , 369  

TOTAL VALUE $19 , 8 8 6 , 12 6  

Ev idently,  reproces s i ng of  t h e  Vi tro s i te t a i l i ng s  is  not economic at  
present-day pr ices ( un i t  pr ices g iven above ) as shown by the following est imates : 

Plant Capital Cost 
Ope rat ing Cost 
Total Proj ect Cost 
Less Salvage Value 

Total D i r ec t  Cost 
Mar k e table Product ion 
Pro f i t  or ( Loss ) 

$16 , 0 6 0 , 0 0 0  
2 7 , 4 1 9 , 0 0 0  

$ 4 3 , 4 79 , 0 0 0  
7 8 2 , 0 0 0  

$ 4 2 , 6 9 7 , 0 0 0  
$19 , 8 8 6 , 12 6  

( $2 2 , 81 0 , 9 0 0 ) 

The $23 mill ion loss would be added to the cos t s  of  s tab i l i z i ng the res idues 
that rema i n  after reprocess i ng is comple ted . Therefor e ,  reprocess ing does not 
represent a reasonable alternat ive at this t ime . 
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0 . 1  INTRODUCTION 

0 . 1 . 1  Vitro s i te 

I n  th is  
af fect ing the 
are analyzed . 

appendix the hydrodynamics , geochemistry , and solute transpor t  
g round wa ter underlying the Vi tro s i te and the sur round ing area 

The hydrodynamic analys is  includes : 

Assessment of  h i s tor ic cond i t ions . 
Asses sment of  present cond it ions . 
Pred ict ion of  pos t-remedial ac t ion cond it ions . 

Stat ic water-level measur emen ts , aqu i fer tests , and numer ical method s were 
used for  the analys is  of  the hydrodynamic char acter i s t ics of  the unconfined 
aqu i fer , the con f i n ing layer , and the con f i ned aqu i fe r .  

The geochemical analys i s  includes support ing data and descr ipt ions and 
explanat ions for the chemical changes be tween : 

Layer 1 ( ta i l ings and tail ings wate r )  and Layer 2 ( ta i l ings , so il , 
wa ter , and ground wa te r )  of  the p i le . 
Layer 2 and the under lying ground wa ter . 
The unde r ly i ng ground wa ter and downg rad ient uncon f ined ground water . 
Upg r ad ient unconf ined ground wa ter and downgr ad i ent unconf i ned ground 
wa ter . 
Upg r ad ient con f ined ground water and downg rad ient con f i ned ground 
water . 
Uncon taminated sur face water and contaminated sur face wa ter . 

The solute tr anspo r t  analyses were used to : 

Suppor t the explanat ions for measured downg radient concentrat ions of  
uranium and sul fate . 
P r ed ict the t ime of  entry into the ground water and the 
concentrat ions of  sul fate , uranium ,  arsenic , and molybdenum fol lowing 
remed ial act ion . 

0 . 1 . 2  South Cl ive s i te 

Start ing i n  sec t ion 0 . 5 of this Append ix , the ground-water reg ime of the 
South Cl ive s i te and the sur round ing area are analyz ed . The analy s i s  includes : 

Assessment of hydrolog ic setting . 
Assessment of  ex i s t ing water qual ity .  
Assessment o f  poten t ial for recharge on s i te .  
Assessment o f  ex ist ing and poten tial  water uses . 

0-1 
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D . 2  EXI STING CONDITIONS , PROBLEM STATEMENT , AND METHODS OF CALCULATION -
VI TRO SITE 

D . 2 . 1  Ex i s t i ng cond it ions 

The Vi tro s i te is located within  the Jordan R ive r Valley in  South Salt 
Lake , Utah . The ground-wa ter reg ime i s  generally characte r i zed by two aqu i fer 
systems , a near-sur face uncon f i ned system and a deeper con f i ned system . The 
uncon f i ned sys tem is pr inc ipally recharged by upward f low f rom the con f ined 
aqu i fer and sur face inf iltrat ion (Fi gure D-l ) . The con f i ned sys tem is 
recharged by i n f i ltrat ion into porous ma te r i al s  on the flanks of the Wasatch 
Mounta i ns to the east and the Oqu i r r h  Mounta ins to the west . Near the s i te , 
both aqu i fers  f low generally toward the wes t-nor thwest ( F igures D-2 and D-3 ) . 
The unconf i ned aqu ifer d i scharges into surface-wa ter courses such as Mill  
Creek , the  Jordan River , and the Great  Salt  Lake . 

The bac kground water qual ity (chemi stry)  in the v i c i n i ty of  the Vitro 
s i te i s  subs tan t i a lly d i f ferent for each of  the two aqu i fer  sys tems . The 
upper uncon f i ned aqu i fer water is characte r i zed by a brack ish qua l i ty with 
h igh total d i s solved sol ids , generally 2 0 0 0  ppm or g r eater , and sulfates on 
the order of 8 0 0  ppm or greater . [ The uncon f i ned water qua l i ty generally 
improves with depth and approaches the qua l i ty of the con f ined ground wa ter . ]  
Due to its  [marg i na l ]  qual ity and min imal yi elds t o  wells , th i s  water has very 
l imited use for domestic or ag r icultural pu rpose s .  The con f i ned aqu i fer  water 
gene rally has d i ssolved solids values of  about 3 0 0  ppm and a sul fate content 
of abou t 20  ppm . The con f i ned aqu i fer is an important source of  domes tic , 
ag r icultural , and industr ial wa ter supply in the Salt Lake Va lley . (Tabl e 
D-l , EPA Na t ional Inte r i m  Dr ink ing Water Standard s ) . 

Elevated levels of  sod i um , sul fate , chlor ide , total d i ssolved sol ids , and 
uran ium have been found in the uncon f i ned aqu i fer ground wa ter downgr ad ient 
(wes t-nor thwe s t )  and beneath the ta i l ings pile , as compared to the upgrad ient 

cond i t ions of the same aqu i fer . No eleva ted levels of molybdenum (Mo) , 
selenium ( S e ) , rad i um ( Ra-2 2 6  and Ra-2 2 8 ) , vanad ium (V) , thor i um (Th-2 30 ) ,  and 
lead 2 1 0  (Pb- 2 1 0 ) have been found downg rad ient of the p i le boundary . Samples 
from upgr ad ient wells contained h igher concent rat ions of ar senic (As)  than 
sampl es from downg radient well s .  Eleva ted levels of  molybdenum have been 
found in d i scha rge wa ter from the excava t ion at the Central Va lley Wa ter 
Reclamat ion Fac i l i ty (CVWRF) . 

None of the rad ioact ive con s t i tuents and metals l i sted above , wh ich would 
be assoc i ated with the tail ings p i le , were found in  level s  above bac kground in 
the con f i ned aqu i fer wa ter . However ,  h igher levels of sul fate and chlor ide 
were found in  samples of the con f i ned aqu i fer beneath and downg radient of  the 
pile bound ary than were found in  samples taken from upg r ad i ent we lls . 

D . 2 . 2  Problem sta tement 

The purpose of th i s  study is to eva luate the present and proj ec ted 
characte r i s t ics of the ground-wa ter f low reg ime . From th i s  eva luat ion , a 
determinat ion will  be made of the proj ec ted changes in the water levels , and 
present and future rates and concentrat ions of contaminan t migrat ion . The 
following items have been analyzed : 
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Table D-l . EPA Nat ional Inter im Dr ink ing wa ter Standards ( 4 0 CFR 1 41 , 143 ) 

Par ame ter Dr ink ing wa ter standards a 

Arsenic 
Bar i um 
Cadmium 
Chromium 
Copper 
Fl uor ide 
Lead 
Mercury 
Nitr ate 
Selen ium 
S i lver 
Z i nc 
Chlor ide 
I r on 
Manganese 
pH 
Sul fate 
TDS 
Uran ium ( Health Advi sory level)  

( in picocur ies per l i ter ) 
Rad ium 2 2 6 - 2 2 8  comb ined 

( in picocur ies per l i te r )  
Gross alpha 

( in picocur ies per l i te r )  
Gross beta 

( in picocur ies per l i te r )  

aAl l values in mg/l unless otherwise noted . 
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pr imary secondary 

0 . 0 5  
1 . 0  
0 . 0 1 
0 . 0 5 

1 . 0  
1 . 4-2 . 4  

0 . 0 5  
0 . 0 0 2  

10 . 0  
0 . 0 1 
0 . 0 5  

5 . 0  
2 5 0 . 0  

0 . 3  
0 . 0 5 

6 . 5-8 . 5  
2 5 0  
5 0 0  

10 . 0  
5 . 0  

1 5 . 0  

50 . 0  



Numer ical s imulat ion of the steady-state wa ter levels as compa red to 
mea sured water levels ( both aqu i fer  systems ) . 

Cal ibrat ion of pr esent and h i s tor ic rates and concentrat ions of 
contaminant migrat ion , u s i ng to tal uran ium and s ul fate ( i . e .  the most 
representat ive mob ile contami nan t s )  as the k ey ind icators in both 
sys tems . 

Pred ict ion of post-r emed ial act ion , s teady- s tate wa ter level 
elevat ions for the uncon f i ned aqu i fer . 

Pred ict ion of  pos t-remed ial act ion rates and concen trat ions of 
contaminant mig r at ion ( total uran i um ,  sulfate , arsen ic , and 
molybdenum) • 

0 . 2 . 3  Me thod s of  calculat ion 

Deta iled f ield invest igat ions involving wa ter-level mon itor ing , pump 
test ing , and wa ter sampling of both the uncon f i ned system and the 
con f i ned sys tem were car r i ed out by the TAC ( 1 9 8 3 )  and Dames and 
Moore ( 1 9 8 2 ) . The data wer e  analyzed for aqu i fer  parameter s such as 
hydraul ic cond uc t iv i ty , transm i s s i v i ty ,  stor a t i v i ty , and ver t ical and 
lateral hydraul ic g r ad i entsll . 

The I l l inois State water Survey f i n i te d i f ference hyd rodynam ic flow 
model wa s used to s imulate the hyd rodynamic sett ing and predict the 
changes in the ground-water reg ime after remed ial act ion (Pr ic kett 
and Lonnqu ist , 1 9 7 1 ) . I nput , outpu t ,  calcula t ion o f  the er ror 
tolerance , and several other pa rts of the prog r am were mod i f i ed or 
enhanced . The deta ils of  the model ing e f fort are presen ted in 
Sec t i ons 0 . 3 . 4  and 0 . 3 . 5 .  

Con taminant mig rat ion wa s analyzed u s i ng the ex i s t ing data ba se ( TAC , 
1 9 8 3 ; Dames and Moore , 1 9 8 2 ; and Mar kos and Bush , 1 9 8 2 )  and the 
Pra kash ( 1 9 8 2 )  equations . The exist ing data were used to determine 
the lateral and ver t ical contaminant mig r at ion paramete rs , wh ich were 
subsequently used to pred ict pos t-remedial ac t ion cond i t ions . 

The g r ound-water chemis try wa s analyzed on the bas is of  chemical 
equ i lbr ia relation s .  The ex i s t ing data wer e  used to predict the 
mig rat ion from the ta i l ings pile  and subsequent prec ipitat ion of 
these cons t i tuents . The PHREEQE geochemical model ( Parkhurst  e t  al . ,  
1 9 8 0 ) was used to determine spec iat ion . 
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0 . 3  HYDROLOGY AND GROUND-WATER CHEMISTRY - VITRO S ITE 

0 . 3 . 1  Desc r ipt ion of ex ist ing subsur face and ground-water sett ing 

0 . 3 . 1 . 1  Data sources . 

Subsur face explor a t ions , mon itor ing well installat ion , hydrolog ic 
inves t igat ions involv ing pump test ing of both aqu i fe r s , wa ter-leve l 
mon i tor ing , and sampl ing for wa ter-qua l i ty test ing have been carr ied out by 
var ious inves t iga tor s at and near the Vi tro s i te and in the Jor dan Rive r 
Va lley . These invest iga tors include Hely , Mower , and Ha r r  ( 1 9 7 1 ) , Mar kos and 
Bush ( 1 9 8 2 ) , Dames and Moore ( 1 9 8 2 ) , and the TAC ( 1 9 8 3 ) . In add i t ion , several 
s tud ies us ing publ ished data have been presented for the Salt La ke area in 
other r e ferences . 

Several mon i tor ing wells have been dr illed ( in 1 9 8 2  and 1 9 8 3 )  on and 
around the s i te both in the uncon f i ned aqu i fer and the conf ined aqu i fer . 
Dur ing the f i r s t  dr illi ng prog r am ,  12 wells were completed in the sha llow 
system (complet ion depths 50-60 fee t )  and 7 we lls wer e  completed i n  the deep 
system (complet ion depths 70-80 feet ) , ( DOE , 1 9 8 3 ) . These wel ls are located 
w i th in the Vi tro s i te boundary , roughly d e f i ned as the quadr angle formed by 
3 3 0 0  Sou th Street , 9 0 0  Wes t  Street , Mill  Creek , and the Denver and Rio Grande 
Western Ra il road . 

Dur ing the second d r i ll ing prog r am , 10 we ll po ints , 2 4  mon i tor we lls , and 
1 pump well were comple ted in the uncon f i ned system . The 2 4  mon i tor wells are 
grouped in 8 nests w i th 3 we lls per nes t .  Five mon itor we lls and one pump 
well we re comple ted in the conf ined aqu i fer system . Also , two we lls were 
completed to depths of  6 5 . 7  feet to 6 7 . 7  fee t and 5 3 . 6  feet to 5 5 . 6  fee t .  
These wel l s  were used t o  isolate the con f in ing laye r between the unconf ined 
and con f i ned systems . Figure 0-4 shows the locat ion of the wel l s  dr illed in 
1982  and in 1 9 8 3  (TAC 198 3 ) , and Tables 0-2 and 0-3 descr ibe the installa t ion 
deta ils  for each wel l .  

The f i r s t  f ield test ing prog ram , i n  1 9 8 2 , included a pump test on 
shal low , on-s ite well V-CSI and 2 slug tests on well V-BS , 2 s lug tests on 
we ll V-BD , 3 slug tests on well V-OS and 1 slug test each on wel l s  V-ES , V-ED , 
V-FS , V-GS , and V-HS ( Dames and Moore , 198 2 ) . The second f ield test ing 
prog r am , in 1 9 8 3 , included a pump test on deep , of f-s ite well No . 1 5 ,  and 
another pump test on shal low , o f f- s i te wel l  No . 14 . 

Th e f i r s t  water-qua l i ty sampl ing program,  in 1 9 7 8  and 1 9 7 9 , included 7 
sur face-water samples ,  2 from the Jordan Rive r ,  2 f rom Mill  Creek and 1 each 
from Vi tro D i tch , Sou th vi tro D i tch , and the ma r sh east of  the s i te . Also , 14 
borehole water-samples wer e  taken f rom the tail ings p ile (Mar kos and Bush , 
1 9 8 2 ) • 

The second wa ter-qual i ty sampl ing progr am , in  1 9 8 2 , included 17  samples ,  
taken on var ious dates , from a total of  15 on-s i te wel l s .  Th is  program 
included 11 samples from 9 shallow we lls and 6 samples from 6 deep we lls . 
Each of the 17 samples was analy zed for 7 0  d i f ferent cons t i tuents or 
parameters ( DOE , 1983 ) ( Table 0-4 ) . 
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Table D-2 . Well complet ion data , Vitro s i te , TAC ( 1 9 8 3  ) wells 

TAC Totala Screeneda Blanka Ground Collar 
well depth i nterval interval elev . elev . 

No . Ft . Ft . Ft . Ft . Ft . Locat ionb 

1 1 1 5  1 00-110 0 - 1 0 0  4 2 4 4 . 9 6 4 2 4 6 . 4 7 U 
2 1 3 5  119-129  0-119  4 2 3 8 . 0 7 4 23 9 . 0 7  U 
3 1 2 5  1 10-120  0-110  4 23 4 . 1 3 4 2 3 5 . 7 4 C 
4 1 3 7  1 0 5 - 1 1 5  0-10 5 4 2 3 4 . 3 7 4 2 3 5 . 6 2  D 
5 1 3 2  1 1 5 . 5-1 25 . 5  0-115 . 5  4 2 3 4 . 9 2 4 2 3 7 . 4 1 D 

6A 31 . 5  2 6 - 2 8  0-2 6 4 24 4 . 61 4 2 4 6 . 4 2 U 
6B 2 0  1 7-19 0-17  4 2 4 4 . 6 8 4 2 4 6 . 51 U 
6C 1 0  7-9 0-7 4 24 4 . 71 4 2 4 6 . 4 6 U 
7A 3 5  2 6 - 2 8  0 - 2 6  4 23 7 . 9 7 4 2 4 0 . 3 0 U 
7B 25 15-17  0 - 1 5  4 2 3 8 . 0 2 4 2 4 0 . 5 3 U 
7C 1 5  8-10 0 -8 4 2 3 7 . 9 8 4 2 3 9 . 81 U 
8A 4 0  26-2 8 0-26  4 23 3 . 13 4 2 3 6 . 2 0 C 
8B 3 5  1 9 - 2 1  0 - 1 9  4 2 3 3 . 1 3 4 2 3 5 . 4 0  C 
8C 1 0  6 - 8  0 - 6  4 23 3 . 13 4 23 5 . 5 3 C 
9A 3 5  2 7-29 0-27 4 23 3 . 1 7 42 3 4 . 80 D 
9B 25 1 6 - 1 8  0 -16 4 2 3 2 . 9 7 4 2 3 5 . 0 5  D 
9C 1 5  6-8 0-6 4 2 3 3 . 0 2  4 2 3 5 . 73 D 

lOA 3 6 . 5  2 6 - 2 8  0-26  4 23 4 . 60 4 2 3 6 . 9 5  D 
lOB 20 1 4 . 5-1 6 . 5  0-14 . 5  4 2 3 4 . 6 5 4 2 3 6 . 6 7 D 
10C 1 0  6-8  0-6  4 2 3 4 . 5 5 4 2 3 6 . 8 0 D 
l lA 3 1 . 5  24-26  0-24 4 2 3 4 . 5 2 4 2 3 6 . 5 4 D 
l IB 2 0  17-19 0-17 4 23 4 . 6 2 4 2 3 6 . 3 4  D 
llC 1 5  6-8 0 -6 4 2 3 4 . 8 2 4 2 3 6 . 5 4 D 
12A 3 1 . 5 26-28  0-26  4 2 3 5 . 90  4 23 8 . 0 4  C 
1 28 20  1 7-19 0 - 1 7  4 23 6 . 0 6 4 2 3 7 . 87 C 
1 2C 1 0  6 . 5-8 . 5  0-6 . 5  4 2 3 5 . 9 5 4 2 3 7 . 9 6 C 
1 3A 3 1 .  5 26-28  0-26 4 2 3 5 . 70 4 2 3 8 . 4 1 D 
1 3 8  2 0  1 6 - 1 8  0 - 1 6  4 23 5 . 7 5  4 23 8 . 2 3  D 
13C 10 6-8 0-6 4 2 3 5 . 75 4 2 3 7 . 9 5 D 

1 4  41 . 5 18-38  0 - 1 8  4 2 3 3 . 2 7 4 2 3 5 . 4 0  D 
1 5  1 3 3  1 0 2-112 0 - 1 0 2  4 2 3 3 . 7 3 42 3 5 . 2 0 D 
16  71  6 6- 6 8  0-66  4 23 4 . 4 7 4 2 3 6 . 8 0 D 
1 7  6 0  5 4- 5 7  0-54  4 23 3 . 4 0 4 2 3 5 . 80 D 

WP-l 9 7-9 0-7 42 3 5 . 52 4 2 3 7 . 4 2 C 
WP-2 6 4-6 0 -4 4 2 3 3 . 8 7 4 2 3 6 . 2 0 D 
WP- 3  8 . 5 6 . 5-8 . 5  0-6 . 5  4 2 3 3 . 3 7 4 2 3 5 . 7 9 D 
WP-4 7 5-7 0-5 4 2 3 3 . 3 5  42 3 5 . 70 D 
WP-5 8 . 5 6 . 5- 8 . 5 0 -6 . 5  4 2 3 2 . 0 9 4 2 3 4 . 2 9 D 
WP-6 9 . 5  7 . 5-9 . 5  0-7 . 5  4 2 3 1 . 1 8 4 2 3 3 . 3 1  D 
WP-7 1 0  8-10 0-8 4 2 3 6 . 6 8 4 2 3 8 . 4 7 C 
WP-8 7 5-7 0 -5 4 2 3 6 . 6 2 42 3 7 . 71 U 
WP-9 1 0  8-10 0-8 4 2 3 8 . 0 2 4 2 3 9 . 2 9 U 
WP-I0 10 8-10 0-8  4 2 3 6 . 2 5 42 3 7 . 9 0 U 

aAll depths from ground sur face . 
bWhe re : U = upgradient 

C = crossgrad ient 

D = downg radient 
D-ll 



Well 
a 

number 

V-Adl obs . N 
s .  N 

V-AD3 pump ing 
V-ASI obs . N 

V-AS 2 pump i ng 

V-AS 3 obs . S 

V-BD 

tJ I V-BS 
I-' 
tv 

V-CD 

V-CS pump i ng 

V-CS obs . N 

V-CS obs . S 

V-DD 
V-DS 

V-ED 

V-ES 

Table D-3 . We ll con s t r uc t ion deta i l s , vi tro s i te 

Blank Screened Sand pack Grout seal 

i nterval ( ft ) b i nterval ( ft )  interval ( ft )  interval ( f t )  

+2 . 0  - 9 8 . 0  9 8 . 0  - 1 2 8 . 0  6 5 . 0  
+2 . 5  - 9 7 . 5  9 7 . 5 - 1 2 7 . 5  9 2 . 0  - 1 3 7 . 0  0 . 0  - 9 0 . 0  

1 2 7 . 5  - 1 3 0 . 5  
+2 . 0  9 8 . 0  9 8 . 0  1 2 8 . 0  9 6 . 0  1 3 0 . 0  0 . 0  - 9 1 . 0  
+1 . 5  - 1 3 . 4  1 3 . 4  - 18 . 7  1 2 . 5  - 19 . 7  0 . 0  - 11 . 0 
1 8 . 7  - 19 . 7  
+2 . 0  1 3 . 0  1 3 . 0  19 . 0  1 2 . 0  22 . 0  0 . 0  - 1 1 .  0 
1 9 . 0  - 2 2 . 0  
+2 . 0  - 1 0 . 0  1 0 . 0  - 2 0 . 0  9 . 0  - 2 2 . 0  0 . 0  - 8 . 5  
2 0 . 0  - 2 2 . 0  
+ 3 . 0  - 8 5 . 0  8 5 . 0  - 9 5 . 0 8 2 . 0  - 9 7 . 0  0 . 0  - 80 . 0  
9 5 . 0  - 9 8 . 0  
+2 . 0  - 1 5 . 0  1 5 . 0  - 2 0 . 0  1 4 . 5  - 2 5 . 0  0 . 0  - 1 3 . 5  
2 0 . 0  - 2 5 . 0  
+ 2 . 0  - 1 0 5 . 0  1 0 5 . 0  - 1 15 . 0  8 0 . 0  - 1 1 8 . 0  0 . 0  - 80 . 0  

11 5 . 0  - 1 1 8 . 0  
0 . 0  - 1 4 . 5  1 4 . 5 - 3 7 . 5 Unknown Unknown 

3 7 . 5  - 3 9 . 5  
0 . 0  - 1 7 . 0  1 7 . 0 - 2 7 . 0  None Unknown 

2 7 . 0  - 29 . 0  2 9 . 0  - 3 9 . 0  
3 9 . 0  - 4 2 . 0  

0 . 0  - 11 . 5  1 1 . 5 - 2 6 . 5  Unknown Unknown 
2 6 . 5  - 2 8 . 5  2 8 . 5  - 3 8 . 5  
3 8 . 5  - 4 1 . 5  
+1 . 5 - 80 . 0  8 0 . 0  - 9 0 . 0  7 5 . 0  - 9 0 . 0  0 . 0  - 73 . 0  

1 . 3 - 1 3 . 0  1 3 . 0  - 2 3 . 0  1 2 . 0  - 2 7 . 0  0 . 0  - 1 1 . 5 
2 3 . 0  - 2 5 . 0  
+2 . 6  - 74 . 0  7 4 . 0  - 8 9 . 0  7 0 . 0  - 9 2 . 0  0 . 0  - 6 3 . 0  
8 9 . 0  - 9 2 . 0  
+ 1 . 6  - 14 . 5  1 4 . 5  - 2 9 . 5  1 3 . 0  - 3 0 . 0  0 . 0  - 11 . 0 
2 9 . 5  - 3 1 . 0  

Benton ite seal 

interval ( f t )  

9 0 . 0  - 9 2 . 0  

9 1 . 0  - 9 6 . 0  
11 . 0 - 12 . 5  

1 1 . 0  - 12 . 0  

8 . 5  - 9 . 0  

8 0 . 0  - 8 2 . 0  

1 3 . 5  - 1 4 . 5  

None 

Unknown 

Unknown 

Unknown 

7 3 . 0  - 7 5 . 0  
1 1 . 5 - 1 2 . 0  

6 3 . 0  - 70 . 0  

1 1 . 0  - 1 3 . 0  



d I >--' W 

Table D-3 . (Cont inued ) 

We l l  B lank Scr eened Sand pac k Grout sea l 

number 
a 

interva l  ( f t )  
b 

inter val ( f t )  interval ( f t )  in terval ( f t )  

V-FS 0 . 0  - 3 0 . 0  3 0 . 0  - 4 0 . 0  2 7 . 0  - 4 0 . 0  0 . 0  - 2 5 . 0  
V-FD 0 . 0  - 81 . 5 8 1 . 5 - 9 1 . 5 6 3 . 0  - 9 1 . 5  0 . 0  - 6 3 . 0  
V-GS +1 . 5  - 2 5 . 0  2 5 . 0  - 3 5 . 0  2 3 . 0  - 3 5 . 0  0 . 0  - 2 1 . 0 

3 5 . 0  - 3 6 . 5  
V-HS + 3 . 0  - 3 5 . 0  3 5 . 0  - 4 5 . 0  Unknown Unknown 

aFor wel l  locations , see Figure D-4 ( a l l  wel l s  located on the s i te ) . 
b " + "  denotes por t ion of wel l  above g r ound sur face . 

Re f .  DOE 1 9 8 3  

Ben ton ite seal 

i n terval ( f t )  

2 5 . 0  - 2 7 . 0  

2 1 . 0  - 2 3 . 0  

Unknown 



Ta bl e 0-4 . Gro und-wa ter q ua l i ty ,  1 982  

We l l  numbe ra 

Parameter b V-HS V-CD V-ED V-DD V-CS V-DS V-ES 

Date sampled 2/9/82 4/22/82 4/2 2/8 2  4/22/82 4/22/82 4/2 2/8 2 4/22/82 

Aluminum (Al ) < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Ar sen ic (As ) 0 . 02 < 0 . 0 1 0 . 0 2  < 0 . 0 1  0 . 0 5  0 . 1 0  < 0 . 0 1  
Ar sen ic - total (AS ) 0 . 0 2  < 0 . 0 1 0 . 0 2  < 0 . 0 1 0 . 0 5  0 . 10 0 . 0 2 
Bar i um ( B a )  < 0 . 1  0 . 3  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Ba r i um - total ( Ba )  0 . 5  0 . 3  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Boron ( B )  0 . 6 8 0 . 2 1 0 . 3 5 0 . 20 0 . 98 1 . 3 1 0 . 9 2  
Cadmium (Cd )  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
Cadmi um - total (Cd)  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 01 < 0 . 01 < 0 . 0 1 < 0 . 0 1  
Chrom i um (Cr ) < 0 . 0 1  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
Chromi um - total (Cr ) 0 . 0 8 < 0 . 0 1 < 0 . 0 1  < 0 . 0 1 < 0 . 01 < 0 . 01 < 0 . 0 1 
Coba lt (Co)  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Copper (Cu )  0 . 0 5 < 0 . 0 1 < 0 . 01 < 0 . 0 1 < 0 . 01 < 0 . 0 1 < 0 . 0 1 
Copper - total ( C u )  0 . 1 6 < 0 . 0 1 < 0 . 0 1  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
I ron (Fe)  0 . 11 0 . 51 0 . 4 5 0 . 12 2 1 . 0 5 4 . 0  < 0 . 0 5  
Iron - total (Fe ) 4 4 . 0  0 . 56 0 . 9 2 0 . 5 2 2 3 . 0 0 5 8 . 0 0 0 . 2 4  

t:! Lead (Pb)  < 0 . 0 5 < 0 . 0 5  < 0 . 0 5 < 0 . 0 5 < 0 . 0 5  < 0 . 0 5  < 0 . 0 5 
I 

>-' Lead - total ( P b )  0 . 3  < 0 . 0 5  < 0 . 0 5  < 0 . 0 5 < 0 . 0 5 < 0 . 0 5  < 0 . 0 5 
+-

Magnes i um (Mg )  3 2 0  5 0 . 0  2 3 . 0  2 2 . 0  210  3 9 0  2 9 0  
Manganese (Mn ) 0 . 6 4 0 . 3 1  0 . 1 5 0 . 0 6 1 . 4 3 3 . 88 0 . 1 2 
Mang anese - total (Mn )  1 .  8 5  0 . 2 9 0 . 13 0 . 06 1 . 3 7 4 . 0 2 0 . 1 4 
Mercury - total ( Hg )  0 . 5  0 . 3  < 0 . 3  < 0 . 3  < 0 . 3  < 0 . 3  < 0 . 3  

( i n microg r ams per l i ter ) 
Molybdenum (Mo )  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1 
N ickel ( N i ) < 0 . 0 5  < 0 . 0 5  < 0 . 0 5  < 0 . 0 5  < 0 . 0 5  < 0 . 0 5 < 0 . 0 5 
Potass i um ( K )  1 4 0  1 3 . 0  2 5 . 0  1 2 . 0  3 8 . 0 2 4 . 0  4 4 . 0  
Selen i um ( S e )  < 0 . 0 1 < 0 . 01 < 0 . 0 1 < 0 . 0 1  < 0 . 0 1  < 0 . 01 < 0 . 0 1  
Selen i um - total ( S e )  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1  < 0 . 01 < 0 . 0 2 
S i lver (Ag ) < 0 . 0 1  < 0 . 0 1 < 0 . 0 1  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
S i lver - total (Ag ) < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1  < 0 . 01 < 0 . 0 1  < 0 . 0 1 
Sod i um ( N a )  2 , 00 0  2 7 . 0  7 6 . 0  3 0 . 0  3 4 0  2 4 0  4 20 
Sod i um - total (Na)  2 , 00 0  2 7 . 00 7 6 . 0  3 0 . 0  3 4 0  2 4 0  4 20 
S tront i um ( S r )  1 .  7 9  0 . 90 0 . 2 3 0 . 3 3 2 . 11 5 . 50 3 . 16 

Vanad i um (V)  < O .  5 < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  

Z inc ( Z n )  0 . 0 2  0 . 0 1 < 0 . 0 1  0 . 0 2 0 . 0 1 0 . 0 5  0 . 0 2 

Z i nc - total ( Z n )  0 . 2 5 0 . 0 1 0 . 0 1 0 . 02 0 . 01 0 . 0 5  0 . 02 



Table 0-4 . (con t inued ) 

We ll number a 

Parame terb V-HS V-AD V-AS V-GS V-FO V-BS V-FS V-BO 

Date sampled 4/14/82 4/15/82 4/1 5/ 8 2  4/15/82 4/15/82 4/21/82 4/21/82 4/2 1/8 2 

Aluminum (Al)  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Ar senic (As ) 0 . 05 < 0 . 0 1 0 . 09 0 . 0 5 < 0 . 0 1 < 0 . 0 5 0 . 0 9  0 . 0 1 
Ar sen ic - total (As ) 0 . 0 5 < 0 . 0 1 0 . 0 9  0 . 0 5 < 0 . 0 1 0 . 0 5 0 . 0 9 0 . 0 1 
Bar i um (Ba )  0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Bar i um - total ( Ba )  0 . 2  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  0 . 1  < 0 . 1  
Boron ( B )  0 . 84 0 . 14 2 . 0 9 0 . 4 1 0 . 10 1 .  9 6  0 . 26 0 . 18 
Cadmium (Cd ) < 0 . 0 1 < 0 . 01 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
Cadm ium - total (Cd)  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1  
Chromium (C r )  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
Chrom i um - total (Cr ) 0 . 0 3 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 0 . 0 5 < 0 . 0 1  
Cobalt (Co) < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Coppe r (Cu)  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1  
Copper - total (Cu )  0 . 0 9 < 0 . 0 1 < 0 . 0 1 0 . 0 6 < 0 . 0 1 0 . 0 4 0 . 3 0 < 0 . 01 

t:I Iron (Fe ) 0 . 19 0 . 58 < 0 . 0 5 0 . 4 6  0 . 18 12 . 0  0 . 1 8  0 . 6 1  
I I ron - total ( Fe )  20 . 2 0 < 0 . 70 0 . 3 3 1 5 . 10 0 . 20 18 . 0 0 70 . 0 0 0 . 90 >--' 

V1 Lead (Pb)  < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 05 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5  < 0 . 0 5  
Lead - total ( P b )  < 0 . 0 5 0 . 0 5 < 0 . 0 5 < 0 . 05 < 0 . 0 5 < 0 . 0 5 0 . 1 4 0 . 0 5 
Magnesium (Mg )  2 6 0  2 3 . 0  6 7 0  3 9 . 0  2 1 . 0  5 3 0  3 5 . 0 3 3 . 0  
Mang anese (Mn )  0 . 3 6 0 . 1 3 0 . 0 7 0 . 0 7 0 . 0 3 1 . 7 7 0 . 1 7 0 . 18 
Mang anese - total (Mn )  0 . 9 1 0 . 1 3 0 . 0 7 0 . 37 0 . 04 1 .  8 5  1 . 60 0 . 1 6  
Mercury - total ( Hg )  < 0 . 3  < 0 . 3  < 0 . 3  < 0 . 3  < 0 . 3  0 . 3  < 0 . 3  < 0 . 3  

( in microg r ams per l i ter ) 
Molybdenum (Mo )  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1 < 0 . 1  
N ickel ( N i )  < 0 . 0 5 0 . 0 5 0 . 1 0 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5  < 0 . 0 5 
Potas s i um ( K )  110  9 . 10 110  3 4 . 0  5 . 70 1 3 0  2 6 . 0  1 1 . 0  
Selen ium ( S e )  < 0 . 0 1 < 0 . 01 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1  < 0 . 01 
Selen ium - total (Se )  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 01 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1  
S i lver ( Ag )  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1  < 0 . 0 1 
S i lver - total (Ag )  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
Sod ium (Na)  1 , 50 0  19 . 0  1 , 4 7 0  7 2 . 0  15 . 0  8 2 0  2 2 . 0  2 4 . 0  
Sod ium - total (Na )  1 , 50 0  1 9 . 0  1 , 4 7 0  7 2 . 0  15 . 0  8 20 2 2 . 0  2 4 . 0  
Stront ium ( S r )  1 . 6 5 0 . 2 7 11 . 1 0 0 . 19 0 . 30 8 . 60 0 . 1 3  0 . 4 6 
Vanad ium (V) < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  
Z inc ( Z n )  0 . 1 1 0 . 0 4 0 . 3 2 0 . 10 0 . 1 5 0 . 0 5 0 . 0 1 0 . 0 2 
Z i nc - total ( Z n )  0 . 19 0 . 04 0 . 3 5 0 . 16 0 . 1 5 0 . 0 5 0 . 37 0 . 0 2 



Table 0- 4 .  (con t i nued ) 

Well number a 

Par ame ter b V-HS V-CD V-ED V-DO V-CS V-OS V-ES 

Date sampled 2/9/8 2 4/22/82 4/22/8 2 4/22/82 4/22/82 4/22/82  4/2 2/8 2 

Ammonia (NH3 -N ) 0 . 1 0 0 . 11 0 . 1 8 0 . 13 0 . 0 5 0 . 0 5 0 . 0 5 
( un- ion i zed ) 

Bicarbonate ( HC03 ) 5 86 2 2 5  4 4 3  3 52 6 0 4  1 , 1 8 6  3 7 7 
Carbonate (C03 ) < 1 < 1 < 1 < 1 < 1 < 1 < 1 

9 1c ium (Ca)  150  120  2 8 . 0  4 8 . 0  2 2 0  5 5 0  2 10 
Chlor ide (Cl ) 2 , 68 6  15 6 2 1 .  7 1 1 .  7 3 3 2  3 1 9  5 0 1  
Chlor ide - total ( C l )  2 , 85 3  1 5 8  2 4 . 9  1 2 . 8  3 5 4  3 2 3  5 0 7  
Conduc t i v i ty - f ield 2 2 , 0 0 0  1 , 20 0  6 4 0  5 0 0  4 , 10 0  5 , 2 0 0  5 , 00 0  

( in micromhos per cen t ime ter ) 
Cyan ide - total (CN) < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 05 < 0 . 0 5 < 0 . 0 5 
Fluor ide ( F )  1 . 3 6 0 . 22 0 . 3 5 0 . 2 7 3 . 33 0 . 79 0 . 62 
Fluor ide - total ( F )  1 . 3 6 0 . 23 0 . 3 6 0 . 2 9 3 . 3 4 0 . 79 0 . 63 
Hydrox ide ( OH )  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5 < 0 . 5  < 0 . 5  t;j 
Ni trate (N03 -N) < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  1 5 . 3  I 

...... 
0'> Nitrate - total (N03 ) < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  1 5 . 3  

pH - f ield 7 . 8  7 . 8  7 . 8  8 . 0  6 . 9  6 . 6  7 . 6  
pH - lab @ 2 5 ° C  8 . 3 0  8 . 00 8 . 0 1 8 . 20 7 . 50 7 . 2 5 8 . 0 8 
Phenol < 0 . 0 0 5  < 0 . 0 0 5  < 0 . 0 0 5  < 0 . 00 5  < 0 . 00 5  < 0 . 00 5  0 . 00 5  
Phosphate - total ( P04-P ) 0 . 3 8 0 . 3 8 0 . 6 9 0 . 48 1 . 6 9 0 . 49 0 . 3 2 
Redox potent i al (EH )  1 0 2  1 7 8  2 1 0  2 1 8  1 4 9  1 2 1  1 3 1  

( in m i l l ivol t s )  
Sal i n i ty - field ( 0/0 0 )  
Sulfate ( S04 ) 1 , 82 2  20 5 5 5 1 , 2 7 2  2 , 2 10 1 , 5 9 8  
Sulfate - total ( S04 ) 1 , 91 4  2 0 6  5 . 4  5 1 , 3 4 0  2 , 21 2  1 , 6 3 9  
Su l f ide ( H2S )  < 0 . 0 5 < 0 . 0 5 0 . 0 9 0 . 07 0 . 08 < 0 . 0 5 < 0 . 0 5 
Temperature - field ( °C )  10 . 3  1 2 . 2  1 3 . 3  1 1 . 7 1 3 . 3  1 2 . 2  1 2 . 2  
Total a l k a l i n i ty ( as CaC03 ) 5 0 1  20 2 3 8 4  3 0 3  5 2 1  1 , 0 1 7  3 2 8  
Total d i s solved sol ids 7 , 4 4 9  7 5 0  4 06 3 2 0  2 , 87 6  4 , 30 4  3 , 4 7 0  

as  calcium) 
Total hardness ( as CaC03 ) 1 , 6 9 1  5 0 5  1 6 4  210  1 , 413  2 , 9 7 8  1 , 7 1 8  
Total organic carbon 9 1 0  1 7  11 1 6  2 7  1 4  



c: 
I 

f-' 
'--J 

Parame ter b 

Date sampled 

Ammon ia (NHrN)  
( un-ion i z ed ) 

Bicorbonate ( HC03 ) 
Car bonate (C03 ) 
Calc i um (Ca)  
Ch lor ide ( C l )  
Chlor ide - tota l (Cl)  
Conduc t i v i ty - f i eld 

Table D-4 . (cont inued ) 

V-AS- 2  

7/18/ 8 2  

0 . 14 

1 , 52 5  
1 

4 7 0  
1 2 2  
1 2 8 . 6  

2 , 0 0 0  
( in micromhos pe r cent ime ter ) 

Cyanide - total (CN) 0 . 00 5  
2 . 9 0 
2 . 9  
0 . 5  
0 . 1  
0 . 1  
7 . 1  
7 . 43 
0 . 00 5  
0 . 3 8 

Fluor ide ( F )  
Fluor ide - total (F)  
Hyd roxide ( OH )  
N i trate (NOrN )  
Nitr ate - total (N03 ) 
pH - f ield 
pH - lab @ 2 5 ° C  
Phenol 
Phosphate - total (P04-P ) 
Redox potent i al (EH )  

( in m i l l ivol t s )  
Sal i n i ty - f i eld (0/0 0 )  
Sul fate ( S04 ) 
Sul f ate - total (S04 ) 
Sulf ide (H 2S )  
Tempe rature - f ield ( OC )  
Total alkal i n i ty ( as CaC03 ) 
Total d is solved sol ids 

( as calc i um) 
Total hardness (as  CaC03 ) 
Total org anic carbon 

117  

6 , 0 0 8  
6 , 0 16 . 0  

0 . 0 5 
1 5 . 0  

1 , 29 3  
1 0 , 5 9 2  

4 , 17 8  
11 

We l l  number a 

V-AS-2 

11/8/8 2  

1 . 4 4 

1 , 14 4  
1 

410 
7 2 1 .  3 
7 2 0 . 1  

9 , 20 0  

0 . 0 5 
3 . 5  
3 . 7  
0 . 5  
0 . 1  
0 . 5  
7 . 1 4 
7 . 6 3 
0 . 00 5  
0 . 1 7 

1 8 9  

3 , 9 17 
3 , 95 0  

0 . 0 6 
13 . 5  

9 6 2  
8 , 09 6  

3 , 24 7  
7 



Tabl.e D-4 . ( con t inued ) 

Wel l  number a 

Parame ter b V-HS V-AD V-AS V-GS V-FD V-BS V-FS V-BD 

Date sampled 4/1 4/ 8 2  4/15/82 4/15/8 2  4/1 5/8 2 4/15/8 2 4/21/82 4/2 1/8 2 4/21/ 8 2  

Ammon i a  ( HH3 -N ) 0 . 3 3 0 . 1 4 < 0 . 0 5  0 . 3 1 0 . 1 3  < 0 . 0 5  0 . 1 1  0 . 1 2 
( un- ion i zed ) 

B icarbonate (HC03 ) 5 5 6  3 0 9  1 , 5 0 7  3 8 5  2 9 0  1 , 2 2 9  3 5 4  2 79 
Ca rbonate ( C03 ) < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 
Calc ium (Ca ) 9 5 . 0  5 5 . 0  3 9 0  3 0 . 0  6 2 . 0  4 1 0  2 8 . 0  9 0 . 0  
Chlor ide ( C l )  2 , 2 4 5  2 9 . 6  9 1 8  110  16 . 1  7 3 6  1 3 . 9  9 0 . 1  
Ch lor ide - tota l (Cl ) 1 , 50 8  2 9 . 6  9 1 8  1 1 0  16 . 1  7 4 7  1 5 . 0  9 1 . 2  
Conduct i v i ty - f ield 1 8 , 0 0 0  6 2 0  17 , 00 0  1 , 0 5 0  5 7 0  8 , 00 0  6 3 0  1 , 0 0 0  

( in micromhos per centimeter ) 
Cyanide - total (CN) < 0 . 0 5 < 0 . 0 5 < 0 . 05 < 0 . 0 5 < 0 . 05 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 
Fl uor ide ( F )  0 . 6 2 0 . 1 1 2 . 0 9  0 . 4 5  0 . 1 2  6 . 0 1 0 . 5 9 0 . 26 
Fl uor ide - total ( F )  0 . 4 7 0 . 11 2 . 10 0 . 4 5 0 . 14 6 . 10 0 . 60 0 . 26 
Hydrox ide ( OH )  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  

t:::! Ni trate ( NOrN )  0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  0 . 1  0 . 1  0 . 1  
I Ni trate - total (N03 ) 0 . 2  < 0 . 1  f-' < 0 . 1  < 0 . 1  < 0 . 1  0 . 1  0 . 2  0 . 1  

OJ pH - f i eld 7 . 8 7 . 9 7 . 1  8 . 0  8 . 2  6 . 7  7 . 8  7 . 9  
pH - lab @ 2 5 ° C  7 . 7 2 7 . 8 0 7 . 2 0  8 . 1 2 8 . 2 0 6 . 6 0 7 . 80 7 . 70 
Phenol < 0 . 0 0 5  < 0 . 00 5  < 0 . 00 5  < 0 . 00 5  < 0 . 00 5  < 0 . 00 5  < 0 . 0 0 5  < 0 . 0 0 5  
Phosphate - total ( P04-P ) 1 . 7 7 0 . 4 4 0 . 3 0  1 . 8 4 0 . 3 8 0 . 3 4  0 . 1 7 0 . 5 8 
Redox potent i a l  ( EH )  114 2 0 9  1 3 0  1 8 2  2 2 8  1 2 2  2 24 1 8 1  

( in m i l l ivol t s )  
Salini  t y  - f i e ld ( 0/0 0 )  
Sul fate ( S04 ) 1 , 2 3 6  < 5 4 , 61 2  2 3 . 0  4 4 . 4  3 , 00 8  < 5 9 6 . 3  
Su l f ate - total ( S04 ) 5 6 7  8 . 2  4 , 64 2  4 1 . 2  4 6 . 9  3 , 0 2 0  < 5 9 6 . 7  
Sul f id e  ( H2S )  < 0 . 0 5 < 0 . 0 5 < 0 . 05 < 0 . 05 < 0 . 05 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5  
Temperature - f i eld ( ° C )  1 3 . 3  1 2 . 2  11 . 7  11 . 7  1 2 . 2  1 2 . 8  1 1 . 7  1 3 . 3  
Total alkalin ity 4 8 5  2 7 3  1 , 2 7 5  3 3 5  2 5 3  1 , 04 7  3 6 9  2 4 8  

( as CaC03 ) 
Total d i s solved sol ids 6 , 0 0 2  3 1 6  9 , 47 3  5 4 4  3 2 3  6 , 60 0  3 1 0  5 1 0  

( as calcium )  
Total hardness 1 , 30 7  2 3 2  3 , 73 1  2 3 5  2 4 1  3 , 20 5  2 1 3  3 6 0  

(as CaCo3 ) 
Total organic carbon 2 6  1 0  1 4  1 4  3 0  2 5  1 0  1 2  



parame ter b 

Date sampled 

Aluminum (AI)  
Arsen ic (As)  
Ar senic - total (As ) 
Bar i um (Ba)  
Bar ium - total (Ba)  
Boron (B)  
Cadmium (Cd ) 
Cadmium - total (Cd)  
Chromium (Cr ) 
Chromium - total (Cr ) 
Cobal t  (Co ) 
Copper (Cu)  
Copper - total (Cu)  
I ron (Fe)  
I r on - total (Fe)  
Lead (Pb)  
Lead - total (Pb)  
Magnesium (Mg )  
Manganese (Mn) 
Manganese - total (Mn )  
Mercury - total ( Hg )  

( in microg r ams per l i te r )  
Molybdenum (Mo) 
Nickel ( N i )  
Potass i um ( K )  
Selen ium ( S e )  
Selen ium - total ( S e )  
S i lve r (Ag ) 
S i lver - total (Ag ) 
Sod ium (Na)  
Sod ium - total ( Na)  
Stront ium ( S r ) 
Vanad ium (V)  
Z i nc ( Z n )  
Z inc - total ( Zn )  

Table D-4 . ( cont inued) 

V-AS 

7/1 8/8 2 

< 0 . 0 1 
0 . 0 8 
0 . 10 

< 0 . 1  
< 0 . 1  

1 .  7 5  
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 1 

0 . 1  
< 0 . 0 1 
< 0 . 0 1 

0 . 1 3 
0 . 2 4 

< 0 . 0 5 
< 0 . 0 5 
7 3 0  

0 . 0 6  
0 . 0 7 

< 0 . 3  

0 . 2  
< 0 . 0 5 
120  
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 1 

1 , 6 0 0  
1 , 6 0 0  

1 0 . 0 0 
< 0 . 5  
< 0 . 0 1 
< 0 . 0 1 

D- 1 9  

Wel l  number a 

V-AS 

11/8/82 

< 0 . 1  
0 . 0 3 4  
0 . 0 4 8  

< 0 . 1  
< 0 . 1  

1 . 2 8 
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 5 
< 0 . 0 1 
< 0 . 0 1 

0 . 13 
2 . 18  

< 0 . 0 1 
< 0 . 0 1 
540  

0 . 0 5 
0 . 1 1 

< 0 . 3  

0 . 1  
< 0 . 0 5 
110 
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 1 

1 , 1 2 0  
1 , 0 9 0  

9 . 5  
< 0 . 1  

0 . 0 1 
0 . 0 1 



Table D-4 . ( con t i nued ) 

We ll numbera 

Par ame terC V-HS V-CD V-ED V-DD V-CS V-DS V-ES 

Date sampled 2/9/ 8 2  4/22/ 8 2  4/2 2/8 2 4/22/82 4/22/8 2 4/22/82 4/2 2/ 8 2  

Gross alpha , tota l 0 . 0 +3 9 . 7  0 . 7 +5 . 6  11 . 8+6 . 5 0 . 0 +3 . 0  7 7 . 0 + 35 . 0  3 . 7 +30 . 0  2 1 . 0 + 28 . 0  
Gross beta , total 7 1 . 4+173  1 0 . 6+6 . 7  2 5 . 6+5 . 0  10 . 6+4 . 2  39 . 0+39 . 0  36 . 0+ 3 8 . 0  5 2 . 0+39 . 0  
Rad ium- 2 2 6 , tota l 3 . 8+0 . 4  0 . 9 +0 . 2  4 . 5+0 . 4  0 . 5+0 . 1  7 . 4+0 . 5  1 . 1+0 . 2  1 .  0 +0 . 2  
Rad i um- 2 2 8 , total 8 . 7+3 . 3  0 . 0+2 . 3  0 . 6+2 . 6  0 . 0+2 . 7  2 . 0+2 . 4  0 . 0+2 . 4  0 . 7+2 . 7  
Thor i um- 2 3 0 , tota l 1 . 5+1 . 4  0 . 4 +0 . 8  1 . 8+1 . 4  0 . 1+0 . 7  6 . 7+2 . 1  0 . 0 +0 . 5  0 . 0 +0 . 5  
Lead- 2 1 0 , to tal 0 . 9+1 . 3  0 . 0+1 . 3  4 . 2+1 . 4 0 . 0+1 . 1  2 . 4+1 . 2 1 .  2+1 . 2 1 . 6+1 . 2  
Polon ium-210 , total 1 .  7+1 . 7 0 . 7+0 . 5  2 . 0 +0 . 6  0 . 3 +0 . 4  2 . 0 +0 . 7  2 . 1+0 . 7  0 . 5+0 . 3  
Uran i um ( U3 1 8 ) , 1 6 . 9 < 0 . 7  0 . 7  < 0 . 7  9 3 . 4  1 0 . 2  2 6 . 4 

d i ssolved 
Uran ium (U308 ) '  2 6 . 4  < 0 . 7  0 . 7  < 0 . 7  1 15 . 1  1 6 . 2  3 1 . 1  

to tal 

t:I I N 0 
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ParameterC 

Date sampled 

Gross alpha , total 
Gross beta , total 
Rad i um- 2 2 6 ,  total 
Rad ium-2 2 8 ,  total 
Thor ium-2 3 0 ,  total 
Lead- 210 , total 
Polon ium-210 , tota l 
Ur anium (U 308 ) '  

d is solved 
Uran i um (U 308 ) '  total 

V-HS 

4/14/ 8 2  

2 4 . 3+2 . 7  
1 2 8+ 8 3 . 2  

8 . 0 +0 . 6  
1 . 2+ 3 . 6  
2 . 7+1 . 6  

1 9 . 9+2 . 0  
7 . 7+1 . 1  

2 . 7  

3 . 4  

Table D-4 .  

V-AD V-AS 

4/15/82 4/1 5/82 

0 . 0 +3 . 2  2 3 2+113  
5 . 0+ 4 . 1  7 9 . 4+ 8 3 . 8  
0 . 5+0 . 1  1 .  6+0 . 3  
0 . 0.+2 . 1  0 . 0+4 . 0  
0 . 2+0 . 3  0 . 9 +0 . 8  
0 . 3+1 . 2  6 . 6+1 . 5 
0 . 4+0 . 4  2 . 8+1 . 1  
< 0 . 7  8 3 . 9  

< 0 . 7  8 3 . 9  

(cont inued ) 

Wel l  numbera 

V-GS V-FD V-BS V-FS V-BD 

4/ 15/8 2 4/15/82 4/21/82 4/2 1/8 2 4/2 1/8 2 

8 5 . 2+28 . 7  0 . 0 +2 . 7  1 , 1 8 1�16 7  39 . 0 +2 1 . 0  23 . 0 +9 . 0  
7 8 . 5+12 . 1  2 . 8+4 . 0  3 7 0 . 0 +8 2 . 0  7 0 . 0+ 2 2 . 0  1 1 . 0 +6 . 0  

7 . 2+0 . 7  0 . 3 +0 . 1  114+2 . 1  4 . 6 +0 . 4  9 . 1+0 . 6  
2 . 5+ 3 . 7  2 . 0 +2 . 2  0 . 0+2 . 7  0 . 2+2 . 6  0 . 0 +2 . 4  
4 . 7+1 . 8  0 . 2+0 . 3  2 8 . 9 +2 . 5  1 . 8+1 . 4  0 . 0+1 . 1  
6 . 7+1 . 6  0 . 5+1 . 4 1 6 1+4 . 5  7 . 0 + 1 .  3 3 . 2+1 . 1  

11 . 8+2 . 3  0 . 5+0 . 4  7 6 . 9 +5 . 2  3 . 7+0 . 9  1 .  6+0 . 7  
4 . 1  < 0 . 7  2 4 9 . 1  2 . 7  < 0 . 7  

10 . 2  < 0 . 7  7 4 4 . 7  6 . 1  < 0 . 7  



t::I 
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Table D-4 . ( cont inued ) 

Pa rame terC 

Date sampled 

Gr oss alpha , total 
Gross beta , tota l 
Rad ium- 2 2 6 ,  total 
Rad ium- 2 2 8 ,  total 
Thor ium- 23 0 , total 
Lead- 2 l 0 ,  total 
Polon ium- 21 0 , total 
Uran ium ( U308 ) d i s solved 
Ur a n i um ( U308 ) '  total 

aFor wel l  locat ions , see Figure D- 4 .  

V-AS 

7/18/8 2 

1 8 3 +114 
8 4 . 1+72 . 8  

1 .  9+0 . 3  
0 . 4+2 . 1  
4 . 8+1 . 0  
1 . 2+1 . 0  
0 . 8+0 . 7  
2 5 4 . 6  
2 78 . 1  

We ll numbera 

bAll values in mg/l on a d i ssolved bas is , unless otherw ise noted . 
cValues in pC i/l . 

Re f .  DOE 1 9 8 3  

V-AS 

1 1/8/82 

2 8 1 . 8+78 . 9  
1 1 7 . 9+54 . 1  

7 . 3+0 . 5  
3 . 9+3 . 1  
8 . 3+2 . 8  
4 . 7+2 . 5  

10 . 3+2 . 0  
160 . 8  
1 9 1 . 0  



Although Eh was measured in the f ield and repor ted on Table D- 4 ,  these 
values were not used in the geochemical model ing w i th PHREEQE ( see Sec t ion 
D . 3 . 5 ) . The measured values may not be accur ate because d i ssolved oxyge n  may 
have been greater than 0 . 01 mg/l . Dissolved oxygen was not measured . For the 
geochemical model ing , d i scussed in Sect ion D . 3 . 5 ,  redox potent ial was 
est imated on the bas i s  of  a general under s tand ing of  the geochemical system . 

The third sampl ing prog ram ,  through Septembe r ,  1 9 8 3 ,  included a total of  
52  samples , taken on var ious dates , f rom 3 3  d i f fe r en t  we lls and the CVWRF 
excava tion . I t  was compr ised of  3 3  samples f r om 2 2  shallow wel ls , 1 5  samples 
f rom 9 deep wel l s , 2 samples from 2 wells completed i n  or adj acent to the 
aqu i tard between the conf ined and uncon f ined systems , and 2 samples f rom the 
excavat ion . Five to 3 4  con s t i tuents were analyzed per sample ( TAC , 1 98 3 ) . 
The sampled wells , the dates of sampl ing , and the analyses are shown in Table 
D-5 .  The State of Utah ( 19 8 3 ) obta ined 3 2  sample spl its w i th samples 
col lec ted dur ing the 1 9 8 3  prog r am.  These samples were analyzed for 13 to 1 8  
paramete r s  ( Table D-6 ) . 

A set of  s tandardized procedures was u sed for gather ing , preserv ing , 
shipping , hand l i ng within the labor atory , and analyz ing samples .  Deta ils  o f  
these procedures are ava i lable at the DOE Ur anium M i l l  Ta il ings Remedial 
Act ion ( UMTRA) Proj ect o f f ice in Albuquerque , New Mex ico . The determination 
of  the concentration of mos t of the chemical con s t i tuents was done according 
to the analy t ical procedures of the U n i ted States Envi ronmental Protect ion 
Agency ( 1 9 7 9 ) . 

The fol low ing discuss ion summa r i zes the current understand ing and 
interpretat ion of the stratig r aphy , geohydrology , and g round-wa ter chemistry 
i n  the general v ic i n i ty of the Vi tro s i te .  

D . 3 . 1 . 2  Stratig r aphic and hyd rolog ic sett ing . 

The gener al stratig raphy of  the Jo rdan River Va lley in the vicinity o f  
the s i te cons ists o f  several hundred feet o f  unconsolidated to poor ly 
consol idated alluvial and lacustr ine depo s i t s  of i nter bedded and h ighly 
len t icular sands , s i l ty sands , s ilts , and clay s .  The f ine-g r a ined depos i t s  
were l a i d  down i n  the lake environment of  the preh i s tor ic Lake Bonnev ille . 
The coar ser-g rained so ils were deposited as alluvium , probably along the 
marg ins of this  preh is tor ic lake as  the levels fluctuated and lower ed to i ts 
present cond i t ion , the Gr eat Salt Lake . 

The f ield inves t igations in the vic i n i ty of  the Vi tro s i te ind icate that 
approx imately the upper 8 5  feet of subso il  cons ists  of interbedded f i ne sand , 
s i l ty sand , clay , and si l t .  These beds are o f ten laterally d i scont i nuous and 
vary in th ickness from a few inches to several fee t .  Generally , the upper 50 
to 70 feet of  th i s  complex pro f i le form the uncon f i ned aqu i fer system . Th i s  
uncon f i ned aqu i fer gener ally over l ies a stratum of  interbedded layer s  o f  
low-permeab i l i ty clays and s il t s . Because mater ials of  the uncon f ined aqu i fer 
are very similar to the unde rlying aqu itard , the th ickness of the uncon f i ned 
aqu i fer var ies and can only be est imated . Po tent iometer s  instal led be tween 1 0  
and 6 0  feet below the g round sur face revealed water levels at , s l ig htly below , 

D-2 3  



L1 I N ..,. 

Ta bl e 0-5 . Grou nd-water  q u a l i ty .  1 98 3  

We l l  numbe ra 

Parameter b 6A 6S ( spl i t )  6 C  7C 1 0 C  9 A  9 S ( spl i t )  

N03 
Al 
As 
Sa 
Cd 
Cr 
Cu 
Fe 
Pb 
Hg 
Mo 
N i  
Ca 
Se 
Ag 
Zn 
Cl 
TDS 
S04 
Na 
Mg 
K 
V 

Th-230 (pC i/l) 
Pb-2l0 ( pC i / l )  
U ( NAT) 
Gross A ( pC i / l )  
Gross S (pC i/l) 
Ra-226 ( pC i / l )  
Ra-228 ( pC i/ l )  
Alkal i n i ty 
pH ( s . u . ) 
temp ( DC )  
Cond !<.- mhos/ 

cm) e 

date sampled 

< 1 . 0  
0 . 0 2 4  
0 . 1 2 

< 0 . 5  
< 0 . 0 1  
< 0 . 0 5 
< 0 . 0 2 

. 0 28 
< 0 . 5  
< 0 . 0 02 
< 0 . 0 1 
< 0 . 5  

3 1  
< 0 . 0 1 
< 0 . 0 5  
< 0 . 5  

230 
9 30 
2 1  
1 8 0  
7 6  
5 2  

< 0 . 0 1  
< 1 .  0 
< 1 .  5 

0 . 00 3  
<80 
<20 
<1 . 0  
<2 

5 5 0  
7 . 4 8 
1 2  

1200 
4/13 

1.  0/1 .  7 
0 . 0 54/1 . 68 
0 . 0 5 2/0 . 1  
0 . 5/ 0 . 0 1 
0 . 01/ 0 . 0 0 1  
0 . 0 5/ 0 . 0 5 
0 . 0 2/0 . 4 6  
0 . 06 6/0 . 70 
0 . 0 5/ 0 . 0 0 1  
0 . 002/ 0 . 00 2  
0 . 0 1 /  0 . 0 1 
0 . 5/ 0 . 1  
1 4 0/0 . 1 3 
0 . 01/ 0 . 0 1  
0 . 0 5/ 0 . 0 5 
0 . 5/ 0 . 1  
1 20 0 .  1 . 0  
4010/3768 
980/8 6 5  
1 100/ 4 5 0  
160/1 7 8  
49/40 
0 . 0 1 /  0 . 1  
1 . 0/ 1�:1. 0 
1 .  5/ 1 .  5.:1 . 5 
0 . 0 0 4 5/ 0 . 1  
200/ 5.:2 . 5  
500/ 5.:2 . 5  
1 . 0/ 1.:1 . 0  
2 / 1.:1 . 0  
580/383 
7 . 3 5 
1 1  

4 0 5 0  
4/13 

1 . 0  
0 . 0 3 6  
0 . 0 5 
0 . 5  
0 . 0 1 
0 . 0 5 
0 . 0 2  
0 . 0 3 6  
0 . 0 5  
0 . 0 0 2  
0 . 0 1 
0 . 0 5 
560 
0 . 0 1 
0 . 0 5  
0 . 5  
4 9 0 0  
1 6 1 0 0  
4 3 0 0  
3 0 0 0  
7 0 0  
6 7  
0 . 0 1 
1 . 0  
1 . 5  
0 . 0 4 
6 0 0  
2 0 0 0  
1 . 0  
2 
580 
7 . 0 1 
9 

1 2 500 
4/13 

1 . 0  
0 . 0 2 
0 . 0 6 5  
0 . 5  
0 . 0 1 
0 . 0 5 
0 . 0 2 
3 . 7  
0 . 0 5 
0 . 00 2  
0 . 0 1 2  
0 . 5  
2 9 0  
0 . 0 1 
0 . 0 5 
0 . 5  
6 3 0  
4 2 5 0  
1 4 0 0  
4 50 

3 3 0  
2 2  
0 . 0 1 
1 . 0  
1 . 5  
0 . 02 2  
2 0 0  
500 
1 . 2  
2 
4 0 0  
7 . 2 6 
1 7  

4 1 5 0  
3/30 

1 1 0  
0 . 0 5 6  
0 . 0 5 
0 . 5  
0 . 0 1 
0 . 0 5 
0 . 0 2 
0 . 04 2  
0 . 0 5 
0 . 0 0 2  
0 . 0 1 8  
0 . 5  
6 2 0  
0 . 01 
0 . 0 5  
0 . 5  
1 2 0 0  
1 2 3 0 0  
5 2 0 0  
9 2 0  
1 0 0 0  
5 1  
0 . 0 1 
1 . 0  
1 . 5  
0 . 11 
400 
1000 
1 . 0  
2 
7 2 0  
6 . 9 2 
1 1  

7800 
3/29 

1 . 0  
0 . 02 5  
0 . 0 5  
0 . 5  
0 . 0 1 
0 . 0 5 
0 . 0 2 
8 . 9  
0 . 0 5 
0 . 00 2  
0 . 0 1  
0 . 5  
230 
0 . 01 
0 . 0 5  
0 . 5  
4300 
1 4 500 
4800 
3 1 0 0  
8 8 0  
160 
0 . 0 1 
1 . 0  
1 . 5  
0 . 0 38 
600 
2000 
1 . 2  
2 
900 
6 . 9 7 
11 . 5  

12500 
4/10 

1 .  0/1 .  9 
0 . 0 3 8/9 . 26 
0 . 0 5/ 0 . 0 1 
0 . 5/ 0 . 01 
0 . 01/ 0 . 0 0 1  
0 . 0 5/ 0 . 0 5 
0 . 02/ 0 . 0 1 
3 3/41 
0 . 0 5/ 0 . 0 5 
0 . 00 3/0 . 1  
0 . 0 1/ 0 . 0 1 
0 . 5/ 0 . 1  
4 4 0/504 
0 . 01/ 0 . 0 1  
0 . 0 5/ 0 . 0 1 
0 . 5/ 0 . 0 1 
4 200/880 
1 8 3 0 0 / 1 7 9 5 0  
6 6 0 0/ 7 0 50 
3 2 0 0/ 1 3 5 7  
1 3 0 0/2 3 3  
190/435 
0 . 01/5 . 56 
1 . 0/ 1.:1 . 0  
1 .  5/ 1/5.:1/5 
0 . 0 9 2/ 0 . 1  
600/ 5.:2 . 5  
2000/ 5,:2 . 5  
1 .  4/ 1 + 1 .  0 
2 / 1.:1". 0  
9 6 5/ 7 9 8  

6 . 58 
11 . 5  

1 3 5 0 0  
4/10 

9C 

1 . 0  
0 . 0 19 
0 . 0 5 
0 . 5  
0 . 0 1 
0 . 0 5 
0 . 0 2  
0 . 1  
0 . 0 5  
0 . 002 
0 . 0 1 2  
0 . 5  
4 3 0  
0 . 0 1 
0 . 0 5  
0 . 5  
2800 
1 5800 
6600 
2 4 0 0  
1 2 0 0  
200 
0 . 0 1 
1 . 0  
1 . 5  
2 . 24 
8 0 0  
2 0 0 0  
13 . 0  
2 
7 8 0  
6 . 85 
10 

10500 
4/10 

1 3C 

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

2 3 7 5  
4/5 

Excav a t ion 

2 . 0  
0 . 0 26 
0 . 0 5 
0 . 5  
0 . 0 1 
0 . 0 5 
0 . 02 
1 . 6  
0 . 0 5 
0 . 0 0 2  
1 . 2  
0 . 5  
3 3 0  
0 . 0 1 
0 . 0 5 
0 . 5  
460 
4 3 4 0  
1 6 0 0  
5 5 0  
2 8 0  
5 0  
0 . 0 1 
1 . 0  
1 . 5  
0 . 2 4 8  
200 
5 0 0  
1 . 2  
2 

6 . 8 5 
1 3  

3 9 5 0  
3/30 

Note : r igh t-hand ha lves of spl i t  samples repr esent analyses done by a labo r a tory wh ich was la ter found to repo r t  incons i s ten t 
res u l t s .  



Ta bl e 0-5 . ( co n t i n ued ) 

we ll n umber a 

Pa r ame ter b l 4c 14d 1 6  1 7  4 V-BO V-BS ( spl i t )  V-OS V-DO 

N03 --I 0 . 2  
Al < 0 . 0 1  <0 . 0 1  < 0 . 01 0 . 0 7/ 9 . 9 4 <0 . 0 1 < 0 . 01 
As <0 . 0 1  < 0 . 0 1  < 0 . 0 1  0 . 0 5/< 0 . 00 2  0 . 0 4 < 0 . 0 1  
Ba 0 . 0 2 0 . 0 2  0 . 3 4 0 . 02/ 0 . 08 0 . 02 0 . 12 
Cd < 0 . 0 1  < 0 . 0 1  <0 . 0 1  < 0 . 0 1/ 0 . 0 4 < 0 . 0 1 < 0 . 0 1  
Cr <0 . 0 1 < 0 . 0 1 < 0 . 01 <0 . 0 1 /  0 . 1 3 < 0 . 0 1 < 0 . 0 1  

Cu < 0 . 0 1  <0 . 0 1  < 0 . 0 1  0 . 0 1/ 0 . 8 5 < 0 . 0 1 < 0 . 0 1  
Fe 1 0 . 3  2 5  1 . 3  0 . 6  4 . 6  0 . 2  < 2 1/<6 . 11 6 . 5  0 . 13 
Pb 0 . 0 1  <0 . 0 1  < 0 . 0 1 <0 . 0 1/<0 . 0 0 1  < 0 . 0 1  <0 . 0 1 
Hq <0 . 0 0 2  < 0 . 0 0 2  <0 . 002 0 . 0 0 2/< 0 . 00 2  < 0 . 00 2  <0 . 00 2  
Mo < 0 . 0 2  < 0 . 0 2  < 0 . 0 1  0 . 0 8/<0 . 0 0 5 < 0 . 0 1 < 0 . 0 1  
N i  < 0 . 0 5  < 0 . 0 5 -'- <0 . 0 5 < 0 . 0 5/ 0 . 39 0 . 0 5 < 0 . 0 5  
Ca 4 0 0  < 4 0 0  4 1  4 4  2 5 0  7 5  4 70/ 4 6 0  3 9 0  47 
Se < 0 . 0 1  < 0 . 0 1 <0 . 0 1 < 0 . 0 1/<0 . 00 2  < 0 . 01 < 0 . 0 1 
Aq <0 . 0 1  0 . 0 1 <0 . 0 1  < 0 . 0 1/<0 . 76 < 0 . 0 1 < 0 . 0 1 
Z n  0 . 1  0 . 15 < 1  <1/<0 . 01 <1 < 1  

tJ Cl 3 60 0  3 8 0 0  1 1  1 3  4 1 0  7 6  560/11 . 4 1 6 0  1 3  
I TOS 2 0 0 0 0  2 0 0 0 0  3 50 4 20 1800 5 10 6 90 0/2 9 0 4  2 9 0 0  3 2 5  N S04 7 5 0 0  7 8 0 0  5 7 5 9 0  7 3  3 2 0 0/750 1 3 0 0  <1 5  151 

Na 3 4 0 0  4 0 0 0  2 6 2 9  8 6  2 0  700/ 4 5  2 0 0  3 0  
Mg 1 3 2 0  1 3 2 5  2 5 2 8  100 3 0  5 2 5/ 160 1 8 6  2 3  
K 1 6 6  1 6 7  1 9 2 0  2 2  1 2  1 2 1/ 3 1  1 7  1 3  
V 0 . 0 2  < 0 . 0 1 < 0 . 0 1  <0 . 0 1/ 0 . 3 1  < 0 . 0 1  < 0 . 0 1  

Th 230 ( pC i/l ) <1 . 0  < 1 . 0  < 1 . 0  <1 . 0/<1,,:1 . 0 <1 . 0  < 1 . 0  
Pb 2 1 0  ( pC i / l )  <1 . 5  < 1 . 5  < 1 . 5  <1 . 5/<1 . 5,,:1 . 5  < 1 . 5  <1 . 5  
U ( ppm)  0 . 12 0 . 12 < 0 . 0 0 3  <0 . 0 0 3  0 . 00 3  < 0 . 00 3  0 . 33/< 0 . 1  0 . 5 4 <0 . 00 3  
Gross A ( pC i/ l )  <200 < 2 0 0  < 1 5  2 90/< 5..:2 . 5  3 5 0  < 1 5  
Gross B ( pC i/ l )  < 6 0 0  < 6 0 0  < 5 0  370/<- 5,,:2 . 5  2 1 0  < 50 
Ra-226 ( pC i/ l )  < 1 . 0  <1 . 0  < 1 . 0  14/<1,,:1 . 0 < 1 . 0 2 . 8  
Ra-2 2 8  ( pC i/ ) --/< 1 +1 . 0  
Alkal i n i t y  1 0 0 0  1 0 8 0  3 10 2 9 4  2 8 0  2 4 0  10 90/

-
6 7 4  5 9 4  280 

Sr 8 . 4  8 . 4  0 . 76 8 . 4/ 4 . 5  0 . 4 4 
pH ( s . u . )  6 . 6 6 6 . 6 6  7 . 6 8 7 . 8 5  6 . 6 8  7 . 6 5  6 . 51 6 . 7 8 7 . 7  
temp ( DC)  1 1 . 5  1 1 . 5  1 4  2 1  1 2 . 5 1 2 . 5  1 3 . 2  1 4  1 2 . 0  
cond ( mhos/ 

cm) e 1 4 5 0 0  1 4 8 0 0  4 2 0  5 5 0  1680 5 80 5 3 0 0  2 4 50 3 9 8  
date sampled 6/ 2 6/2 6/30 6/30 6/2 9 6/6 6/10 6/7 6/6 



;:J I I'-l J'I 

Parameter b 

N03 
Al 
As 
Ba 
Cd 
C r  
C u  
Fe 
Pb 
Hg 
Mo 
Ni 
Ca 
Se 
Ag 
Zn 
Cl 
TDS 
5°4 
Na 
Mg 
K 
V 

Th-230 ( pC i/ l )  
Pb- 2 l 0  ( pC i/l ) 
U ( ppm) 
Gross A ( pC i/l ) 
Gr oss B ( pC i l )  
Ra-2 2 6  ( pC i/l ) 
Ra-228 ( pC i / l )  
Alk a l i n i t y  
p H  ( s . u . )  
temp ( DC )  
cond ( mhos/ 

cm) e 

date sampled 

8B 

<1 
< 0 . 0 1 
< 0 . 0 1  
< 1 . 0  
< 0 . 0 1 
<0 . 0 1  

0 . 0 2  
1 4  

< 0 . 0 5  
<0 . 00 2  

0 . 0 2 
< 1  

4 8 0  
< 0 . 01 
< 0 . 0 1  
< 1 . 0  

1 2 0 0  
5 8 0 0  
2 0 0 0  
6 5 0  
3 0 0  
1 5  

< 0 . 0 1 
<1 . 0  
< 1 . 5  

0 . 0 13 
<30 0 
<300 

2 . 1  

6 . 85 
9 

4 3 50 
5/11 

12C 

2 
< 0 . 01 

0 . 0 2 
< 1 . 0  
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 1  

0 . 0 2 
< 0 . 0 5  
< 0 . 0 0 2  

0 . 0 2  
<1 

1 6 0  
< 0 . 01 
< 0 . 0 1 
< 1 . 0  

3 2 0  
1 6 5 4  
4 1 0  
1 4 0  
1 3 0  
3 9  
0 . 0 1 

<1 . 0  
< 1 . 5  

0 . 0 1 7  
< 4 5  
< 50 
<1 

5 2 0  
7 . 0 8  
1 0  

1 6 5 0  
5/17 

5 

< 1  
< 0 . 01 
< 0 . 0 1  
< 1 . 0  
< 0 . 0 1  
< 0 . 01 
< 0 . 0 1  

0 . 62 
< 0 . 0 5  
< 0 . 00 2  
< 0 . 0 1  
<1 

8 0  
< 0 . 01 
<0 . 0 1  
< 1 . 0  

8 5  
580 
110 
26 
4 0  
1 3  

<0 . 0 1 
< 1 .  0 

3 
< 0 . 00 3  
<4 5  
< 50 
<1 . 0  

2 

7 . 21 
1 3  

700 
5/5 

Ta b l e  D-5 . 

l ( spl i t )  

< 1/3 . 3 2  
< 0 . 0 1/0 . 52 

0 . 0 3/0 . 5 7 
<1 . % . 14 
<0 . 0 1 /< 0 . 0 1  
< 0 . 0 1/< 0 . 0 5  
< 0 . 0 1/< 0 . 0 2  

0 . 2 1  
< 0 . 0 5/< 0 . 0 5  

0 . 00 2  
< 0 . 0 1/< 0 . 0 1 
<1/0 . 1  

80/4 9 . 14 
0 . 0 1/ 0 . 01 
0 . 0 1 
0 . 1/ 0 . 1  
1 0  
3 30 / 3 8 8  
10/4 . 0  
1 4/ 6 . 5 7 
23/2 3 . 0  
8 . 4/0 . 01 
0 . 0 2/ 0 . 0 6 
1 .  0/1 . O:!:1 .  0 
1 .  5/1 . 5:!:1 .  5 
0 . 0 1 1/ 0 . 1  

3 0/5 . 0�:2 . 5  
50/5 . 0.::2 . 5  

1 . 0/ 1 . 0.::1 . 0  
2/1 . 0.::1 . 0  

7 . 7 3 
1 5  

3 8 5  
5/ 5 

( co n t i nued ) 

Wel l  number a 

3 

1 
0 . 01 
0 . 0 1 
1 . 0  
0 . 01 
0 . 01 
0 . 01 
0 . 3 2 
0 . 0 5  
0 . 00 2  
0 . 0 1  
1 
5 0  
0 . 0 1 
0 . 0 1  
1 . 0  
1 3  
300 
2 0  
1 9  
2 0  
5 . 6  
0 . 0 1  
1 . 0  
2 
0 . 00 3  
3 0  
50 
2 . 0  

7 . 78 
1 2  

3 5 2  
5/1 1  

2 

1 
0 . 01 
0 . 0 1  
1 . 0  
0 . 0 1 
0 . 01 
0 . 0 1 
0 . 61 
0 . 0 5 
0 . 00 2  
0 . 0 1  
1 
5 0  
0 . 01 
0 . 01 
1 . 0  
1 0  
2 8 8  
1 0  
3 0  
2 0  
1 0  
0 . 0 1 
1 . 0  
2 
0 . 00 3  
3 0  
5 0  
1 . 0  

7 . 25 
1 2  

3 70 
5/12 

V-CD 

8 
0 . 01 
0 . 0 1  
1 . 0  
0 . 0 1  
0 . 01 
0 . 0 1 
0 . 2 2 
0 . 0 5  
0 . 00 2  
0 . 0 1  
1 
1 4 0  
0 . 01 
0 . 0 1 
1 . 0  
2 2 0  
8 6 4  
2 3 0  
2 4  
6 2  
1 4  
0 . 0 1 
1 . 0  
1 . 5  
0 . 00 3  
2 0  
5 0  
1 

1 9 5  
7 . 35 

1 3 0  

1 0 0 0  
5/1 7 

1 5 * * *  

0 . 01 
0 . 0 1  
1 . 0  
0 . 0 1  
0 . 01 
0 . 0 1  
1 . 3  
0 . 0 5  
0 . 00 2  
0 . 0 1 
1 
1 8 0  
0 . 01 
0 . 0 1  
1 . 0  
3 1 0  
1 2 4 2  
3 4 0  
4 2  
8 0  
1 5  
0 . 0 1 
1 . 0  
1. 5  
0 . 00 3  
1 0 0  
1 0 0  
1 

2 0 0  
7 . 4 9  
1 7  

1 2 1 0  
5/2 1  

1 5 * * * *  

0 . 01 
0 . 0 1 
1 . 0  
0 . 0 1 
0 . 0 1 
0 . 0 1 
0 . 0 4 
0 . 0 5 
0 . 0 0 2  
0 . 0 1  
1 
1 8 0  
0 . 01 
0 . 0 1 
1 . 0  
3 1 0  
1 3 4 3  
3 4 0  
4 3  
8 0  
1 5  
0 . 0 1 
1 . 0  
1 . 5  
0 . 00 3  
1 0 0  
1 0 0  
1 

2 0 0  
7 . 4 6 
1 4  

1 6 0 0  
5/23 



t:J I N -.J 

b 
Parameter 

N03 
Al 
As 
Ba 
Cd 
Cr 
Cu 
Fe 
Pb 
Hg 
Mo 
N i  
C a  
Se 
Ag 
Zn 
Cl 
TDS 
5°4 
Na 
Mg 
K 
V 

Th 230 ( pC i/ l )  
Pb 210 ( pC i / l )  
U ( ppm) 
Gross A ( pC i/ l )  
Gross B ( pC i/ l )  
Ra-2 26 ( pC i/ l )  
Ra- 2 2 8  ( pC i / l )  
S r  
Alka l i n i ty 
pH ( s .  u . )  
temp ( OC )  
cond ( mhos/ 

cm) e 

d a te sampled 

6A 

1000 

5 3 0  
7 . 6  
1 6  

1 3 80 
6/10 

68 

5800 

510 
7 . 4 1  
1 6  

6500 
6/10 

6C 7A 

<0 . 0 1 
0 . 0 6  
0 . 0 7 

<0 . 0 1  
< 0 . 0 1 
< 0 . 0 1  

0 . 0 4  
<0 . 0 1 
< 0 . 002 

0 . 0 2 
< 0 . 0 5  

3 0  
<0 . 0 1 
<0 . 0 1 
<1 

7 8  
1 6000 8 1 0  

1 1 0  
1 7 0  
4 6  
2 8 

<0 . 0 1 
< 1 . 0  

2 
< 0 . 00 3  
< 20 
<60 

3 . 2  

0 . 4 3 
5 6 0  4 5 6  
7 . 2  7 . 5 5 
1 7  1 4  

1 6 0 0 0  9 50 
5 6 0  6/9 

Ta bl e 0 - 5 . 

7B 7C 

0 . 03 < 0 . 0 1 
0 . 0 7  0 . 0 6 
0 . 0 5 0 . 0 5 

<0 . 0 1  <0 . 0 1 
< 0 . 0 1 
< 0 . 0 1  

1 . 4  
<0 . 0 1  
< 0 . 002 

0 . 0 1 
<0 . 0 5 

16 5 
< 0 . 01 
< 0 . 0 1  
<1 

3 3 0  
2 2 0 0  
8 2 0  
3 0 0  
1 8 2  
2 7  

<0 . 0 1  
<1 . 0  
< 1 . 5  

0 . 0 1 2  
<120 
< 3 5 0  
< 1 . 0  

1 . 9  
400 
7 . 4 7  
2 1  

2500 
6/9 

<0 . 0 1 
< 0 . 0 1  

3 . 2  
< 0 . 0 1  
< 0 . 0 0 2  

0 . 0 2  
< 0 . 0 5 

3 1 5  
< 0 . 0 1 
< 0 . 0 1 
<1 

8 6 0  
4 600 
2 0 0 0  
5 0 0  
3 8 5  
2 0  

< 0 . 0 1 
< 1 . 0  
< 1 . 5  

0 . 0 2 
< 100 
< 3 0 0  

1 4  

8 . 4  
400 
7 . 4 7 
20 . 5  

5 0 0 0  
6/9 

( co nt i n ued ) 

9A 

8 9 0 0  

0 . 02 5  

6 5 0  
7 . 4 6  
1 8 .  

9 500 
6/9 

Well number a 

9B 

1 9000 

0 . 1 3 

1400 
6 . 7 7 
18 . 3  

1 5900 
6/9 

9C l OA 

< 0 . 0 1  
< 0 . 0 1  

0 . 0 3 
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 1  

6 . 4  
< 0 . 0 1 
< 0 . 00 2  
< 0 . 0 1 
< 0 . 0 5 

3 50 
< 0 . 01 
< 0 . 0 1 

lOB 

0 . 9  
< 0 . 0 1 
< 0 . 0 1 

0 . 0 3  
< 0 . 0 1 
< 0 . 0 1 
< 0 . 0 1  

17 . 5  
<0 . 0 1  
< 0 . 00 2  
< 0 . 0 1 
< 0 . 0 5  

6 2 5  
< 0 . 0 1 
< 0 . 0 1 

<.. 1 < 1  
2400 520 

17000 18000 7 500 

2 . 1 2 

900 
6 . 7 9 
1 5 . 0  

1 2 7 0 0  
6/9 

7100 3300 
2800 
1 3 2 5  
1 2 3  

<0 . 0 1 
<1 . 0  

3 
0 . 0 1 

<200 
< 600 

1 . 5  

6 . 9  
1000 
7 . 0 5  
1 2  

1 2 0 0 0  
6/8 

500 
5 3 5  

4 2  
< 0 . 0 1  
<' 1 . 0  
< 1 . 5 

0 . 0 1 4  
< 200 
< 600 
< 1 . 0  

7 . 6  
870 
6 . 60 
13 

5400 
6/7 

10C 

< 0 . 0 1  
< 0 . 0 1  

0 . 0 3 
< 0 . 0 1  
< 0 . 0 1 

0 . 0 1  
<0 . 0 1  
< 0 . 0 1  
< 0 . 0 0 2  
< 0 . 0 1  
< 0 . 0 5 

8 0 0  
< 0 . 0 1 
< 0 . 0 1  
<1 

1 4 0 0  
7700 
6600 
1 1 0 0  
1 1 3 0  
5 2 
0 . 0 1  

< 1 . 0  
2 
0 . 1 1 

< 200 
< 600 
<1 . 0  

1 1  
7 7 0  
6 . 8 8 
12 

8800 
6/7 

l lA 

1 2  

5 4 0 0  
2 1 000 
7 5 0 0  

0 . 14 

2 . 0  

8 40 
6 . 9 6 
1 3 . 0  

1 7 300 
6/9 

llB 

16 

4 900 
20000 
7 5 0 0  

0 . 5 7 

2 . 1  

8 7 0  
6 . 9 3 
1 2 . 0  

1 5 9 0 0  
6/9 

l lC 

0 . 28 

3 3 0 0  
2 0 0 0 0  
6 3 0 0  

1 . 8 7 

3 . 2  

8 4 0  
6 . 90 
1 3  

1 3 500 
6/9 



Ta bl e 0 - 5 . ( c o n t i n u ed ) 

Excava t ion pc iva te 

Pa eametee b d e a in V-FS 4 5 1 5  well 

As < 0 . 0 5  < 0 . 0 5  < 0 . 0 5  < 0 . 0 5 < 0 . 0 5 < 0 . 0 5  

Fe 4 . 4  0 . 2 2 2 . 4  0 . 1 2  2 . 1  4 . 2  

Mo 0 . 8 7 < 0 . 0 1 < 0 . 0 1 < 0 . 01 <0 . 01 <0 . 0 1 

ea 300 2 6  2 2 0  8 0  1 8 0  81 

cl 560 11 3 1 0  100 2 7 0  4 1 0  

TDS 4 7 2 2  3 4 0  1 5 1 3  6 2 8  1 1 2 0  2 0 3 8  

S0 4 2100 <5  510 1 4 0  3 9 0  6 80 

Mg 3 1 0  3 5  9 4  4 2  7 9  2 4 0  

K 5 5  3 0  2 8  1 6  1 8  2 3  

Mn 1 . 1  0 . 0 5 0 . 6 0 0 . 3 5 0 . 4 5  0 . 7 5 

Pb- 210 ( pei/l)  <1 . 5 <1 . 5 1 . 8  

u ( ppm ) 0 . 2 4 0  0 . 00 3  <0 . 0 0 3  <0 . 0 0 3  < 0 . 00 3  < 0 . 003 

Alk a l i n i ty 6 4 0  2 9 0  2 6 0  2 5 0  200 2 4 5  

pH ( s .  u . )  6 . 9 5 7 . 3 8 7 . 2 5 7 . 3 4 7 . 3 8 7 . 2 5 

temp ( O e )  1 8  1 5  1 4 . 0  13 . 5  1 3 . 2  1 5 . 0  
t:J eond ( mhos/ I 

cm) e 4 1 50 4 2 5  1 6 10 700 1 2 3 0  2 0 90 N 
CD d a te sampled ( 1 9 8 3 )  8/22 8/24 8/22 8/2 2 8/23 8/26 

Note : pe ivate a e te s i a n  well loca ted at 3 1 8 1  So . 1 1 0 0  w .  S t .  

a Foe we ll loca t ions see F i g u e e  D-4 . 
b Al l values in m i l l i g e ams pee l i tee on a d issolved bas i s ,  except as noted . 
cMiddle of pump tes t .  
d End o f  pump tes t .  
eNot coe e ec ted t o  2 5 ° e .  



tJ I tv '-0 

Pa rame t e r b
,

c 

As 

Ba 

Cd 

C r  

C u  

Fe 

Pb 

Hg 

Mo 

N i  

Se 

Zn 

Mn 

Ag 

G r .  Alpha ( pC i/l ) 

G r .  Be ta ( pC i / l )  

Ra-226 ( pC i/ l )  

U ( pC i/ l )  

Date ( 1 9 8 3 ) 

Excava t ion 
d r a i n  

0 . 0 0 7  

< O .  0 0 5  

< 0 . 0 10 

2 . 3 0  

< 0 . 0 0 6  

0 . 0 0 0 1  

0 . 0 3 7  

< 0 . 0 0 0 5  

0 . 0 1 5  

0 . 72 5  

0 . 0 0 2  

1 0 9 . 

< 0 . 5  

1 9 3 . 

5/3 0 

Ta b l e  0-6 . Gro u n d - wa ter  qua l i ty ,  Sta te o f  Utah  samol es , 1 98 3  

1 5  

< 0 . 0 0 0 5  

0 . 3 7 

< 0 . 00 1  

< 0 . 0 0 5  

0 . 0 10 

0 . 0 8  

", -0 . 0 0 5  

< 0 . 0 0 0 1  

< 0 . 200 

< 0 . 0 1 0  

< 0 . 0 0 0 5  

0 . 0 0 5  

0 . 4 2 0  

0 . 0 0 2  

7 .  

1 1 .  

< 0 . 5  

O .  

5/2 3 

1 5  

< 0 . 00 0 5  

0 . 30 

< 0 . 00 1  

< 0 . 0 0 6  

< 0 . 0 1 0  

1 .  50 

< 0 . 00 5  

1 4  

0 . 003 

< 0 . 0 5  

0 . 00 5  

0 . 0 0 5  

< 0 . 0 1 0  

1 4 . 80 

< 0 . 00 5  

< 0 . 0 0 0 1  < 0 . 00 0 1  

< 0 . 200 

We l l  n u mber a 

1 4  

0 . 0 0 3  

< 0 . 0 5 

0 . 00 4  

< 0 . 00 5  

< 0 . 0 1 0  

< 0 . 0 3 , 

< 0 . 00 5  

13C 

0 . 525 

0 . 0 7 

< 0 . 00 1  

0 . 0 0 5  

< 0 . 01 0  

< 0 . 0 3 

< 0 . 00 5  

< 0 . 0 0 0 1  < 0 . 00 0 1  

1 2C 

0 . 0 2 0  

< 0 . 0 5  

< 0 . 00 1  

< 0 . 00 5  

< 0 . 0 1 0  

< 0 . 0 3  

< 0 . 00 5  

< 0 . 00 0 1  

< 0 . 0 10 < 0 . 01 0  < 0 . 01 0  < 0 . 01 0  < 0 . 01 0  

< 0 . 00 0 5  < 0 . 00 0 5  < 0 . 0 0 0 5  < 0 . 00 0 5  < 0 . 00 0 5  

0 . 00 5  0 . 00 5  1 1 0 . 0 . 00 5  0 . 02 0  

0 . 4 1 5  1 . 6 7 0  1 . 7 4 0  0 . 010 0 . 7 0 0  

0 . 002 

7 .  

3 6 .  

1 .  

1 .  

5/21 

0 . 00 4  

1 2 4 .  

4 2 .  

< 0 . 5  

1 1 2 . 

6/2 

3 6 2 .  

1 2 7 .  

< 0 . 5  

7 8 .  

6/2 

0 . 00 2  

4/6 

0 . 00 2  

6 .  

1 0 .  

< 0 . 5  

1 6 .  

5/1 7 

l lC 

0 . 0 1 2  

< 0 . 0 5  

< 0 . 00 1  

0 . 0 1 5  

< 0 . 010 

0 . 40 

0 . 0 1 3  

< 0 . 00 0 1  

0 . 18 5  

< 0 . 0 0 0 5  

0 . 0 1 0  

0 . 8 1 5  

0 . 00 5  

3 0 3 . 

7 6 3 . 

1 .  

6 9 3 .  

6/9 

l lB 

0 . 03 5  

< 0 . 0 5  

< 0 . 00 1  

0 . 0 3 0  

< 0 . 10 

2 1 . 4 0 

< 0 . 00 5  

< 0 . 0 0 0 1  

0 . 3 8 5  

< 0 . 0 0 0 5  

0 . 0 1 5  

1 .  6 5 5  

0 . 00 6  

1 4 2 . 

1 0 9 3 . 

< O .  5 

1 10 .  

6/9 

l lA 

0 . 01 3  

< 0 . 0 5  

< 0 . 0 0 1  

0 . 03 0  

< 0 . 0 1 0  

1 8 . 4 0  

0 . 00 6  

< 0 . 0 0 0 1  

0 . 43 0  

< 0 . 0 0 0 5  

0 . 0 1 5  

1 .  2 8 5  

0 . 00 6  

6 3 . 

7 7 0 . 

< 0 . 5  

7 8 .  

6/9 

9C 

0 . 00 3  

< 0 . 0 5  

< 0 . 00 1  

< 0 . 00 5  

< 0 . 01 0  

0 . 4 9  

< 0 . 00 5  

< 0 . 00 0 1  

0 . 0 77 

< 0 . 0 0 0 5  

0 . 0 5 0  

1 . 180 

0 . 0 0 2  

8 1 9 . 

5 1 3 . 

< 0 . 5  

1 3 5 0 . 

4/8 

9B 

0 . 00 1  

< 0 . 0 5  

0 . 00 1  

0 . 0 0 5  

0 . 0 1 0  

0 . 0 3  

0 . 0 0 5  

0 . 0 0 0 1  

0 . 0 7 4  

0 . 00 0 5  

0 . 0 20 

3 . 1 4 5  

0 . 00 3  

6 3 . 

1 0 . 

1 .  

5 9 .  

4/8 

1 0C 

0 . 0 1 1  

0 . 0 5  

0 . 0 0 1  

0 . 0 0 6  

0 . 0 1 5  

0 . 3 6 

0 . 0 0 5  

0 . 00 0 1  

0 . 0 4 4  

0 . 00 0 5 

0 . 00 5  

0 . 3 6 0  

0 . 00 2  

5 9 .  

< 0 . 5  

8 4 .  

3/2 9  



Ta bl e 0 - 6 . ( c ont i nued ) 

Well n umber a 

parame terb , c 1 0C l O B  lOA 8B 7C 7A 7C 7B 6A 6A 5 3 

As 0 . 0 2 1  0 . 0 1 4  0 . 00 4  0 . 00 3  0 . 070 0 . 2 4 5  0 . 16 2  0 . 2 4 5  0 . 0 1 4  0 . 1 3 3  0 . 00 1 5  0 . 0 0 1  

B a  < 0 . 0 5  <0 . 0 5  < 0 . 0 5  < 0 . 0 5  0 . 0 5 0 . 0 7 0 . 06 < 0 . 0 5  < '0 . 0 5  0 . 2 8  0 . 2 2 0 . 1 0  

Cd 0 . 002 0 . 0 0 2  0 . 00 4  < 0 . 00 1  < 0 . 001 < 0 . 00 1  0 . 001 <0 . 001 < 0 . 001 < {) . 00 1  < 0 . 00 1  < 0 . 00 1  

Cr 0 . 0 1 4  0 . 0 1 1  0 . 01 3  < 0 . 00 5  < 0 . 0 0 5  0 . 00 6  Q . 00 6  0 . 0 0 7  0 . 00 5  < 0 . 00 5  < 0 . 00 5  < 0 . 0 0 5  

C u  0 . 0 1 0  <0 . 0 1 0  < 0 . 0 1 0  < 0 . 0 10 < 0 . 0 1 0  <0 . 010 < 0 . 010 < 0 . 010 < 0 . 0 1 0  < 0 . 0 10 < 0 . 010 < 0 . 01 0  

Fe <0 . 0 3  1 8 . 50 2 . 6 5 1 4 . 0 0  5 . 00 0 . 0 3 3 . 40 1 .  3 0  8 . 9 0 0 . 2 0 0 . 5 4 0 . 2 4  

Pb 0 . 0 08 0 . 0 0 5  0 . 00 6  < 0 . 00 5  < 0 . 00 5  < 0 . 00 5  < 0 . 007 <0 . 00 5  0 . 00 5  < 0 . 0 0 5  < 0 . 00 5  < 0 . 00 5  

H g  < 0 . 00 0 1  < 0 . 00 0 1  <0 . 00 0 1  ...; 0 . 0 0 0 1  < 0 . 0 0 0 1  < 0 . 00 0 1  < 0 . 0001 <, 0 . 00 0 1  < 0 . 0 0 0 1  < 0 . 0 0 0 1  < 0 . 00 0 1  < 0 . 0 0 0 1  

t:J Mo I w N i  0 . 086 0 . 0 5 3  < 0 . 0 10 0 . 0 1 9  0 . 0 5 3  < 0 . 010 < 0 . 010 0 . 10 0 . 0 8 6  < 0 . 01 0  < 0 . 010 < 0 . 010 0 
Se 0 . 0 0 0 5  < 0 . 0 0 0 5  < 0 . 00 0 5  < 0 . 00 0 5  <0 . 00 0 5  < 0 . 00 0 5  < 0 . 00 0 5  <0 . 00 0 5  < 0 . 0 0 0 5  < 0 . 0 0 0 5  < 0 . 0 0 0 5  < 0 . 0 0 0 5  

Z n  0 . 00 5  < 0 . 0 0 5  < 0 . 00 5  < 0 . 00 5  0 . 00 5  < 0 . 00 5  0 . 00 5  0 . 0 0 5  0 . 0 40 < 0 . 0 0 5  < 0 . 00 5  < 0 . 0 0 5  

Mn 0 . 59 0  2 . 5 9 0  0 . 8 6 5  0 . 5 1 5  0 . 6 00 0 . 0 6 0  < 0 . 4 1 5  0 . 2 7 5  1 . 01 0  0 . 16 0  0 . 3 3 5  0 . 0 6 5  

Ag 0 . 0 0 4  < 0 . 00 2  0 . 00 6  < 0 . 00 2  < 0 . 0 02 < 0 . 00 2  0 . 002 < 0 . 00 2  < 0 . 0 0 2  < 0 . 0 0 2  < 0 . 002 < 0 . 00 2  

G r .  Alphs ( pC i/ l )  0 . 4 2  2 1 .  1 9 .  5 .  2 5 .  56 . 

Gr . Beta ( pC i/ l )  1 5 6 .  5 6 .  4 2 0 . < 1 0 .  2 9 8 .  308 . 

Ra-226 ( pC i/ l )  <0 . 5  < 0 . 5  1 .  O .  < 0 . 5  O .  

U ( pC i/ l )  6 8 .  1 5 .  2 .  9 .  4 .  1 4 .  

Date ( 1 9 8 3 )  6/ 7 6/7 6/8 5/11 3/30 6/9 6/8 6/8 4/9 4/13 5/9 5/11 

aFor well locat ions see Figure 0-4 .  
bAll values i n  mg/l on a d i ssolved bas i s  except a s  noted . 
cAll samples represent spl i ts f rom samples of same d a te and we ll shown in Table 0-5 .  



or s l ightly above the g round s u r face . Thus , in the v i c i n i ty of the tailings  
p i le , the uncon f ined aqu i fer  appears to be  about 6 0  fee t th ick . The 
inter bedded str ata of this  aqu i fer system prod uce wa ter at va r iable rate s .  
Results o f  water -s ample collect ion for qua l i ty tes t ing and a pump test 
ind icate that water y i e lds can be much less than 1 gpm for the s i lts  and clays 
and g reater than 1 0  gpm for the f ine sands and s i lty sand s .  ( Deta i led we l l  
logs of the recent inve s t igation b y  the TAC ( 1 9 8 3 )  for the shallow we l l s  a r e  
ava i l able at the UMTRA pro j ec t  off ice in Albuquerque , New Mex ico) • 

The maj or sources of recharge to the unconf ined aqu i fer are i n f i ltratio n  
o f  prec ipi tat ion and upward lea kage from the con f ined aqu ifer . Th is  aqu i fer 
gener ally d i scharges i nto the s u r face-wa ter d r a inages s uch as the Jordan 
R iver , M i ll Cr eek , and the Gr eat Salt Lake . However , dewa ter i ng o f  a 
temporary excavat ion near the CVWRF treatment plant has temporar i ly mod i f ied 
the d i scharge pat terns of the unconf i ned aqu i fer ( see Sect ion D . 3 . 4 . 1  for 
deta i l s ) . A h ig hway d r a in below the Denver & Rio Grande Western Ra i lroad 
overpass of 3 3 0 0  Sou th Street locally influences flow in the uncon f i ned 
aqu i f e r .  The g r ound water which enters the d r a in is pumped out of a sump into 
a culve r t  wh ich d ischarg es into the head o f  South Vi tro D i tch . Ground-water 
levels in the area ind icate that there is  a g r ound-wa ter d iv ide ( Bear , 1 9 7 9 ) 
between the s i te and the h ighway d r a i n .  The presence of the g round-water 
d iv ide means that there is  l i ttle or no potent ial for the mig rat ion of 
contami nants f rom the s ite to the dra i n .  

Water levels in the uncon f ined aqu i fer range f rom 1 0  feet or more below 
the g round surface (where affected by the CVWRF excava t ion or h ighway d r a in) 
to 1 foot or more above g r ound sur face . Topog raph ic depress ions and d r a inages 
allow surface express ions of the wate r table . Topog raphic " lows " to the east 
of the s i te are perenn ial marshy areas.  

The stratig raphy below a depth of about 8 5  feet also cons i s t s  o f  
in terbedded s i lts , clays , and sand s .  The sand layers are gene rally 
coarser-gra ined than the overly ing beds descr ibed above . In some instances 
the sand layer s  contain cons ider able amounts of g r avel . 

Recen t  wor k by Dames and Moore ( 1 9 8 2 ) and the TAC ( 1 983 ) i ncluded 
mon i tor ing and pump wells to a max imum depth of about 1 3 0  feet below the 
g round surface . The wel ls tha t  pene trated to a depth of abou t 70 feet or 
g r eate r ,  below the g round surface , encountered ground wa ter under s i g n i f icant 
artes ian pressure . The hyd r au l ic head level s  ranged f rom abou t 7 . 5 feet above 
land sur face for the wel l  at 70 feet to 15 feet above land surface for the 
wells at a depth of about 130 fee t .  Near the Jordan River , it is r epor ted 
that th is artes ian aqu i fer system extend s  to depths of 500 to 8 0 0  feet below 
the g round sur face ( He ly et a l . , 1 9 7 1 ) . 

F low rates from 2-inch open piezome ters in the conf ined aqu i fer ranged 
from a few gpm to several tens of gpm ( TAC , 1 9 8 3 ) . Pump test i ng of an 8-inch 
wel l  prod uced a susta ined quantity of about 3 0 0  gpm , of wh ich about 150 gpm 
was ar tes ian flow . Even though the produc ing sand laye r s  of the con fined 
aqu i fer are sepa rated by clay and s i lt layers , mon i tor ing of potent iometers a t  
var ious depths in the aqu i fer dur ing a long- term pump t e s t  i nd icated that the 
sand layers are hydraul ically connec ted . (Detai led we l l  log s of the recen t 
investigation by the TAC ( 1 983 ) for the deeper wells are also ava ilable a t  the 
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The major  source of  recharge to the conf i ned aqu i fer  i s  in f i l t r a t ion of  
prec ip i tat ion and snowmel t  in  the flanks of the Wasatch and Oqu i r r h  
Mounta ins . Beneath the s i te , the wa ter in  th is  aqu i fer f lows toward the 
nor thwes t .  Natural d ischarge i s  upwards to the uncon f ined aqu i f er sys tem . 
Ar t i f ic ial d i scharge occurs w i th pump ing of  wel l s  completed in  the con f ined 
aqu i fer sys tem . 

Based on the wel l  logs , s impl i f i ed subsur face cross-sect ions , 
Figures D- 5 ,  D- 6 ,  and D-7 were cons tructed to illustrate the cond i t ions 
descr ibed above . I t  should be noted that the s ubsur face s trata cons i s t  of  
numerou s  la terally d i scon t i nuous layers of  s i l t , clay , and sand o f  var iable 
thickness . 

The relat ionship of the two �qu i fer sys tems with regard to recharge , 
d ischarge , and movement of  ground wa ter , a s  determined by a recent pump tes t  
b y  the TAC ( 1 9 8 3 )  and a prev ious s tudy b y  Hely et  al . ,  ( 1 9 7 1 )  a r e  descr ibed i n  
deta i l  in  a subsequent sect ion o f  th i s  append ix . 

Ava i l able records ind icate that e ight wel l s  we re dr i lled on the vi tro 
s i te in  the per iod 1 9 4 3- 1 9 6 1  ( S tate of  Utah ) . The wel l s  wer e screened between 
5 0 0  and 8 0 0  fee t be low ground sur face . Al l but one of the wel ls were 
con s tr ucted as  f lowing we lls ; the rema in ing wel l  wa s equ ipped w ith a pump . 
Five of the f lowing wel ls can s t i ll be found on the s i te ,  w i th shut-of f valves 
in  wor k ing cond i t ion . 

A small pool at the head of  the vitro d i tch may be the s i te of  another 
wel l . water f lows f rom the pool through a culvert to Vitro D i tch at  a rate of  
about 1 cubic foot per  second (Weber , 1 9 8 3 ) . Such h ig h  volume , locali zed 
d i scharge wou ld not be expected f rom spr ing f low through the fluvial-pluv ial 
sed iments at  the s i t e . A poss ible explanat ion for the d i scharge would be 
ar tes ian f low through a par t ially destroyed wel l  completed i n  the con f ined 
aqu i fer . Dur i ng r emed ial act ion , th i s  area should be excavated and , i f  
presen t ,  the wel l  o r  wel l s  would b e  sea led properly . 

The ex i s t i ng mon i tor ing wel ls in the con f ined aqu i fer represent a 
potent i a l  pathway for commun ica t ion between the two aqu i fer s .  Thi s 
communicat ion could mean e i ther los s '  of  u sable water f rom the con f ined aqu i fer 
or , in the event o f  a rever sal o f  the upward hydraulic head g r ad ient , downward 
mig rat ion of  contaminants . Dur i ng the r emed ial ac t ion these wel ls , and the 
r ema i n i ng we lls for the mill would be plugged and sealed . 
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D . 3 . 2  Descr ipt ion of e x i s t i ng ground-water chemi stry 

D . 3 . 2 . 1  F ield sampl ing of  ground water . 

Water f rom the shallow and a r tes ian wel ls was obta ined with a sma l l  
d iame ter electr ic per istalt ic pump . The samples wer e  f i lter ed through a n  
in-l ine system having d isposable 0 . 4 5  mic ron f ilter membranes . The water wa s 
then placed in  several conta i ner s ,  preserved as  per spec i f icat ions provided by 
the testing laborator i es (Bend ix F i eld Eng ineer ing Co rporat ion , Gr and 
Ju nct ion , Co lor ado ; and AnaCor Labora tor ies , Albuquerque , New Mex ico) and 
placed in sh ipp ing cont a i ner s w i th ice . F i eld tes t ing of  the samples 
inc luded : alkal i n i ty ,  pH ,  Ec ( spec i f ic conductance ) ,  and temper ature . 
Suff ic ient wa ter was w i thd rawn f rom each wel l  unt i l  the Ec and tempera tur e 
values wer e  stable . 

D . 3 . 2 . 2  F ield test results . 

F ield determined Ec values (�mhos per cm) r eflect the g ener al water 
qual ity with regard to d i ssolved solid s .  The f ield Ec values for upgradient 
well s  in  the unconf ined aqu i fer gener ally ranged f rom about 1 0 0 0  to 4 0 0 0  
MIDhos /cm w i th one anomalously h ig h  value o f  about 12 , 5 0 0  �mhos/cm a t  the 
10-foot depth in  wel l No . 6 ,  located southeast and upg rad ient of  the p i le 
(Table D-5 ) . Ec values for the shallow we lls downg rad ient wer e  con s i stently 
about 1 1 , 0 0 0  to 1 3 , 0 0 0  �mhos/cm . Th i s  increase in  Ec values r e f lec ts an 
incr ease in d is solved sol ids downg rad i ent ( west and nor thwest ) of the tail ings 
p ile as compar ed to the shal low wells upg rad ient . 

The f ield alkal i n i ty values , a measure of  d is solved car bonates and 
b icarbonates , are lower upgradient than downg rad ient f rom the pile  boundary . 
Upg rad ient alkal in i ty values range f rom 4 0 0  to 580  mg/l . Downg rad ient 
alkal i n i ty values range from 680 to 1 4 0 0  mg/l . 

F i eld Ec values for the ar te s ian wells were typically abou t 3 5 0  
upgrad ient and 2 , 0 0 0  �mhos/cm downg radient o f  the p i le and the al kal i n i ty 
values were about 3 0 0  mg/l both upg rad ient and d6wng rad ient of  the s i te 
( Table D -5 ) . These cond i t ions ind icate a much lower level of  d i s solved solids 
as compared to the ove r ly i ng unconf ined aqu i fer water and an increase 
downg rad ient in  the con f i ned aqu i fer . 

D . 3 . 2 . 3  Labor atory test ing and unconf ined aqu i fer result s .  

Water samples wer e  tested for several chem ical cons t i tuents i nclud i ng 
ma j or cat ions , an ions , t r ace me tals , total d is solved sol ids , Th- 2 3 0 ,  Pb- 2 1 0 , 
U ,  V,  g ross alpha , and gross be ta . The results of  the chemical analyses a r e  
shown in Tables D- 4 ,  D- 5 , D- 6 .  

Standard i zed procedures wer e used for each of  t h e  s teps i n  the 
water -qua l i ty sample prog ram as deta iled in Sect ion D . 3 . 1 . 1 .  

For this  Append ix , the d iscuss ion o f  g round-water qual ity and contaminant 
migrat ion i s  d iv ided accord ing to locat ion with respect to the tail ings , and 
accord ing to the type of  con taminan t .  Separate d iscuss ions are provided for 
the water qual ity upg rad ient , downg rad ient , and beneath the tail ing s .  
Contaminants a r e  d iscussed accord ing t o  class i f icat ion as  ma j or cons t i tuents 
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(predominantly S04 and TDS ) , minor consti tuents (As , Cd , Se , Cr , Mo ) , or 
r ad ionucl ides (V , Ra- 2 2 6 , Th- 2 3 0 , Pb- 2l0 ) . 

Background water qua l i ty .  The background water quality was es tabl i shed 
f rom wells upgradient and cross grad ient to the s i te . Th e shal low wells 
revealed the fol lowing typical background values for the pa rame ter s l i s ted 
above ( not includ i ng well No . 6C at  10-foo t depth ) . Tb fur ther screen the 
upg r adient samples to better represent uncon f ined , backg round wa ter qua l i ty , 
only those wells with TDS between 1000  and 2 0 0 0  mg/l are cons ider ed 
( Table D- 7 ) . 

Table D-7 . Summary of  back ground da ta - uncon f ined aqu ifer 

Con s t i tuent 

As 
Mo 
V 
Ra- 2 2 6  
Gross a 
Cl 
S0 4 
TDS 
Cd 
Fe 
Se 
V 
Th-230  
Pb-2l0 

Measured concentrat ions 
( upg r adient and cr oss

gradient well s )  
(mg/l ) 

< 0 . 0 5  to 0 . 2 4 5  
< 0 • 0 1 to O .  0 2 

0 . 0 0 3  to 0 . 0 2 2  
< 1 . 0  to 1 . 2  pC i/l 
< 80  to 20 0 pC i/l 

13. 9 to 1 2 0 0  
< 5  to 2 0 0 0  

3 1 0  to 4 2 50 
< 0 . 0 1  to 0 . 01 

0 . 0 2  to 14 . 0  
< 0 . 0 1  
< 0 . 0 1  
< 1 . 0  pC i/l 
< 1 . 5  pC i/l 

Background mea sured 
concentr a t ion 

(wells 7A , 6A , and l2C ) 
(mg/l ) 

0 . 0 2 to 0 . 12  
< 0 • 0 1 to O .  0 2  
< 0 . 0 0 3  to 0 . 0 1 7  
< 1 . 0  to 3 . 2  pC i/l 
<20 to <80 pC i/l 

78 to 3 20 
2 1  to 4 10 
810 to 1 6 5 4  

< 0 . 0 1  
0 . 0 2  to 0 . 0 4  

< 0 . 0 1 
< 0 . 0 1 
< 1 . 0  pC i/l 
< 1 . 5  pC i/l 

As noted ear l ier , the 10- foot-deep sample from well No . 6 is anomalously 
h igh as compa red to the other background sample concen trations and pr evious 
wor k by Hely , Mower , and Harr ( 19 7 1 ) . The source of the very h ig h  TDS and 
cer tain anions and cat ions in th is  upg r adient well is not cer ta in , but is not 
cons idered to be assoc ia ted wi th the ta il ings . 

On- s i te water qual ity .  The water qua l i ty below the p i l e  is character i zed 
by h igh concen tr a t ions of chlor ides , iron , sul fa tes , TDS , molybdenum , uran ium , 
Ra- 2 2 6 , Th- 2 3 0 , and other ma jor con s t i tuen ts ( see Table D-8 for clas s i f icat ion 
of  consti tuents ) .  The concentr at ion of arsenic rema ins with in the back ground 
r ange , and vanad ium is not found in elevated levels . Wa ter qual ity under the 
s i te is summa r i zed in Table D-9 . 

Downgradient water qual i ty .  The wa ter-qua l i ty o f  the unconf ined aqu i fer 
downgr adien t  ( nor thwes t  to wes t )  of the pile is character i zed by eleva ted 
levels of sul fa tes , chlor ides , iron , TDS , and total uran ium as compared to the 
background wa ter-qual ity data . Rad ium , ar sen ic , vanadium and thor ium are not 
found in concen tr a tions above background level s ,  except one analys is for well 
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Table D- 8 .  Clas s i f ication o f  d i ssolved sol id s , based on 
abundance in potable wa tera 

Major Consti tuents 
Sod ium 
Calc ium 
Magnes ium 
S i l ica 

Secondary Cons t i tuents 
I ron 
Stron t i um 
Potass ium 
Boron 

Minor Const ituents 
Aluminum 
Ar senic 
Bar i um 
Cadm ium 
Chromium 
Coppe r 
Lead 

Trace Con s t i tuents 
Mercury 
Rad ium 

aAf ter Davis and DeWiest ( 1 9 6 5 )  

Bicarbonate 
Sulfate 
Chlor ide 

Carbonate 
Ni trate 
Fluor ide 

Manganese 
Molybdenum 
Nickel 
Selen ium 
Uran ium 
Vanad ium 
Z inc 

Thor ium 
S i lve r 

Table D-9 . Summary of on-s i te data , uncon f i ned aqu i f er 

Parame ter 
(d i s solved ) 

As 
Cd 
Cl  
Fe 
Mo 
Se 
S04 
TDS 
U 
V 
Ra- 2 2 6  
Th-2 3 0  
Pb-2l0 
Gross alpha 

D-3 8  

Measured concentr a t ion s 

< 0 . 0 1 to 0 . 19 mg/l 
< 0 • 01 to O .  0 0 3  mg / 1 

13 . 9  to 2 6 8 6  mg/l 
< 0 . 0 5  to 5 4 . 0  mg/l 
< 0 . 1  to 0 . 2  mg/l 
< 0 . 0 1 mg/l 

2 3 . 0  to 6 0 0 8  mg/l 
544 to 1 0 , 59 2  mg/l 
0 . 0 0 4  to 0 . 61 mg/l 

< O .  5 mg/l 
1 . 0+0 . 2  to 114 +2 . 1  pC i/l 
0 . 0+ 0 . 5  to 2 8 . 9�2 . 5  pC i/l 
0 . 9+ 1 . 3  to 1 6 1�4 . 5  pC i/l 
0 . 0+3 9 . 7  to 1 1 81+167  pC i/l 



No .  13C with a vanad ium concentr at ion of 0 . 0 4  mg/l and an arsen ic 
concen trat ion of 0 . 5 mg/l . 

The downgradient water qual ity in the uncon f i ned aqu i fer  is summar ized i n  
Table D- 10 . 

Ta ble D-10 . Summary of downgradient data , uncon f i ned aqu i fer 

Par ameter Mea sured concentrat ions 
( d i ssolved ) 

As 
Cd 
Cl 
Fe 
Mo 
Se 
S0 4 
TDS 
U 
V 
Ra- 226 
Th- 2 3 0  
Pb- 2 l0 
Gr oss alph a 

0 . 0 5  to 0 . 5 2 5 amg/l 
0 . 0 0 5  to <0 . 0 1  mg/l 
590 to 4 , 20 0  mg/ l  
0 . 0 1 2 to 3 3  mg/l 
0 . 0 1  to 0 . 0 45 mg/l 
0 . 0 1  mg/l 
2 50 to 7 , 0 0 0  mg/ l  
2 , 3 0 0  to 2 1 , 0 0 0  mg/l 
0 . 0 2  to 4 . 0 5  mg /l 
0 . 0 1  to 0 . 0 4  mg/l 
1 . 0 to 1 .  4 pC i/l 
1 . 0  pC i/l 
1 . 5  pC i/l 
2 0 0  to < 4 0 0  pC i/l 

aAnoma lous ly h igh concentration from We ll No .  13C 

Well No . 13 is located southwest of  the Vi tro s i te .  Wa ter-quality from 
th is wel l  was included in the above table because it is located wes t  of the 
p i le area . However , the ground-water flow d irection in the southwest corner 
of  the pile is generally toward the nor thwe s t  and thus th e ground-water 
quali ty at well No . 13 was pr obably not measur ably influenced by the p i le . 
Th is is r eflected in the water-qual i ty data for well No .  1 3 , wh ich are very 
s imi lar to the background qual ity summar i zed in Table 0- 10 . 

Summary of results . As shown above , the ma j or influence of the tai lings 
p i le on the uncon f ined aqu i fer wes t  of the s i te has been the pas t contr ibut ion 
of measurable amounts of TOS , chlor ide , sulfate , i ron , and uranium .  The 
background wa ter qual ity of the uncon f ined aqu i fer is charac ter i s t ically 
brack ish with h igh levels of TOS , ch lor ide , sulfa te , and other nonr ad ioac t ive 
con s t i tuents tha t make the wa ter from th is sys tem nonpotable . Beca use the 
water of th is aqu i fer throughout much of the Jordan River Va lley is un suitable 
for po table use wi thout extens ive trea tment , the impac ts of very l imited 
quan t i t ies of add i t ional dissolved sol ids and uran i um a fter r emed ial action , 
immedia tely downgrad ient of the p i le , are expec ted to be min imal . 

0 . 3 . 2 . 4 Labor atory test ing and con f i ned aqu i fer results . 

The wa ter qual ity of the con f ined sys tem contains eleva ted levels o f  
c h lor ide , sulfate and iron downgrad ient and beneath the ta i l ings pile a s  
compa red to the upg r ad ient , background samples ( Table 0- 8 ) .  

The following i s  r epresen ta tive of typ ical wa ter-qua l i ty data for wells 
penetrat ing the artesian aqu i fer upgrad ient , downg rad i ent , and beneath the 
ta i l ings pi le . 
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Parameter 
( d i s solved ) 

As 
Cd 
Cl 
Fe 
Mo 
Se 
S04 
TOS 
U 
V 
Ra- 2 2 6  
Th- 2 3 0  
Pb- 2 1 0  
G r o s s  alpha 
Ec ( f  ield)  

Table 0-11 . Summa ry o f  con f ined aqu i fer  data 

Upgrad ient 
( well No . 1 )  

0 . 0 3  mg/l 
0 . 0 1 mg/l 

10 mg/l 
0 . 2 1 mg/l 
0 . 0 1 mg/l 
0 . 0 1 mg/l 

10 mg/l 
3 3 0  mg/l 

0 . 0 1 mg/l 
0 . 0 6 mg/l 
1 . 0  pCi/l 
1 . 0  pCi/l 
1 . 5  pC i/l 

3 0  pCi/l 
3 8 5  J.Lmhos/cm 

Oowngrad ient 
(well No . 5 )  

0 . 0 0 1 5  mg/l 
<0 . 0 0 1  mg/ l  
8 5  mg/l 

0 . 6 2 mg/ l  
< 0 . 01 mg/l 
< 0 . 0 1 mg/ l  
110 mg/l 
5 8 0  mg/l 
< 0 . 0 0 3  mg/l 

0 . 01 mg/l 
<1 . 0  pCi/l 
< 1 . 0  pC i/l 

3 . 0  pC i/l 
<4 5 pC i/l 
7 0 0  J.Lmhos/cm 

Beneath p i le 
(we l l  CD)  

< 0 . 01 mg/l 
< 0 . 0 1 mg/l 
2 20 mg/l 

0 . 2 2 mg/l 
< 0 . 01 mg/l 
< 0 . 0 1 mg/l 

2 3 0  mg/l 
8 6 4  mg/l 
< 0 . 0 0 3  mg/l 

0 . 01 mg/l 
< 1 . 0  pCi/l 
<1 . 0  pC i/l 

1 . 5  pC i /l 
2 0  pC i/l 

1080 J.Lmhos/cm 

Th e three wel l s  l is ted above were sampled as pa r t  of the TAC ( 19 8 3 )  
s t udy . Complete data summar ies a r e  shown i n  Tables 0- 4 ,  0-5 , 0- 6 .  

0 . 3 . 2 . 5  Con f i ned aqu i fer hyd rodynamics and g round-water qua l i ty impacts . 

The r e lat ively good wa ter qual ity o f  the a r tes ian ( con f ined ) aqu i fer  i s  
ma inta ined by the upward g r ad ient o f  the aqu i fer  wh ich prevents downward 
migrat ion of  the brack ish uncon f i ned aqu i fe r  wa te r .  Current u t i l i z at ion 
( pumping ) of the con f ined aqu i fer  in the Salt Lake C i ty area has not 
s i gn i f ican t ly reduced the areal extent of the f lowing artes ian cond i t ions 
wh ich are present in the valley or the head levels o f  the aqu i f er as compared 
to levels measured i n  the early 1 9 0 0 ' s  ( H in t z e  and Mille r ,  1 9 7 5 ) . Th us , th i s  
upward g rad ient h a s  been and i s  curren tly ma inta ined i n  t h e  S a l t  Lake area . 
Much heav ier u t i l i zat ion of  the artes ian aqu i f e r  wou ld reduce the head leve ls 
and pos s i b ly rever se the upward g r ad i en t .  Th i s  cond i t ion wou ld then cause 
downward f low of the brack i sh uncon f i ned aqu i fer  wa ter s .  The presence of the 
several  feet of  con f in ing clay and s i l t  layer s  would retard f low to very low 
veloc i t ies  i f  the ver t ical g r ad ient were rever sed ; howeve r ,  the downward 
d r iving force wou ld be present . 

The locat ion and volume of pumpage necessary to rever se the upwa rd 
g rad ient near the Vi tro s i te can be est ima ted by examining present pumpage o f  
the artes ian aqu i fer . Ava i lable data f rom the U . S .  Geolog ical Survey ( 1 9 83 ) 
indicate that pumpage with in two m i les of  the Vi tro s i te ave raged 4 6 2  gallons 
per minute in  1982 ( Table 0-1 2 ) . Data of  the TAC ( 1 9 8 3 )  and the DOE ( 1 9 8 3 ) 
indicate that an upward g rad ient i s  presen t  and has been ma i n ta ined in rec�nt 
year s .  These data i nd icate that heavy pumpage in c lose prox im i ty ,  probably 
less than 1/2 mile radial d i s tance , of  the Vitro s i te wou ld be neces sary to 
loca lly reverse the upward g r ad i ent . 

0-40  



Table D-1 2 .  Ma j or pumpage of  the ar tes ian aqu i fer in the vicinity 
of  the Vitro s i te 

Appr ox . d i s tance from s i te 
Well Numbera OWner ( In fee t )  
( C-l-l ) 25caa Public supply well 1 6 0 0- 2 4 0 0  
( C-l- l )  2 5abc Public s upply well 2 4 0 0- 3 3 0 0  
( C-l-l ) 3 5 add Salt Lake Count y 5 7 0 0- 6 4 0 0  

Water Conservat ion Dis . 
( C-l- l )  3 5dab C i ty of  South Salt Lak e  3 7 0 0- 4 4 0 0  
( C-l-l)  3 5ddc C i ty of  Sou th Sal t La k e  5 70 0 - 6 4 0 0  

Well Number 

Annual 2 5caa 2 5abc 3 5cdd 3 5dab 3 5ddc Total --- ---
Pumpage 
in acr e- 3 2 5 ( 2 0 1 )  
feet/yr (gpm)  5 6  ( 3 5)  9 8 5 ( 61 1 )  1 3 6 6 ( 8 4 7 ) 

83 ( 5 1 )  113 5 ( 7 0 4 )  1 5 4 3  ( 9 5 7 )  
7 3  ( 4 5 )  10 5 7  ( 6 5 5 )  1 4 5 5  ( 9 0 2 )  

3 2 0 ( 1 9 8 )  4 8  ( 3 0 )  785 ( 4 8 7 )  1 4 7 8 ( 9 1 6 )  
6 7 8  ( 4 2 0 )  0 1 0 2 6  ( 6 3 6 )  2 0 2 9 ( 12 5 8 )  
5 2 7  ( 3 2 7 )  2 . 3 ( 1 . 4 ) 1 2 3 3 ( 7 6 4 )  2 0 8 7 ( 1 2 9 4 )  
2 8 0 ( 1 7 4 ) 53  ( 3 3) 90 5 ( 56 1 )  1 5 6 3 ( 9 6 9 )  
2 7 2 ( 1 6 9 )  0 9 8 5  ( 6 1 1 )  1 5 8 2 ( 9 8 1 )  

5 2  ( 3 2 )  0 1 3 2 9  ( 8 2 4 )  13 8 ( 8 5 6 ) 
7 7  ( 4 8)  0 1454 ( 9 0 1 )  1 5 3 1  ( 9 4 9 )  
4 1  ( 2 5)  0 821 ( 50 9 ) 8 6 2 ( 53 4 ) 
17 8 ( 11 0 )  5 6 8 ( 3 5 2)  7 4 6 ( 4 6 2 )  

aWel l s  number ed accor di ng to locat ion as expl a ined in He ly , Mower , and Ha r r  
( 19 7 1 )  

Year 

1 9 7 0  
1 9 7 1  
1 9 7 2  
1 9 7 3  
1 9 7 4  
1 9 7 5  
1 9 7 6  
1 9 7 7  
19 7 8  
1979  
1980  
19 8 1  
1 9 8 2  

The mig r a t ion of  the uncon f i ned aqui fer water to the lower con fi ned 
aqu i fer would increase the total d i s solved sol ids levels in locali zed and 
downgr ad ient por tion s of the con fined aqu i fer . Th is cond i t ion would degr ade 
the ar tes ian wa ter and it could even tually make the ar tes ian water 
nonpotable . Th is  scenar io shou ld r es tr ict the long-ter m ,  heavy u t i l i zation of 
the con f ined aqu i fer , irr espec t ive of  the con taminat ion noted in the upper 
aqu i fer sys tem associ ated with the ta il ings pile . 

The ev idence of  elevated iron , chlor ides , and sul fates in the con f ined 
aqu i fer benea th and downgradient of the pile may re flect pas t  u t i l i z ation of 
the con f ined aqu i fer . Pas t heavy pump ing of th is aqu i fer at one or mor e 
loca tions near or upg r adient of the ta il ings pile and mi ll s i te may have 
lowered the head levels of the artes ian sys tem and al lowed downgradient 
migrat ion o f  uncon f i ned ground water . 
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Based on recent pump test results ( TAC , 1 9 8 3 ) , the influence o f  th is  
indu s t r i a l  pump ing probably extended several hundreds of  fee t f rom the 
product ion wel l s . The ver t ical g r ad ient was rever sed mos t noticeably at the 
produc t ion wel ls , provid ing a dr iving mechan i sm for movemen t  o f  mobile 
con s t i tuents such as  sul fates and ch lor ides . These cons t i tuents are prese n t  
in h igh level s  i n  the unconf ined aqu ifer both i n  bac kg round wa ter samples and 
i n  the v i c in i ty o f  the pile . Water-qual i ty of  samples collec ted dur ing the 
pump tes t ( TAC , 1 9 8 3 ) of  the con f i ned aqu i fer  revealed i ncr eased level s  o f  
i ron , sulfate s , chlor ides , and TDS when compa red t o  an a r tes ian wa ter sample 
taken at a nea r by wel l  pr ior to the pump tes t  ( Table D-5 , we l l s  No . 1 5  and 5 ) . 

I n  summary , data i nd icate that contaminat ion f rom the brack i s h  uncon f i ned 
aqu i fer  w i l l  occur if the under ly i ng conf ined system is depressur i zed by 
susta i ned pump i ng at volumes large enough to depr ess the head level s  below the 
head level s  of  the unconf i ned ground-water system . I t  should be noted that no 
s ig n i f ican t ev idence of  leve l s  above backg round for heavy me tals and 
rad ionucl ides wer e  found i n  the con f i ned aqu ifer beneath or downgrad ient of 
the t a i l i ngs p i l e . These const ituents are less mob ile than the sul fates and 
chlor ides and pr obably were adsorbed or prec ipi tated in the clay and s i lt 
layer s  of  the uncon f ined aqu i fer  and aqu i tard . 

D . 3 . 3  Geohydrolog ic data analys i s  

D . 3 . 3 . 1  Hydrodynamic data collect ion . 

Subsur face explor a t ions , mon i tor ing we l l  installat i on , hydrolog ic 
i nvest igat ions i nvolv ing pump test i ng of  both aqu i fer s , wa ter -level 
mon i tor ing , and sampl i ng for wa ter-qual i ty analyses h ave been carr ied out by 
var ious i nves t igator s at and near the Vitro s i te a nd in the Jordan River 
Val ley area.  These inves t igator s i nclude Hely , Mower , and Har r  ( 19 71 ) , Ma r kos 
and Bush ( 1 9 8 2 ) , Dame s and Moore ( 1 9 8 2 ) , and the TAC ( 1 9 8 3 ) . De ta ils  of these 
prog rams are pre sen ted i n  Sect ion D . 3 . 1 . 1 .  The wel l  loca tions are shown in 
Figure D-4 . The pump tes ts wer e  all constant d ischarge , whe r e i n  decl i nes in 
wa ter leve l are measured per iod ica l ly at var ious obse rvat ion wel l s . Slug 
tests were per formed by instan taneous r emova l of  a slug of  water f rom a we ll , 
fol lowed by the measur ement of  the r ecovery of the wa ter leve l i n  the well . 
Results o f  hydrodynamic tes t i ng a r e  d i scussed below . 

D . 3 . 3 . 2  Hyd rodynamic data analys i s  and results . 

Pump Test Uncon f ined Aqu i fer . The pump test on sha llow well V-CSl was 
r un for about 4 . 5  hou r s  at a pump i ng r a te of  about 1 1  gpm ( Dames and Moor e ,  
198 2 ) . The total dr awdowns a t  the observat ion wells were s l igh t :  

0 . 5 8 feet a t  the pumped wel l .  

0 . 2 0  feet at observat ion we l l  V-CS2 wh ich i s  9 . 6  feet f rom the pumped 
we ll . 

0 . 14 feet at  observa t ion wel l  V-CS3 wh ich i s  2 0 . 0  feet f r om the pumped 
we l l .  
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The drawdown and recovery data at  wel l  V-CS2 wer e  analy z ed to supply 
values of t ransmi s s i v i ty and s tor a t i v i ty of the unconf ined aqu i fer  and 
saturated ta i l ings mater ial at  the s i t e .  Us ing the The i s ' Recovery method 
( Dav is and DeWiest , 1 9 6 5 ) , a value of transm i s s i v i ty = 6 6 8 4  f t2/day was 

calcula ted . Us ing the Jacob ' s  me thod ( Davis and DeWies t ,  19 6 5 )  on the 
d r awdown data y ie lded a value of tr ansmi s s i v i ty = 7 4 5 5  f t2/day . U s i ng the 
Jacob ' s  method w i t h  a transm i s s i v i ty value of 7 0 5 9  f t2/day ( the g eometr ic 
mean of  the results for the d rawdown and recovery data)  y i elded a value of 
s tora t i v i ty = 0 . 0 2 6 .  No cor r ect i0ns o f  d r awdowns for water table cond i t ions 
were needed because the total dr awdown was much less than the saturated 
thickness of  the aqu i fe r . A chec k on the value of ( u ) , the wel l  func t ion , 
showed that the Jacob ' s  me thod was valid a t  t imes g r eater than 10  minute s .  
These results may be inacc urate d u e  t o  the low pump ing r ate , approx imately 1 1  
gpm , and shor t durat ion o f  the tes t , about 2 7 0  minutes , result ing i n  
relat ively s l ig h t  total d r awdown s .  

The on-s i te slug tes t  data were analyzed with 3 methods ; the Hvorslev , 
the Coope r ,  Bredehoe f t  and Papadopu los , and the Fer r i s  and Knowles ( Table 
D-1 3 ) . The calculated va lues of  hydraulic conduc t i v i ty range from 0 . 0  to 6 . 4  
x 10 -3 cm/s ec . Assuming a sa turated th ickness of  3 8  fee t , the 
transmi s s i v i ty value of  7 0 5 9 f t2/da� f rom the pump tes t  analys i s  i nd ica tes a 
hyd raulic conduc t i v i ty o f  6 . 5  x 10- cm/sec . 

Table D-13 . Results of  on-s i te slug tests ( cm/sec . )  

We l l  

V-BS 
V-BS 
V-BD 
V-BD 
V-DS 
V-DS 
V-DS 
V-ES 
V-ED 
V-FS 
V-GS 
V-HS 

Hydraulic 
conduc t i v i ty 

amethod 1 

4 . 0xlO-4  

3 . 5xlO-4  

1 .  6xlO-3  

1 .  2xlO -3 

o .  
o .  
O .  
8 . 8xlO-5  

5 . 4xlO -5 

3 . 3xlO -5 

2 . 6xlO -5 

1 .  6xlO-5  

aMe thod 1 i s  Hvors lev ( 1 9 5 1 ) . 

Hydraulic 
conduc t i v i ty 

bme thod 2 

1 .  8xlO- 3  

1 . 3xlO- 3  

6 . 4xlO- 3  

4 . 8xlO -3 

O .  
O .  
O .  
1 . 2x l O-4 

7 . 7x l O -5  

3 . 5xlO -5  

2 . 4x lO-5  

5 . 2x l O-5 

bMe thod 2 i s  Cooper ,  Bredehoef t ,  and Papadopulos ( 1 9 6 7 ) . 
CMe thod 3 i s  Fe r r i s and Knowl es ( 1 9 6 3 ) . 
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Hyd raulic 
cond uct ivity 

Cme thod 3 

1 . 9x l O-4  

1 .  OxlO -4 

7 . 0xlO -5 

1 . 6xlO -3 

1 . 3x l O-3 

1 . 3xlO -3 

1 .  4xlO-3 

2 . 3xlO -5 

2 . 6xlO - 5  

9 . 3xlO -6 

1 . 1x lO-5  

8 . 4xlO-6 



The pump test on shallow ,  of f-s i te wel l  No . 14 wa s run for about 2 4  hour s 
a t  a pump ing r ate of about 11 gpm . No dr awdown was recorded a t  any of  the 
observa t ion wells ( TAC , 1 9 83 ) . The lack of dr awdown was probably caused by 
recharg e f rom surface flood i ng (May , 1 9 8 3 ) o f  the area and the relatively low 
pump ing rate . A total drawdown of about 1 5 . 9 8  feet was r ecorded at the pump 
wel l .  Pump wel l  recovery data were analyzed to obta in values of  
transm i s s i v i ty and hydraulic conduc t ivity .  Actual res idual d rawdowns wer e  
cor r ec ted for dewa ter ing .  The calcula ted value o f  tr ansmi s s i v i ty f rom this  
a nalys is was 7 6 8  ft2 /d ay . As sum ing a saturated thickness of  38  fee t ,  the 
saturated thickness above the bot tom of the well sc reen , the hydraulic 
conductivity i s  2 0 . 1  ft/day or 7 . 1  x 10 -3cm/sec . 

Th e  united Sta tes Geolog ical Survey publi shed values of  t r ansmi s s i v i ty and 
spec i f ic y ields for the shallow _ aqu i fer , e s t ima ted f rom l i tholog ic logs 
( He ly et a l . , 1971) . Th e tr ansm i s s i v i ty values r ange f rom 1 30 0  to 4 0 0 0  
f t2/d ay . A t  the area around the Vi tro s i te , tr ansmi s s i v i ty i s  e s t imated a s  
2 70 0  ft2/d ay . The spec i f ic yie ld o f  the uncon f i ned aqu i fer r anges f rom 0 . 1 0 
to 0 . 2 0 .  

Pump test - con f i ned aqu i fer . The pump test on deep , o f f-s i te well  No . 1 5  
was run for about 91  hours a t  a pump rate of  approx ima tely 3 0 0  gpm . wa ter 
l evels were mea sured at the pump wel l , 6 other deep wells , 2 4  shallow wel l s , 
and 2 intermed iate we lls dur ing the pump test and recovery per iod (TAC , 
1 9 8 3 ) . Table D-1 4 l ists  the complet ion interva l s , radial d i s tances f rom the 
pump wel l , drawdowns at the t ime the well  was shut down and the land s u r face 
e levat ion for all 3 3  observat ion wel l s . 

In the analys is  of d r awdown data , no correct ions were needed fo r 
barometr ic respon se of the aqu i fer , aqu i fer  recharg e-d i scharg e trend s , aqu i fer 
boundar ies , and of f-s i te wa ter u se . Dur ing the pump test , ba rome t r i c  pressure 
var ied from a low of 3 0 . 0 0 inches o f  mercury a t  4 : 0 0 a . m .  on May 21 to h igh of  
3 0 . 1 4 inches of  me rcury a t  6 : 0 0 p . m .  on  May 2 0 , 1983 . At the beg inn ing of  the 
test , 2 : 3 0 p . m .  on May 1 9 ,  the barome t r ic pressure was 3 0 . 0 8  inches of merc ury 
and at the end of the pump ing per iod , 9 : 4 5 a . m .  on May 2 3 , the barometr ic 
pressure was 3 0 . 0 7 inches of  mercury . Th ese val�es were abstrac ted f rom a 
barome tr ic chart record ing stat ion at the Un i ted States Geolog ical Survey ' s  
off ice at 1 7 0 0  south , 174 5 west in Salt La ke Ci ty .  

The max imum change in barome t r ic pressure was 0 . 1 4 i nches o f  mercury wh ich 
converts  to 0 . 16 fee t of water . Th e change f rom the beg inning to the end of  
the pump test was 0 . 01 inches of mercury or 0 . 01 feet of  wat e r .  Assuming an  
aqu i fer  barome t r ic e f f i c i ency of  1 0 0  percent ,  these values wou ld represent the 
change in measured wa ter level due to the change in a tmospher ic p r es sure . 
These smal l  cor rections were cons idered ins ign i f icant i n  the analyses o f  
d rawdown data . Sta t ic water levels were measured for up to one and a half 
months at the deep wel ls pr ior to the pump test . Th e max imum change through 
th is  per iod was +0 . 3  feet at well No . 3 from May 6 to May 1 9 ,  1 9 8 3 . Due to 
this  min imal r ise , cor rect ions of dr awdown data for aqu i fer r echarg e- d i scharg e 
trends , aqu ifer boundar ies , and o f f-s i te wa ter use were not needed . 
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Table D-14 . Results o f  pump tes t  o n  deep wel l  # 1 5  
South Salt  Lake s i t e  

Depth of  Rad ial Dr awdown Land 
completion d i s tance at we ll s ur face 

We l l  interval f rom wel l  shu tdown eleva tion 
iden t i f icat ion ( f t .  ) # 1 5  ( ft .  ) ( ft .  ) ( ft .  ms l )  

CD 10 5 . 0-1 1 5 . 0 5 5 0  3 . 4 0 
1 9 9 . 8-109 . 8  4 4 40  1 . 0 4  4 2 4 5 . 0  
2 119 . 0 -129 . 0  3 4 2 0  1 . 8 7 4 2 3 8 . 1  
3 110 . 2-120 . 2  2 0 0 0  2 . 1 5 4 2 3 4 . 1  
4 10 5 . 1-115 . 1  5 0 0  4 . 0 8  4 2 3 4 . 4  
5 1 1 5 . 5-1 2 5 . 5  1 0 0  3 . 4 2 4 2 3 4 . 9  

6A 2 6 . 4-28 . 4  4 510 0 . 2 6  4 2 4 4 . 6  
6B 16 . 7-18 . 7  4 510 0 . 7 0 4 2 4 4 . 7  
6C 6 . 7 -8 . 7  4 510 0 . 8 4  4 24 4 . 7  

7A 2 6 . 2 -28 . 2  3 4 2 0  -0 . 0 1 4 2 3 8 . 0  
7B 1 5 . 3-17 . 3  3 4 2 0  0 . 1 7 4 23 8 . 0  
7C 7 . 6-9 . 6  3 4 20  0 . 1 7 4 2 3 8 . 0  
8A 2 6 . 4-28 . 4  2 2 2 0  -0 . 0 7  4 2 3 3 . 1  
8B 1 8 . 7 -20 . 7  2 2 2 0  -0 . 0 5 4 2 3 3 . 0  
8C 6 . 8-8 . 1  2 2 2 0  Dry 4 23 3 . 1  
9A 216 . 9-28 . 9  7 0  0 . 12 4 2 3 3 . 2  
9B 1 5 . 7-17 . 7  7 0  0 . 1 8 4 23 3 . 0  
9C 5 . 8-7 . 8  7 0  0 . 19 4 2 3 3 . 0  

lOA 2 6 . 1-28 . 1  8 7 0  0 . 0 8  4 2 3 4 . 6  
lOB 14 . 5-16 . 5  8 7 0 0 . 0 3 4 2 3 4 . 7  
10C 6 . 3 -8 . 3  8 7 0  0 . 0 8  4 2 3 4 . 6  
11A 2 4 . 3-26 . 3  1 5 0  0 . 2 7 4 2 3 4 . 5  
11B 1-6 . 8-18 . 8  1 5 0  0 . 2 7 4 2 3 4 . 6  
11C 6 . 1-8 . 1  1 5 0  0 . 2 6 4 2 3 4 . 8  
12A 2 6 . 4 -28 . 4  2 2 0 0  -0 . 0 5  4 2 3 5 . 9  
12B 1 6 . 7-1 8 . 7  2 2 0 0  -0 . 2 5  4 2 36 . 1  
12C 6 . 5-8 . 5  2 2 0 0  1 .  3 1  4 2 3 6 . 0  
13A 2 5 . 7-27 . 7  1 2 2 0  0 . 3 9 4 2 3 5 . 7  
1 3B 16 . 2-18 . 2  1 2 2 0  0 . 3 4 4 2 3 5 . 8  
1 3C 6 . 2-8 . 2  1 2 2 0  0 . 0 1 4 2 3 5 . 7  

1 5  1 0 2 . 1-112 . 1  0 5 8 . 6 9  4 23 3 . 7  
16 6 5 . 7-67 . 7  2 0  0 . 51 4 2 3 4 . 5  
17  5 3 . 6- 5 5 . 6  2 0  -1 . 0 4  4 2 3 3 . 4  
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Qual i tat ive in format ion can be ga ined f rom the r esponse of var iou s we l l s  
to the pump tes t .  Most o f  the shallow wells ( wells Nos . 6 A  to 1 3C )  s how 
drawdown through the pump ing per iod , but 6 shal low wel ls show a recove ry 
( negat ive values on Table D-1 4 ) .  Generally , the A ser ies shallow wells show 
less drawdown than the B ser ies and the B ser ies wel l s  show less d rawdown than 
the C ser ies . Because the A wel l s  are the deepest and the C wells are the 
shallowest , i t  would normally be expected that the deeper A wells would show 
more drawdown . I t  is d i f f i cult to determine i f  the non-normal shallow we ll 
response is  due only to the pumping of well No . 15  or if the response i s  due 
to the comb inat ion of the pumping and some other unknown local stress or 
stresses attr ibutable to env ironmen tal influences (Todd , 198 0 ) . 

Well No . 1 7  i s  screened at a depth of  about 5 4  to 5 6  fee t ,  in the top of  
a clayey s i l t  laye r .  Th is  s i l t  layer appear s to be approx imately 1 5  feet 
thick  with sand par t ings . Well No . 1 6  i s  screened at a depth o f  about 6 6  to 
68 feet near  the base of the clayey s i lt laye r .  Because the hyd raulic head 
d i f ferential across th is  layer is  approx imately 8 fee t ,  this  layer is bel ieved 
to be the con f i n ing layer separat ing the uncon f ined and con f ined systems . 

Th e  hydraulic head s at wells No .  1 6  and No . 1 7 responded oppos i tely to 
the pump ing of  we ll No . 1 5 .  Well No .  17 showed a r i se of  1 . 0 4 feet dur ing the 
91- hour pump tes t .  Th is response was probably due to compact ion of the 
under ly ing con f in ing layer and aqu i fe r .  The hydraulic head a t  well No . 1 6  
rose abou t 0 . 10 fee t at the onset o f  the tes t ,  b u t  even tually dropped 0 . 51 
fee t .  The data f rom wells No . 1 6  and 17 were somewhat compromised because the 
sand f i lter  pac ks extended f rom the sc reened intervals in the clayey s i lt  
layer into the overly ing sand laye r .  Nonetheles s ,  the hydraulic head measured 
in well No . 1 6  is substan ti ally g reater than that measured in well No . 1 7 .  
Therefore , i t  is concluded that the changes of water level a t  well No .  1 6  
r epresent the response o f  the con f i n ing laye r .  Th is r e sponse was used to 
calculate a value of ver ti cal hydraulic conduc tivity of  the aqu itard . 

All the deep observat ion wells showed d e f i n i te d r awdown in r esponse to 
the pump tes t .  The heterogene ity and layer ing of the ma ter ials compos ing the 
con f i ned aqu i fer  system are exh ibited by the var ious responses of  the deep 
wel l s .  For ins tance , the f i nal drawdown at well No . 5 was 3 . 4 2  feet , wh ile 
the final drawdown at well No . 4 was 4 . 0 8  fee t ,  even though well No . 5 is  1 0 0  
feet f rom the pump well , wh ile well No .  4 i s  5 0 0  feet f rom the pump well . 
Both wells are located wes t of the pump well . Well No . 4 is completed a t  
approximately the same depth a s  the pump well , while well No . 5 is 1 0  feet 
deeper . The r esponse at well No . 2 also exh ibits the e f fects of  h eterogene i ty 
or laye r ing . The logar i thmic plot of d r awdown versus t ime used to analyze the 
test results ( Lohman , 197 2 )  shows an abrupt increase in the r a te of d rawdown 
about 2 0 0  minutes into the pump tes t .  Well No . 2 is completed abou t 1 2  feet 
deeper than well No . 15.  
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Va lues of transmiss iv i ty and storativity of the conf ined aqu i fer  and 
values of ver t ical hydraulic conduc t i v i ty for the over ly ing aqu i tard we re 
calculated f rom the response to pumping at deep observat ion we lls Nos . 1 
through 5 and CD using the Han tush Mod i fied method ( Lohman , 1 9 7 2 ) . Also , 
values of ver t ical hydraulic cond uc t ivity through the con f i n ing layer wer e  
calculated u s ing the "Rat io Me thod " ( Neuman a nd wither spoon , 1 9 7 2 ) . Th e 
values of  ver t ical hydraulic conductivity were obta ined by assuming a spec i f ic 
storage for the con f in ing layer of 0 . 0125  ft -l • wi thou t assuming a spec i f i c  
s tor age , the " Ratio Method " and the geome tr ic mean values f rom the Han tush 
Mod i f ied me thod were solved s imul taneously .  The results were a spec i f ic 
s tor age of 6 . 6 x 1 0 -4 ft-l and ver t ical hydraulic conductiv i ty o f  3 . 1  x 
1 0-3 ft/d ay .  Table 0-1 5 l ists these calculated values and values for the 
same paramete r s  that were publ i shed by the Un i ted States Geolog ical Survey 
( He ly et a l . , 1 971 ) . The field data , assumpt ions , a nd calculat ions that were 
summar i zed in th is  sect ion are ava ilable at the UMTRA Proj ect Of f ice in 
Albuquerque , New Mex ico .  

0 . 3 . 4  Descr ipt ion of  I l l inois Sta te water Survey model mod i f icat ions and 
add i t ions 

Th e  I l l ino i s  Sta te water Survey f i n i te d i f fer ence hydrodynamic model 
( Pr ickett and Lonnqu i s t , 1 9 71)  has a wide range of  appl icat ions and has bee n  

pre-qual i f ied for use o n  low-l evel waste d i sposal s i tes b y  t h e  Uni ted S tates 
Nuclear Regulatory Comm i s s ion . The code solves the par t ial d i f ferential 
equat ion gover n i ng the tran s ient , two-d imens ional f low o f  g r ound water in a 
conf ined , heterogeneous aqu ifer with ax id irect ional a n i sotropy . Th is  equat ion 
i s  
d /dx [ T ( x )  dh/d x ] + d/dY [ T (y )  dh/dY ] = S d h/d t + Q ,  where 

T (x) 
T (y )  

h 
t 

= 

= 

= 

tr ansmissivity 
transmiss iv ity 
hyd r a u l ic head 
t ime (T)  

in x d irect ion ( L2/T ) 
in y d irect ion ( L 2/T ) 
(L)  

S storage coe f f icient 
Q = net g round-water withdrawal rate per un i t  area ( L/T ) 

x , y = rectangular coord inate s .  The code has been augmented and can also 
s imu late : 

• Unconf ined cond i t ions 
• Conver s ion f rom unconf ined to con f i ned cond i t ions 
• Convers ion f rom con f i ned to uncon f i ned cond i t ions 
• Leaky conf ined cond i t ions 
• Induced inf iltration f rom a str eam or pond 
• Gr ound-water evapotranspirat ion 
• Va r iabl� pumping rates 

The code is  applicable to the s imulat ions of two-d imes ional , h eterog eneous , 
isotrop ic ,  steady-s tate g round-water flow as app l i ed to the Vitro s i te and 
surrounding area . 
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Table 0-1 5 .  Val ues calcul ated from pu�p test  results o n  deep 
wel l  # 1 5  wes t  of  South Salt Lake s i te 

Ve r t ical 
Observa t ion hydraul ic 

wel l  Method Tr ansmi s s iv i ty conduc t ivi  ty 
ident i f ica t ion used ( ft2/d ay ) S torat ivi ty ( f t/day ) 

1 Mod i f ied 8 6 7  2 . 7x l O- 6  1 .  5xlO-5  

Hantush 

2 Mod i f i ed 1 4 8 2  4 . 8x l O- 5  1 .  7x lO-5  

Hantush 

3 Mod i f ied 2 2 9 8  1 . 8xlO-4 6 . 5xlO- 5  

Hantush 

4 Mod i f ied 7 6 6 0  3 . 8xl O-4 1 .  5xlO-6  

Hantush 

5 Mod i f ied 3 5 3 5  2 . 4x l O-4 0 . 9 8 
Hantush 

CO Mod i f ied 4 5 9 6  1 . 6xlO -4 7 . 8xlO-4 

Hantush 

1 6  Ra t i o  ------- --- 5 . 8xlO-2  

All  Ra tio and ---------- 3 . 1xlO -3 

Above Wel l s  Mod i f ied 
Hantush 

Geome t r i c  
Mean 2 6 7 6  8 . 4x l O-5  

N/A U . S . G . S  90 0 0  1 . OxlO-4  1 .  6xlO-2 

E s t imate and 
4 . 9xlO -2 
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For the Vi tro s i te ,  the model is used to pred ict the past , present , and 
f uture hydrodynamics of  the s ite and vicin i ty .  To fac i l i tate i t s  use on this  
project , mod i f icat ions and add i t ions have been made to  the  code . These 
include : 

• Renumber ing of  s ta tement labe ls to make the prog ram mor e r eadable . 
• Increased flex i b i l ity for input and outpu t  procedures . 
• Va r iably-s paced g r id opt ion . 
• Rede f i n i t ion of converg ence cr iter ia . 
• Ca lculat ion of global mass balance and mass f luxes . 
• Added s tatements to avoid inf i n i te value error s .  
• S l ight reorg a n i z a t ion to allow mor e e f f ic ient compilation . 

The mod i f icat ions to the input and output procedures have no e f fect o n  
t h e  numer ical calculat ions o f  the code . The new input procedures allow for 
the reading of a complete data f i le of nodal parameter s .  The f i le contains a 
l ine for each node which includes the I and J coord i nates ( column and row 
des igna t ions )  followed by the 13 hydraulic parame ter s .  These parameters , i n  
the order that they appear o n  each l ine , are : 

1 .  T2 - Tr ansmi s s i v i ty in X d irec t ion , in L 2/T . 
2 .  Tl - Tr ansmi s s iv i ty i n  Y d i r ect ion ( for isotropic case T 2  = Tl)  • 
3 .  SFI--Ar tes ian s torage factor ( s torat ivity mult ipl ied by the area 

represented by the nod e ) , in L 2 . 
4 .  H-I n i t ial est imate of hydraulic head a t  the node , in L .  
5 .  Q-Constant rate of  ver t ical recha rge or wi thdrawal for the area 

repr esented by the node , in L 3/T ; for nodes along the boundary 
this may also r epresent cons tant lateral flux . 

6 .  R-Vert ical permeab i l i ty factor between the modeled aqu ifer and a 
str eam bed , vados e zone , or_ con t iguous aqu i tard ( the ver t ical 
hydraulic conduc t iv i ty d iv ided by the th ickness of  the str eam bed , 
vadose zone , or con t iguous aqu i tard mul t ipl ied by the area 
represented by the node ) , in L3/T • 

7 .  RH-Elevat ion of land or s tream surface for problems i nvolv i ng 
seepage from a stream or evapotranspirat ion ;  or hydraul ic head i n  
adj acent aqu ifer for problems involv ing leakage through an aqu i tard , 
in L .  

8 .  RD-Elevat ion of bot tom o f  s tream or water leve l be low wh ich 
evapotransp irat ion ceases , in L .  

9 .  SF2-Water table storage fac tor ( spec i f ic y ield mult ipl ied by the 
area represented by the nod e ) , in L2 . 

1 0 .  CH-Eleva tion of  the top o f  the princ iple aqu i fer , i n  L .  
1 1 .  P2-Hydraulic conductiv ity in the X d i rec t ion , in L/T . 
1 2 . PI-Hyd raul ic conduc t i v i ty in the Y d i r ect ion , in L/T ( for i sotropic 

problems P2=Pl) . 
13 . BOT-Bottom of the princ iple aqu i fer , i n  L .  
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Data man ipulat ion i s  made more e f f i c i en t  for a heterogeneous sett ing by 
al lowing expl ic i t  read ing of all par ameter values in the data f ile . Compu ter 
codes to man ipulate these data can be wr i tten and executed eas i ly . The only 
mod i f icat ion to the output is  creat ion of  a data f i le w i th a l l  the calculated 
hyd r a u l ic head values in a format that can be input to a con tour ing program , 
thus allowing computer-generated potent iome tr ic sur face and water-table maps . 
The se mod i f icat ions to the input and outpu t capab i l i t ies  o f  the cod e do not 
af fect the calculat ions in any way . 

The var iably-spaced gr id opt ion was necessary for an accurate 
representat ion of  the unconf ined f low r eg ime at the vi tro s i te w i thout u s i ng 
an exces s ive number o f  nodes . A deta i led d i scuss ion o f  the f in i te-d i f fer ence 
gr id representat ions is presented in sect ion D . 3 . 4 . 1 .  The s ubrou t i ne fo r th i s  
opt ion , VARGRID , was ver i f ied on a trans ient problem w i th a pump ing wel l  i n  
the center of a n  area . Also , computer codes wer e  developed to i nterpolate 
nodal pa r ameters from a var iable-spaced g r id to an equally-spaced g r id and 
vice-versa . These codes , the s ubrou t i ne VARGRI D ,  and the input and output for 
the test case are ava i lable at the UMTRA proj ec t Off ice in Albuquerque , New 
Mex ico . 

The mod i f icat ion to the convergence c r i ter ia  does not a f fect the 
calculat ions of the computer code . Or ig inally , the absolute d i f ferences 
be tween calcul ated hydraulic head a t  each node wer e  compu ted and s ummed a t  the 
midpo int and end of  each iterat ion . The mod i f icat ion was made to calculate 
and sum only the absolute d i f ferences at the end of  each i teration . It was 
found that in mos t  cases w i th a large gr id , heterogeneous ma ter ial proper t i e s , 
and inclus ion of ver t ical leakage , the error c r i ter ion would converge 
asymptot ically to some value g r eater than zero. The choice o f  the value to 
set the conve rgence cr i ter ia  i s  subj ect ive and should ensure that an adequate 
number of  i te r a t ions have been execu ted to reach a relatively smooth 
solut ion . The mod i f ied conve rgence c r i ter ia  allowed conver gence to a more 
con s i s tent asymptote for  a g iven problem than d id the or ig inal convergence 
cr i ter ia . I n  add i t ion to mod i fying the computation of  the convergence 
c r i ter i a ,  a par ame ter to end the compu tations after a g iven number of 
iterat ions was added to l im i t  computer t i me and costs wh i le execu t ing a 
nonconvergent or s lowly converg ing problem . 

For each hydrodynamic s i tuat ion s imula ted , a subrout ine was added to 
calculate g lobal mass balance and each f lux i nto or out o f  the pr inciple 
aqu i fer . These subrou t i nes wer e  added to ensure mas s  balance and to assess 
the r e lat ive s ig n i f icance of  the var ious sources of  i n f low and outflow to the 
aqu i fer be ing modeled . These subrou t i nes are d i scussed in d e ta i l  in sect ion 
D . 3 . 4 . 1 .  Anota ted vers ions of  these subrou t i ne s  and all mod i f icat ions to the 
or ig inal code are ava i lable at the UMTRA Proj ect o f f ice in Albuquerque , 
New Mex ico . 
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D . 3 . 4 . 1  Cal ibration of the hydrodynamic model 

The I l l ino i s  State water Survey hydrodynamic code was u sed to calibrate 
two steady-s tate hydrogeolog ic sett ings for the uncon f ined aqu i fer and one 
se tt ing for the con f ined aqu i fer . For each sett ing , the model of the vi tro 
s i te and ad j acent areas was cal ibrated in  two ways . F i r s t , calcula ted 
hydraulic heads we re compa red to f ield measured water leve l s .  A res idual 
( measured head minus calcula ted head at a g iven po int ) o f  � 4 fee t  was 
adequate because this represents the range of  annual water -level 
f luc tuat ions . Second , the mass balance o f  the system wa s calculated and 
cal ibr ated , i . e . , inflows balanced aga inst outflows . The cal ibration 
techniques and r esults are d i scussed in deta i l  for each of the three 
cal ibr ated cases . 

Cal ibrat ion of uncon f ined aqu i fer --present case . Recent water level 
measurements in the uncon f ined aqu i fer on and ad j acen t to the V i tro s i te 
reveal that : 

The present wa ter table i s  below Mill  Creek , Vi tro D i tch , and South 
Vi tro D i tch . These sur face water courses ar e presently recharg ing 
the ground water . 
Shallow g round wa ter flows rad ially toward the CVWRF excavat ion . 

Pr ior to dewater ing of  the CVWRF excavat ion , shallow ground water d i scharged 
into Mill  Cr eek , vi tro D i tch , and South Vi tro D i tch . They were sur face 
express ions of the water table . These shallow ground-water flows were toward 
the Jordan River and Mill  Cree k  ( F igure D-8 ) . 

To enhance cal ibrat ion of  the uncon f ined aqu i fer  sys tem , a subrou t i ne to 
the I l l ino i s  State wa ter Survey code was wr i t ten to calcu late the var ious 
f luxes of  wa ter into and out of the area be ing modeled . Th i s  subrou t ine 
al lowed calculat ion of the global mas s balance . The f luxes calculated inc lude : 

I n f i ltrat ion from the sur face . 

Upward leakage from the under lying artes ian aqu i fer . 

Ve r t ical seepage from Mill  Creek , V i tro D i tch , and South V i tro D i tch .  

La teral flow to or from t he Jor dan River . 

La teral flow to the CVWRF excavat ion . 

La teral flow into and out of the area be ing modeled . 

I n f i l t r a t ion and upward leakage were summed and modeled a s  a con stan t 
r a te across the entire modeled area . The constant recharge par ame ter , Q ,  for 
each node not along the boundary of the g r id was assigned a value represent ing 
the sum of  i n f i l trat ion and upward ver t ical leakage in  terms of f t3/day . 
Th is was implemented by ass ign ing an iden t ical flux to each i n ternal node , in  
terms of f t/day and allowing the subrou t ine VARGRI D to mul t iply the f lux by 
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the area represen ted by the node . The value o f  flux from i n f i l tr a t ion wa s 2 . 4  
i n/year ( S . SxlO -4  f t/day ) ( from He ly e t  a l . ,  1 9 7 1 ) . Upward ,  ver t ical 
leak age was ad j usted and a value of  2 . 2 5  i n/yr ( S . lx l O-4  f t/d ay ) provided 
the bes t  cal ibrat ion . 

Seepage from Mi l l  Cr eek and the Vi tro Di tches was modeled w i th the use of  
the R ,  RH and RD nodal par ameters ( s ee Pr ickett and Lonnqu i s t ,  1 9 7 1 ) . The R 
values represent the ver tical hyd r a u l ic conductivity of  the mater ial between 
the sur face water body and the water table multipl ied by the width of the 
stream channel multipl i ed by the leng th r epresented by the node in the 
d i rect ion of  the s tream . For Mill  Creek , the width o f  the s tr eam channel was 
estimated as 15 feet and the cal ibr ated hydraulic conduc t i v i ty was 1 . 5  
ft/day . For the Vitro D i tches , the width o f  the s tream channel was estimated 
as 10 feet and the cal ibr ated hydraulic conduc t iv i ty was 0 . 8  f t/d ay . The 
values of  RD ,  ( the bottom elevat ion of the s tr eams ) were der ived from 
topog r aph ic maps and interpolated be tween ass igned po ints . The values of  RH ,  
( the e leva t ion o f  the s tream s u r face ) were ass igned values o f  RD plus 2 . 0 ft . 
for Mill Creek and RD plus 1 . 5  f t .  for the Vi tro D i tches . 

The flows to the Jordan River and to the CVWRF excava t ion were calculated 
w i th Darcy ' s  Law .  For each node representing the Jordan River or the boundary 
of  the CVWRF excavat ion , the f low was approx imated by ( Figures D-9 and D-10 ) : 

Q = ( hn - ho ) Knodb where : 
r 

Q = Vol ume tr ic flow rate ( f t3/day ) . 

hn = Calcula ted hyd r au l ic head at the node ( n )  ad j acent to the r iver or 
excavat ion ( f t ) . 

ho Calcula ted hydraulic head at the node ( 0 )  r epresen t ing the r iver 
or excavat ion boundary . 

r The d i s tance be tween nodes N and O .  

Kno = The value o f  hydraulic conduc t i v i ty for flow between nodes N and O .  

d The width repr esented by nodes N and O .  

b The d i f ference be tween averag e  hydraulic heads and the average 
bottom of  the aqu i fer  at nodes N and O .  

The compu ter code automat ically sets the boundar ies o f  the g r id as 
impermeable . To model the boundar i es as constant f lux w i th a f l ux other than 
zer o ,  the cons tant f lux values are ass igned in  the r echarge/wi thdr awal ar ray , 
Q .  The calibr a ted value o f  volumetr ic f lux i nto the area be i ng modeled was 
5 2 , 0 6 2  f t3/day . 
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The uncon f ined aqu i fer at the vitro s i te and ad j acen t ar ea , present case , 
was mode led init ially on a var iably-spaced gr id with 3 6  columns and 2 8  rows of  
nodes ( Table D-1 6 ) . The storage factors (SF 2 )  for the nodes represent ing the 
Jordan River and the CVWRF excavat ion wer e se t to lxl0 2 0 0

• The extr emely 
h igh values allowed these nodes to have a large enough storage capacity so 
that the hydraulic heads would rema in constan t .  The storage factor s at the 
other nodes were set to low values , on the order of lxlO -20 , to allow 
s teady-state calcul ations . These low values caused the f i n ite-d i f fer ence 
analog of S dh to be inconsequent i al in th e r e sults of the i terative , 

dt 
f i n i te-d i f fer ence calculations . 

Ta ble D-16 . Var i able gr id spac ing ( 3 6  x 2 8  nodes )  

Column Wid th Row 
des ignation a ( in feet ) des i gna t ion b 

1- 3c 3 90 . 6  1 
4 2 6 0 . 4  2-9 
5-26  130 . 2  10-13 
27 162 . 8  14 
2 8  3 12 . 5 15  
29 4 81 . 8  16-18 
30 2 60 . 4  19-21 
31 3 7 7 . 6  2 2- 2 4  
3 2  3 90 . 6  2 5- 2 7  
3 3-3 4 520 . 8  
3 5  7 22 . 8  

aColumn N i s  space between nodes ( N-l , J )  and ( N , J ) . 
bRow M i s  space between nodes ( I , M-l)  and ( I , M) . 
cCo lumn des ignation 1- 3 means columns 1 through 3 .  

Width 
( in 

182 . 3 
130 . 2  
16 2 . 8 
130 . 2  
2 21 . 4  
1 9 5 . 3  
15 6 . 3  
2 60 . 4  
3 9 0 . 6  

fee t )  

Because the uncon f ined sys tem was modeled as  isotropic and he terogeneous , 
for each node , the hydraulic conduct ivity in the x d i r ect ion was set equal to 
the hydraulic conductivity in the y d i r ect ion but the values from node to node 
var ied . 

The mos t  r epresentative field determination of  hyd r au l ic conduct iv ity for 
the uncon f ined aqu i fer was the pump test per formed and analyzed by the TAC 
( s ee Sect ion D . 3 . 3 . 2 ) . The value of  hydraul ic conductivity obta ined from th is 
test was 20 . 1  ft/day . The cal ibrat ion was most success ful by a s s i gn ing 
hyd r aul ic conduct ivit ies of  1 5  ft/day to nodes r epresenting the Jordan River 
meander belt , 30 ft/day to 50 ft/day along Mill  Cr eek , and 20  f t/day to 3 5  
ft/day for all other nodes with lower values near the Jor dan River increas ing 
to higher values to the east . Al though these values wer e chosen to enhance 
cal ibr at ion , their spa t ial d i s tr ibut ion is also con s i s tent with the 
depos i t ional h istory of the shal low alluvial ma ter ials . As the ma ter ials wer e 
depos ited in the lacustr ine envir onments of La ke Bonnev ille and the Gr eat Salt 
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Lake , the heavie r ,  coar ser-ga ined par t icles probably settled fur ther away f rom 
t he center of  the bas in , wh ile finer-gra ined par t icles would settle closer to 
the center of the bas i n .  Coar ser-g ra ined , more permeable mate r ial probably 
under l ies Mill Creek and the h igh hydraulic conduc t iv i t ies wer e  necessary to 
attain a mass balance and calculated hydraulic head that matched the measured 
values . The values of CH , top of  aqu i fer , were set to approx imate land 
sur face elevat ion and the values of BOT , bottom of aqu i fer , were set to abou t 
6 0  feet below land sur face . 

After numerous r uns with the 3 6  by 2 8  nodal g r id , i t  was found that this 
spac ing of nodes d id not provide s u f f ic ient deta i l  in the areas with s teep 
hydraulic g r ad ients to adequately cal ibra te the model .  The ma j or in flow and 
outflow occurs in a relat ively small area , bounded by Mill  Creek and the Vi tro 
D i tches , wh ich inc ludes the CVWRF excava t ion . The ma j or area of  concern was 
around the excavat ion , par t icular ly the Mill Creek s id e .  It  was found that to 
accurately calculate flux using Darcy ' s  Law , the nodes adj acent to the 
excava t ion must be close to the nodes represent ing the excava tion boundary , 
otherwi s e  the l inear approximation o f  the hydraulic g radient is  not accurate . 
The second g r id has mor e  nodes loca ted in the c r i t ical area around the 
excavat ion . Th is  g r id con ta ins 50 columns and 41 rows of nodes , approx imately 
doubl ing the number of  nodes contained in the f i r s t  g r id ( Table D-1 7 ,  
Figure D-1 1 )  • 

Table D-1 7 .  Va r iable g r id spacing ( 5 0  x 4 1  nodes)  

Column width Row 
des ignat iona ( in fee t )  des ignat ion b 

l-5c 3 9 0 . 6  1 
6-8 2 3 4 . 4  2 
9 -1 2  1 56 . 3 3-5 
13 7 8 . 1 6 
14-1 6  4 6 . 9 7-1 2 
1 7-1 8 7 8 . 1  13 
19 4 6 . 9 1 4-1 6 
20-26 7 8 . 1  1 7 -1 8  
2 7- 3 4  4 6 . 9  1 9-20 
3 5-37 7 8 . 1  21- 2 2  
3 8-45  1 56 . 3  23-34  
46-48  4 6 8 . 7 5  3 5  
4 9  6 2 5 .  3 6  

3 7  
3 8  
3 9 - 4 0  

aCo lumn N is  space between nodes ( N-l , J )  and ( N , J )  
bRow M i s  space between nodes ( I , M-l)  and ( I , M )  
cCo lumn des ignat ion 1-5 means columns 1 through 5 .  
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Width 
( in fee t )  

31 2 . 5 
1 8 7 . 5  
1 56 . 3  

7 8 . 1  
4 6 . 9  
7 8 . 1  

1 56 . 3  
7 8 . 1  
4 6 . 9 
7 8 . 1  

1 5 6 . 3 
7 8 . 1  
4 6 . 9 
7 8 . 1  

1 5 6 . 3  
3 9 0 . 6  
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Dur i ng the cal ibr a t ion process , i t  was found tha t the hydraulic head 
d i s t r ibu t ion wa s more sens i t ive to changes in lateral hydraulic conduct iv i ty 
than to changes i n  inf i ltrat ion , upward leakage , and seepag e from the sur face 
wa ter bod ies . The mass balance was relat ively i nsens i t ive to changes in 

i n f iltration and upward leakage but was sen s i t ive to changes in seepage from 
the creek and d i tches . Table D-1 8  conta i ns the r esults of  the calibration of  
the unconf i ned sys tem for present , s teady-state cond i t ions . The excava t ion 
has been and is  cur rently be i ng dewa tered . The calculated value of  f low r a te 
to the CVWRF excava t ion is 54 , 7 1 8  f t3/day or 2 8 4  gpm . The measured f low 
rate from the excavat ion d ischarge p ipe is approximately 3 0 0  gpm .  The 
relat ive error in the mass balance is abou t -1 percent computed with a 
relat ive error of ( in f low-out f low) / ( inf low+outflow) . The cal ibration of  
res idual hydraulic heads , measured hydraulic head minus calculated hydraulic 
head , had absolute values of less than 3 . 1  feet . 

Table D-1 8 .  

Wel l  I SWS 
des ignat ion nodal locat ion 

X Y 
7 4 7  18 

13  13  38  
9 1 3  2 8  

1 1  1 1  2 8  
6 4 9  40  

10  13  2 2  
1 2  3 8  39  

8 2 7  9 

3 
Fluxes b ( in f t  /day) 

Cal ibrat ion o f  
present case 

Measureda 

wa ter levels 
( ft )  

4 2 3 5 . 5 5  
4 2 3 3 . 7 9 
4 23 1 .  6 8  
4 2 3 1 . 6 1 
4 2 43 . 4 4  
4 2 3 0 . 0 1 
4 2 3 3 . 53 
4 2 2 6 . 4 2  

Sum o f  i n f i l t r a t ion and upward lea kage 
Seepage to Mill Creek  
Seepage f rom vi tro D i tches 
Flow to Jordan River 
Flow across boundar ies 
Flow to CVWRF excava t ion 
Net mas s  ba lance error 
% Percent r elat ive error : ( in f low-ou tflow) / 

( in f low + ou tflow) 

unconf i ned sys tem , 

Calcula ted 
wa ter levels 

( ft )  

4 2 3 2 . 4 5 
4 2 3 1 .  6 4  
4 2 3 0 . 5 3 
4 2 3 0 . 8 5 
4 2 4 2 . 79 
4 2 2 9 . 4 1 
4 2 3 3 . 56 
4 2 2 8 . 4 8 

+ 3 5 , 19 2 .  
+ 4 , 76 5 .  
+ 1 , 1 9 5 . 
-40 , 5 8 7 .  
+ 5 2 , 0 6 2 . 
-54 , 71 8 .  
+ 2 , 0 9 1 . 

- 1 %  

D i f ference 
( ft ) b 

+3 . 1 0 
+2 . 1 5 
+1 . 1 5 
+0 . 7 6 
+0 . 6 5 
+0 . 6 0 
-0 . 0 3 
- 2 . 0 6 

aaverage of  we ll tr iplet completed to d i f ferent i ntervals 
bplus is f low into mode led aqu i fer ; minus is f low out of  modeled aqu i fer 
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Cal ibrat ion of  uncon f i ned sys tem--h i stor ic case . The h i stor ic case 
refers to the uncon f ined hyd rodynamics pr ior to the ex i s tence o f  the CVWRF 
excava t ion . The same val ue s  of i n f i ltration , upward leakage , and hydraul ic 
cond uc t i v i ty used for the present case were used also for the h i stor ic case . 
The d i f fe r ences be tween the two s imulat ions were in  boundary cond i t ions . I n  
the h i s tor ic case , M i l l  C r e e k  and t h e  V i t r o  D i tches wer e  des igna ted con s tant 
head boundar ies ( SF2=lxl0 2 0 0 ) .  I n  the present case they were modeled as 
contr ibutors o f  seepage to the unconf ined system. Wa ter levels measured 
( Dames and Moor e ,  1 9 8 2 )  before the excava t ion at wel ls c lose to the creek and 
d i tches , con f irm that the su r face water bod ies are sur face representat ions of  
the water table . The f luxes to Mill  Creek and the d itches wer e  calculated 
with Da rcy ' s  Law in  the same manner as  descr ibed in the prev ious sect ion of 
th i s  doc ument . The constant head des ignat ion of  the CVWRF excava t ion was 
el iminated , i . e . , the val ues of SF2 where changed f rom lxl0 2 0 0  to 
lxl O- 2 0

• The fluxes (values of Q )  for nodes on the g r id boundary were 
adj us ted to prope r ly cal ibrate the mas s  balance . Results of  the cal ibration 
are shown on Table D-19 . The re lat ive mas s  balance e r ror is 1 . 5  percent and 
the max imum absolute d i f ference of  measured head minus calcu lated head a t  a 
g iven po i nt i s  2 . 7  fee t .  The total calculated flux through the sys tem i s  
abou t 6 4 , 0 0 0  f t3/day , (calculated by summi ng the f lux i n  o r  o u t )  wh i le i n  
the present case with the CVWRF excavat ion causing s teep hydraulic g rad ients , 
the total calcula ted flux i s  about 9 4 , 0 0 0  f t3/day . I n  the h is tor ic case , 
much of  the ground-water d i scharge from the s i te i s  to M i l l  Creek . 

Wel l  

Table D-19 . Cal ibrat ion o f  uncon f i ned sys tem-h i s tor ic case 

I SWS Measureda Calcu lated 
des ignat ion nodal locat ion water leve ls water leve l s  D i f ference 

X 
V-CS 1 5  
V-AS 2 6  
V-GS 4 3  
V-ES 40  
V-BS 21  
V-HS 3 7  
V-FS 4 7  

3 
Fluxesa { in f t  /day) 

( ft )  

y 
26 4 2 3 0 . 6 3 
2 8  42 3 1 .  8 4  
2 4  4 2 3 5 . 8 3 
1 4  4 2 3 4 . 2 5 
3 2  4 2 3 2 . 4 1 
3 1  4 2 3 4 . 7 9 
3 4  4 2 3 6 . 51 

Sum of  i n f iltr a t ion and upward lea kage 
Seepage to M i l l  Creek 
Seepage from Vi tro D i tches 
Flow to Jordan River 
Flow across boundar ies 
Net mas s  balance e r ror 
Pe rcent Relat ive Er ror ( inflow-ou tflow) / 

( in f low + outflow)  

( f t )  

4 2 3 0 . 6 9 
4 2 3 1 . 6 6  
4 2 3 5 . 2 6 
4 2 3 3 . 5 6 
4 2 3 0 . 6 6 
4 2 3 2 . 41 
4 2 3 3 . 8 2 

+ 3 5 , 19 2 . 
- 5 7 , 8 4 1 .  
+13 , 19 6 . 
- 4 , 8 53 . 
+1 6 , 2 5 2 .  

+1 , 9 4 5 .  

1 .  5 %  

( ft ) a 

-0 . 0 6 
+0 . 1 8 
+0 . 5 7 
+0 . 6 9 
+2 . 1 5 
+2 . 3 8 
+2 . 69 

aplus i s  f low i n to modeled aqu i fer ; minus i s  f low out o f  modeled aqu i fer  
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Pred ict ion of  uncon f i ned sys tem--pos t-remed ial act ion . Two minor changes 
were made to the uncon f i ned sys tem , h is tor ic case , to pred ict the 
post-remed ial act ion wa ter level s  in the uncon f ined system . F i r s t , the rate 
of  i n f i l t r a t ion for the area of the covered embankment was reduced f rom 2 . 4  
inches/year to 1 . 3  inches/year . Second , the lateral f low i nto the modeled 
area was r a i sed about 2 percent to account for more inflow due to steepe r 
hyd raul ic g r ad ients caused by less i n f i ltration . Table D-2 0  l i sts  the var ious 
calculated fl uxe s .  The calcula ted hydraul ic head s were s l ightly lower than 
those calcula ted for the h i s tor ic case . There was no calcula ted water level 
r i se anywhere on the modeled area . 

Table D- 20 . Fluxes in uncon f ined sys tem a f ter remed i a l  act ion 

Sum of  i n f i l trat ion and upward leakage 
Seepage to Mill Cree k  
Seepag e f rom vi tro D i tches 
Flow to Jordan River 
Flow across boundar ies 
Net mas s  balance error 
Percent Relat ive Error ( in f low - outflow) / 

( i n f low + outflow) 

+ 3 3 , 8 1 9 .  
-57 , 7 11 . 
+13 , 64 3 . 
- 4 , 8 74 . 
+ 1 5 , 6 8 3 . 
+ 5 6 0 . 

0 . 4 % 

aplus i s  flow into modeled aqu i fer ; minus is  flow ou t of  modeled aqu i fer 

Cal ibration o� con f i ned sys tem--present case . 
on the second unconf ined sys tem g r i d  ( 50x41  g r i d ) . 
we re u sed : 

The con f ined system wa s mode led 
The fol lowing parame ter values 

1 .  SF1=Ar tes ian Stor age Fac tor--8 . 4xlO -5  x area represented by the 
node . The s tora t iv ity o f  8 . 4xlO-5  was der ived f rom the pump test 
analys i s  ( see Sect ion D . 3 . 3 . 2 ) . 

2 .  Q = Cons tant leakage or cons tant flux across boundary o f  g r id--Th i s  
value was s e t  to 0 . 0  for internal nodes . I t  wa s s e t  t o  negat ive 
values on the south and eas t border s of  the g r id and pos i t ive values 
on the nor th and wes t  border s of  the g r id .  Negat ive values ind icate 
f low i nto the aqu i fer ; pos i t ive values ind icate f low out o f  the 
aqu i fer . These values were chosen to simula te the potent iometric  
sur face con f igura t ion and f luxe s observed i n  the  f i eld . 
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3 .  Perm = The hydraulic cond uct ivity i n  the X and Y d i rect ions for each 
node wer e  set to the same value to s i mulate isotropic cond i t ions . 
The values var ied from 6 . 5  ft/day in  the southeas t  por t ion o f  the 
gr id to 2 1 . 7  ft/day on the nor thwest por t ion of the g r id w i th an 
a r i thme t ic mean of 13 . 3  ft/day and a geome tr ic mean of 14 . 1  ft/day . 
These values cor responded to the lower values calculated w i th the 
pump test analy s i s  ( see Sec t ion D . 3 . 3 . 2 ) . These values were chosen 
and va r ied as descr ibed to enhance cal ibra t ion of  mea s ured to 
computed hydrau l ic head . The r echarge factor R chosen was 3 . 4xlO -S  

day-l wh ich equal s  a ver t ical hydraulic conduct iv i ty o f  3 . 4xlO -4 

ft/d ay through the aqu itard d iv ided by the 10-foot thickness of  the 
aqu itard . Th i s  value o f  ver t ica l hydraulic cond uc t i v i ty i s  within 
the r ange calculated f rom the pump test r esults . The values of  
hyd r a u l ic head i n  the ove r ly ing aqu i fe r ,  RH ,  we re those values from 
the calibrated , unconf ined sys tem , pr esent case . The aqu i fer  
thickness , CH-BOT , was set to a value o f  70  f eet . 

Table D-2 1  shows the results of  the cal ibration of  the con f i ned sys tem . 
The relat ive mass balance er ror i s  about 0 . 1  percent . The largest d i f ference 
between ca lculated and observed hyd r a u l ic heads is 4 . 8  fee t .  All the 
calculated values are lowe r than the corr espond ing measured values , bu t the 
mea sured values in  1 9 8 1  by Dames and Moor e  we re about 3 feet lower than the 
val ues measured in 1 9 8 3 . The calcula ted upward leakage i s  abou t 1 5 , 0 0 0  
f t3/day wh ich equals 1 . 5  inches/year . The value calculated w i th the 
cal ibrat ion of the unconf i ned sys tem was 2 . 2 5 inches/yea r .  These two va lues 
con f i rm that the upward leakage i s  about equal to the recharge f rom 
in f i ltrat ion , wh ich was est imated as 2 . 4  inches/yea r .  

Table D-2 1 .  Calibrat ion of  conf ined system , present case 

Wel l  I SWS 
de s ignat ion nodal locat ion 

X Y 
2 4 7  1 7  
4 8 2 7  
5 1 1  2 7  
3 26 5 
1 4 9  4 0  

Upward lea kage 
Flow ac ross bounda r ies 
Net mas s  balance er ror 

Measured 
water level s  

( ft )  

4 2 4 8 . 9  
4 2 4 6 . 8  
4 2 4 7 . 2  
4 2 4 6 . 8  
4 2 4 9 . 1  

Percent r e lat ive er ror ( in flow - outflow) / 
( in flow + ou tflow) 

Calculated 
wa ter levels 

( ft )  

4 2 4 4 . 1  
4 2 4 2 . 7  
4 24 3 . 2  
4 2 4 3 . 7  
4 2 4 8 . 8 

- 1 5 , 2 3 6 .  
+15 , 21 8 . 

1 8 . 

0 . 1% 

D i f ference 
( f t ) a 

+4 . 8  
+4 . 1  
+ 4 . 0  
+3 . 2  
+0 . 3  

aplus i s  f low i n to modeled aqu i fer ; minus is f low ou t of  modeled aqu ifer  
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D . 3 . 5  Analysis o f  water qual i ty ,  geochemistry ,  and solute transpor t 

Chemical data r ep resen t ing the t a i l ings p i le water and uncon f ined g round 
water were analyzed using the geochemical model PHREEQE ( Parkhurst e t  al . ,  
1 9 80 ) . Th is  model uses thermodynamic relat ionsh ips to determine aqueous and 
sol id spec ia t ion . PHREEQE allows calculat ion of the form ( s ) in wh ich a me tal 
exists wh ile i n  solut ion and the mineral wh ich co-ex i s ts w i th the solute and 
controls its concentrations . 

Th e equat ions used by PHREEQE a r e  as follows : 

1 .  E lectr ical neutr al ity ( one equat ion) . 

2 .  Con s ervat ion of  elec trons ( one equation) . The s um o f  the OPV of  aqueous 
spec ies equals i n i t ia l  total plus contr ibut ion f rom phases other than 
aqueous . Th i s equat ion is  only used in d etermin ing the spec iat ion in 
react ion solut ions , not init ial solutions . 

I 

L V .  
i= l 

1 
m .  = OPV + 

1 

P 

L u 
p= l P 

MI N 
P 

3 .  Mas s  ba lance ( on e  equat ion for each e lemen t except H and 0 ) . Th e sum of  
aqueous spec ies equals i n i t ial  total plus contr ibut ion f rom phases other 
than aqueous . 

I 

L 
i= l 

c . . • 
1 , J 

P 
m .  = TOT . + L b .  . MI N 

1 J p= l P , J P 
for each j 

4 .  Mineral equ i l ibr ium ( one equa t ion for each mineral phase )  • 

J 

L 
i= l 

b . •  log ( a . )  
p ,  J J 

= 10g ( K  ) 
P 

for each p 

5 .  Mas s  act ion equat ions for aqueous spec ies ( one for each aqueous spec ies 
other than master  spec ies ; wr i tten as  assoc i a t ion react ion s ) . 

log ( a . )  = log ( K . ) + 
1 1 

J 

L 
j = l  

c .  . • log ( a . )  
1 , J J 
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where 

a i ac tivity of the i th ion pa i r .  

a j ac t ivitiy of the j th master spec ies . 

c '  . 1 , J 

I 

J 

K '  1 

m '  1 

MINp 

OPV 

stoich iometr ic coe f f ic ient of the j th master spec ies in the 
p th mineral ( zero if master spec ies is not present in mass 

ac t ion equat ion for the i th spec ie s ) . 

s to ich iometr ic coe f f ic ient of the j th mas ter spec ies i n  the 
i th aqueous spec ies ( zero if mas ter spec ies is  not present 

in mas s  act ion equat ion for the i th spec i e s ) . 

number of  aqueous spec ies . 

number of  master species . 

equ i l ibr ium constant for the mas s  act ion equat ion for the i th 

aqueous s pec i es . 

equ i l ibr ium cons tant for the mas s  ac t ion equat ion for the p th 

phase . 

molality of  the i th aqueous spec i e s . 

moles o f  the pth mineral 
the aqueous phase . 

I 

trans fer r ed into ( +) or out of  ( - )  in 

:E v .  
i= l 

1 calculated f rom the spec iation o f  the i n i t ial  
solution or the mixture of  two init ial solutions . 

number of mineral phase s .  
Total concentrat ion o f  the element cor respond ing to the j th 

master spec ies preceding any mineral d i s solut ion or prec ipitat ion . 

sum of  the OPV ' s of  the 
EX . �FeS = 0 and �Fe 

2 

consti tuents in the pth mineral . ] 

( OH )  = + 3  
3 

V i Operat ional valence ( OPV) of the i th aqueous spec i e s .  The 
numer ical values are ass igned a r b i tra r i ly for book keep ing 
convenience ; they are self-consi stent in terms of  correctly 
de f ining electron trans fer in r edox r eac tions , but may or may not 
correspond to the true chemical valence for the ent i t ies involved . 

Vi = 0 for "non-r edox " spec ies ( those whose valence does not 
c hange with in the stab i l i ty range for water )  • 

= 0 for H 

= 0 for OH 
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-2 for H ( aq )  , 

+4 for 0 ( aq) , 

th e formal elemen tal valence for aqueous r edox species 
(or the sum of  the formal valences of the con s t i tuen ts 
an aqueou s complex , exc lud i ng H and 0) • Ex . vFe2+ = 

+ 2 ,  
2-

+6 , and 
0 

v
S04 

v
Fe S04 

= + 8 .  

Z i charge on the i th species . 

PHREEQE solves a set of non l inear equa tions using a comb ina tion of two 
techn ique s :  

o a continued fract ion approach , as i n  Wi gley ( 1 9 7 7 ) , is  used for 
mas s  balance equat ions 

o f  

o a mod i f i ed Newton-Raphson technique is used for a l l  other equa t ions 

PHREEQE is an equ il ibr ium model and does not account for r eaction k ine tics . 
Solute tr an spor t was s imulated w i th steady-s ta te unidir ec t ional solutions to 
the advect ion-d isper s ion equa t ions found in Pr akash , 19 8 2 . 

D . 3 . S . 1  The Present Condi tion 

Sur face and ground waters  on and near the Vi tro s i te have been 
contaminated by the ta i l ings pile � A sample was de f ined as be ing con taminated 
i f  it  s a t i s f ied any of  the fol lowing cr i ter ia : 

I t  con ta ined me ta ls associa ted with the ta il ings pile in 
concen tr a t ions h igh er than the h igh est concen tr a t ion found i n  
uncon taminated (background)  samples . 

The pH of  th e sample was lower than th e lowest found i n  background 
samples . 

It  con ta ined higher concentr a t ions o f  calc ium ( Ca +2 ) or bicarbona te 
( HCO) ) than the h ighes t  concen tra tions found in background 
samples . 

Th ese cr i ter ia ar e broad and may encompass samples wh ich have not been 
contaminated by water der ived from the ta i l ings pi le . 

As far as  its effect upon water qua l i ty is  concer ned , the ta il ings pile 
is composed o f  two geochemically d i s t inct layer s .  The top layer is composed 
of ta i l ings and pile water ( Layer 1) . It r es ts upon a mixture of tai l ings , 
so il , and ground water ( Layer 2 ) . These layers ar e abou t 10 fee t and 3 feet 
th ick , r espect ive ly . Layer 2 con ta ins bands of iron (Fe )  and sul fa te 
( S04 ) pr ec ipitates wh ich ar e the result of  ta i l ings water mov ing i n to the 
chemical env ir onment of the gr ound-water sys tem (Mar kos and Bush , 19 8 2 ) . 
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Determinat ion of spec iat ion in Layer 1 u s ing PHREEQE can be found i n  
Table D-2 3 . Chemical data f rom both t a i l i ng s  laye r s  a r e  presen ted i n  Table 
D-24 . These data illustr ate that g round wa ter in contact w i th tai l ing s 
contains h igher concentrat ions of  As , Cd ,  Mo , Pb and U than does the t a i l ings 
water . It follows that the chemical mecha n i sms occurr ing i n  Layer 2 are 
d i f ferent from those in Layer 1 and are respons ible for the g reatest por tion 
of aqueous contaminat ion found in the s i te area . An explanat ion of  the h igher 
concen t r a t ions in Layer 2 follows . 

When tail i ngs water is  mixed with g round water , the chemical env ironment 
changes drastically . Ac id ity decreases by a factor o f  several hundred and Eh 
( ox idat ion-r ed uct ion potent ial)  decr eases by several hundred m i l l ivolts 
( Ma r kos and Bush , 1 9 8 2 ) . The acid ic tail ings water d is solves so i l  calc ium 

carbonate (CaC03 ) .  Th is causes Fe and S04 compounds to prec ipitate wh ich 
in turn causes metal-bear i ng minerals in the tail ings to d i s solve more r apidly 
than they do in ta i l ings Layer 1 .  An example of  this proces s  i s  the 
d is solut ion of the arsen ic mine r al , scorod i te :  

FeA s 03 ' 2H2 0 ( Scorod i te )  = Fe+3 + As 04 ( 1) 

Fe+3 + 3 0H- = Fe ( OH ) 3 (Amorphous Iron Prec i pi tate) (2 ) 

React ion ( 2 ) causes React ion ( 1) to be dr iven to the r ight , result i ng i n  
i ncreased concentrat ions of d is solved arsen ic . Amorphous iron h a s  the a b i l i ty 
to retard the movement of arsen ic and other me tal� by sor bt ion , 
co-prec ipitat ion , and occ lus ion (Mar kos and Bush , � 9 82 ) . The concentrat ion o f  
arsenic depend s  upon which mechan i sm i s  faster , d i s solut ion o r  retardat ion . 
In the water of Layer 2 ,  d is solut ion is  the faste r .  The implicat ion is  that 
if the ta i l i ng s  are placed above the water table ,  leve ls of  contaminat ion w i ll 
be g reatly reduced because the d i s solut ion w i ll not occur at apprec iable rates . 

On the other hand , concentrat ions of bar ium and chromium are lower i n  
Layer 2 than i n  Layer 1 .  The movemen t  of these me tals may be h ighly re tarded 
i n  ta i l ings Layer 1 ,  or , they may be r apidly sor bed i n  Layer 2 .  Recent 
research i nd icates that both mechani sms are operat ing (PNL , 1 9 83 ) . Th is  i s  
s uppor ted b y  the spec iat ion informat ion presented i n  Table D-2 2 .  Both bar ium 
and chromium exist as  mul t i -valent cat ions in Layer 1 .  They rema i n  cat ions as 
pH is incr eased . Ther efore , the i r  movemen t  is  retarded . 

Sur face Water and CVWRF Excavat ion 

Data from samples of surface water are presented in Table D-2 2 .  Th e 

Jordan River and Mill Creek are cons idered to represent backg round 
cond i t ions . Th e CVWRF excava tion , Vi tro D i tch , South Vi tro D i tch , and the 
mar sh east of the s i te are contami nated due to tail ings s l id ing or blowing 
i nto the se wate r s , or shal low g round-water f low beneath the p i le to the 
sur face water . The excavat ion and the d i tche s are bordered by ta i l ing s .  Th e 
marsh is  with i n  the area ident i f i ed as  con ta i n i ng w i nd blown t a i l ing s  ( Doug las 
and Hans , 1 9 7 5 ) . As w i th the t a i l ing s  water o f  Layer 2 ,  some sur face wa te r 
samples have concentrations h igher than the concentrations in Layer 1 . These 
metals are cadmium ( Cd ) , mOlybdenum ( Mo)  and uranium ( U ) . Tables D-2 3  and 
D-2 4 show tha t mixtures o f  tail ings and backg round waters contain h igh 
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Table D-2 2 .  Analyses o f  sur face water samples 

Background 
( 4  samples ) a 

pH 7 . 9 
As 0 . 0 1 
Ba NA 
Cd ND 
Cr 0 . 0 1 
Mo 0 . 0 1 
Pb 0 . 0 8  

U 0 . 0 0 4 2  
bSe ND 

NA = Not Analy zed 
ND Not De tec ted 

Excavat ion 
( 2  samples )  

6 . 8  
0 . 0 0 7  

ND 
ND 
ND 

1 . 2  
0 . 0 0 6  
0 . 58 

ND 

South 
Vitro D i tch Vi tro D i tch 

( 3  sample s )  ( 4  sampl e s )  

7 . 2  7 . 6  
0 . 0 1 0 . 03 
0 . 0 7 4  NA 

ND ND 
0 . 0 2 0 . 0 2 
0 . 84 0 . 37 
0 . 1 2 0 . 0 8  
1 . 0  0 . 10 

ND ND 

Mar sh 

8 . 8  
0 . 07 
0 . 0 2 1  
0 . 36 
0 . 0 5 
0 . 6 2 
0 . 1 4 
0 . 00 14 
0 . 43 

� aWhere more than one sample has bee n  ta ken , the h ighes t concentrat ion found 
is r epor ted 

bNo Se has been detec ted in any water sample f rom the ta il ings p i le . 

Note : All data r epor ted as mg/ l  except pH . 
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Ta bl e 0 - 2 3 . S pec i at i o n  o f  me ta l s  a s  determ i ned by PHREEQE 

Ta il ings p i l e  Shal low g r ound water Shallow g r ound water Deep g round water 
( u pper leve l )  (contam i n a ted ) ( Backg round ) ( Backg round) 

Aqueous Sol i d )  A9ueous Sol id A9ueous Solid Aqueou s Sol id 

As H 3As04 FeAs04 2H20 As04 ' H 3As04 Mn 3 (As04 ) 8 H20 ,  As04 Mn3 ( As04 ) 2 8H2 As04 Mn3 (Aso4 ) 8 H20 
NaU0 2As04 4 H20 ,  
AIAs04 2 H20 

Ba Ba+2 Ba+ 2 BaS04 Ba+2 BaS04 Ba+2 BaS0 4 

Cd CdS04 CdS04 H2O Cd + 2 CdC03 Cd + 2 CdC03 Cd + 2 CdC03 

Cr C r +3 C r 203 CrOH+ 2 , Cr ( OH ) 2 Cr ( OH ) 3 Cr (OH) 2 Cr (OH) 3 C r (OH) 2 C r (OH) 3 

Mo HMo°4 PBMo04 MoO 4 PbMo04 MoO 4 PbMo04 MoO 4 PbMo04 

Pb PbSo4 PbMo04 PbHC03 -2 Pbmo04 PbHC03 - 2  PbMo04 PbHC03 - 2 PbMo04 

U U02 NaU02AsO 4H 2 U0 2 (C03 ) 2 NaU0 2A s ) 4 4H 2O U02 (C03 ) NaU02As04 4H2O U02 (C03 ) 2 

aMost abundant aqueous spec ies repor ted ; where data f rom more than one we l l  wer e  analyzed , most abundant spec ies in each wel l  is r e por ted . The sol id 
phase bel ieved to control aqueous concent r a t ions is repor ted . 



Table D-2 4 .  Analys i s  of  ta i l i ng s  p i l e  wa ter 

Layer 1 Layer 2 Average 
(1 sample ) ( H ighes t concentrat ion found 

in 14 samples ) 

Eh (Mv )  5 6 0  ( - 2 5 )  - ( 3 3 0 )  

pH ( s .  u . ) 3 . 3 ( 4 . 9 ) - ( 7 . 1 ) 

As (mg/l ) 0 . 3 6 6 . 14 0 . 9 4 

Ba ( mg/l ) 2 7 . 0  0 . 0 7 8  0 . 0 4 7  

Cd (mg/l ) 0 . 0 0 6 9  0 . 2 2 0 . 0 2 0  

Cr ( mg/l ) 0 . 0 6 0 . 0 5 0 . 0 3 0  

tJ Mo (mg/l ) 0 . 0 5  7 . 9 0 1 . 1 4 
I 

(j'l 
'..0 

Pb ( mg/l ) 0 . 26 0 . 2 8 0 . 17 

U ( mg/l ) 0 . 4 5 7 5 . 0  7 . 6 1 

Note : All data r eported as mg/l except as ind icated 



concentrat ions of  Mo . Th is  i s  in con trast to con taminated g r ound waters  
(Tables D-4 , D-5 ,  and D-6 )  wh ich conta in concentrat ions o f  Mo a t  near 
bac kg round leve l s . Th is  ind ica tes tha t two d i fferent mechan i sms are 
operat ing . One controls concent r a t ions of  Mo in the pr esence of  t a i l i ng s ,  the 
other in the absence of t a i l i ng s .  

S ince the opening of the CVWRF excavat ion , g r ound-wa ter f low paths i n  the 
vic in i ty of the m i l l  s i te have been altered towards the excavat ion (Figure  
D-1 2 ) . The results of  the cal ibrated hydrodynamic model o f  the present 
cond i t ion show that about one-th i r d  of  the wa ter f lowing into the excavat ion 
comes f rom nor th of  the excavat ion , wh ile about two-th i rds o f  the water is  
f lowing f rom the ex ist ing tail ings areas . The uran ium concentr a t ion i n  the 
excavat ion dra inage water was measured at  0 . 2 5 mg/l . Assuming a background 

concent rat ion of 0 . 0 2  mg/l in the uncon tamina ted wa ter and a s s uming tha t  the 
uran ium concentrat ion i n  the sha l low g round water enter i ng the excava t ion is 
accurately r epresented by the excavat ion d i scharge sample , the average uran ium 
concentrat ion of  wa ter in the t a i l i ng s  can be calculated as  0 . 3 5 mg/l . 

The TDS measured in the CVWRF excavat ion was 4 3 4 0  mg/ l .  Assuming a 
bac kg round concent rat ion of 2 , 50 0  mg/ l , the calculated average TDS of g r ound 
water  under the ta i l ings is  5 2 6 0  mg/l . These calcula ted concentrations of  
uran ium and TDS may accurately r epresent present average source concentrat ions 
f r om the ta i l ing s  p i le to the shal low unconf i ned ground wa te r . 

Unconf i ned Gr ound wa ter . Samples f rom the following wel ls f i t the 
def i n i t ion of  contamination : 8 ,  9 ,  1 0 , 1 1 , 1 3 , 1 4 ,  VBS , and VDS (Tables D-4 , 
D-5 , and D-6 ) . These samples def ine a plume o f  contamination at  l east 3 6 0 0  ft 
wide wh ich has advanced at leas t 4 0 0  f t  wes t  of  the s i te boundary . Wells 1 2  
and 7 represent backg round concentr a t ions . 

Examinat ion o f  Tables D- 4 ,  D-5 , and D-6 yields the fol low i ng 
in format ion . I n  no sample is  Ba found i n  concentrat ions s ign i f icantly above 
background levels , includ ing beneath the pile . Th i s  s t rongly s uggests that 
transport of  Ba is  h ighly r etarded . Arsenic is  found in concentra t ions above 
bac kg round in only one we ll , sugges t ing tha t transpo r t  of ar senic is also 
qu ite retarded . Cadmi um , chromium ,  molybdenum , and lead are found in 
concentrat ions s l ightly above bac kground leve ls i n  a few cases , indica t i ng 
that the i r  movement through the aqu i fer  is  retarded to some d eg r ee . Uran ium 
is found in concentrat ions above bac kground levels i n  all  but one instance . 
It  i s  the mos t  mob ile of the metals cons idered . 

Retardat ion of  the tr ansport o f  Ba , Cd , Cr , and Pb is  expected because 
these metals ex ist  as cat ion ic spec ies in the uncon f ined aqu i f er ( see Tables 
D- 4 ,  D- 5 ,  and D-6 ) . As and Mo ex ist  as  an ions but recent r e search ind icates 
that both spec i es may be sor bed by Fe and aluminum compounds (PNL ,  198 3 ;  
Markos & Bush , 19 8 2 ;  LeGrend re & Runne ls , 1 9 7 5 ) . I t  has also been suggested 
that Mo may form long cha ins of  snowflake- l i k e  s tructures ( polyme r s )  wh ich are 
more eas i ly sor bed than M0042 ( Bohn , 1 9 7 5 ) . Whatever the explana t ion , As 
and Mo are present i n  concentrat ions s ign i f icantly lower than can be 
attr ibuted to d i lu t ion alone ( see Tables D-4 , D- 5 ,  and D-6 ) • 
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Uran ium i s  mob ile in the ground wa te r beneath the ta i l ings i n  the form of  
U02 (C03 ) 2 . Pr ior to the excavat ion , uncon f ined ground water f lowed 
roughly southeast  to nor thwe s t  through the t a i l i ng s , and d i scharged into the 
Jordan River and M i l l  Creek . In the downg rad ient area , the uran ium 
concentrat ions in water samples from we l l  tr iplets 9A , 9B , 9C and l lA ,  llB , 
l lC , ind icate ev idence of  a relic contaminant plume . Uran ium concentr at ions 
at  wel l s  9C and llC are h ig her than any uran ium concent r a t ions of  g round-water 
samples beneath the tail ings pile . Using hydraulic parameters  for the 
cal ibrated h i s tor ic hyd rogeolog ic model and the solute transpor t equat ions of 
Prakash ( 1 9 8 2 ) , uran ium concentrat ions were calcula ted and compa red to values 
measured in the wells . The s treng th and locat ion of the source was var ied 
unt i l  r esults of  the s imula t ion agr eed with the measured values ( Table D-2 5 ) . 

Table D-2 5 .  Compar ison o f  measured and calculated uranium concentrat ions 

Approx imate depth of Measured Calculated 
Wel l  ID wel l  scr een ( ft )  concentrat ion (mg/l )  concentration ( mg/l ) 

9A 6 0 . 0 2 5  0 . 0 1 3  
9B 1 6  0 . 13 0 . 2 3 
9C 26 2 . 12 2 . 2 4 

l lA 4 0 . 14 0 . 0 5 3  
l lB 1 5  0 . 5 7 0 . 3 9 
l lC 2 4  1 . 87 1 . 86 

The following input values were used i n  th i s  cal ibrat ion o f  the solute 
t r anspor t equations : 

A point source 7 0 0  feet eas t  of  9 0 0  Wes t  Street , d i rectly east of 
well ser ies 9 and 1 1 .  

An ef fluent concentrat ion . of  7 . 7 6 mg/l released a t  a cons tant r a te of 
1 f t3/day . 

A g round-water ve loc i ty of  0 . 3  f t/day . 

La teral and ver t ical d i sper s iv i t ies of  0 . 0 0 0 0 1  f t2/day a nd 0 . 0 0 7  
f t 2/d ay , respect ively . 

The uranium concentrat ion at downgradient wel l  No . 13  i s  0 . 0 2 mg/l , about 
bac kground level , wh ile downg rad ient wel l  No . 10C has a s l ightly elevated 
concent r a t ion of  0 . 11 mg/l .  The concentrat ions a t  wel l s  Nos .  10  and 1 3  show 
that there is select ive tr anspor t w i th l i t tle spread ing o f  the plume , 
con f i rming the low d i sper s iv i ty of the system in the v i c i n i ty of  wel ls 1 1  and 
9 .  Cal ibrat ion of  the movement of  sulfate ( see below) showed tha t the 
d i spe r s i v i ty of  the sys tem as  a whole is h igher than in the area of  wel l s  No . 
9 and 1 1 .  
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The concentrat ion of s ul fate downg radient was also modeled us ing the 
Pr akash equa t ions . The source was mode led as 2 l i nes , 9 0 0  fee t long , 
perpend icular to the d i r ect ion of f low . The concentrat ions wer e se t at  6 0 0 0  
mg/l above bac kground concentrat ion represent ing the h ighest s u l fate level o f  
any sample . Th i s  s imulat ion resulted in calcula ted max imum concentrat ions o f  
sulfate of 3 7 5 0  mg/l above backg round at  a d i s tance of 1 5 0 0  fee t wes t  of  the 
pile , 5 7 . 4  mg/l above background 4150  feet wes t  of the pile , and 1 . 2  mg/l 
above bac kg round 4200 fee t wes t  of  the p i le ( ad j acent to the Jordan Rive r )  • 

The Jordan R iver i s  cons ide r ed as  an inf i n i te s i n k  for contaminants through 
the appl icat ion of image we ll theory in the Pr akash equation s .  For the se l ine 
sources , a lateral d i sper s i v i ty of  4 . 0  f t2/day and a ver t ical d i sper s iv i ty 
of 0 . 2 5 ft 2/day were u sed . The value at 1 5 0 0  feet wes t  of  the p i le was 
close to val ues measured i n  that area . 

Conf ined sys tem . Compar ing the water qua l i ty at  upg r ad i ent we lls Nos .  1 
and 2 to downg r ad ient we l l s  Nos .  4 and 5 shows tha t the downg radient a r tes ian 
water has elevated TDS but no eleva t ion i n  the concentrat ions of  rad ionuc l ides 
or trace meta l s .  The average TDS at we l l s  Nos .  1 ,  2 ,  and 3 is abou t 3 0 0  ppm 
wh i le the ave rage at wel ls Nos .  4 and 5 is 1 2 0 0  ppm . The h igh concentr at ions 
downg radient must represent relic contaminat ion because the natural ver t ical 
hydr au l ic g r ad ient in the area is  upward , pr ec luding the downward f low of 
water from the unconf i ned to the con f ined system. The downg radient 
contamina t ion in the con f ined sys tem i s  probably due to downward leakage 
caused by pump ing at  the mill s i te dur ing process ing . To obt a i n  process wa ter 
at the Vi tro s i te , i t  is  est imated that i t  was necessary to pump from the 
con f i ned system a t  an average con t inuou s rate o f  190 gpm for 13 year s .  

I t  i s  d i f f icult to determine whether or not wa ter or ig inat ing i n  the 
tail ings p i le has entered the con f i �ed sys tem because the pa thway i s  
complicated . F i r s t , ta i l ing s  p i le wa ter must enter the uncon f i ned system . 
All metals w i l l  be d i l u ted and immob i l i zed to some deg r ee . Next , the mixture 
of ta i l i ng s  p i le--unconf ined ground water mus t  pass through the c lay con f i n i ng 
layer . Fur ther immob i l i zat ion w i l l  occur because clays have h igh sor bt ive 
capac i t ies (Garrels  & Chr i s t , 1 9 6 5 ) . Fina lly , the contamina ted water enter s 
the con f ined sys tem where i t  is  d i l u ted once aga i n .  The plume o f  
contaminat ion , wh ich is  at  leas t  2 6 0 0  feet wide and h a s  advanced at  least 1 9 0 0  
fee t we s t  of  the s i te boundary , may b e  d u e  to downward migrat ion of  water from 
both the unconf ined aqu i fer and the tail i ngs pile or may be due to downward 
migrat ion from the uncon f ined aqu i fer only . 

Al though these we lls con ta in Ba and Cr in concentrat ions above background 
levels , it  is unl i kely that these metals came f rom the ta i l ings p i le . I n  the 
f i r s t  place , Ba is not found in concentrat ions above background leve ls in the 
unconf i ned aqu i fer . Secondly , both metals are sorbed more s trong ly than U 
wh ich i s  not found in concentr at ions above backg round level s .  Lead-210 has 
been de tected in one of  two samples taken f rom wel l  5 and one sample from we ll 
15 . The concentr a t ions were not s i g n i f icant because they were only s l igh tly 
above the detect ion l im i t  of  1 . 5  pC i/l . 
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I t  i s  d i f f icult to accurately determine the concentra t ion of  TOS or  
i nd ividual chemical con s t i tuents of the water lea k i ng f rom the unconf i ned to 
the con f i ned aqu i fer ; and the mixing of the natural , conf ined g r ound wa ter 
w i th the water der ived f rom leakage once the natural hyd r a u l ic g radients we re 
restored . To determine the pos s ib i l ity o f  the downgradient water qual ity in 
the conf i ned sys tem be i ng a result of  pumpage dur ing mi l l i ng , the followi ng 
calculat ion was per formed : 

1 .  Backg round TOS = 3 0 0  mg/l i n  the conf ined system . 

2 .  Uncon f i ned g r ound water leak ing i nto con f i ned sys tem may have 
contained TOS f rom 4 0 0 0  to 4 0 , 0 0 0  mg/l .  The lower values would 
represent pr imar i ly wa ter natural i n  the unconf i ned sys tem wh i l e  the 
h igher va lues wou ld represent water contami na ted w i th ta i l ings l iquor . 

3 .  Oowng rad ient , unconf ined g r ound-wa ter samples conta i n  approx ima tely 
6 0 0  and 1 8 0 0  mg/l TOS . 

4 .  Calculate mix ins of the two sources of water , unconf ined and 
con f i ned , to prod uce the measured downgrad ient contaminat ion , 
assuming no prec ipitat ion/d i s solut ion r eac t ions . 

Table 0-26 shows that mixing of  ground wa ter f rom the unconf i ned system 
w i th the con f ined sys tem is  a reasonable explana t ion of the e l evated 
concent rat ions o f  d is solved sol ids found downgradient i n  the con f i ned sys tem 
at a depth of 110 to 1 3 0  feet below the g round sur face . 

Table 0-2 6 .  Pos s ible mix ing of  ground waters dur ing pumpi ng 

Con f i ned g r ound Leak i ng unconf i ned Resultant Fr ac t ion Fract ion 
water TOS ground water TOS TOS f rom con f i ned f rom unconf i ned 

( mg/l ) ( mg/l ) ( mg/l ) water water 

3 0 0  4 0 0 0  6 0 0  0 . 9 2  0 . 0 8 
3 0 0  4 0 0 0  1 2 0 0  0 . 7 6 0 . 2 4 
3 0 0  4 0 0 0 1 8 0 0  0 . 5 9 0 . 41 
3 0 0  2 0 0 0 0  6 0 0  0 . 9 8 0 . 0 2 
3 0 0  2 0 0 0 0  1 20 0  0 . 9 5  0 . 0 5 
3 0 0  2 0 0 0 0  1 8 0 0  0 . 9 2 0 . 0 8 
3 0 0  6 0 0 0 0  6 0 0  0 . 9 9  0 . 0 1 
3 0 0  6 0 0 0 0  1 2 0 0  0 . 9 8 0 . 0 2 
3 0 0  6 0 0 0 0  1 8 0 0  0 . 9 7  0 . 0 3 
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D . 3 . 5 . 2  Pos t-remed ial act ion 

Contaminant migrat ion in the unconf i ned system a f ter remed ial act ion i s  
dependent upon two i tems : f l u id f low a f ter remed i a l  act ion , and the source of 
contaminat ion af ter remed ial ac t ion . The source of contaminat ion wi ll vary 
depend i ng upon the locat ion of  the t a i l i ng s  w i th respec t to the leve l of the 
water table . 

Hyd rodynamics .  The cal ibra ted hydrodynamic model shows that the wa ter 
levels in the unconf i ned system w i l l  be approx ima tely the same a f ter  remed i al 
ac t ion and a f ter  the CVWRF excava t ion i s  closed as  h i s tor ic levels ( before the 
excavat ion)  ( Tables D-19 and D-2 0 ) . The levels w i l l  drop s l ightly under the 
Vitro s i te in re sponse to the reduced inf i ltration in that area ( Table D-20 ) .  
S i g n i f icantly , the re w i l l  be no r i se i n  wa ter level s  i n  the area of the 
ta i l i ng s ,  so tha t the wa ter table w i l l  rema i n  about 3 feet below the 
contamina ted mater ial . The restor at ion of h i s tor ic ground-wa ter level s  means 
tha t h i s to r ic f low pa tterns w i l l  be restored , and the uncon f ined g r ound wa ter 
w i l l  aga in f low southeast to nor thwe s t  to d i scharge into the Jor dan River and 
Mi l l  Creek . 

The remed i a l  act ion requ ires that the ta i l ings ma ter ial be e ncapsulated 
w i th a cap that w i l l  reduce i n f i ltrat ion through the ta i l i ng s  to a max imum of  
0 . 11 feet/year , assuming no vegeta t i on ,  and a l iner that w i l l  guarantee tha t 
the ta i l i ng s  are a min imum of 3 feet above the wa ter table . The t ime 
necessary for contaminat ion to tr ave l from the encaps ulat ion to the ground 
wa ter can be calcula ted w i th equat ions f r om G i lber t et a l . , ( 1 9 8 3 ) . The input 
parameters for uran i um are : 

Ne = e f fect ive por os i ty = 0 . 10 ( a ss umed value ) 
Kd = pa r t i t ion ing coe f f ic i ent = 1 5  cm3/g ( a  value o f  3 0  cm3/g 

for low pH was repor ted in G i lbe r t  e t  al e , 19 8 3 )  
I = i n f i ltrat ion rate = 0 . 11 f t/y r 

Ps = dens i ty of l iner mater ial = 1 .  7 g/cm3 ( assumed value ) 
D = the d i s tance f rom the encaps ulated ta i l i ngs to the water table 

3 feet 

The de lay t ime , Td = DX ( Ne + PSKd ) / I  = 

3 ft . ( 0 . 10 + 1 . 7  g/cm3 x 1 5  cm3/g ) /0 . 11 ft/y r . = 7 0 0  year s  

Th is  analys is  ( 7 0 0  yea r s )  is  a wor s t  case assessmen t  for uran ium migration , 
us ing highly conservat ive parame ter values . 

A probable case delay t ime can be calcula ted wi th more l i k ely parame ter 
values . 

Ne = 0 . 10 
Kd 3 0  cm3/g 

I 0 . 3 3 ft/yr ( value calcula ted assuming sparse vegeta t ion ) 
Ps = 1 .  7 g/cm3 

D = 5 ft  ( the des ign thickness of  the l iner ) 
Td = DX ( Ne + PSKd ) /I = 5 f t  ( 0 . 10 + 1 . 7  g/cm3 x 3 0  cm3/g ) /  

0 . 0 3 3  f t/y r = 7 7 0 0  yrs 

D-7 5  

= 



Par t i t ion ing coe f f ic ients for the d i ssolved me tals under unmixed tail i ng s  
pile cond i t ions are ava i lable only for uranium ( G ilbe r t  e t  a l . ,  1 9 8 3 ) . Only 
qua l i ta t ive est imates of the e f fec t s  of retardat ion can be made for the other 
metals . Recent research (PNL , 1 9 8 3 ) and the i n forma t ion pr esented in th i s  
sec t ion ind icates that B a  and C r  are h ighly r e tarded under ta i l i ng s  p i les 
cond i t ions . Th is  same research ind icate s  that As and Pb w i l l  also be h ighly 
retarded , wh i l e  Cd , U ,  and Mo w i l l  be relatively mob i le . 

Th e proposed remed i a l  ac t ion should cause s ign i f icant delay ( a  mlnlmum of 
7 0 0  yea r s )  for tr ace me tal contaminants to enter the ground-wa ter sys tem . 
Downg rad ient concentrat ions wer e  pred icted for U ,  Mo , and As following the 
7 0 0 +  year delay t ime , us ing the follow ing as sumpt ions : 

T a i l ings Layer 1 concentrations were u sed as  source concentrations . 

E f f luent release rate = pred icted conserva t i ve percolat ion r a te of 
1 . 3  inches/year . 

Ground-water seepage ve loc i ty = 0 . 3  ft/day . 

Ve r t ical d ispe r s ivity = 0 . 2 5 f t2/day . 

Late r a l  d i spe r s i v i ty = 4 . 0  f t2/day . 

The source can be de f ined as  2 hor i zontal l ines perpend icular to the 
d i rect ion of f low . These l i nes bound the proposed encapsulat ion to 
the east and wes t  and run the length of the proposed e ncaps ulat ion , 
nor th to south . 

The con s t i tuents are mob ile , i . e . , move w i th the g round wate r .  

The Jordan River acts as  a constant concentr a t ion d i scharge boundary . 

The depth of mix ing in  the aqu i fer  i s  A S  feet . 

See Table D-2 7  for the post-r emed ial act ion concentrat ions calculated for 
U ,  As and Mo , u s i ng the equat ion f rom Pr akash ( 1 9 8 2 ) . 
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Table 0-2 7 .  Pred icted max imum downg radient contaminant concent r a t ion i n  the 
unconf ined aqu i fer , pos t-remed ial act ion , w i th a l iner 

Contaminant Location Concentration (mg/l)  

S04 
S04 
S04 
S04 

As At Sou rce 0 . 3 6 
As 9 0 0  w .  0 . 0 0 8  
As 9 0 0 ' wes t  of 9 0 0  w .  0 . 0 0 5  
As 2 1 0 0 ' wes t  o f  9 0 0  w .  0 . 0 02  
Mo At source 0 . 0 5 
Mo 9 0 0  w .  0 . 0 0 1  
Mo 9 0 0 ' wes t  o f  9 0 0W .  0 . 0 0 0 7  
Mo 2 1 0 0 ' west o f  90 0 w .  0 . 0 0 0 3  
U At source 0 . 4 5 
U 9 0 0  w .  0 . 0 1 
U 9 0 0 ' wes t  o f  9 0 0  w .  0 . 0 0 6  
U 2100 ' wes t  o f  9 0 0  w .  0 . 0 0 2  
= Above bac kg round At source 6 6 0 0  

Above backg round 9 0 0  w .  1 4 4  
= Above backg round 9 0 0 ' wes t  o f  9 0 0  w .  8 7  
= Above backg round 2 1 0 0 ' wes t  o f  9 0 0  w .  3 4  

T ime necessary for contaminants t o  travel from base o f  e ncapsulat ion to 
wa ter table : 

S04 = > 2 8  Years  
U,  Mo , As  >700  Years  
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0 . 3 . 6  Aqu i fer  Re storation Analys i s  

0 . 3 . 6 . 1 Boundar ies o f  contamina tion 

A con taminant plume exi sts in the unconfined aqu i fer downg r ad ient o f  the 
Vi tro s i te ( see Sect ion 0 . 3 . 2  for descr iption of exist ing ground-water 
qua l i ty ) . Con tamination was detected in sampl es from well tr iplets 9 , 10 , a nd 
11 ( see Figure 0 . 13 for well loca t ions ) .  Samples from these we lls con tai ned 
concentr a t ions of total dis solved sol ids (TOS) , uran ium (U ) , sulfate 
( SOi ) '  sod i um (Na+ ) ,  ch lor ide (Cll ) ,  calc i um (Ca++ ) ,  and magnes ium 
( Mg + ) s ig n i f i cantly h igher than samples from upgrad ien t , uncon f i ned wells . 

A sample from well 13C did not con ta in these consti tuen ts in concentrat ions 
h igher than upgradient or cr os s-g rad i ent "C" wells (see Ta ble 0 . 5 ) . A sample 
from we ll 17 , comple ted in the top of the con f in ing layer separat ing the 
uncon f ined and con f i ned aqu i fer s ,  also con ta ined uncontami nated ground water . 
The natural flow in the uncon f ined aqu i fer is  to the nor thwest ( F igure 0- 8 )  . 
The r e fore , the Jordan River and Mi ll Creek are cons idered d i scharge boundar ies 
of the sha llow ground water flowing beneath the Vi tro s i te .  Based upon the 
data pr esented above , the assumed max imum bounda r ies of con taminat ion have the 
following d imens ions ( F igure 0- 13 ) : 

Plume width of 3 , 10 0  fee t The d i s tance , nor th-to-sou th , from wel l  
tr iplet 13 to Mill Cr eek . A sample from well 13C showed no 
contaminat ion and Mill Creek is a d i scharge boundary for shal low 
ground water . 

Plume length of 1500  to 2 6 0 0  feet -- The d i s tance from the s i te 
boundary to the d i scharge at the Jordan River . 

Plume th ickness of 5 0  feet -- The depth distance from the water 
table to the bottom of the uncon f ined aqu i fer . wa ter at the base o f  
the unconfined system is uncon tamina ted as ev idenced by the sample 
from we ll 17 . 

The max imum area of contaminated , uncon f ined ground water is 
7xlO 6 ft2 (Figure 0-13 ) . The maximum th ickness is 50 fee t .  
Assuming a conserva t ively high value o f  por osity o f  0 . 3 0  ( Hely , et 
al . ,  1971) , the max imum volume of o f f-site contamina ted , unconf i ned 
ground wa ter is lxl0 8 ft 3 • 

Al so , to ensur e a wor st-case analys is , the assumpt ion wa s made that the 
qual i ty of all the wa ter con ta ined within the con taminated volume is equal to 
the poor est qua l i ty found in the downgrad ien t , uncon f i ned gr ound-wa ter samples 
(Table 0-2 8 ) . 

0 . 3 . 6 . 2  Poten t ially af fected water suppl ies 

There are thr ee poten ti ally a f fec ted ava ilable wa ter suppl ies ( d i scounting 
qua l i ty or need for tr ea tmen t ) : 

Sur face wa ter (Jordan River and Mill Creek ) • 

Uncon f ined aqu i fer water . 

Con fined aqu i fer wa ter . 
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Table 0-2 8  Ca lcu lated wor st-case change of water 
quality in Jor dan River 

Jor dan River Unconf ined Jordan River a Res ul tan t 
current aqu i fer  max imum plus plume change in r iver 

concentrat ion concentration concentrat ion concentr a t ion 
Par ame ter (mg/ l )  (mg/l ) (mg/l ) (mg/l ) 

TOS 1180 2 0 , 0 0 0  1270  +9 0 

U 0 . 7  2 . 0  0 . 7  0 

S0 4 3 6 8  7 , 0 0 0  4 0 0  + 3 2  

Na 186 3 , 100 2 0 0  +14 

Cl 2 7 1  2 , 5 0 0  2 8 2  +11 

Ca 12 7 1 , 0 0 0  131 + 4 

Mg 6 0  1 , 0 0 0  64  + 4 

a (Concentration in River ) x ( 6 8 , 0 0 0  9Em)  + (Concentrat ion from Aq u i fer ) x ( 3 2 5 9Em)  
6 8 , 3 2 5  gpm 

In th is  sect ion the bene f i t s  of aqu i fer restor at ion are descr ibed and 
calcu lated for each of the three water suppl ies by cons ider ing the los s of use 
and potent ial use , g iven no aqu i fer restor a t ion . The los s of bene f i t would 
extend thr ough the time needed for the con taminated water to travel and 
d ischarge to the Jor dan River or Mill Creek (per iod of natural pur g ing ) . 
Geochemical retarda t ion was not con s idered bec�use the con taminants are mob ile 
in the ground wate r .  To bound this time , two me thods of calculat ion wer e  
used . Fi r s t , for a lower bound , a shal low ground-water flux to M i l l  Creek and 
the Jordan River of 6 2 , 6 0 0  ft3/d ay was cons idered ( s ee Sect ion 0 . 3 . 4 . 1 ,  
Table 0-2 0 ) . Given a flux of 6 2 , 60 0  ft3/day ( 3 2 5  gpm) , i t  would requ i r e  4 . 4 
year s for the en t ire con taminated volume of lxl0 8 ft 3 to d ischarge to the 
s ur face water str eams . For an upper bound , a seepage veloc i ty of 0 . 3  ft/day 
was cons idered ( see Sect ion 0 . 3 . 5 . 1 ) . Given a max imum travel d is tance of 
2 , 6 0 0  feet , the calculated tr avel time was 2 3 . 7  year s .  The average d i scharge 
through this per iod would be 11 , 50 0  ft3/day ( 6 0  gpm) . 

Ef fect upon the Jor dan River 

The wor st-case los s of bene f i t  to sur face water would occur if all the 
con taminated uncon f ined ground-wa ter d ischarged to the Jor dan River . For- the 
r each from the Vitro s i te to the Gr eat Sa lt La k e , the Jor dan River is 
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class i f ied for aquatic wildl i fe ( Class 3B ) and ag r i cultural bene ficial uses 
( S tate o f  Utah , 1 9 7 8 ) . The 3B class i fica tion r equ ires protect ion for warm 
wa ter spec ies o f  game f i sh and other equa tic l i fe , includ ing the necessary 
aquatic organ isms in th e i r  food ch a in . The ag r icultural uses incl ude 
irr igation of crops and s tock wa ter ing . Generally , warm water f i sh do not 
s u f fer s tress from d i s solved sol ids un til concentra tions r each 2 , 5 0 0  to 3 , 0 0 0  
mg/l TDS ( USEPA , 1 9 7 3 ) . D issolved sol ids have been de term ined to be 
detr imental for irr igat ion and stoc k water ing only at concentrat ions g r eater 
than 3 , 0 0 0  mg/l . 

The aver age flow of the Jordan River near the Vitro s i te is  6 8 , 0 0 0 gpm 
( S tate of Utah , 1 9 4 3-196 8 ) . The degradat ion o f  the r iver was calcula ted w i th 
a ground-wa ter d ischarge of 3 2 5  gpm . Th is max imum d i scharge r a te was used to 
calculate the max imum degradat ion o f  r iver qual ity . The r iver wa ter 
concentr at ions di splayed on Ta ble D-2 8 were found in the State of Utah , 
1 9 4 3-19 6 8 . The qual ity o f  the d ischarge from the uncon f ined aqu i fer to th e 
Jordan River is  assumed to be equal to the poorest qua l i ty found in the 
aqu i fer to de term ine the wor st-case deg radat ion of r iver quality . 

The results of the wor st-case degradat ion calculat ions are presented on 
Table D-28 . The increase in TDS , S04 , Na+ , Cl - , Ca++ , and Mg++ 

would not change the beneficial uses of the r iver . The change in r iver water 
qual ity would be ins ign i f ican t and ther e would be no loss of ben e f i t  because 
there would be no ef fect on the r iver ' s  bene f ic ial uses . 

E f fect upon the uncon f ined aqu i fer 

The upper por tion of the uncon f ined aqu i fer is naturally brack ish 
( see Sect ion D . 3 . 2  and Hely et al . ,  1 9 7 1 ) . The wa ter qual ity impr oves wi th 
depth and approaches the good qua l i ty of the unde r lying con f ined sys tem . 
wi th in a one-hal f mile radius o f  the s i te , ther e are two wel l s  known to be 
completed to the unconf ined system . These wells a r e  bel ieved to be u sed for 
irr igation only . There ar e no known wells other than mon i tor wells completed 
to the uncon f i ned aqu i fer and with in the boundar ies of contaminat ion . A 
maximum loss o f  bene f i t  could be calcula ted by assuming all the wa ter with i n  
the boundary o f  contaminat ion i n  the uncon fined aqu i fer would have been o f  
dr ink ing wa ter qua lity and the en t ire volume o f  wa ter could be used be fore 
d i schar g ing to Mi ll Creek or the Jordan River . 

The max imum volume o f  con tam inated ground wa ter was calculated as  
Ix  1 0  8 ft 3 , ( 2 , 3 0 0  acr e-fee t ) . The State o f  Utah states that the cost o f  
wa ter i n  the Salt Lake area is approxima tely $ 10 5  per acre-foot ( S tate o f  
Utah , 1 9 83 ) . Therefor e ,  the max imum loss of bene f i t  to the uncon fined ground 
wa ter is $ 2 4 0 , 0 0 0 . 

The change in use of the uncon f i ned aqu i fer due to con tamination from the 
Vi tro s i te would be from marg inal irr igat ion and s tock wa ter ing to indus tr ial 
use on ly in the upper port ions and from potable water to industr ial use on ly 
in the lower por t ion . It should also be noted that y ields from mon itor ing 
wel l s  completed in the uncon f ined system are low (approx ima tely 10 gpm ) . 
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E f fect upon the conf ined agu i fer 

The con f i ned aqu i fer is an impor tant sou r ce of  dome s t ic , agr icultur al , 
and indus tr ial wa ter supply in the Salt Lak e  Val ley ( see Sect ion 0 . 2 . 1 ) . The 
Sta te o f  Utah indica ted that w i th in a hal f-m i le r ad i a l  d i s tance f r om the Vi tro 
s i te , there ar e 7 , 7 90  acre-feet per year of total wa ter r igh ts ( S tate of Utah , 
1 9 8 3 ) . wi th in the areal boundary o f  contamination in the uncon f ined sys tem , 
only two wells are known to be completed to the con f ined sys tem o ther than 
wel ls assoc ia ted with the Vi tr o  s i te . Both o f  thes e wel ls are not being used 
pr esen tly . 

An upward , ver tical hyd r aul ic g r adien t  pr otects the con f i ned aqu i fer from 
the downward migration o f  lesser-qua l i ty ,  uncon f ined ground wa ter . Th is  
upward g r adien t occurs natur a l ly bu t could be r ever sed by loca l i zed heavy 
pump ing ( see Sect ion 0 . 3 . 2 . 5 ) . Sever al samples downgrad ient o f  the Vitro s i te 
ind icate that the con f ined ground wa te r may have been con taminated . Samples 
from four we lls averaged 1 , 14 0  mg/l of TOS i background is abou t 3 0 0  mg/l o f  
TOS . 

Al though future deg r ada t ion of  the con f ined aqu i fer wou ld occur only w i th 
local i zed , heavy pump ing , the poten t ial loss i s  con s idered . Th e areal ex ten t 
o f poten t i a l  con taminat ion in the con f ined sys tem would be the same as  in the 
uncon f ined sys tem . The depth o f  contaminat ion would be dependen t on the 
magn i tude of the downwar d  ver t�cal g r ad i ent induced by the local i zed pumping . 
Because this pumping is  hypothe tical , the depth o f  mlx lng i s  imposs ible to 
pr ed ic t .  A reasonably conservat ive est ima te would be mixing t o  1 6 0  feet below 
the ground sur face or to the 1 0 0  foot depth o f  the aqu i fer . Th i s  est ima te 
as sumes that pumping-induced dr awdown s will  be less than 170 fee t .  For th is 
hypothe t ical case , the volume of con tamina ted ground wa ter would be 2xlO 8 

f t3 , assuming a poros i ty o f  0 . 3 0 .  Th is  volume is 4 , 6 0 0  acre-feet and , a t  a 
value of $105  per acre -foot ( State of  Utah , 1 9 8 3 ) , the loss o f  resource wou ld 
be $ 4 8 0 , 0 0 0 .  

Spa t i a l  appor t i onment me thod 

A second method of calculat ing the loss of bene f i t  due to the volume of  
con taminat ion is to as sume that a por t ion o f  the wa ter r ights cla imed w i th i n  a 
hal f-mile rad i us of the Vi tro s i te is  not ava i lable dur ing the natural pur g ing 
of the uncon f ined aqu i fer . Con tamina ted , uncon f ined ground wa ter cannot be 
used dur ing the 4 . 4  to 2 3 . 7  year purg ing pe r iod due to contaminat ion . Al so , 
for a wor s t-case assessment , i t  i s  assumed tha t ground wa ter beneath the 
con tami nated area cannot be used for the full purg ing pe r iod . The g r ound 
wa ter upgradient or lying outs ide of the con tamina ted boundary is not a f fected 
and may be used to ful f i l l wa te r r ights . Appor tionment i s  made as  to the 
per cen tage of  the sur rounding wa ter r ights tha t w i l l  be reduced or no t 
ava i lable . Even though a grea ter dens i ty of  wa te r r ights are in  the area 
ou ts ide the con taminated area , for conserva t ism it i s  assumed tha t  wa ter 
r ights are equa l ly d i s tr ibuted throughout the half-m ile r ad i us c i rcle . 
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A c ircle w i th a hal f-mile rad ius has an area o f  2 . 2xl0 7 ft 2 . Th e 
max imum area o f  the plume i s  6 . 7xl0 6 ft 2 ( see Figure 0-1 3 ) . The 
con taminated area is approximately 30 pe rcent of the area of the c i r cle . 
There are 7 , 7 90  acre-feet per year o f  total water r ights with i n  the area o f  
the c i r cle (State of Utah , 1 9 8 3 ) . Th ir ty pe rcent of th is would be 2 , 3 4 0 
acre-feet . At a value of $10 5 per acre-foot , the annual loss of ground wa ter 
use would be a max imum of $2 4 5 , 0 0 0  pe r year . 

0 . 3 . 6 . 3  Aqu i fer r es torat ion techn iques 

There are sever al me thods to remove the con tam inants conta ined with in the 
plume . These include : 

Intercept trench with recharge control . 

Ba rr ier walls and removal by pumping . 

Pump i ng of contaminated water and recharg ing o f  fr esh water us ing a 
ser ies of wells . 

Al l  o f  these me thods wou ld lead to treatment and d i sposal o f  d ischarge . 

Us ing EPA 1 9 8 2  as a gu idel ine , the in tercept tr ench with recharge control 
a ppears to be the lea s t  expens ive and mos t  e f f icient method for the 
hydrogeolog ic sett ing by the Vitro s i te . The bar r ier wa lls with pump ing would 
requ ire a gr eater capi ta l  inves tment ,  take more time for cleanup , and cause 
greater mixing o f  uncon tam inated and contamina ted wa ter . The pump ing/recharge 
sys tem is more expens ive , would take con s iderably more t ime , and may cause 
d i f feren tial se ttlemen t or fail completely in  the highly s tra t i f ied , 
unconsol idated uncon f ined aqu i fer . 

Plume capture methodology 

The inter cept tr ench would be placed across the pl ume , be tween the Jordan 
may be 

The 
River and 1 0 0 0  West Street ( see Figure 0-1 3 ) . Another intercept tr ench 
r equi red between the nor thern end of 1 0 0  West Street and well number 4 .  
locat ion o f  the tr ench ( e s )  would be dependen t on the r esult o f  a s i te 
investigat ion conducted at the beg inn ing of installation of a remed ial ac t ion 
prog ram to de f ine and quan t i fy the plume in the area wes t  and nor th of wel l  
number 4 .  For the purpose of this analys i s , i t  w a s  assumed there would be 
1900  l ineal feet of tr ench , four feet wide and to a depth of 50 feet . A 
tr ench o f  th i s  nature would intercept the con taminant plume and pas s ively 
collect i t  at a rate of about 5 0 0  to 1 0 0 0  gpm . These values wer e calculated 
us ing the l ine s ink  method in Lohman ( 1 9 7 2 ) , w i th transmissivity = 1 0 0 0  
ft3 /day , storativ i ty = 0 . 3 ,  change in dra in sta te o f  5 0  ft and time = 1 0 0  
days and 3 6 5  days . The tr ench would b e  sloped t o  one end wher e a sump would 
collect the captured l iquid and the l iqu id would be pumped to a trea tment 
plant . The bottom of the tr ench would be sea led with clay . 
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Recharge from th e Jor dan River would be control led by the use o f  a 
barr ier to pr event Jor dan River water from en ter ing the treatmen t  collect ion 
system and d i lut ing the e f fec t iveness of  the collect ion and treatmen t sys tem 
( Figure D-1 3 ) . Fo r th is  analys is , the bar r ier wou ld be an in ter lock ing s teel 
barr ier p ile dr iven into the ground be tween the inter cept tr ench and th e 
r iver . Th is bar r ier , although not a compl ete con trol me thod , should control a 
su f f icien t quantity o f  recharge to pr even t s ign i f icant d i lution in the trench 
( EPA , 1 9 8 2 ) . 

Plume treatmen t 

The goal of  the tr ea tmen t  pl ant wou ld be to gener a te an e f fluent o f  
s u f f ic ien t qual i ty to d ischarge to the sur face wa ter s o f  the Sta te o f  Utah . 
I n  add i t ion to the e f fl uen t ,  the trea tment pl an t would generate a s ludge that 
would conta in uran ium and poss ibly other r ad ioact ive con taminan ts . ( For the 
pur poses of th is analys is , it has been ass umed that the sludge will  r equire 
d isposal at a low-level hazardous waste d isposal s i te . ) 

The trea tment pl ant will  involve the following pr ocesses (Sherwood , 1 9 8 3 ) : 

1 .  Neutr a l i z a t ion to a pH o f  8 . 0 to 9 . 0 to pr ecipi tate mos t  me tals and 
neutr al ize the r es idual ac id . Sul fate (S04 ) ' would rema in i n  
solut ion . The opera t ing cos ts o f  the neutr a l i za t ion fac i l i t ies are 
based on l ime as a neutr a l i z a tion agen t .  

2 .  Fixat ion -- The sludge genera ted i n  the neu tr a l i za t ion s tep would be 
settled and then stab il ized by a s tabil iz ing agent ,  s uch as CHEMFIX ,  
a f ter dewa ter ing so that i t  could be handled by nor mal cons truct iun 
equ ipmen t  for d i sposal . 

3 .  Rever se osmos is -- I n  or der to obta in a discharge permi t ,  the 
trea tment plan t e f fluen t would be r equ ired to mee t nondegradat ion 
s ta ndards (State of  Utah , 1 9 7 8 )  for the r eceiv ing s tr eam (Jordan 
River ) .  The pr imary contaminant no t mee�ing th e nondegr adat ion 
s tandar ds after treatmen t  would be TDS and sul fate . Rever se osmosis  
would be  used to remove TDS and sul fate to meet the e f fluen t 
d i scharge s tandards . 

The capi tal cos ts for ins tallation of the gr ound-wa ter r emoval sys tem and 
treatment plan t are summar ized in Table D- 2 9 .  Th is est imate of cap i tal cos ts 
does not include : 

Financ i ng cos ts of  the project . 

Righ t of  ways and land acqu i s i t ion . 

Removal or rerouting o f  u t i l i ties . 

Rer outing and r econstr uct ion of  roadways crossed by in tercept tr ench . 

Dr a inage con tr ol of  irr iga tion d i tches and canals dur ing 
cons truct ion and oper a t ion . 
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Table D. 2 9  Est imated cap i tal cos ts , ground-water removal 
and treatment , Vitro s i te 

Task descr ipt ion 

Ground-water 
inves tigation to 
define aqu i fer 

Bas is 

Sheet pil ing of  3 80 0  LF 
intercept trench x 50 cy 

Excavat ion of  14 , 0 0 0 cy 
intercept tr ench 

Clay basel iner 2 , 0 0 0  cy 

Select washed 1 2 , 0 0 0  cy 
gravel tr ench f i ll 

Recover sheet 
pil ing 

Redr ive sheet 
piles at r iver 

3 8 0 0  LF 
x 50 ft 

3 80 0  LF 
x 50 ft 

Un it cos t  

350 , 0 0 0 

13 . 7 5/sq ft 

2 . 5 0/cy 

2 5 . 0 0/cy 
( in-place ) 

8 . 5 0/cy 

1 .  3 3/sq ft 

2 . 7 2/sq ft 

Add it ional sheet 
p i l ing r equired 
at r iver 

4 0 0  LF 13 . 7 5/sq ft 

Removal 
sys tem 

Ne utrali zation 
fac ility 

F i xa t ion 

Rever se osmos is  

Di scharge sys tem 
TOTAL CAPITAL COST 
a Sa lvage value 
Net Capital Cost 

x 50 ft 

Includes pumps 75 , 0 0 0  
& pi ping to move 
wa ter 2 , 5 0 0  ft to 
trea tment plant 

React ion tank , 
con troller , 
dewa ter ing , 
sludge handl ing 

Mi xing tank , 
dewa ter ing and 
se t tling ponds , 
wa ter contro l 

6 0 0 , 0 0 0  

750 , 0 0 0  

3 , 2 0 0 , 0 0 0  

3 0 0 , 0 0 0  

Tas k  cost ( $ )  
for 5 0 0  gpm 

system 

3 50 , 0 0 0 

2 , 6 1 2 , 5 0 0  

3 5 , 0 0 0  

50 , 0 0 0  

10 2 , 0 0 0 

2 52 , 7 0 0  

5 1 6 , 8 0 0  

2 75 , 0 0 0  

7 5 , 0 0 0  

6 0 0 , 0 0 0 

7 5 0 , 0 0 0 

3 , 2 0 0 , 0 0 0  

30 0 , 0 0 0  
8 , 7 74 , 0 0 0  
2 , 6 12 , 0 0 0  
6 , 1 6 2 , 0 0 0  

Tas k  cost ( $ )  
for 10 0 0  gpm 

system 

3 50 , 0 0 0 

2 , 6 1 2 , 5 0 0  

3 5 , 0 0 0  

50 , 0 0 0  

10 2 , 0 0 0  

2 5 2 , 7 0 0  

516 , 8 0 0  

2 7 5 , 0 0 0 

150 , 0 0 0 

1 , 2 0 0 , 0 0 0 

1 , 5 0 0 , 0 0 0  

6 , 4 0 0 , 0 0 0  

6 0 0 , 0 0 0  
14 , 0 4 4 , 0 0 0 

3 , 6 70 , 0 0 0  
10 , 3 74 , 0 0 0  

aBased on 2 0 %  r ecovery for tr ea tment sys tem and 5 0 %  r ecovery for sheet 
piling .  
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The ground water would be captured at a rate of approximately 5 0 0  to 1 0 0 0  gpm 
and it  is estimated that approx imately 250  to 500 gpm would be from the plume 
while the rema inder would be amb ien t , uncon f ined ground wa ter . At th i s  
collec tion rate , i t  is estimated tha t the remed ial act ion w i l l  r equ ir e 
approx imately three to six years to completely r emove the lxl0 8 f t 3 

plume . The annual oper a t i ng cos ts are shown in Table D- 3 0 . Es t ima tes are 
g iven for trea tment of  d i schar ges o f  500 gpm and 10 0 0  gpm on Table D . 3 0 .  

Table D-3 0  Es t ima ted annual operat ing costs for ground-water 
removal and trea tment , Vitro s i te 

Cos t  ( $ )  
Sys tem Oper at ion 500 gpm - Di scharge -

Collec t ion and Labor 4 0 , 0 0 0  
Removal Ma intenance ma ter ials 50 , 0 0 0  

Treatment and Labor 125 , 0 0 0  
Disposal Ma in tenance ma ter ials 115 , 0 0 0  

Reagents 1 , 1 50 , 0 0 0  
Disposal 2 0 0 , 0 0 0  

Mon i tor ing and Labor 50 , 0 0 0  
Analytical Chem is try 20 0 , 0 0 0  

Annual Operat ing Costs 1 , 9 3 0 , 0 00 

D . 3 . 6 . 4  Compar i son of bene f i ts and cos ts 

Bene f i ts were calcula ted us ing two d i fferent me thods : 

Maximum los t value of  degr aded or potentially degr aded water 
resour ce on a volumetr ic bas is . 

1000  gpm 

70 , 0 0 0  
10 0 , 0 0 0  

2 2 5 , 0 0 0 
2 3 0 , 0 0 0  

2 , 3 00 , 0 0 0  
3 50 , 0 0 0  

50 , 0 0 0  
2 0 0 , 0 0 0  

3 , 52 5 , 0 0 0  

Lo s t  value accor d ing to spatial  apportionment o f  water r igh ts . 

I n  add i t ion , a range of t ime requ ired for natural purg ing of  the 
c ontamina tion was cons ider ed . Th is range is 4 . 4 to 2 3 . 7 yea r s . Al so , two 
per iod s and ra tes of d ischarges , 500 gpm d ischarge for s ix year s and 1000  gpm 
d i scharge for three year s  with trench ing are cons ider ed . Ta ble D-3 1  con ta ins 
the cost-bene f i t  r a t ios calculated for the eight poss ib i l i ties . 

The to tal cos t is calculated as the capi tal cos t  pl us th e annual cos t 
mu l t i pl ied by the number of year s of requ ired treatment . The bene f i t  us ing 
the max imum los t value is the sum of lost value to the unconfi ned and con f i ned 
systems ( $ 240 , 0 0 0  + $ 4 8 0 , 0 00 = $ 720 , 0 0 0 ) . The benefit  us ing the spatial 
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appor tionment appr oach is the d i f ference between the time requ ired for natural 
pur g i ng and the time requ ired for treatment mul tipl ied by the annual loss o f  
bene f i t  ( $ 2 4 5 , 0 0 0 ) . No bene f i t  is cons idered for the Jordan River because , 
with d ilution , the ground-wa ter contaminat ion does no t restrict its use . As 
shown on Table D-31 , the boundary cos t-bene f i t  ratios are 4 . 1  and i n f i n i ty .  
Given the conservat ism o f  the analys is , i . e . , maximum poss ible bene fits  and 
cos ts d i scounted , aqu i fer r es torat ion seems unwarran ted . 

Table D-31 Summary of cos t-bene f i t  analys i s  

Range in 
Lost value poss ible 
volumetr ic t ime for Range in To tal To tal Cos t :  
or spa t ia l  natural treatment bene f i t  cos t Bene f i t  

appor t ionment purg i ng d i scharges ( $-000 ) ($-0 0 0 )  ratio 

Los t value 4 . 4  year 3 -year 
calcu lated natur al tr eatmen t 7 2 0  2 0 9 0 0  2 9  
by volume o f  pur g ing 6-year 
contaminated tr eatment 720 1 7 7 0 0  2 5  
a nd poten- 23 . 7  year 3-year 
t ial ly con tam- natur al tr eatment 7 2 0  2 0 9 0 0  2 9  
i n a  ted wa te r pur g ing 6-year 
r esource tr eatment 720  1 7 7 0 0  2 5  

Lo s t  4 . 4  year 3-year 
v alue natural tr eatment 3 4 0  2 0 9 0 0  6 1  
calculated purg ing 6-year 
by treatment 0 . 0  2 0 9 0 0  in f i n i te 
s pa t i a l  23 . 7  year 3-year 
a ppor tion- natur al treatmen t 5 0 7 0  2 0 9 0 0  4 . 2  
ment purg ing 6-year 

tr eatment 4 3 4 0  1 7 7 0 0  4 . 1 

D . 3 . 6 . 5  Po ten tial use of the uncon fi ned aqu i fer after remed ial action 

The h ighes t level of  uran ium detected in wa ter o f f  the s i te is  2 . 2 4  ppm 
i n  shal low well 9C . An ind ividual dr ink ing th is  water exclus ively over a 
per iod of  year s would have an incr eased r isk  of  develop ing cancer . ( D i rect 
consumption of such water would repr esent the mos t  s ign i f icant exposure 
pa thway . )  Th is is cons idered very unl i kely , because the area i s  no t 
r es iden tial , publ ic water suppl ies ar e ava ilable , and the pr e ferred 
ground-water source is the deep aqu i fe r .  Even i f  an ind iv idual should dr ink  
s uch water , the h igh level of TDS and sulfates would result in ill  ef fec ts 
such as di arrhea and dehydration;  such wa ter would not be cons umed on a 
long-term bas i s . Nonetheless , DOE will review w i th NRC and the State of Utah 
the desirabil ity of mi tigation measures to limit use of the sha llow 
ground-water sys tem downg rad ien t of the Vitro s i te .  
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D. 4 CONCLUSIONS AND SUMMARY - VITRO SITE 

Downg r adient contaminat ion in the uncon fined sys tem represents a 
relic source and relic plume . The source of the uran ium wa s 
modeled as a point source of concentration 7 . 7 6  mg/l at a d i s tance 
700  fee t east of the s i te boundary . Signif icant con taminan t 
migration appears to have been along a narrow band defined by wells 
Nos . 9 and 1 1 .  

Pr esent concentr ations o f  contaminant mig r a t ion from the ta i l ings 
in the uncon fined ground wa ter are bes t def ined by the wa ter sample 
taken from the CVWRF excavat ion and cons ideration of the source of 
th is water . Th is wa ter sample shows no eleva tion of concentrations 
of n i tr a te , a lumi num , ar sen ic , bar ium , cadmium , chromium ,  copper , 
lead , mer cury , n i ckel , selen ium , s i lver , z inc , vanad ium , 
thor ium-230 , lead-210 , ch lor ide , sulfate , or to tal d i s solved 
solids . Uran i um and molybdenum do show eleva ted concen tr ations . 

The uncon fi ned aquifer has limi ted use due to poor wa ter qua l i ty 
and low yield . 

Downgr adient contami nat ion in the conf ined system can bes t be 
expla ined by ver tical hydraulic grad ient rever sal dur ing act ive 
mill ing at the Vitro s i te . No fu r ther contami nat ion will occur 
unless the ver t ical hydraulic gr ad ient is r ever sed aga in . 

Percol at ion from the sur face to the uncon f ined aqu i fer is 
( approxima tely ) equal to the pr esen t upward leakage from the 
con fi ned aqu i fer to the uncon fined aqu ifer . 

If  the satur ated soi ls under lying the emban kmen t are as pe rmeable 
or more permeable than laterally ad j acen t soils , then a 
g r ound-wa ter mound will not form benea th the embankment . 

with a liner sys tem benea th the emban kment , uran ium and trace 

me tals will not en ter the ground water from the embankmen t under 
the wor s t  cond i t ions for at least 7 0 0  year s .  

With a liner sys tem benea th the embankmen t ,  of f-s i te contami nan t  
concen trat ions due to solute transpor t from the ta i l ings will be 
less than any pr esent or propos ed dr ink ing water standards . 

Aqu i fer res tor at ion does not seem warranted g iven the r ange of 
calculated cos t : bene f i t  ratios ( 4 . 1  to infin ity ) and the curr ent 
and pred icted fu tur e absence of  use in the maximum area of  poss ible 
contamina tion . 

Al though the likelihood of human hea lth impacts from uncon trolled 
use of the uncon f ined aqu i fer downgradien t of  th e Vitro s i te is  
cons idered very small , DOE will review with NRC and the State of 
Utah the des irability of mi tigat ion mea sur es to limit the use of  
th is  ground water . 

D-8 9 



D-9 0 



D . 5  GEOHYDROLOGY - SOUTH CLIVE S ITE 

The Sou th Cl ive s i te l ies nea r the per iphery of the nor thern Gr eat Sa lt 
Lake Deser t .  Two ground-water systems are in  the v i c i n ity of  the s i te . The 
largest cons ists of unconsolidated to pa r tly consol idated valley f i l l  wh ich 
ranges to more than 1 6 0 0  feet in  thicknes s .  An ideal i zed strat igraph ic 
relat ionship i s  shown in  Figure D-14 .  The valley fill  aqu i fer does not 
transmit water uni formly , exh i b i t ing a wide r ange in  tr ansmi s s ivity.  The 
water qua l i ty in the valley f i l l  is generally characte r i zed as b r i ny .  

The other g round-water sys tem i n  the v i c i n ity o f  the Sou th Cl ive s i te i s  
the a l luv ial fan aqu i fer wh ich borde r s  much o f  the f loor of  the northern Gr eat 
Salt Lake Desert . The a l luvial fan aqu i fer cons ists of both sur f ic ial 
depos i ts and underlying unconsol idated to we l l-cemented olde r alluv ium. 
Wa ter in the a l luvial fan aqu i fer is der ived f rom recharge above the dese r t  
f loor ( e . g . , the Cedar Moun ta ins to the east o f  the s i te )  and d i scharges into 
the va lley f i l l  aqu i fe r .  The locally f r esh to sl igh tly saline water i n  the 
alluvial fan aqu i fer compr ises much of the usable g r ound water in  the nor thern 
Great Salt Lake Deser t .  

D . 5 . 1 Ex i s t ing geohydrology 

The water table a t  the South Cl ive s i te ranges from abou t 2 5  to 3 5  feet 
be low the g r ound sur face , w i th saturated cond i t ions extend ing to a t  least 2 3 0  
feet deep . The apparent hyd r au l ic g r ad ient i s  about 2 . 8  feet per m i le ,  
slop ing gradua lly to the nor th-nor theast ( F igure D-1 5 ) . The magn i tude and 
d i rect ion was determined from s ta t ic water level s  meas ured in  wells . Given 
that ground-water recharge occur� from the east and the sur face slope is to 
the southwest , the expected hydraul ic g r ad ient should be generally to the 
wes t-southwest . There are sever al pos s i ble explana t ions for the d i screpancy 
between the apparent , measured hydraulic g r ad ient and the expected hydraul ic 
g r ad i ent : 

The g rad ient is shallow and pos s ible survey ing errors could cause an 
apparent r eve rsal of  the hydraulic g rad ient . A new survey has j us t  
been comple ted . 

Wel l s  wer e completed in d i f ferent stratigraphic un i ts and the 
ver tical hydraulic g r ad ient may have a g r eat enough magn i tude to 
cause an apparent reve r sa l  of  the hydraul ic g r ad ient ( see Figures 
D-1 6 through D-1 9 ) .  For example , on Figure D-1 8 ,  the measured wa ter 
levels are lower at wel l  SC-4 than SC-10 but SC-4 is completed in the 
clayey s i lt  as we ll as  an unde r ly ing sand with f ines wh i le SC-10 i s  
completed i n  the clayey s i lt only . 

A locali zed recharge from prec ipitat ion and snowmel t  may a f fec t water 
levels at some we lls d i f feren tly than at  other we lls . 

Measu red f luctuations in ground-water elevations over t ime are gener ally 
less than 1 foot ( Table D-3 2 ) . 
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FIGURE D- 1 4  
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N E A R  S O U T H  C L I V E  S I T E  
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Tabl e 0 - 3 2 . Gro u nd-water el eva t i o n s  a t  the  Sou t h  C l i ve s i te 

Ground E levat ion Ground-wa ter elevat ions i n  feet above MSLa 

sur face top of 
Bor ing elevat iona cas ing Da te of mea s u r ement 
number ( feet ) ( feet)  9 - 2 2 - 8 1  9-23 -81 9-24-8 1  9 - 2 9 - 8 1  9 - 3 0 - 8 2  2 - 1 2- 8 2  2 - 2 6- 8 2  3-8-82 3-17-82 4-2-82 7-14-8 9 - 2 6 - 8 3  1 0-1 3 - 8 3  1 - 1 8-84 

SC-l 4 2 76 . 1  4 2 7 9 . 4  4 2 5 0 . 1  4 2 4 7 . 2  4 24 8 . 3 4 2 4 8 . 2  4 2 4 8 . 5  4 2 4 8 . 6  4 2 4 8 . 3  4 2 4 8 . 6  
SC-2 4 26 9 . 2  4 2 7 6 . 6  4 2 4 8 . 4  4 2 48 . 4  4 2 4 9 . 1  4 2 4 8 . 6 4 2 4 8 . 6  4 2 4 8 . 6  4 2 4 8 . 2  4 2 4 8 . 2  4 2 50 . 2  
SC-3 4 2 7 7 . 3  4 28 0 . 5  4 2 4 8 . 0  4 2 4 7 . 8  4 2 4 8 . 0  4 2 4 8 . 0  4 2 4 8 . 1  4 24 8 . 0  4 24 7 . 2  4 2 4 8 . 3  
SC-4 4 2 80 . 7  4 2 8 4 . 8  4 2 4 6 . 6  4 2 4 5 . 8  4 2 4 6 . 6  4 2 4 6 . 6  4 2 46 . 0  4 2 4 6 . 8  4 2 4 6 . 4  4 2 4 6 . 7  
SC-5 4 273 . 5  4 2 7 6 . 3  4 2 4 7 . 4  4 2 4 7 . 5  4 2 4 7 . 5 4 2 4 7 . 4  4 2 4 7 . 4  4 24 7 . 8  4 2 4 7 . 9  4 2 4 7 . 6  4 2 4 7 . 0 4 2 4 8 . 0  4 2 4 8 . 5  
SC-6 4 2 7 2 . 6  4 2 7 6 . 5  4 2 4 8 . 0 4 2 4 7 . 8 4 2 4 8 . 1  4 2 4 8 . 0  4 24 8 . 0  4 2 4 8 . 6  4 2 4 7 . 6  
SC-7 4 2 7 0 . 1  4 2 7 4 . 7  4 2 4 8 . 6  4 2 4 8 . 4  4 2 4 8 . 5  4 24 8 . 5 4 2 48 . 1  4 2 4 9 . 6  4 2 4 9 . 1  
SC-8 4 2 7 7 . 8  4 2 8 2 . 9  4 2 4 7 . 9  4 2 4 7 . 9  4 2 4 8 . 0  4 2 4 7 . 9  4 2 4 7 . 5  4 2 4 7 . 8  4 2 4 8 . 3  
SC-9 4 2 78 . 8  4 2 8 3 . 2  4 2 4 7 . 7  4 24 7 . 6  4 2 4 7 . 7  4 2 4 7 . 8  4 2 4 7 . 3  4 2 48 . 3  4 2 4 7 . 8  
SC-I0 4 2 80 . 0  4 2 8 4 . 1  4 2 4 7 . 4 4 2 4 7 . 6  4 2 4 7 . 6  4 2 4 7 . 6  4 2 4 7 . 2  4 2 4 8 . 0  4 2 48 . 0  
SC-ll 4 2 76 . 0  4 2 8 0 . 8  4 2 4 7 . 6  4 24 7 . 5 4 2 4 7 . 1  4 2 4 7 . 7  4 2 4 7 . 2  4 2 4 8 . 0  
SC- 1 2  4 27 4 . 9  4 2 7 7 . 5  4 2 4 7 . 5 4 2 4 7 . 5  4 2 4 7 . 6  4 2 4 8 . 3  4 2 4 8 . 1  4 2 49 . 9  tJ SC-13 4 2 74 . 4 4 2 7 9 . 5  4 2 4 8 . 5  4 24 8 . 6  4 2 4 8 . 8  4 2 4 9 . 4  I ill .I'> 
aMean sea leve l datum.  



Studies of  the hydrology of nearby areas ind icate that there is  minima l  
poten t ial for s ign i f icant ground-water recharge o n  the s i te .  The low annual 
prec ipitat ion and f ine-g r a ined lake depos its below abou t 4 60 0  feet tend to 
l im i t  i n f i l tr at ion to the under ly ing ground wa ter (Pr ice and Balke , 1 9 7 0 ) . 
Recharge may be concen trated on the mor e permeable alluv ial fan depos i ts , and 
aver ages only 6 to 10 percent of the total precipitation on the dra inage bas i n  
( Hood and Waddell , 19 6 8 ) . I t  is  bel ieved tha t gr ound wa ter from the alluv i a l  
fan depos its r echarges the valley f i l l  depos its . The Sou th Cl ive s i te is on 
the per iphery of the nor thern Great Salt Lake Oeser t hydr olog ic prov ince , 
wher e i t  is  r epor ted that prec ipitation con tr ibutes l i ttle , i f  any , r echarge 
to the shallow sys tem ( S tephens , 1 9 7 4 ) . 

0 . 5 . 2  Oa ta Sources 

I n format ion abou t s ubsur face cond i t ions at the s i te is based on 13  bor ings 
in the vicinity of  the s i te ( DOE ,  198 3 ) . The bor ing loca t ions ar e the same as 
the well loca tions shown in Figure 0-1 5 . The bor ings extended to be tween 4 3  
and 2 5 1  feet below the gr ound s ur face . All of  the bor ings wer e used to 
insta l l  observat ion wells ( Table 0-3 3 ) . Four add i t ional wel ls wer e 
con s tructed for use dur ing pump tes ts . Four so il  pr of iles across the s i t e  
wer e constr ucted from well logs ( s ee Figures 0-1 6 , 0-1 7 ,  0-1 8 ,  and 0-1 9 ) . 
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We l la Wel l  
number d i a  

SC-l 2 
SC-2 2 
SC-3 2 
SC-4 2 
SC-5 2 

[ SC-6 1 . 5  
SC-7 6 

SC-7A 1 . 5  
SC-7B 1 . 5  

SC-8 6 

SC-8A 1 . 5  
SC-8B 1 . 5  

SC-9 1 . 5 
SC-lO  1 . 5  
SC-ll  1 . 5  
SC-12 1 . 5  
SC ] -13 1 . 5  

Table D-3 3 . We l l  con s tr uct ion deta i l s  - South C l ive s i te 

Blank Scr eened Sand pack Grout seal Benton ite seal 
( i n )  interval ( ft )  interval ( f t )  i nterval ( f t )  interva l  ( ft )  interval ( ft )  

+3 . 17 - 21 9 . 8  2 1 9 . 8  - 2 2 9 . 8  10 0 . 0  - 2 2 9 . 8  0 . 0  - 6 8 . 0  6 8 . 0  - 7 3 . 0  
+3 . 2 5 - 18 . 5  1 8 . 5  - 4 8 . 5  16 . 0  - 4 8 . 5  0 . 0  - 5 . 5  none 
+3 . 2 5 - 3 0 . 5  3 0 . 5  - 5 0 . 5  2 3 . 0  - 50 . 5  0 . 0  - 5 . 0  none 
+4 . 2 5 - 3 1 . 5  3 1 .  5 - 5 1 . 5  2 9 . 5  - 5 1 . 5  0 . 0  - 4 . 0  none 
+2 . 67 - 31 . 5  31 . 5  - 5 1 . 5  2 9 . 0  - 5 1 . 5  0 . 0  - 4 . 0 none 

+3 . 8 5 - 3 0 . 0  3 0 . 0  - 4 5 . 0  3 0 . 0  - 4 6 . 0  0 . 0  - 5 . 0  none 
+3 . 80 - 41 . 0  41 . 0  - 5 6 . 0  3 2 . 0  - 5 6 . 0  0 . 0  - 5 . 0  3 1 . 0  - 3 2 . 0  

10 . 0  - 3 1 . 0 
+4 . 6 5 - 2 8 . 5  2 8 . 5  - 4 3 . 5  2 8 . 0  - 4 3 . 5  0 . 0  - 5 . 0  none 
+ 3 . 0 0 - 4 5 . 0  4 6  . •  0 - 5 5 . 0  3 8 . 0  - 5 5 . 0  0 . 0  - 5 . 0  3 7 . 0  - 3 8 . 0  

17 . 0  - 3 7 . 0  
+3 . 0 0 - 40 . 0  4 0 . 0  - 5 5 . 0  3 5 . 0  - 5 5 . 0  0 . 0  - 5 . 0  3 4 . 0  - 3 5 . 0  

14 . 0  - 3 4 . 0  
+2 . 70 - 3 4 . 3  3 4 . 3  - 4 9 . 3  3 3 . 0  - 4 9 . 3  0 . 0  - 5 . 0  none 
+3 . 0 0 - 4 5 . 0  4 5 . 0 - 5 5 . 0  40 . 0  - 5 5 . 0  0 . 0  - 5 . 0  3 9 . 0  - 4 0 . 0  

1 2 . 0  - 3 9 . 0  
+4 . 3 5 - 3 0 . 0  3 0 . 0  - 4 5 . 0  2 8 . 5  - 4 5 . 0  0 . 0  - 4 . 0  none 
+3 . 9 5 - 3 3 . 0  3 3 . 0  - 4 8 . 0  3 2 . 5  - 4 8 . 0  0 . 0  - 4 . 0  none 
+4 . 70 - 30 . 0  3 0 . 0  - 4 5 . 0  2 9 . 0  - 4 5 . 0  0 . 0  - 3 . 5  none 
+3 . 2 5 - 6 3 . 0  5 3 . 0  - 5 8 . 0  4 7 . 5  - 5 8 . 0  0 . 0  - 4 6 . 5  4 6 . 5  - 4 7 . 5  
+5 . 0 7 - 5 2 . 0  5 2 . 0  - 5 5 . 0  4 5 . 5  - 5 5 . 0  4 3 . 0  - 4 5 . 5 

aFor we l l  locat ions see Figure  D-1 5 . 

Bac k f i l l  
interva l  

7 3 . 0  - 1 0 0 . 0  
5 . 5  - 1 6 . 0  
5 . 0  - 2 3 . 0  
4 . 0  - 2 9 . 5  
4 . 0  - 2 9 . 0  

5 . 0  - 3 0 . 0  
5 . 0  - 10 . 0  

5 . 0  - 2 8 . 0  
5 . 0  - 17 . 0  

5 . 0  - 14 . 0  

5 . 0  - 3 3 . 0  
5 . 0  - 1 2 . 0  

4 . 0  - 20 . 5  
4 . 0  - 3 2 . 5  
3 . 5  - 2 9 . 0  

0 . 0  - 4 3 . 0  
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Pump tests wer e done at two we lls , no . 7 and no . 8 .  For each o f  the tests , 
water level s  were meas ured in both the pumping well and two nearby observat ion 
wells ( Table D-3 4 ) . Wa ter level s  were measured in all wel l s  dur ing both the 
dr awdown and the recovery phases of the tes t .  In i t ial analyses o f  the test 
data , u s ing the Theis  method , Jacob ' s  method , and The i s ' Recovery Method , 
ind icate transmissivit ies rang ing between 0 . 8  to 1 6 6  ft 2/day , with a mean 
va lue of  approx ima tely 4 0  ft 2/day . 

D . 5 . 3  Ex i s t i ng water qual i ty 

Gr ound-wa ter samples from f ive mon i tor ing we l l s  at the South Cl ive s i te 
were obta ined and analy zed for ma j or cat ions and an ion s , metals , and 
rad ionuc l ide s . The wells were sampled four t imes over the course of  a year in 
order to de fine temporal var ia tion in wa ter qua l i ty .  Results of the analyses 
are presented in Table D-3 5 .  

The gr ound water a t  the South Cl ive s i te i s  char acter i zed by h igh levels 
of sod i um , chlor ide , magnes ium ,  sul fate , bicarbonate , and tota l d i ssolved 
sol id s . There is no ind icat ion of s ig n i f i cant seasonal var iat ion in water 
qual i ty .  Concentrat ions o f  total d i ssolved sol ids ranged between abou t 2 0 , 0 0 0  
mg/l to about 5 0 , 0 0 0  mg/l . The water can be clas s i f ied a s  un f i t  for all  but 
l imited industrial  uses without extens ive treatment , but could be used for 
dust con trol dur ing d i sposal of  t a i l ings . 

Sign i f icant concentr at ions of  rad ionuc l ides are repor ted for analyse s  o f  
water samples a t  the South Cl ive s i te .  D i ssolved u r an ium ranged from 2 . 7 to 
3 5 . 9  pCi/l ( 0 . 0 0 4  to 0 . 0 5 3  mg/l ) . Repor ted concentrat ions of radon daughte r s  
were mostly repor ted o n  a "tota l "  bas i s  r ather than a " d i s solved " bas i s , b u t  
one analysis  repor ted 6 . 8  + 1 . 6  pC i/l of  Pb-2l0 o n  a d i ssolved bas i s .  Ra- 2 2 6  
was not repor ted o n  a d i s solved bas i s . 

D . 5 . 4  Water uses 

Other than the 1 7  mon i tor i ng wells installed for the UMTRA pro j ec t ,  there 
are no exist ing ground-water wells on or near the Sou th Cl ive s i te . The 
closest known wells are approx imately 3 mi les nor thwest and 3 . 4  miles east of  
the s i te .  Locations o f  these and other nearby we lls are l i sted i n  Table D- 3 6  
and shown o n  Figure D-2 0 .  The well west of  the s i te has been destroyed ; one 
of  the two we lls east of  the s i te is in current use to water l ivestoc k--the 
second well was destroyed . In the Bonnev ille Salt Fl ats to the west , h igh 
salin ity ground wa ter is used for mineral extract ion . 

Without extensive treatmen t ,  use of  the g r ound wa ter in the Sou th Cl ive 
area would appear to be con f i ned to very l imi ted indus tr ial uses . In general , 
the use of  ground water and sur face water in the Gr eat Salt La ke Desert is  
concentra ted along mounta in fronts where the ma j or ity of  fresh ground water 
and spr i ng d i scharge occur s .  

D-1 0 l  



Table D-3 4 . Pump tests - South Cl ive s i te 

Test No . 1 

D i stance to 
Wel l  ID Use o f  well pumped wel l  ( f t )  

7 pump ing 0 
7A observat ion 8 . 9  
7B observat ion 1 5 . 7  

Test No . 2 

D i s tance to 
Well ID Use o f  wel l  pumped wel l  ( ft )  

8 pump ing 0 
8A observat ion 9 . 4  
8B observa t ion 2 1 . 5 

0-1 0 2  
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Table D-�5 . Chemical ground-water qual ity - South Cl ive s ite 

Parameter ( metal s )  

Date sampled 
Aluminum - ( AI ) 
Arsenic (As)  
Arsenic - to tal ( As )  
Barium ( Ba)  
Barium - total ( Ba)  
Boron - total ( B) 
Cadmium ( Cd )  
Cadmium - total ( Cd )  
Chromium ( Cr )  
Chromium - total ( Cr )  
Cobal t ( Co)  
Copper ( Cu)  
Copper - to tal ( Cu)  
I ron ( Fe )  
I ron - t o t a l  ( Fe )  
Lead ( Pb)  
Lead - total ( Pb )  
Magnes ium (Mg )  
Manganese (Mn) 
Manganese - total ( Mn) 
Mercury - total ( Hg )  

( in micrograms per liter)  
Molybdenum ( Mo )  
Nickel - ( Ni )  
Potass ium (K)  
Selenium ( Se )  
Selenium - total ( Se)  
Silver (Ag) 
Silver - total (Ag )  
Sodium ( Na )  
Sodium - total ( Na)  
Stront ium ( Sr )  
Vanadium (V)  
Zinc ( Zn)  
Zinc - total ( Zn)  

a 

SC-1 

9 / 30/81 
<0 . 1  b 

_c 
0 . 01 

<0 . 1  
0 . 24 

0 . 1 1  

0 . 03 

0 . 07 
0 . 1 4 
2 . 50 

0 . 6  
460 

0 . 63 

2 . 7  

<0 . 1  

3 10 
<0 .01  

0 . 07 

1 1  , SOD 

9 . 50 
<0 . 5  
0 . 07 

SC-2 

9/22/81  
<0 . 1  

0 . 0 1  

0 . 1  
0 . 98 

0 . 1 2  

0 . 07 

0 . 10 
0 . 25 

24 . 70 

<0 . 05 
920 

0 . 1 1  

1 . 0  

0 . 8  

530 
<0 .01  

0 . 09 

160 ,000 

15 . 20 
<0 . 5  
0 . 05 

Well numbera 

SC-3 

9/24 /81 
<0 . 1  

0 . 04 

2 . 9  
2 . 99 

0 . 1 7  

0 . 27 

0 . 26 
0 . 1 6  

1 4 6  

<0 . 1  
400 

0 . 08 

0 . 8  

<0 . 1  

430 
<0 .01  

0 . 05 

1 1 , 000 

10 . 70 
<0 . 5  
0 . 08 

SC-4 

9/29/81  
<0 . 1  

0 . 07 

4 . 2  
0 . 28 

0 . 1 5  

0 . 37 

0 . 36 
0 . 1 4 

229 

0 . 8  
420 

0 . 22 

2 . 0 

<0 . 1  

320 
<0 .01  

0 . 0 7  

12 , 000 

1 2 . 50 
<0 . 5  
0 . 05 

SC-5 

9/23/81 
<0 . 1  

0 . 0 1  

2 . 7  
0 . 56 

0 . 1 8 

0 . 26 

0 . 34 
0 . 1 1  

1 6 7  

<0 . 1  
310  

0 . 1 1  

1 . 9 

<0 . 1  

390 
<0 .01  

0 . 04 

9 , 1 40 

1 4 . 60 
<0 . 5  
0 . 06 

bFor wel l  locat i ons , see Figure 0- 1 5 .  
All values in milligrams per liter on a dissolved bas is , unless o therwise noted . 

c- indicates concentration not determined . 



Ta bl e 0 - 3 5 . ( c ont i n ued ) 

Wel l  number 

Parameter (metal s )  SC- 1 SC-2 SC-3 SC-4 SC-5 

Date sampled 2 / 8 / 8 2  2 / 8 / 8 2  2 / 8 / 8 2  2 / 8 / 8 2  2 / 8 / 8 2  
Aluminum (AI ) <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Ars enic (As )  0 . 02 0 . 06 0 . 0 1  0 . 0 1  0 . 02 
Ars enic - total (As ) 0 . 02 0 . 06 0 . 02 0 . 0 1  0 . 03 
Barium ( Ba) 0 . 4  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Barium - total ( Ba) 0 . 4 0 . 5  5 . 4  1 . 2 2 . 7  
Boron ( B )  0 . 93 1 . 90 1 . 80 1 . 50 1 . 30 
Cadmium ( Cd )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1 

Cadmium - total ( Cd )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Chromium ( C r )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Chromium - total ( Cr )  0 . 0 1  0 . 04 0 . 2 3 0 . 1 0 0 . 1 4 
Cobalt ( Co )  <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  

Copper ( Cu )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Copper - total ( Cu) 0 . 0 1  0 . 04 0 . 2 7 0 . 07 0 . 1 8 
Iron ( Fe )  0 . 07 0 . 1 7 0 . 1 4 0 . 1 2 0 . 1 3 
Iron - total ( Fe )  0 . 84 2 7 . 00 240 59 . 00 1 5 0  

tJ Lead ( P b )  <0 . 05 <0 . 05 <0 . 05 <0 . 05 <0 . 05 I 
I-' Lead - total ( P b )  <0 . 05 <0 . 05 0 . 1 4 0 . 05 0 . 1 2 0 
U1 Magnes ium ( Mg )  3 1 0  790 400 400 270 

Manganes e  ( Mn )  0 . 24 0 . 09 0 . 09 0 . 1 3 0 . 1 1  
Manganese - total ( Mn )  0 . 28 0 . 83 6 . 40 1 . 2 1  3 . 84 
Me rcury - total ( Hg )  <0 . 3  0 . 3  <0 . 3  <0 . 3  0 . 3  

( in micrograms per liter)  
Mo lybdenum ( Mo )  <0 . 1  0 . 5  <0 . 1  <0 . 1  <0 . 1  
Ni ckel ( N i )  <0 . 0 5  <0 . 0 5 <0 . 05 <0 . 05 <0 . 05 
Potass ium (K)  2 2 0  400 360 3 1 0  300 
Selenium ( Se )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Selenium - total ( Se )  <0 . 0 1  0 . 02 0 . 0 1  0 . 0 1  <0 . 0 1  
Silver ( Ag )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Silver - total ( Ag )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Sod ium ( Na )  6 , 200 17 , 000 1 2 , 000 1 2 , 000 8 , 7 00 
Sod ium - total ( Na )  6 , 200 17 , 000 1 2 , 000 1 2 , 000 8 , 7 00 
St ront ium ( S r )  9 . 90 20 . 60 14 . 60 1 5 . 40 1 8 . 7 0 
Vanad ium ( V )  <0 . 5  <0 . 5  <0 . 5  <0 . 5  <0 . 5  
Zinc ( Zn )  0 . 04 0 . 05 0 . 08 0 . 1 6 0 . 09 
Zinc - total ( Zn )  0 . 05 0 . 1 5 3 . 1 0 0 . 2 8 0 . 5 8 



Ta bl e 0 - 3 5 . ( conti nued ) 

Wel l  number 

Parameter  (me tal s )  SC-1 SC-2 SC-3 SC-4 SC-5 

Date sampled 6 / 2 /82  6 / 2 / 8 2  6 / 2 /82 6 / 2 / 8 2  6 / 2 / 8 2  
Aluminum (AI ) <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Arseni c (As )  0 . 0 1  0 . 05 0 . 0 1  0 . 0 1  0 . 0 2  
Ars enic - total (As ) 0 . 0 1  0 . 05 0 . 0 2  0 . 0 1  0 . 0 2  
Barium ( Ba )  <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Barium - total ( Ba )  0 . 2  1 . 4 2 . 5  1 . 2 0 . 4  
Boron ( B )  2 . 63 3 . 08 2 . 63 2 . 53 2 . 43 
Cadmium ( Cd )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Cadmium - total ( C d )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Chromium ( Cr )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Chromium - total ( C r )  <0 . 0 1  ' 0 . 1 0 0 . 1 6 0 . 1 4 0 . 02 
Cobal t ( Co )  <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Copper ( Cu )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Coppe r - total ( Cu )  0 . 02 0 . 1 1  0 . 1 4 0 . 1 1  0 . 1 0 
Iron ( F e )  0 . 20 0 . 1 8 0 . 1 1  0 . 1 2  0 . 06 
Iron - total ( Fe )  1 . 1 1  38 . 00 65 . 00 47 . 00 6 . 00 0 Lead ( Pb )  <0 . 0 5  <0 . 05 <0 . 05 <0 . 05 <0 . 05 I 

I-' 
Lead - total ( P b )  <0 . 05 <0 . 05 <0 . 05 <0 . 05 <0 . 05 0 m 
Magnes i um ( Mg )  560 850 470 450 280 
Manganese ( Mn )  0 . 92 0 . 06 0 . 04 0 . 1 1  0 . 09 
Manganese - total ( Mp )  0 . 95 0 . 06 0 . 04 0 . 1 3 0 . 1 0 
Me rcury - total (Hg ) <0 . 3  <0 . 3  <0 . 3  <0 . 3  <0 . 3  

( in microg rams per l i t e r )  
Holybdenum ( Mo )  <0 . 1  0 . 5  <0 . 1  <0 . 1  <0 . 1  
Nickel ( N i ) <0 . 05 <0 . 05 <0 . 05 <0 . 05 <0 . 05 
Potass ium (K)  3 1 0  380 350 300 280 
Selenium ( Se )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Selenium - total ( Se )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Silver (Ag )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Silve r - total (Ag )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Sod ium (Na)  1 2 , 000 l 4 , 000 1 1  , 500 1 1  , 500 8 , 1 50 
Sodium - total ( Na )  1 2 , 000 1 4 , 000 1 1  , 500 1 2 , 000 8 , 7 00 
S t ront ium ( S r )  1 0 . 90 1 6 . 20 1 2 . 00 1 2 . 20 1 4 . 00 
Vanad ium ( V )  <0 . 5  <0 . 5  <0 . 5  <0 . 5  <0 . 5  
Zinc ( Zn )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Zinc - total ( Zn )  0 . 30 2 . 20 1 . 50 2 . 1 0 1 . 30 



Tabl e 0 - 3 5 . ( co nt i nued ) 

Wel l  number 

Parameter  ( metal s )  SC-1 SC-2 SC-3 SC-4 SC-5 

Date sampled 8 / 25 /82  8 / 2 5 / 8 2  8 / 2 5 / 82 8 / 25 / 8 2  8 / 25 /82  
Aluminum ( AI ) <0 . 1  0 . 5  0 . 1  <0 . 1  <0 . 1  
Arsenic ( As )  <0 . 0 1  0 . 02 <0 . 0 1  <0 . 0 1  0 . 02 
Arsenic - total (As ) <0 . 0 1  0 . 0 2  0 . 0 1  <0 . 0 1  0 . 02 
Barium ( Ba )  <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Barium - total ( Ba )  0 . 2  0 . 4  3 . 3  0 . 2  0 . 2  
Boron ( B ) 1 . 95 2 . 68 2 . 79 2 . 1 0 1 . 9 6  
Cadmium ( Cd )  <0 . 0 1  <0 . 0 1  <0 . 0 1 <0 . 0 1  <0 . 0 1  
Cadmium - t otal ( Cd )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Chromium ( C r )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Chromium - total ( C r )  <0 . 0 1  0 . 03 0 . 1 3 0 . 02 0 . 0 1  
Cobalt ( C o )  <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Coppe r ( Cu )  0 . 0 1  0 . 02 <0 . 0 1  <0 . 0 1  0 . 1 0 
Copper - total ( Cu )  0 . 0 1  0 . 02 0 . 22 0 . 04 0 . 1 0 
Iron ( Fe )  <0 . 05 0 . 34 0 . 09 <0 .05 <0 . 05 
Iron - t o tal ( Fe )  1 . 39 1 7 . 00 1 1 0  1 2 . 00 9 . 00 
Lead ( Pb )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  

CJ Lead - total ( P b )  0 . 0 1  0 . 0 1  0 . 05 0 . 0 1  0 . 0 1  I 
: ...... Magnes ium ( Mg )  520 870 430 4 1 0  270 :::> 
--.I Mangane se ( Mn )  1 . 07 0 . 09 0 . 08 0 . 08 0 . 07 

Manganese - total ( Mn )  1 . 08 0 . 60 3 . 50 0 . 3 1  0 . 3 7  
Mercury - total ( Rg )  <0 . 3  <0 . 3  <0 . 3  <0 . 3  <0 . 3  

( in micrograms per liter ) 
Molybdenum ( Mo )  <0 . 1  0 . 5  <0 . 1 1 <0 . 1  <0 . 1  
Nickel ( Ni )  <0 . 05 <0 . 05 <0 . 055 <0 . 05 <0 . 0  
Potass ium (K)  390 470 430 370 340 
Selenium ( Se )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Selenium - total ( Se )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Silver ( Ag )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Silver - total ( Ag )  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  <0 . 0 1  
Sod ium ( Na )  1 2 , 600 15 , 000 1 2 , 000 1 1  , 500 8 , 500 
Sodium - total ( Na )  1 2 , 600 1 5 , 000 1 2 , 000 1 1  , 500 8 , 500 
Stront ium ( S r )  1 3 . 00 20 . 00 15 . 00 15 . 00 18 . 00 
Vanadium ( V )  <0 . 5  <0 . 5  <0 . 5  <0 . 5  <0 . 5  
Zinc ( Zn )  <0 . 0 1  0 . 07 0 . 03 0 . 0 1  0 . 10 
Zinc - total ( Zn )  0 . 04 0 . 1 5 0 . 7 2  0 . 07 0 . 1 0 



Ta bl e 0- 35 . ( c o nt i nued ) 

Wel l  number 

General paramet ers SC-l SC-2 SC-3 SC-4 SC-5 

Date sampled 9 /30/8 1 9 / 2 2 / 8 1  9 / 2 4 / 8 1  9 / 2 9 / 8 1  9 / 2 3 / 8 1  
Ammonia ( NH3-N) 0 . 09 0 . 1 9 <0 . 05 0 . 05 0 . 1 0 
Bi carbonate ( HC03 ) 2 7 1  1 5 1  329  383 1 8 3  
Carbonate ( C03 ) < 1  < 1  < 1  < 1  < 1  
Calcium ( Ca )  3 60 600 280 360 240 
Chloride ( Cl )  
Chlor ide - total ( Cl )  

1 8 , 4 1 7  25 , 347  1 8 , 309 1 9 , 93 6  14 , 934  

Conductivity - f i eld 
( in micromhos per centimeter)  

6 1 , 500 66 , 500 52 , 500 57 , 000 5 1 , 500 

Cyanide - t o tal ( CN )  
Fluoride ( F )  0 . 49 0 . 82 1 . 35 0 . 42  0 . 53 
Fluoride - total ( F )  
Hyd roxide ( OH )  <0 . 5  <0 . 5  <0 . 5  <0 . 5  <0 . 5  t:J Nit rate ( N03-N ) <0 . 1  0 . 9  <0 . 1  < . 0 1  0 . 5 I 

I--' Nit rate - total ( N03-N) 0 
m 

pH - f i eld 7 . 9 8 . 7  7 . 8 7 . 8  8 . 2  
pH -lab @ 25 ° C  7 . 7 9  7 . 80 7 . 8 1  8 . 25 7 . 50 
Phenol 
Phosphat e - to tal ( P04 -p ) . 0 . 1 3  0 . 04 0 . 02 0 . 1 3 0 . 06 
Redox potent ial (EH) 55 9 1  1 0 5  54 1 04 

( in mil l ivolts ) 
Salinity - f ield ( 0 /00 ) 
Sulfate ( S04 ) 1 , 7 6 1  5 , 144  1 , 564  2 , 04 1 1 , 7 78 
Sulfate - total ( S04 ) 
Sulf ide ( H2 S )  
Temperature - f i eld ( O C )  14 . 6  1 4 . 6  14 . 9  1 3  . 4  1 9 . 3  
Total alkal ini ty ( as CaC03 ) 235 139 289 3 3 1  1 6 9  
Total dis solved solids 33 , 699 50 , 1 30 34 , 830 36 , 150 27 , 050 

( as calcium) 
Total hardness ( as CaC03 ) 2 , 7 9 2  5 , 284 2 , 345 2 , 6 2 7  1 , 8 7 5  
Total organic carbon 



Tabl e D- 35 . ( cont i nued ) 

Wel l  number 

General paramet ers SC-1 SC-2 SC-3 SC-4 SC-5 

Dat e sampled 2 /8 / 8 2  2 / 8 /82 2 / 8 / 8 2  2 / 8 /82 2 / 8 /82  
Ammonia (NH3-N ) <0 . 0 2  <0 . 02 <0 . 0 2  <0 . 0 2  <0 . 02 

( un-ioni z ed ) 
Bicarbonate ( HC03 ) 1 68 1 7 1  34 2 366 20 1 
Carbonate ( C03 ) < 1  <1  < 1  < 1  
Calc ium ( Ca )  3 1 0 560 300 330 240 
Chloride ( C 1 ) 1 0 , 7 20 27 , 1 69 1 9 , 36 2  1 9 , 2 28  14 , 690 
Chloride - total ( C 1 ) 1 0 , 890 27 , 1 69 1 9 , 36 2  1 9 , 682  1 4 , 86 1  
Conduct ivity - field 45 , 000 70 , 000 64 , 000 60 , 000 53 , 00 0  

( in microhmos p e r  cent ime t er ) 
Cyanide - t o tal ( CN )  <0 . 05 <0 .05  <0 . 05 <0 . 05 <0 . 05 D Fluoride ( F )  0 . 87 1 . 46 1 . 40 1 . 04 1 . 1 0 I 

t-' Fluoride - total ( F )  0 . 90 1 . 50 1 . 40  1 . 04 1 . 1 0 0 
1O Hydroxide ( OH )  <0 . 5  <0 . 5  <0 . 5  <0 . 5  <0 . 5  

Nitrate ( NOrN ) <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Nitrate - total ( N03 ) <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
pH - field 8 . 3 7 . 8 7 . 7  7 . 8 8 . 2  
pH - lab @ 2 5 ° C  7 . 8 1  7 . 58 8 . 00 8 . 02 8 . 1 0 
Phenol <0 . 005 <0 . 005 <0 . 005 <0 . 005 <0 . 005 
Phosphate - total ( P04-P ) 0 . 05 0 . 08 0 . 1 4 0 . 2 7 0 . 09 
Redox potent ial ( EH )  7 1  50 60 60 67 

( in millivolt s ) 
Sal inity - field ( 0 /00 ) 
Sulfate ( S04 ) 545 4 , 447  1 , 4 7 5  1 , 534 1 , 036 
Sulfate - to tal ( S04 ) 639  4 , 499 1 , 524 1 , 857 1 , 1 1 6  
Sulf ide ( H2 S )  <0 . 05 <0 . 0 5  <0 . 05 <0 . 05 <0 . 05 
Temperature - f i eld ( O C )  8 . 9  8 . 7  8 . 9  9 . 7  1 0 . 6  
Total alkal inity ( as CaC03 ) 1 5 7  159  299 3 1 9  1 8 2  
Total dissolved solids 1 9 , 7 1 7  49 , 935 34 , 7 4 7  34 , 87 9  25 , 2 7 7  

( as calc ium) 
Total hardness ( as CaC03 ) 2 , 050 4 , 649 2 , 395 2 , 47 0  1 , 7 1 0  
Total organic carbon 2 4 3 6 4 



Ta bl e D- 35 , ( co n t i n ued ) 

Well numbe r 

General parameters SC-1 SC-2 SC-3 SC-4 SC-5 

Date sampled 6 / 2 /8 2  6 / 2 / 82  6 / 2/ 8 2  6 / 2 / 8 2  6 / 2 /82  
Ammonia ( NH3-N ) <0 . 05 <0 . 05 <0 . 05 <0 . 05 <0 . 05 

( un-ionized ) 
Bicarbonate ( HC03 ) 2 6 8  164 338 359 203 
Carbonate ( C03 ) < 1  < 1  < 1  < 1  < 1  
Calcium ( Ca )  400 6 1 0  3 1 0  35 0 260 
Chloride ( C 1 ) 20 , 7 2 5  24 , 83 2  1 9 , 1 49  1 9 , 04 7  1 3  , 5 1 1  
Chloride - total ( C 1 ) 20 , 7 2 5  24 , 8 3 2  1 9 , 1 49  1 9 , 0 4 7  1 3 , 545 
Conduct ivity - f i eld 83 , 000 96 , 000 7 9 , 000 7 9 , 000 60 , 000 

( in micromhos per centime t e r )  
Cyanide - total ( CN )  <0 . 005 <0 . 005 <0 . 005 <0 . 00 5  <0 . 005 
Fluoride ( F )  0 . 5 3  1 . 00 0 . 94 0 . 48 0 . 65 
Fluor ide - total ( F )  0 . 56 1 . 20 2 . 2 1 0 . 55 0 . 70 

0 Hydroxide ( OH )  <0 . 5  <0 . 5  <0 . 5  <0 . 5  <0 . 5  
I Nitrate ( N03-N ) <0 . 05 <0 . 05 <0 . 05 <0 . 05 <0 . 05 I-' 

I-' Ni t rate - total ( N03 ) 0 . 36 0 . 5 7  2 . 2 2 0 . 36 0 . 1 7 0 
pH - field 7 . 7  7 . 5 7 . 5  7 . 5 7 . 7  
pH - lab @25 ° C  7 . 49 7 . 7 7 7 . 88 7 . 84 7 . 83 
Phenol <0 . 005 <0 . 005 <0 . 005 <0 . 005 <0 . 005 
Phosphate - total ( p04-p ) 0 . 1 3  0 . 1 4 0 . 1 8 0 . 1 3  0 . 1 4 
Redox potential ( EH )  5 2  4 8  5 3  55 62 

( in mil livolts ) 
Salinity - field ( 0 /00 ) 
Sulfate ( S04 ) 1 3  . 6  1 8 . 1  14 . 4  1 5 . 2  1 0 . 3  
Sulfate - total ( S04 ) 1 3 . 6  33 . 7  43 . 6  3 7 . 0  1 0 . 3  
Sulfide (H2 S )  <0 . 05 <0 . 05 <0 . 0 5  <0 . 05 <0 . 05 
Temperature - f i eld ( O C )  1 3 . 0  1 2 . 0 1 2 . 0  1 3 . 0  1 3 . 0  
Total alkali nity ( as CaC03 ) 239 1 5 3  294 3 1 2  1 8 3  
Total dissolved solids 37 , 5 1 2  44 , 1 20 34 , 4 1 8 34 , 520 24 , 6 1 8  

( as calcium) 
Total hardness ( as CaC03 ) 
Total o rganic carbon 1 0  1 7  25 23 1 2  



Tabl  e 0- 35 . ( cont i n ued ) 

Well number 

General parame ters SC-1 SC-2 SC-3 SC-4 SC-5 

Date sampled 8 / 25 /82 8 / 2 5 /82 8/25 /82 8 / 2 5 / 8 2  8 / 2 5 / 8 2  
Ammonia ( NH3-N ) 0 . 2 2  0 . 1 4 <0 . 0 1  0 . 3 1  0 . 4 1  

( un-ioni zed ) 
Bicarbonate ( HC03 ) 249 160  338  340 1 9 6  
Carbonate ( C0 3 ) < 1  < 1  <1  < 1  < 1  
Calcium ( Ca )  350 570 300 320 230 
Chloride ( C 1 ) 20 , 7 7 4  24 , 585 1 9 , 27 0  18 , 8 6 3  1 3 , 50 2  
Chloride - to tal ( C 1 ) 20 ,830 24 , 8 7 9  1 9 , 485 1 8 , 8 1 7  1 3 , 785  
Conduct ivity - field 5 7 , 000 96 , 000 70 , 000 79 , 000 60 , 00 0  

( in mi cromhos p e r  cen t ime ter) 
Cyanide - to tal ( CN )  <0 . 05 <0 . 05 <0 . 05 <0 . 05 <0 . 05 
Fluoride ( F )  0 . 62  1 . 1 3 1 . 03 0 . 52 0 . 7 6 

t:J Fluo ride - total ( F )  0 . 65 1 . 25 1 . 36 0 . 5 7  0 . 88 I 
I--' Hyd roxide ( OH )  <0 . 5  <0 . 5  <0 . 5  <0 . 5  <0 . 5  I--' 
I--' Nitrate ( NOrN ) 0 . 2  2 . 1  <0 . 1  0 . 3  <0 . 1  

Nitrate - total ( N0 3 ) 0 . 26 3 . 83 0 . 1 8 0 . 35 0 . 1 9  
pH - field 7 . 4 7 . 6 7 . 5  7 . 5  7 . 8 
pH - lab @25 ° C  7 . 7 0  7 . 59 7 . 7 2  7 . 80 8 . 00 
Phenol <0 . 005 <0 . 005 <0 005 <0 . 00 5  <0 . 005 
Phosphate - total ( P04-P ) 0 . 1 6 0 . 05 0 . 08 0 . 0 7  0 . 1 4 
Redox potent ial ( EH )  5 0  45 50 52 57 

( in millivolt s )  
S al inity - f i eld ( 0 /00 ) 
Sulfate ( S04 ) 1 , 7 7 3  4 , 1 52  1 , 4 3 7  1 , 4 7 7  951  
Sulfate - total ( S04 ) 1 , 793  4 , 2 7 1  1 , 4 7 3  1 , 4 7 5  990 
Sulfide ( H2 S )  <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Temperature - field ( O C )  1 7 . 6  1 5 . 0  1 4 . 0  1 3 . 0  1 4 . 0  
Total alkalinity (as CaC03 ) 223 1 4 7  2 9 1  29 1 1 7 1  
Total d i s solved solids 3 7 , 238 46 , 84 2  34 , 4 7 4  33 , 8 60 24 , 2 7 0  

( as calcium) 
Total hardness ( as CaC03 ) 3 , 0 1 4  5 , 004 2 , 5 1 8  2 , 486  1 , 685 
Total organic carbon 4 1 2  4 7 23 



Ta b l e  0- 35 . ( c o nt i nued ) 

Well numbera 

Rad iochemistry 
d 

5C-1 5C-2 5C-3 5C-4 5C-5 

Date samp led 9 / 3 0 / 8 1  9 / 2 2 / 8 1  9 / 24 / 8 1  9 /2 9 / 8 1  9 / 2 3 / 8 1  
Gro s s  alpha , dissolved 0± 1 1 0b 155± 188 0± 1 7 0  0± 200 0 ± 196  
Gro s s  beta , dis solved 7 l 0± 140 588± 358 48 1 ± 166  4 1 1 ± 1 88 564± 1 93 
Radium - 226 , dissolved 0 . 8± 0 . 2  0 . 3± 0 . 2  0 . 4±0 . 2  0 . 5±0 . 2  0 . 6 ±0 . 2  
Rad ium - 2 2 8 , d i ssolved _c 

Thor ium - 230 , dissolved 3 . 4± 0 . 8  2 .  2± 1 . 1  2 . 7 ±0 . 5  3 . 8±0 . 8 14 . 0±4 . 0 
Lead - 2 1 0 , d issolved 6 . 8± 1 . 6 0 . 6±0 . 6  0 . 5±0 . 7  1 . 0±0 . 9  0 . 2±0 . 7  
Polonium - 2 1 0 , dissolved 0 . 0± 0 . 3 0 . 1 ± 0 . 2  0 . 0± 0 . 2  0 . 0± 0 . 4 0 . 0±0 . 2  
Uranium ( U308 ) ,  di ssolved 8 . 1  2 7 . 1  6 . 8  8 . 8  3 . 4 

t::I Uranium ( U308 ) '  total 8 . 1  29 . 8  1 4 . 2  1 6 . 2  14 . 2  
I 

t-' 
t-' 
N 



Ta bl e 0- 35 . ( c o nt i nued ) 

Wel l  number 

Radio chemis t ry SC-l SC-2 SC-3 SC-4 SC-S 

Date sampled 2 / 8 / 8 2  2 / 8 / 8 2  2 / 8 / 8 2  2 / 8 /82  2 / 8 / 8 2  
Gross alpha , total 0 . 0 ± 7 2 . 7  76 . 3 ± 1 8 3  3S . 4 ± l S S  0 . 0 ±1 3 1  0 . 0 ±92 . 9  
Gross beta , total 1 92 ± l 88 299 ±206 282 ±203 346 ±20 S  320 ±1 98 
Radium-2 2 6 , total 0 . 7  ±O .  2 0 . 8 ±0 . 2  0 . 9  ±O .  2 1 . S ±0 . 3  0 . 8 ±0 . 2  
Radium-228 , total 3 . 4 ±3 .  7 2 . 2  ±3 . 9 2 . 9 ±3 . 4  1 . 4 ±3 . S  0 . 3 ±3 . 7 
Tho rium-230 , total o . 0 ±2 . 1  2 . 6 ±1 . 4  L O ±L l  0 . 0  ±2 .  3 1 . 8 ±2 . 7  
Lead-2 1 0 , total 0 . 3 ±L 3  0 . 4 ±1 . 3  0 . 0 ±1 . 3  0 . 3  ±L 4  0 . 0  ±1 . 4 

t:I Polonium-2 1 0 , total 0 . 2  ±0 . 4  0 . 2 ±0 . 4 O . O ±O . O  0 . 1 ±0 . 2  0 . 2 ±O . 2  
I Uranium ( U308 ) ,  dissolved 2 . 7  3S . 2  l l . S  l l . S  2 . 7  I-' 

I-' Uranium ( U308 ) '  to tal 2 . 7 39 . 3  49 . 4  1 9 . 6  24 . 4  w 



t:J 
I 

I-' 
I-' 
J>. 

Radiochemis t ry 

Date sampled 
Gross al pha , total 
Gros s  beta , total 
Radium-2 26 , t otal 
Radium-228 , to tal 
Tho rium-2 30 , to tal 
Lead-2 l 0 , total 
Polonium-2 l 0 , total 
Uranium (U308 ) '  dis solved 
Uranium (U308 ) '  total 

Ta b l e 0- 3 5 . ( c o nt i nued ) 

Wel l  number 

SC-l SC-2 SC-3 

6 / 2 /82 6 / 2 /8 2  6 / 2 / 8 2  
0 . 0± 23 5  345 ± 43 5  374±4 l 4  
0 . 0 ± 7 2 0  4 l 2 ± 7 6 5  4 7 8 ± 7 6 4  
1 . 2 ±0 . 2  0 . 8 ±0 . 2  0 . 5 ±0 . 1  
4 . l ± 1 . 5  1 . 6 ±1 . 5  0 . 8 ±1 . 2  
2 . 5 ± l . 2 2 . 7 ± l . 1  9 . 3 ±2 . 0  
0 . 1 ± l . 0 0 . 8 ±1 . 2  0 . 5  ±l . l  
0 . 3 ±0 . 2  0 . 0 ±0 . 2  0 . 2 ±0 . 2  

7 . 4 35 . 9  l l . 5 
8 . 8  35 . 9  1 4 . 9  

SC-4 SC-5 

6 / 2 / 8 2  6 / 2 /82  
90 . 2 ±343 25 . 3 ±2 7 l  

1 98 ±748 309 ±405 
2 . 0 ±0 . 2  l . 0 ±0 . 2  
2 . 7  ±l . 4  l . 2 ±l . 3  
0 . 8 ±l . 0 6 . 4 ±l . 6  
0 . 6 ±l . 4 0 . 9  ±l . l  
0 . 2 ±O . 2  O . O ±O . l  

1 3  . 5  6 . 1  
1 3 . 5  6 . 1  



t1 I 
f--' 
f--' 
lJl 

Radiochemis t ry 

Date sampled 
Gross alpha , total 
Gro s s  be ta , total 
Rad ium-226 , total 
Radium-228 , total 
Thorium-230 , total 
Lead-2 l 0 , to tal 
Polonium-2 l 0 , total 
Uranium ( U308 ) ,  d i s solved 
Uranium ( U308 ) '  total 

d
A l l  values i n  picocur i e s  per l i t e r . 

Ta bl e 0 - 35 . ( conti nued ) 

SC-l 

8 / 2 5 /82 
0 . 0± 1 3 2  
3 93± 237  
1 . 2± 0 . 3  
4 . 9± 3 . 2  
0 . 6±2 . 4  
3 . 6± 2 . l  
0 . 5± 0 . 4  

5 . 4 
5 . 4 

SC-2 

8 / 2 5 / 8 2  
0 . 0± 2 5 2  
48l± 255 
3 . 0± 0 . 4  
3 . l ± 3 . 4  
3 . 7± 2 . l  
5 . 4± 2 . 4 
3 . 6±0 . 9  

22 . 1  
32 . 8  

Wel l  number 

SC-3 

8 / 2 5 /8 2  
1 3  . 9± 1 96 

47 7 ± 3 l 3  
0 . 2±0 . 1  
0 . 0±2 . 8  
5 . 8± 2 . 4  
7 . 4± 2 . 2  
8 . l ± 1 . 7  

6 . 0  
1 1 . 4 

SC-4 SC-5 

8 / 2 5 / 8 2  8 / 2 5 / 8 2  
0 . 0± 1 3 1  0 . 0±90 . 6  
323±232 23 l ± 2 l 8  
1 . 1 ±0 . 2  2 . 0±0 . 3  
5 . l ± 3 . 2  2 . 8±3 . 2  

l 4 . 2±4 . 3  8 . l ±2 . 7 
1 . 6±2 . 0  1 . 9±2 . 0  
0 . 8±0 . 5  1 . 7 ±0 . 6  

1 0  . 1  2 . 7 
10 . 7  4 . 7  



tJ I 
I-' 
I-' 
(j\ 

Ta bl e D-36 . Records of selec t ed wells in the South C l ive area 

Locat ion 
c 

Owner/User name 
Year 

drilled 
Depth of 
",ell ( f t )  

Casing 
d iame ter 

Depth to 
top of 

perforated 
sect ion ( f t )  

Al t itude 
( f t )  

Water level 
below land 

surface 
datum ( f t )  

a
T1S , RllW U . S .  Bureau of 90 
Sec . 18 Land Management 

(Clive wel l )  

a
TlS , RllW Cox Con s t ruct ion 
Sec . 18 bcd Company 

1 969 350 8 185 4 , 3 50 

a
T1S , RllW Desert Lives tock 
Sec . 36 bba Company 

1940 2 76 6 4 , 550 

b
T1S , Rl lW Desert L ives t ock 
Sec . 36 bba Company 

1 946 293 6 265 4 , 550 

b
TlS , R I OW U . S .  Bureau of 1 9 7 6  300 
Sec . 31 cab Reclamat ion 

b
T1S , R l OW U . S .  Bureau of 
Sec . 31  bdb Reclamat ion 

1 9 7 6  1 8 0  6-5 / 8  80 

a
S t ephen s , J . C . , 1 9 74 .  Hydrologic Reconna is sance of the Northern Great Salt Lake Desert and Summary 

Hydrologic Reconnaissance of Nor thwestern U tah , U . S .  Geo1 . Survey in Cooperat ion with the Utah Department 
of Natural Resourc es , Technical Publicat ion 4 2 , Sal t Lake C ity , Utah . gData ob tained from the S tate of U tah O f f ice of S tate Eng ineer , May 198 1 .  

The propo s ed t a i l ings embankment a t  the South C live s i t e  would be i n  the No rth ha l f  o f  T I S , R I IW , 

Sec . 3 2 . 

53 

264 

263  

8 



Ta b l e  0-36 . ( cont i nued ) 

Rate of  
Discharge Drawdown Date o f  Method of  Use of  

Location Owner/User name (gpm) ( f t )  measuremen t l i f t  water or well Remarks or data availab le 

T1S , RllW U . s .  Bureau of  none unused Well never used ; water 
Sec . 18 Land Management reported to have contained 

(Clive wel l )  35 , 700 ppm of  NaCl . 

-T1S , RllW Cox Con struct ion 600 1 2 0  12-29-69 none unused Spec ific capac ity = 5 gpm/ 
S e c .  18  bcd Company f t  drawdown ; suppl ied 

water for road con s t ruc-
t ion ; later dest royed . 

-T1 S ,  RllW Deser t L ives tock 18 5 -04-40 none unused Well has been des troyed . 
Sec . 36 bba Company 

tJ T1S , RllW Desert Lives tock 11-10-46 p i s ton l ivestock Log ava ilable . I Sec . 36 bba Company I--' pump 
I--' 
-.J 

T1S , R I 0W U . S .  Bureau of none none Abandoned and destroyed ; 
Sec . 31 cab Reclama tion dry hole ; log ava ilable . 

T1S , R I 0W U . S .  Bureau of  40  90 9-14-76 Log available . 
Sec . 31  b eb Reclamat ion 



0-1 1 8  



0 . 6 .  CONCLUS IONS AND SUMMARY--SOUTH CLIVE S ITE 

Two g r ound-water systems can be found in the v i c i n i ty of the Sou th 
Cl ive s i te :  val ley f i l l  and alluvial fan . 

The South Cl ive s i te ove r l ies br i ny g r ound wa ter downg radient o f  the 
recharge to any usable g r ound water in the alluvial fan aqu i fer . 

The potential for i n f iltration a t  the s i te is  m i n ima l . 

Shallow g round water at the s i te i s  characte r i zed by h igh TDS and 
cer tain  r ad ionucl ides with l it tle seasonal var iat ion in qual i ty . 

water uses in the area are l im i ted to a few stock wel l s , due to the 
poor quality o f  the g round water . 

0-119 



D-1 2 0  



D . 7  SURFACE-WATER QUAL ITY , TRANSPORTAT ION ROUTE 

Add i t ional water -qual i ty data are ava i lable for sur face-water sampl ing 
s i tes along the tr anspor tat ion route be tween the vitro and South Cl ive s i tes . 
Sampl i ng locat ions are shown in Figure D-21 and descr ibed i n  Table D-3 7 .  The 
data are presented in Table D-3 8 . At leas t 2 7  other wa ter-qual ity mon itor ing 
sta t ions of the State of  Utah and the US Geolog ical Survey have been 
ide n t i f ied as be ing on or near the transportat ion route . 

Table D-3 7 .  Surface-water sampl ing locat ions 

Locat ion ID Locat ion descr ipt ion 

5-1 Jordan River wes t  of  Wh ite ' s  ballpar k ,  south 
s ide of  Wes t  N .  Temple St . 

5-2 Jordan River southeas t of  Salt Lake A i r por t ,  
wes t  ban k o f  r ive r . 

5-3 Great Salt Lake a t  Salt A i r  Mar ina and boat 
launch r amp ,  a t  rock emban kmen t nor theast of 
mar ina . 

5-4 

5-5 

E)hemeral dra inage course 1/2 mile from 
T imp ie , Utah , south s ide o f  eastbound 
h ighway I-80 . 

Ephemeral 

De lle , Utal. 
I -80 . 

D-1 21  

. a inage cour se 3 mi les east of  
south s ide o f  eas tbound h ig hway 
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Ta bl e 0- 38 . Sur face-water qua l i ty - V i tro to South C l ive transportation route 

Location numbera 
Parame ter (metals)  S-l  S-2 S-3 S-4 S-5 

Date sampled 9 / 10/81  9 / 10/81  9/8/81  9/9/81  9/9/81  
Aluminum - ( AI ) (O . l b (0 . 1  (0 . 1  (0 . 1  (0 . 1  
Arsenic ( As )  _c 

Arsenic - total ( As )  (0 .01  (0 .01  0 . 03 (0 .01  (0 .01  
Barium ( Ba )  
Barium - total ( Ba )  (0 . 1  (0 . 1  (0 . 1  (0 . 1  (0 . 1  
Boron - total ( B )  0 . 30 0 . 26 2 . 7 6  0 . 34 0 . 6 1  
Cadmium ( Cd )  
Cadmium - total ( Cd )  (0 .01  (0 .01  0 . 22 0 . 0 1  0 . 04 
Chromium ( C r )  
Chromium - total ( C r )  (0 .01  (0 .01  0 . 10 (0 .01  (0 .01  
Cobalt ( Co )  
Copper ( Cu )  
Copper - total ( Cu)  
Iron ( Fe)  (0 . 05 (0 . 05 0 . 7 3  (0 .05 (0 .05 
Iron - total ( Fe )  0 . 88 0 . 72 0 . 7 5  (0 . 05 0 . 74 

t:1 Lead (Pb)  
I Lead - total ( Pb )  (0 . 1  (0 . 1  1 . 7  (0 . 1  (0 . 1  I-' 

N Magnesium ( Mg )  54 .0  56 .0  4 , 500 7 3 . 0  120 w 
Manganese ( Mn) 0 . 04 0 . 05 0 . 23 0 . 0 1  0 � 05 
Manganese - total ( Mn )  
Mercury - total ( Hg )  (0 . 3  (0 . 3  1 . 2  0 . 4  (0 . 3  

( in micrograms per liter)  
Holybdenum ( Mo) (0 . 1  (0 . 1  0 . 4  (0 . 1  (0 . 1  
Nickel - ( NO 
Potass ium ( K )  1 3 . 0 14 . 0  2 , 700 92 .0  160  
Selenium ( Se )  (0.01  (0 .01  (0 .01  (0 .01  (0 .01  
Selenium - total ( S e )  
Silver ( Ag )  (0 .01  (0 .01  0 . 1 7 (0 .01  0 .01  
Si lver - total ( Ag )  
Sod ium ( Na)  180 190 44 , 500 2 , 600 4 , 600 
Sod ium - total ( Na)  
Stront ium ( Sr )  0 . 7 4  0 . 74 2 . 55 0 . 9 7  6 . 40 
Vanadium ( V )  (0 . 5  (0 . 5  (0 . 5  (0 . 5  (0 . 5  
Zinc ( Zn )  (0 .01  0 . 03 0 . 1 3  0 . 0 1  0 .02 
Zinc - to tal ( Zn)  

a 
bFor sampling locations , see Figure D - 1 2 . 

All values in milligrams per liter on a dissolved basis , unless otherwise noted . 
c-indicates concentrat ion not determined . 



Ta bl e 0- 38 . ( c o n t i n ued ) 

Lo cat ion number 
Parameters (me tal s )  S-l S-2 S-3 S-4 S- 5 

Date sampled 1 /2 7 /82  1 / 2 7 /82 1 /2 7 /82  1 /2 7 /82 1 /2 7 / 8 2  
Aluminum (AI ) <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Arsenic ( As )  0 . 0 1  <0 . 0 1 0 . 03 0 . 02 <0 . 0 1 
Arseni c - t otal ( As ) 0 . 0 1  0 . 0 1  0 . 1 5  0 . 02 0 . 0 1  
Barium ( Ba )  <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Barium - tot al ( Ba )  <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Boron ( B ) 0 . 1 2  0 . 20 1 3 . 52 0 . 7 5  0 . 85 
Cadmium ( C d )  <0 . 0 1  <0 . 0 1 <0 . 0 1 <0 . 0 1  <0 . 0 1  
Cadmium - t ot al ( C d )  <0 . 0 1 <0 . 0 1  <0 . 0 1 <0 . 0 1  <0 . 0 1  
Chromium ( C r )  <0 . 0 1 <0 . 0 1 0 . 08 <0 . 0 1  <0 . 0 1 
Chromium - t ot al ( C r )  0 . 02 0 . 0 1  0 . 08 <0 . 0 1 <0 . 0 1 
Cobal t ( C o )  <0 . 1  <0 . 1  1 . 1  0 . 1 0 . 1  
Coppe r ( Cu )  <0 . 0 1 <0 . 0 1 0 . 22 0 . 0 1  0 . 03 
Coppe r - total ( Cu )  0 . 04 0 . 0 7 0 . 22 0 . 02 0 . 04 
Iron ( Fe )  <0 . 05 <0 . 05 0 . 5 1  <0 . 05 <0 . 05 

t:J Iron - total ( F e )  4 . 1 1  5 . 80 0 . 53 0 . 07 0 . 45 I Lead ( Pb)  <0 . 05 <0 . 05 <0 . 05 <0 . 05 <0 . 05 t--' 
IV Lead - total ( Pb)  0 . 1 1  <0 . 05 <0 . 05 <0 . 05 <0 . 05 "'" 

Magnesium (Mg )  42 . 0  55 . 0  5 , 000 76 . 0  1 9 0  
Manganese (Mn)  0 . 04 0 . 05 0 . 2 3  <0 . 0 1  0 . 02 
Manganese - total (Mn)  0 . 1 1  0 . 1 4  0 . 23 <0 . 0 1  0 . 03 
Mercury - t ot al (Hg ) <0 . 3  <0 . 3  <0 . 3  <0 . 3  <0 . 3  

(in mi crograms per l i t e r )  
Mo lybdenum (Mo ) <0 . 1  <0 . 1  <0 . 1  <0 . 1  <0 . 1  
Ni ckel ( Nt )  <0 . 05 <0 . 05 1 . 1 0 0 . 1 0  0 . 1 8  
Pot as s ium (K)  1 1 . 0  1 6 . 0  3 , 000 100 200 
Selenium ( S e )  <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1  <0 . 0 1  
Se lenium - total ( S e )  <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1  <0 . 0 1 
S i lver ( Ag )  <0 . 0 1 <0 . 0 1  <0 . 0 1 <0 . 0 1 <0 . 0 1  
Si lve r - total (Ag )  <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1  <0 . 0 1  
Sodium - ( Na )  290 1 70 43 , 800 2 , 7 7 0  6 , 300 
Sodium - total ( Na )  290 1 70 44 , 000 2 , 800 6 , 300 
S t rontium ( Sr )  0 . 70 0 . 7 5 2 . 68 1 . 05 3 . 33 
Vanad ium ( V )  <0 . 5  <0 . 5  <0 . 5  <0 . 5  <0 . 5  
Zinc ( Zn )  0 . 03 0 . 02 0 . 1 2  0 . 02 0 . 04 
Zinc - total ( Zn )  0 . 2 9 0 . 2 1  0 . 2 1  0 . 08 0 . 09 



Table D-3 8 .  ( cont i nued ) 

Locat ion number 
Par ameter ( metals)  S-l  S-2  S-3  S- 4 S-5 

Date sampled 4/2 6/8 2 4/2 6/8 2 4/2 6/8 2 4/26/82 4/2 6/82 
Aluminum (Al )  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Arsenic (As )  < 0 . 0 1 < 0 . 0 1 0 . 0 7 0 . 0 2 0 . 0 2 
Arsenic - total (As ) < 0 . 0 1 < 0 . 0 1 0 . 0 7 0 . 0 2 0 . 0 2 
Bar i um (Ba )  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Bar ium - total (Ba)  0 . 3  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Boron ( B )  0 . 2 5 0 . 51 1 8 . 1 3  0 . 9 9 3 . 7 5 
Cadmium (Cd ) < 0 . 0 1 < 0 . 0 1 < 0 . 01 < 0 . 0 1 < 0 . 0 1 
Cadmium - total (Cd)  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
Ch r omium (Cr ) < 0 . 0 1 < 0 . 0 1 < 0 . 01 < 0 . 0 1 < 0 . 0 1 
Chromium - total ( C r )  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
Coba l t  (Co)  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Copper ( C u )  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
Coppe r - total (Cu )  0 . 0 2 0 . 0 2 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 

t:l I r on ( Fe )  < 0 . 0 5  < 0 . 0 5 0 . 5 1 < 0 . 0 5 0 . 1 6 
I 

� I ron - total (Fe)  2 . 9 4 2 . 7 2 0 . 54 < 0 . 0 5 0 . 1 8 IV 
111 Lead (Pb)  < 0 . 0 5  < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 

Lead - total (Pb)  < 0 . 0 5 0 . 0 6 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 
Magnes ium (Mg )  3 6 . 0  4 8 . 0  4 , 40 0  7 6 . 0  4 9 0  
Manganese (Mn) 0 . 0 2 0 . 0 1 0 . 1 5 < 0 . 0 1 0 . 0 6 
Mang anese - total (Mn ) 0 . 1 2 0 . 0 8 0 . 1 5 < 0 . 0 1 0 . 0 6 
Me rcu ry - total (Hg )  < 0 . 3  < 0 . 3  < 0 . 3  < 0 . 3  < 0 . 3  

( in microg r ams per l i te r )  
Molybdenum (Mo )  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Nickel ( N i ) < 0 . 0 5  < 0 . 0 5  < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 
Potass i um ( K )  6 . 4 0 1 1 .  0 1 , 70 0  1 0 0  4 4 0  
Selen ium ( S e )  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
Selen i um - total (Se )  < 0 . 01 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
S i lver (Ag )  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
S i lver - total (Ag )  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
Sod ium (Na)  8 0 . 0  13 0 4 0 , 00 0  2 , 80 0  1 5 , 0 0 0  
Sod ium - total (Na )  8 0 . 0  1 3 0  4 0 , 00 0  2 , 8 0 0  1 5 , 0 0 0  
Stront ium ( S r )  0 . 6 0 0 . 7 7 3 . 0 2  1 . 20 9 . 50 
Vanad ium (V)  < 0 . 5 < 0 . 5  < O .  5 < 0 . 5  < 0 . 5  
Z inc ( Z n )  < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
Z inc - total ( Zn )  0 . 0 8 0 . 0 8 0 . 0 3 0 . 0 3 0 . 0 3 



Table 0-3 8 . ( con t inued ) 

Locat ion number 
Parameter ( metal s )  S-l S-2 S- 3 S-4 S-5 

Date sampled 6/16/8 2 6/16/8 2 6/16/8 2 6/16/8 2 6/16/82 
Alumi num (AI)  < 0 . 1  < 0 . 1  < 0 . 1  <0 . 1  NSd 

Ar senic (As)  <0 . 01 < 0 . 0 1 0 . 0 4 0 . 0 1 NS 
Arsenic - total ( A s )  <0 . 0 1 < 0 . 0 1 0 . 0 4  <0 . 0 1 NS 
Bar ium (Ba)  <0 . 1  < 0 . 1 <0 . 1  <0 . 1  NS 
Bar ium - total (Ba)  < 0 . 1  < 0 . 1  < 0 . 1 < 0 . 1  NS 
Boron ( B )  0 . 2 5  0 . 3 8 9 . 7 8 1 . 00 NS 
Cadmium (Cd)  < 0 . 0 1  < 0 . 0 1  <0 . 0 1 <0 . 0 1 NS 
Cadmium - total (Cd)  <0 . 0 1 <0 . 01 < 0 . 01 <0 . 0 1 NS 
Chromium ( C r )  <0 . 0 1 < 0 . 0 1 < 0 . 0 1  <0 . 0 1 NS 
Chromium - total (Cr ) <0 . 0 1 <0 . 01 <0 . 01 <0 . 0 1 NS 
Cobalt (Co)  <0 . 1  < 0 . 1  <0 . 1  <0 . 1  N S  
Copper (Cu)  <0 . 01 <0 . 0 1  0 . 0 3 <0 . 0 1 NS 
Copper - total ( C u )  0 . 0 6 0 . 0 5  0 . 0 3  <0 . 0 1 NS 
I r on ( Fe )  <0 . 0 5 <0 . 0 5 <0 . 0 5 <0 . 0 5  NS 

0 Iron - total (Fe)  1 . 0 3  0 . 9 6 0 . 5 0 0 . 0 5  NS 
I 

I-' Lead (Pb)  <0 . 0 5 <0 . 0 5 <0 . 0 5 <0 . 0 5 NS 
N Lead - total 0\ ( Pb) 0 . 0 6  0 . 0 5 < 0 . 0 5  < 0 . 0 5  NS 

Magnes ium (Mg )  2 8 . 0  3 0 . 0  2 , 50 0  7 5 . 0  NS 
Manganese (Mn ) 0 . 0 1 < 0 . 0 1 0 . 0 5 <0 . 0 1 NS 
Manganese - total (Mn ) 0 . 0 6 0 . 0 5 0 . 05 0 . 0 8 NS 
Mercury - total ( Hg )  <0 . 3  <0 . 3  <0 . 3  <0 . 3  NS 

( in microgr ams per l i te r )  
Molybdenum (Mo )  <0 . 1  <0 . 1  0 . 3  <0 . 1  N S  
Nickel ( N i )  <0 . 0 5  <0 . 0 5 <0 . 0 5  <0 . 0 5  NS 
Pota s s ium ( K )  6 . 0 0 7 . 50 1 , 60 0  9 5 . 0  NS 
Selen ium ( S e )  <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1 NS 
Selen ium - total ( S e )  <0 . 01 <0 . 0 1 <0 . 01 <0 . 0 1 NS 
S i lver (Ag ) <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1 NS 
S i lver - total (Ag )  <0 . 0 1 <0 . 01 <0 . 0 1 <0 . 0 1 NS 
Sod ium (Na)  6 7 . 0  8 0 . 0  2 4 , 0 0 0  2 , 7 0 0  NS 
Sod i um - total ( Na )  6 7 . 0  8 0 . 0  2 4 , 0 0 0  2 , 70 0  NS 
Stron t i um ( S r )  0 . 4 2  0 . 4 2  2 . 21 1 . 1 4 NS 
Vanad ium (V) <0 . 5  <0 . 5  <0 . 5  <0 . 5  NS 
Z i nc ( Z n )  0 . 2 0  0 . 6 5 <0 . 0 1 <Q . O l NS 
Z i nc - total ( Zn )  1 . 10 2 . 00 0 . 8 7 0 . 1 2 NS 

dNS-Not sampled because of  insuf f ic ient flow .  



Table 0-3 8 .  ( cont inued ) 

Locat ion number 
Parame ter ( metals)  S- l S- 2 S - 3  S-4 S- 5 

Date sampled 8/18/ 8 2  8/18/ 8 2  8/1 8/8 2 8/18/82 8/18/ 8 2  
Aluminum ( A l )  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Ar sen ic (As)  < 0 . 0 1 < 0 . 0 1 0 . 0 5 < 0 . 0 1 NS 
Arsenic - total (As )  0 . 0 1 0 . 0 1 0 . 0 8 0 . 0 1 NS 
Bar ium (Ba)  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  N S  
Bar ium - total (Ba )  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  N S  
Boron ( B )  0 . 4 5  0 . 4 9 1 7 . 10 0 . 8 9 NS 
Cadmium ( Cd )  < 0 . 0 1 < O .  0 1  < 0 . 0 1 < 0 . 0 1 NS 
Cadmium - total (Cd ) < 0 . 0 1 < 0 . 0 1 < 0 . 01 < 0 . 0 1 NS 
Chromium ( C r )  < 0 . 0 1 < 0 . 0 1 < O .  0 1  < 0 . 0 1 NS 
Chromium - total (C r )  < 0 . 0 1 < 0 . 0 1 < 0 . 01 < 0 . 0 1 NS 
Cobalt (Co) < 0 . 1  < 0 . 1  0 . 9  < 0 . 1  N S  
Coppe r (Cu)  < 0 . 01 < 0 . 0 1 0 . 0 4 < 0 . 0 1 NS 
Copper - total ( C u )  < 0 . 0 1 < O .  0 1  0 . 0 4 < 0 . 0 1 NS 
I r on (Fe )  < 0 . 0 5 < 0 . 0 5 0 . 4 1 < 0 . 0 5 NS 

0 I ron - total ( Fe )  0 . 7 3 0 . 7 2  0 . 4 3  < 0 . 0 5 NS 
I Lead (Pb)  < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 NS � 

N Lead - total ( Pb)  < 0 . 0 5 < 0 . 0 5  < 0 . 0 5 < 0 . 0 5  NS --..J 
Magnes ium (Mg ) 51 . 0  5 5 . 0  4 , 500  7 5 . 0  NS 
Manganese (Mn )  0 . 0 3 0 . 0 3 0 . 1 5 < 0 . 0 1 NS 
Manganese - total (Mn ) 0 . 0 5 0 . 0 5 0 . 15 <0 . 0 1 NS 
Mercury - total ( Hg )  < 0 . 3  < 0 . 3  < 0 . 3  < 0 . 3  NS 

( in mic rog r ams per l i ter ) 
Molybdenum (Mo )  <0 . 1 < 0 . 1  <0 . 1  < 0 . 1  N S  
Nickel ( N i )  < 0 . 0 5  < 0 . 0 5  1 . 0 3  <0 . 0 5 NS 
Potas s i um ( K )  1 6 . 0  1 6 . 0  1 , 7 0 0  1 0 6  NS 
Selen i um ( S e )  <0 . 0 1 < 0 . 0 1 < 0 . 0 1 <0 . 0 1 NS 
Selen ium - total ( S e )  <0 . 0 1 <0 . 01 <0 . 01 <0 . 0 1 NS 
S i lver (Ag ) < 0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1 NS 
S i lver - total (Ag ) <0 . 0 1 <0 . 0 1 <0 . 01 <0 . 0 1 NS 
Sod ium ( Na )  1 6 0  1 8 0  3 8 , 00 0  2 , 80 0  NS 
Sod ium - total (Na)  1 6 0  1 80 3 8 , 00 0  2 , 8 0 0  NS 
S trontium ( S r )  1 . 0 5  1 . 0 6  3 . 3 5 1 . 2 3 NS 
Vanad ium (V) <0 . 5  <0 . 5  <0 . 5  <0 . 5  N S  
Z inc ( Zn )  0 . 0 2  0 . 0 2 0 . 0 9  <0 . 0 1 NS 
Z inc - total ( Zn )  0 . 2 3 0 . 11 0 . 3 4 0 . 0 7 NS 



Parameter ( me ta l s )  

Date sampled 
Aluminum (AI)  
Alumi num - total (AI)  
Arsenic (As)  
Ar senic - total (As)  
Bar i um (Ba)  
Bar ium - total ( Ba )  
Boron ( B )  
Cadmium (Cd)  
Cadmium - total (Cd )  
Chromium (Cr ) 
Chromium - total ( C r )  
Cobalt (Co ) 
Copper (Cu )  
Copper - total (Cu )  
I ron (Fe)  
I ron - total (Fe)  
Lead (Pb)  
Lead - total ( Pb )  
Magnes i um (Mg )  
Manganese (Mn )  
Mang anese - total (Mn ) 
Me rcury - total ( Hg )  

( i n microg r ams pe r l i te r )  
Molybdenum ( Mo )  
Nickel ( N i )  
Potas s i um ( K )  
Selen i um ( Se )  
Sele n i um - total ( S e )  
S i lver (Ag )  
S i lver - total (Ag ) 
Sod i um (Na)  
Sod ium - total ( Na )  
Stron t i um ( S r )  
Vanad ium (V) 
Z i nc ( Z n )  
Z i nc - total ( Zn )  

Table D-3 8 .  (cont inued) 

S-l S-2 

1 0/14/82 10/14/82 
< 0 . 1  < 0 . 1  

1 . 3  1 . 9  
< 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 
< 0 . 1  < 0 . 1  
< 0 . 1  < 0 . 1  

0 . 3 4  0 . 3 7 
< 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 

0 . 0 1 0 . 0 1 
< 0 . 0 5 < 0 . 0 5 

0 . 0 3  0 . 0 4 
0 . 0 7 0 . 11 

< 0 . 0 5  < 0 . 0 5  
1 .  2 3  2 . 5 4 

< 0 . 0 1 0 . 0 1 
0 . 0 2 0 . 0 3 

50  5 0  
0 . 0 1 0 . 0 1 
0 . 0 4  0 . 0 9 

< 0 . 3  < 0 . 3  

< 0 . 1  < 0 . 1  
< 0 . 0 5  < 0 . 0 5  

7 . 5 8 . 6  
< 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 

1 3 0  1 4 0  
1 3 0  1 4 0  

0 . 8 2 0 . 7 7 
< 0 . 1  < 0 . 1  

0 . 0 6  0 . 10 
0 . 0 2 0 . 0 2 

D-1 2 8  

Location number 
S-3 S-4 S-5 

10/1 4/8 2 1 0/14/8 2 10/1 4/8 2 
< 0 . 1  < 0 . 1  0 . 1  
< 0 . 1  < 0 . 1  < 0 . 1  
< 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
< 0 . 1  < 0 . 1  < 0 . 1  

0 . 1  < 0 . 1  0 . 2  
10 . 9  0 . 9 2  2 . 5 3 

< 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 0 . 0 1 
< 0 . 0 5 < 0 . 0 5 < 0 . 0 5 
< 0 . 0 1 < 0 . 0 1 < 0 . 0 1 

0 . 0 3 0 . 0 3 0 . 0 8 
< 0 . 0 5  < 0 . 0 5 < 0 . 0 5 

0 . 0 7 0 . 0 8 0 . 11 
< 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 01 < 0 . 0 1 
4 , 2 0 0  8 0  2 4 0  

0 . 0 1 < 0 . 0 1 0 . 0 1 
0 . 0 5  < 0 . 0 1 0 . 0 1 

< 0 . 3  < 0 . 3  < 0 . 3  

< 0 . 1  < 0 . 1  < 0 . 1  
< 0 . 0 5 < 0 . 0 5 < 0 . 0 5 
2 , 50 0  8 9  2 6 0  
< 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 < 0 . 0 1 
< 0 . 0 1 < 0 . 0 1 < 0 . 0 1 

3 7 , 0 0 0  2 ,  ?OO  8 , 0 0 0  
2 7 , 0 0 0  2 , 50 0  8 , 0 0 0  

3 . 0 0 1 . 1 7 6 . 8  
< 0 . 1  < 0 . 1  < 0 . 1  

0 . 1 8 0 . 0 7 0 . 0 6 
0 . 0 3 < 0 . 0 1 <0 . 0 1 



General parameters 

Date sampled 
Ammon ia ( NHrN )  
B icarbonate ( HC03 ) 
Ca rbona te (C03 ) 

Calc ium (Ca ) 
Chlor ide ( C l )  
Ch lor ide - total ( C l )  
Conduct ivity - f ield 

Table 0-3 8 .  (continued ) 

Locat ion number 

S-l S-2 S-3 S-4 

9/1 0/81 9/10/81 9/8/81 9/9/81 
0 . 9 5  1 . 2 7 6 . 5 0 0 . 0 5  

2 9 7  2 9 9  6 0 0  1 7 8  
< 1 < 1 3 . 61 < 1 

9 8 . 0  1 0 0  2 70 1 5 0  
2 3 8  2 5 1 80 , 6 8 9  4 , 3 6 0  

2 , 19 0  2 , 0 0 0  8 0 , 0 0 0  19 , 5 0 0  
( in mic romhos per cent imeter ) 

Conduc t i v i ty - lab 1 , 7 15  1 , 7 5 7  13 , 82 9  
( in micromhos )  

Fluor ide ( F )  0 . 6 4  0 . 6 7 0 . 2 9 0 . 3 1 
Fluor ide - total ( F )  
Hydrox ide ( OH )  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  
Nitrate ( NOrN )  1 . 8  1 . 9  0 . 1  0 . 6  
N i trate - total (N03-N) 

pH - f ield 8 . 1  8 . 3  8 . 7  9 . 1  
pH -lab @ 2 5 °C 7 . 8 9 7 . 9 8 8 . 4 0 8 . 4 2 
Phenol 
Phosphate - total ( P04-P ) 0 . 9 7 0 . 9 7  0 . 5 0 0 . 0 1 
Redox potent ial (EH)  157 156  2 6  9 0  

( in m i l l ivol t s )  
Sal i n i ty - f ield ( 0 /0 0 )  
Sulfate ( S04 ) 2 9 8  3 1 3  10 , 7 1 1  3 1 4  
Sulfate - total ( S04 ) 
Sulf ide ( H2S )  
Temperature - f ield ( 0 c )  18 . 7  18 . 5  2 2 . 5  2 2 . 0  
Total alkalin i ty ( a s  CaC03 ) 2 5 7  2 6 1  5 7 9  1 8 4  
Total d i s solved sol ids 1 , 1 40 1 , 1 5 3  154 , 7 40  8 , 16 0  

( as calc i um) 
Total hardness ( a s  CaC03 ) 4 6 6  4 8 0 19 , 19 6  6 7 5 
To tal organic carbon 

0-1 2 9  

S - 5  

9/9/81 
0 . 3 4  

5 6 . 1  
< 1 

5 0 0  
7 , 6 8 9  

6 1 , 0 0 0  

2 7 , 4 46 

0 . 19 

< 0 . 5  
0 . 3  

8 . 7  
7 . 6 1 

0 . 0 1 
7 6  

1 , 2 17  

14 . 3  
6 4  

1 5 , 2 5 2  

1 , 7 4 2  



Table 0-3 8 .  ( cont i nued)  

Loca t ion number 

Gene r al parameters S-l S-2 S-3 S-4 S-5 

Date sampled 1/27/82 1/27/82 1/2 7/82  1/2 7/ 8 2  1/2 7/82 
Ammonia ( NH3 -N ) 0 . 0 3 < 0 . 0 2 < 0 . 0 2  < 0 . 0 2  < 0 . 0 2 

( un- ion i zed ) 
B icarbonate ( HC03 ) 2 3 5  2 9 7  6 3 8  2 1 1  1 7 4  
Carbonate (C03 ) < 1 < 1 < 1 < 1 < 1 
Ca lc ium (Ca)  7 2  . 0  7 9 . 0  2 9 0  1 10 2 5 0  
Chlor ide ( C l )  4 5 8  2 5 3  7 9 , 2 3 8  4 , 4 81 1 0 , 4 2 5  
Ch lor ide - total (C l )  4 5 8  2 5 3  7 9 , 4 6 5  4 , 49 2  10 , 4 2 5  
Conduct ivity - f ield 2 , 2 0 0  1 , 6 0 0  7 7 , 0 0 0  2 2 , 0 0 0  4 2 , 0 0 0  

( in micromhos ) 
Cyan ide - total (CN)  < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5  < 0 . 0 5 
F luor ide ( F )  0 . 6 8 0 . 8 2 0 . 6 6 0 . 50 0 . 5 8 
Fluor ide - total ( F )  0 . 6 8 0 . 8 2 1 . 2  0 . 53 0 . 82 
Hyd rox ide ( OH )  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  
N i t r ate ( NOrN )  1 . 2  1 . 2  0 . 1  0 . 7  0 . 3  
Nitrate - total (N0 3 ) 2 . 9  3 . 6  0 . 1  0 . 7  0 . 3  
pH - f ield 8 . 1  8 . 1  8 . 9  8 . 8  8 . 5  
pH - lab @ 2 5 ° C  7 . 6 0 8 . 5 0 8 . 2 0 8 . 5 0 8 . 0 5  
Phenol 0 . 0 0 9  < 0 . 0 0 5  < 0 . 0 0 5  < 0 . 0 0 5  < 0 . 0 0 5  
Phosphate - total ( P04-P ) 0 . 9 1 0 . 9 4 0 . 2 3  0 . 0 3 0 . 0 2 
Redox potential ( EH )  1 5 0  1 5 2  - 9 0  - 2 0  - 5 0  

( in m i ll ivolts ) 
Sal i n i ty - f ie ld ( 0/0 0 )  
Sulfate (S04 ) 1 8 4  2 2 9  9 , 9 8 4  3 2 7  8 7 6  
Sulfate - total ( S04 ) 2 22 2 9 9  9 , 9 84 3 3 1  9 0 4  
Sulf ide ( H2S )  < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 
Temperature - f i e ld ( OC )  5 . 0  7 . 3  3 . 8  1 2 . 2  4 . 0  
Total alkal i n i ty ( a s  CaC03 ) 2 1 0  2 6 1  5 5 7  1 9 0  1 6 0  
Total d i s solved sol ids 1 , 2 7 3  9 8 1  1 4 4 , 5 1 2  8 , 09 2  1 8 , 4 7 2  

( a s  calc i um)  
Total hardnes s ( as CaC03 ) 3 5 2  4 2 3  2 1 , 3 0 4  5 8 7 1 , 40 6  
Tota l org anic carbon 2 8  2 5  6 4  1 2  2 0  

D-13 0  



Table 0-3 8 .  ( cont i nued ) 

Location number 

General parame ter s  S-l S-2 S-3 S-4 S-5 

Date sampled 4/26/82 4/26/8 2 4/2 6/82  4/2 6/ 8 2  4/2 6/ 8 2  
Ammon ia ( NHrN)  < 0 . 0 5  < 0 . 0 5 < 0 . 0 5  < 0 . 0 5 < 0 . 0 5  

( un- ion ized)  
Bicarbonate ( HC03 ) 2 6 8  2 6 2  6 1 7  1 9 4  1 1 7  
Carbonate (C03 ) < 1 < 1 < 1 < 1 < 1 
Calc ium (Ca)  7 9 . 0  7 5 . 0  2 7 0  1 4 0  5 4 0  
Chlor ide ( C l )  10 9 1 7 1  7 0 , 8 4 3  4 , 4 3 6  2 4 , 9 2 3  
Chlor ide - total (Cl )  109  1 7 2  7 0 , 8 43  4 , 4 9 2  24 , 97 9  
Conduct iv i ty - f ield 7 6 0  1 , 4 0 0  7 7 , 0 0 0  2 0 , 50 0  6 3 , 0 0 0  

( in micromhos per cen t ime te r )  
Cyan ide - total ( CN)  < 0 . 0 5 < 0 . 0 5  < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 
Fluor ide ( F )  0 . 3 3 0 . 5 4 0 . 5 9 0 . 3 7  0 . 5 9 
Fluor ide - total ( F )  0 . 3 5  0 . 56 0 . 59 0 . 3 7  0 . 59 
Hydrox ide ( OH )  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  
Ni trate ( N03 -N ) < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  < 0 . 1  
Nitrate - total ( N03 ) 0 . 1  0 . 2  < 0 . 1  < 0 . 1  < 0 . 1  
pH - f ield 8 . 2  8 . 1  8 . 8  8 . 7  8 . 9  
pH - lab @ 2 5 ° C  8 . 0 0 7 . 9 0 8 . 2 0 8 . 4 0 8 . 2 0 
Phenol < 0 . 0 0 5  < 0 . 0 0 5  < 0 . 0 0 5  < 0 . 0 0 5  < 0 . 0 0 5  
Phosphate - total ( P04-P ) 0 . 5 5 0 . 5 8 0 . 6 5  0 . 0 2 0 . 0 6 
Redox potent ial ( EH )  1 7 8  1 6 4  2 1  8 9  4 9  

( in m i l l ivolt s )  
Sal inity - f i e ld ( 0/0 0 )  
Sulfate ( S04 ) 1 4 0  2 1 2  9 , 4 4 4  3 3 1  2 , 0 6 6  
Sulfate - total ( S04 ) 1 4 5  2 1 9  9 , 6 5 8  3 3 2  2 , 09 0  
Sulfide ( H2S )  < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 
Temperature - f i eld ( °C )  12 . 6  14 . 5  1 2 . 8  1 6 . 3  14 . 4  
Total alkalin ity (as CaC03 ) 2 3 4  2 2 7  5 3 3  1 8 7  116 
Total d i s solved sol ids 6 20 8 3 0  1 3 5 , 1 7 5  8 , 3 6 0  45 , 1 0 6  

( as calc ium) 
Total hardness (as CaC03 ) 3 4 5  3 8 4  1 8 , 7 8 4  6 6 2  3 , 36 5  
Total organ ic carbon 11 8 3 7  3 1 8  

0-1 3 1  



Table 0-3 8 .  ( continue d )  

Locat ion n umbe r 

Gene ral pa rame te r s  S-l S-2 S-3 S-4 S-5 

Da te sampled 6/16/82 6/16/82 6/16/ 8 2  6/16/ 8 2  6/16/82  
Ammonia ( NH3 -N) < 0 . 0 5 < 0 . 0 5  < 0 . 0 5 0 . 0 5  NS 

( un- ion i zed ) 
B ica rbonate ( HC03 ) 2 0 7  1 8 6  4 3 1  1 9 6  NS 
Carbonate (C03 ) < 1 < 1 < 1 < 1 NS 
Calc i um (Ca)  6 6 . 0  5 8 . 0  2 50 1 3 0  NS 
Chlor ide ( C l )  9 4 . 6  1 0 7  3 9 , 6 0 3  4 , 3 8 8  NS 
Ch lor ide - total ( C l )  9 2 . 6  1 0 5 . 2  3 8 , 8 4 5 . 0  4 , 4 56 . 5  NS 
Cond uc t i v i ty - f i eld 7 3 0  7 3 0  8 9 , 0 0 0  21 , 0 0 0  NS 

( in micromhos per centimeter ) 
Cyan ide - total (CN)  < 0 . 0 5 < 0 . 0 5  < 0 . 0 5 < 0 . 0 5 NS 
Fluor ide ( F )  0 . 3 4 0 . 3 8  0 . 6 7  0 . 3 5 NS 
Fluor ide - total ( F )  0 . 3 1  0 . 3 7  0 . 6 6 0 . 3 4  NS 
Hydrox ide (OH )  < 0 . 5  < 0 . 0 5  < 0 . 5  < 0 . 5  NS 
Nitrate ( NOrN )  1 . 0  1 . 0  < 0 . 1  0 . 2  NS 
N i trate - total ( N03 ) 0 . 9  0 . 9  < 0 . 1  0 . 2  NS 
pH - f i eld 8 . 1  8 . 0  8 . 3  8 . 4  NS 
pH - lab @ 2 5 ° C  7 . 8 8 7 . 7 8  8 . 3 2  8 . 4 3 NS 
Phenol < 0 . 0 0 5  < 0 . 0 0 5  < 0 . 0 0 5  < 0 . 0 0 5  NS 
Phosphate - total (PO 4-P ) 0 . 2 8 0 . 3 5  0 . 8 0 0 . 0 2 NS 
Redox poten t i a l  ( EH )  1 8 4  1 7 8  3 2  8 3  NS 

( in m i ll ivo l ts )  
Sa l i n i  ty - f ield ( 0 /0 0 )  NS 
Sulfate ( S04 ) 1 1 7  13 8 5 , 16 2  3 1 9  NS 
Sulfate - total ( S04 ) 119 142 5 , 0 3 3  3 3 4  NS 
Sulfide ( H2S ) < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 <0 . 0 5 NS 
Temper ature - f i eld ( O C )  1 7 . 0  1 6 . 0  2 6 . 0  2 3 . 0  NS 
Total alkal i n i ty ( a s  CaC03 ) 1 8 3  1 6 4  3 7 5  1 8 3  NS 
Total d i ssolved sol ids 4 '8 2  5 1 6  7 6 , 6 0 2  8 , 12 2  NS 

( as calc i um) 
Total hard ness (as CaC03 ) 2 8 0  2 6 8  1 0 , 914  6 3 3  NS 
Total organic carbon 1 2  1 0  2 9  6 NS 

0-1 3 2  



Table 0-3 8 .  (con t i nued ) 

Locat ion numbe r 

General Ear ame te r s  S-l S-2 S-3 S-4 S-5 

Date sampled 8 / 1 8 /82 8 / 1 8 /82 8 / 1 8 /82 8 / 1 8 /82 8 / 1 8 /82 
Ammonia ( NHrN)  <0 . 0 5  0 . 0 7 <0 . 05 <0 . 0 5  NS 

( un- ion i zed ) 
B icarbonate ( HC03 ) 309 3 2 7  6 1 7  206 NS 
Carbonate (C03 ) < 1  < 1  <1  <1  NS 
Calc ium (Ca)  1 00 1 05 250 1 20 NS 
Ch lor ide ( C l )  2 1 4  250 70 , 6 7 3  4 , 4 1 6  NS 
Chlor ide - total ( C l )  2 1 3  238 74 , 1 78  4 , 423 NS 
Conductivity - f ield 2 , 000 2 , 200 97 , 000 20 , 000 NS 

( i n mic romhos ) 
Cyan ide - total (CN) <0 . 05 <0 . 05 <0 . 05 <0 . 0 5  NS 
Fluor ide ( F )  0 . 62 0 . 70 0 . 62 0 . 46 NS 
Fl uor ide - total ( F )  0 . 68 0 . 7 3 0 . 65 0 . 37 NS 
Hydrox ide (OH) <0 . 5  <0 . 5  <0 . 5  <0 . 5  NS 
Ni trate ( NOrN)  2 . 3 1 . 8 <0 . 1  0 . 4  NS 
Nitrate - total ( N03 ) 2 . 2  1 . 7 <0 . 1  0 . 4  NS 
pH - f i eld 7 . 88 8 . 00 8 . 42 8 . 40 NS 
pH - lab @ 2 5 °C 7 . 90 8 . 00 8 . 0 7  8 . 30 NS 
Phenol <0 . 005 <0 . 005 <0 . 005 <0 . 005 NS 
Phosphate - total (P04-P ) 1 . 29 1 . 32 0 . 2 2 <0 . 0 1  NS 
Redox poten t i al ( E H )  1 6 0  1 60 22 83 NS 

( in m i l l ivol ts ) 
Sal ini ty - f ield ( 0/0 0 )  NS 
Sulfate ( S04 ) 289 334 9 , 497 322  NS 
Sulfate - total ( S04 ) 2 7 9  3 1 8 9 , 27 5  3 1 6  NS 
Sulf ide ( H2S )  0 . 05 0 . 04 0 . 03 0 . 04 NS 
Temperature - f i eld ( ° C )  22 . 0  22 . 0  28 . 0  2 2 . 0  NS 
Total alkal i n i ty ( a s  CaC03 ) 268 281 532 182 NS 
Total d i s solved sol id s  1 , 096 1 , 1 78  1 30 , 6 28 7 , 844 NS 

( as calcium) 
Total hardnes s ( a s  CaC03 ) 459 488 1 9 , 146 608 NS 
Total organic carbon 10 9 35 3 NS 

0-1 3 3  



Table 0-3 8 .  ( cont inued ) 

Location number 

Gener al parameters S-l S-2 S-3 S-4 S-5 

Date sampled 10/14/ 8 2  10/14/ 8 2  10/14/ 8 2  10/14/ 8 2  10/14/ 8 2  
Ammon ia ( NHrN )  < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5  

( un-ion i zed ) 
B icarbonate ( HC03 ) 2 70 . 0  2 6 4 . 0  4 4 2 . 0  2 0 9 . 0  172  . 0  
Carbona te (C03 ) < 1 < 1 < 1 < 1 < 1 
Ca lc ium (Ca)  7 7  7 1  2 80 1 5 0  4 2 0  
Chlor ide ( C l )  1 80 . 0  1 9 4 . 8  4 9 , 0 7 2  4 , 4 3 8 . 5  13 , 0 0 9  
Chlor ide - total (C l )  1 80 . 0  1 9 4 . 8  47 , 5 4 4  4 , 43 8 . 5  13 , 1 23  
Conduct ivity - f ield 2 , 50 0  2 , 8 0 0  7 2 , 0 0 0  2 6 , 0 0 0  6 2 , 0 0 0  

( in micromhos per cen t imeter ) 
Cyan ide - total (CN) < 0 . 0 5 < 0 . 0 5 < 0 . 0 5 < 0 . 0 5  < 0 . 0 5 
Fluor ide ( F )  0 . 6  0 . 6  0 . 9  0 . 4  0 . 5  
Fluor ide - total ( F )  0 . 6  0 . 6  1 . 0  0 . 4  0 . 6  
Hydrox ide ( OH )  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  < 0 . 5  
N i t rate ( N03 -N) 1 . 5 1 . 4  0 . 2  0 . 8  0 . 1  
Ni trate - total ( N03 ) 1 . 7  1 . 4  0 . 7  0 . 8  0 . 1  
pH - f ield 7 . 9 6 8 . 0 9 8 . 50 8 . 4 0 8 . 2 7 
pH - lab @ 2 5 ° C  8 . 1 8 8 . 2 0 8 . 2 1 8 . 1 5 8 . 1 0 
Phenol < 0 . 0 0 5  < 0 . 0 0 5  < 0 . 0 0 5  < 0 . 0 0 5  < 0 . 0 0 5  
Phosphate - total ( P0 4-P ) 0 . 4 0  0 . 4 6  0 . 2 5  < 0 . 0 1 0 . 0 3 
Redox poten t ia l  (EH)  1 6 0  1 5 8  3 5  7 3  6 2  

( in mill ivolt s )  
Sal i n i ty - f ield ( 0 /0 0 )  
Sulfate ( S04 ) 2 1 3  2 4 8  5 , 8 8 9  3 2 8  1 , 3 0 4  
Sul fate - total ( S04 ) 2 3 8  2 4 8  5 , 89 3  3 2 1  1 , 3 3 5  
Sulf ide ( H2S )  0 . 0 5 0 . 0 6 0 . 0 7 0 . 0 6 0 . 0 7 
Temperature - f i e ld ( OC )  1 3  1 2  1 5  1 1 . 5  7 . 5  
Total alkal in i ty ( a s  CaC03 ) 2 3 6  2 2 9  3 7 9  1 8 2  1 5 1  
Total d i s solved solids 8 5 8  8 9 0  93 , 01 4  8 , 0 1 8  23 , 83 0  

( a s  calc i um)  
Total hardness (as CaC03 ) 3 9 8 3 8 3  17 , 9 9 5  7 0 4  2 , 0 3 7  
Total organ ic carbon 9 7 2 5  8 1 8  

0-1 3 4  



Table 0-3 8 .  ( cont i nued ) 

Rad iochemistry
d 

Date sampled 
Gross alpha , d i ssolved 
Gross beta , d i s solved 
Rad ium - 2 2 6 , d i s solved 
Rad ium - 2 2 8 , d i ssolved 
Thor ium - 2 3 0 ,  d i ssolved 
Lead - 2 1 0 , d i s solved 
Polon i um - 2 1 0 , d i ssolved 
Uran ium ( U308 ) ' d i ssolved 

S-l 

9/10/81 
10+6 

6 +4 
0 . 0+0 . 0 2 

0 . 5+0 . 5  
0 . 9+0 . 6  
0 . 1+0 . 2  

< 0 . 7  

dAll values in picocuries per l i ter . 

0-1 3 5  

5-2 

9/10/81 
2+6 

2 0+ 5  
1 .  4+0 . 3  

0 . 6 +0 . 6  
0 . 5+0 . 7  
0 . 3+0 . 3  

< 0 . 7  

Locat ion number 

S-3 S-4 

9/8/81 9/9/81 

20 7+18 7 0 + 3 7  
1 0 7 5+ 2 2 2  0+40  

0 . 7+0 . 2  0 . 4+0 . 2  

0 . 7+0 . 6  0 . 3+0 . 4  
5 . 2+1 . 6  0 . 6+0 . 7  
0 . 0+0 . 2  0 . 0+0 . 2  
8 . 1  <0 . 7  

S-5 

9/9/81 
0 + 4 8  

1 0 + 4 5  
1 .  8+0 . 3  

1 . 1+0 . 7  
0 . 3+0 . 8  
0 . 0 +0 . 2  

< 0 . 7  



Table D-3 8 .  ( continued) 

Locat ion number 

Rad iochem is try 8-1 8- 2 8-3 8-4 8-5 

Date sampled 1/2 7/82 1/2 7/82 1/2 7/82 1/2 7/82 1/2 7/82 
Gross alpha , total 6 . 6+9 . 2  11 . 2+10 . 4  290+4 0 0  2 . 5+10 . 9  12 . 0+28 . 0  
Gross beta , total 0 . 0 +23 . 0  3 4 . 5+ 2 5 . 0  460+4 0 5  3 1 .  0+20 . 0  8 5 . 0+41 . 0 
Rad ium - 2 2 6 , total 0 . 4+0 . 2  0 . 6+0 . 2  0 . 9+0 . 4  0 . 5+0 . 2  0 . 5+0 . 1  
Rad ium - 2 2 8 , total 0 . 9+3 . 5  1 . 0+3 . 8  0 . 0+3 . 1  1 . 3+3 . 5  0 . 0+1 . 4 
Thor ium - 2 3 0 , total 0 . 6+1 . ).  2 . 4+4 . 0  0 . 0+11 . 3 1 . 0 +0 . 9  2 . 4+1 . 4  
Lead - 2 1 0 , total 0 . 5+1 . 7 0 . 7+1 . 3  0 . 3+1 . 3  0 . 0 +1 . 3  0 . 0+1 . 3  
Polon ium - 2 1 0 , total 0 . 4+0 . 7  0 . 0 +0 . 6  0 . 0 +0 . 4  0 . 0 +0 . 5  0 . 0+0 . 5  
Uran ium ( U308 ) , d is solved 3 . 4  6 . 1  7 . 4  2 . 0  5 . 4  
Uran ium ( U30 8 ) , total 3 . 4 1 3 . 5  1 3 . 5  3 . 4  6 . 8  

D-1 3 6  



Table 0-3 8 . ( continued ) 

Locat ion number 

Rad iochemi s try 8-1 8-2  8-3 8-4  8-5  

Date sampled 4/26/82 4/26/8 2 4/2 6/8 2 4/2 6/ 8 2  4/2 6/8 2 
Gross alpha , total 6 . 0 +6 . 0  100+22 . 0  1 . 6 +8 . 3  0 . 0 + 5 0 . 0  0 . 0+147  
Gross beta , total 1 1 . 5+3 . 3  0 . 0 +8 . 0  6 50+120  2 0 3+121 4 5 3+145 
Rad ium- 2 2 6 ,  total 0 . 0+0 . 1  0 . 5+0 . 2 0 . 7+0 . 2  1 .  8+0 . 2  0 . 5+0 . 2  
Rad ium- 2 2 8 , total 0 . 0+0 . 0  0 . 0 +1 . 8  0 . 0+2 . 0  1 .  8+1 .  6 3 . 7+2 . 0  
Thor ium- 23 0 , total 0 . 0+0 . 5  1 . 6+1 . 0  0 . 0+0 . 6  0 . 0 +0 . 4  0 . 2+0 . 6  
Lead-21 0 , total 0 . 1+0 . 8  0 . 5+0 . 8  0 . 5+0 . 8  0 . 0+0 . 9  0 . 0+0 . 9  
Polon ium- 2 1 0 , total 0 . 5+0 . 3  0 . 7+0 . 4  1 . 3 +0 . 7  0 . 4+0 . 2  0 . 5+0 . 4  
Uran i um ( U308 ) d i ssolved 2 . 0  4 . 7  6 . 1  < 0 . 7  3 . 4 
Uran ium (U308 ) , total 2 . 0  6 . 1  8 . 1  2 . 0  5 . 4  

0-1 3 7  



Table 0-3 8 . ( con t i nued ) 

Loca t ion number 

Rad iochemis try S-l 8-2 S-3 S-4 S-5 

Date sampled 6/16/82 6/16/ 8 2  6/1 6/82 6/16/8 2 6/16/ 8 2  
Gross alpha , total 7 . 3+ 4 . 6  6 . 3+ 4 . 3  0 . 0 +1 9 4  0 . 0+ 2 7 . 2  NSe 

Gross beta , total 1 0 . 0+12 . 0  6 . 4+11 . 8 1 8 3 6+ 5 9 3  1 5 . 8+ 8 7 . 7  NS 
Rad ium- 22 6 ,  total 0 . 5+0 . 1  0 . 4+0 . 1  1 . 1+0 . 3  1 .  4+0 . 2  NS 
Rad i um- 2 2 8 , total 2 . 9+1 . 9  0 . 8+1 . 8  1 . 5+2 . 6  1 . 3 +2 . 1  NS 
Thor ium- 23 0 ,  total 8 . 6+ 2 . 0  1 . 9+1 . 4  1 . 5+1 . 1  0 . 9+1 . 6  NS 
Lead- 21 0 , total 1 .  5+1 . 0 1 .  8+1 . 6 0 . 3+1 . 0  2 . 1+1 . 1  NS 
Polon ium- 2 1 0 , total 0 . 2+0 . 2  1 .  4+1 . 0 0 . 2+0 . 3  0 . 2+0 . 3  NS 
Uran ium ( U3 08 ) d i s solved 0 . 7  2 . 0  5 . 4  < 0 . 7  NS 
Uran ium ( U308 ) , total 0 . 7  4 . 1  5 . 4  < 0 . 7  NS 

eNS-not sampled because of  insuf f i c ient f low . 

0-13 8 



Table D-3 8 .  ( continued)  

Locat ion numbe r 

Rad iochemis try S-l S-2 S-3 S-4 S-5 

Dat e sampled 8 / 1 8 / 8 2  8 / 1 8 / 82 8 / 1 8 / 82 8/ 1 8 /82  8/ 1 8 / 8 2  
Gro s s  alpha , total O . O± 9 . 2 O . O± 24 . 7  O . O±630 O . O±40 . 9  NS 
Gross be ta , total 42 . 0± 44 . 3  O . O± 1 3 3  744±998 1 1 7 ±2 1 6  NS 
Radium-2 26 , total O . 4± O . 2  O . 3± O . 2  1 . 2±O . 3  1 . 8±O . 3  NS 
Radium-228 , total 2 . 0± 4 . 4  O . O± 4 . 9  O . O±S . O  8 . 6±S . O  NS 
Thorium-230 , to tal 3 . O± 2 . 1  2 . 1 ± I . S O . 9± 1 . 4  1 . 3± 1 . 4 NS 
Lead-2 10 , total 1 . O± 1 .  3 o . 4± 1 . 2 O . 2± 1 . 2 O . 7± 1 . 2 NS 
Po lonium-2 10 , to tal o . 6± O . S  O . 2± O . 3  O . 3± O . 3  1 . 1 ± O . 6  NS 
Uranium ( U308 ) dissolved <1 . 4  <1 . 4  <1 . 4  <1 . 4  NS 
Uranium ( U308 ) '  to tal < 1 . 4  <1 . 4  <1 . 4  <1 . 4  NS 

D-1 3 9  



Table 0-3 8 .  ( cont inued ) 

Locat ion number 

Rad iochem i s t ry S-l S-2 S-3 S-4 S-5 

Date sampled 10/14/82 10/14/ 8 2  1 0/14/82 10/14/ 8 2  10/14/82 
Gross alpha , total 4 . 0+4 . 9  1 1 .  6+6 . 7  0 . 0 +134 . 1  1 8 . 5+26 . 2  0 . 0+76 . 3  
Gross beta , total 2 6 . 6+1 9 . 8  6 . 3 +19 . 1  1 0 6 2 . 4+ 50 2 . 2  6 7 . 8+81 . 4 3 7 2 . 3+129 . 3  
Rad ium- 2 2 6 , total 0 . 6+0 . 2  0 . 6+0 . 2  1 .  6+0 . 3  1 . 6+0 . 3  0 . 4+0 . 2  
Rad ium-2 2 8 ,  total 1 . 0+1 . 0  0 . 1+1 . 0  1 .  6+1 . 1  0 . 5+1 . 2 1 .  5+1 . 1  
Thor ium-2 3 0 ,  total 3 . 2+1 . 1  8 . 7+2 . 2  0 . 3+ 1 . 1 2 . 3+1 . 2  3 1 .  2+4 . 3  
Lead-210 , total 0 . 0 +1 . 2  0 . 4+1 . 2  0 . 1+1 . 2  0 . 0+1 . 2  0 . 5+ 1 .  3 
Polon ium-2 1 0 , total 1 . 0+ 0 . 6  1 . 0+ 0 . 6  1 .  2+0 . 4  0 . 7+0 . 4  0 . 9 +0 . 5  
Uran ium ( U308 ) d i s solved 6 . 7  8 . 0  8 . 0  1 . 3  6 . 7  
Ur an ium ( U308 ) , total 7 . 4  8 . 0  8 . 0  1 . 3  6 . 7  
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E . l  LAND USE 

Reg i onal land-use patterns ar e d is t inc t ly d i f fer en t  in heav i ly urban i z ed 
Salt Lake County and the mor e rural Tooel e County . The S al t  Lake County popula
t i on is almost ent i r ely ur ban ( 9 9 . 1  percent of its populat ion l ived in urban 
ar eas accord i ng to the 1980 census ) . Of a total county l and area of  4 8 8 , 9 60 
acr es , 3 0 7 , 9 78 ( 6 3 . 0  percen t )  are  pr ivately owned and 6 6 , 1 1 8  acr es ( 13 . 5  per cen t )  
are  cons ider ed urba n  o r  ar e occupied b y  roads and r a i lroad s . The Fed era l  g over n
ment owns and controls 1 10 , 3 3 5  acr es ( 2 2 . 6  percent ) , wh i le the State owns 4 , 2 8 6  
acr es ( 0 . 9  percent ) . Ther e ar e 2 4 3  acr es o f  small water ar eas ( 2  to 4 0  acr es)  
and str eams that ar e les s  than 0 . 13 mi le i n  width ( utah State Depar tment of 
Agr icultur e ,  1 9 8 1 ) . 

Salt Lake County ' s 1 9 8 0  land use i nclud ed 3 8 , 0 9 6  acr es ( 16 . 8  percen t )  of 
r es id ent i al ,  5 2 , 9 9 5  acr es ( 2 3 . 4  percent ) of  agr icultural and 7 8 , 0 3 2  acr es ( 3 4 . 5  
percent)  of  vacant land . By 199 5 ,  r es i d en t i al land u s e  i s  proj ected to i ncrease 
3 6 . 1  percent to 5 1 , 84 8  acr es . Wh i l e  agr icultur a l  l and use and vacant land ar e 
proj ected to d ec r ease by 3 0 . 3  percent and 2 4 . 5  percent , r es pect ively (Wasatch 
Fr ont Reg ional Counc i l ,  1 9 8 0 ) . I n  19 8 0 , tr anspor tat ion used 2 4 , 8 15 ac res ( 11 . 0  
percent ) , i nd u s try 15 , 80 1  acres ( 7 . 0  percent ) , and commerc i al 5 , 0 7 3  acr es ( 2 . 2  
percent) • 

I n  Tooele County the Federal government owns and controls 8 2 . 6  percent of  
the county land area of  4 . 4 3 m i l l ion ac res ( Table E- l) . The g r eates t por t ion 
( 1 , 9 4 8 , 4 17 acr es ) of the Fed eral land is publ ic doma i n  adm i n i s ter ed by the U . S .  
Bur eau o f  L and Management ( BLM) . The U . S .  Depar tment of Defense ( DOD ) controls 
the nex t  g r eates t por t ion of 1 , 55 8 , 8 6 2  acr es , and nat ional for ests occupy 1 5 2 , 2 2 3  
acr es ( U tah State Depar tment of  Agr icultur e ,  1 9 8 1) . Reg ional land owner ship i s  
shown i n  Figure E- l .  

Tooele County land , exc lud ing Federal .and urban land and small bod i es of 
water , totals 7 5 5 , 2 8 8  acr e s .  Land use for this acr eag e i s  as  follows : 

C r opland 
Pas tur e 
Rang e 
For es t  
Other 
Subtotal 

3 9 , 7 7 6  
2 , 3 2 6  

4 18 , 4 69 
2 1 4 , 3 3 2  

8 0 , 3 8 5  
7 5 5 , 28 8  

Populat ion f ig ur es from the 19 7 0  census show that 2 8 . 2  percent o f  Tooele 
County ' s  populat ion was r ura l .  Th i s  is somewhat h igher than the 19 . 6  percent 
rural populat ion of  the state.  

Much of the s tate-owned land i n  Tooele County i s  l eased to pr ivate c i t i zens 
for g r a z i ng catt l e .  The est imated total number o f  cattle i n  Tooel e County 
( 18 , 3 0 0 )  is 2 . 1  percent of the s tate total ( Utah State Depar tment of  Agr icultur e ,  
19 8 1 ) . 

E- l 



T able E- l .  Land use ( by use or owner sh i p )  for 
Tooele County , in acr es , 1 9 7 0  

U s e  or owner ship 

Feder al  land 

Res idential and 
acc essory use 

Commerc ial 

I ndustr i a l  
( plant s ites , 8 8 5 ; 
salt ponds and 
other 5 0 , 0 0 0 )  

Ag r icu ltur e 
( c r ops 3 9 , 776 : 
i r r igated 1 8 , 859 
non- i r r ig .  2 0 , 9 1 7 )  

Other pr iva te lands 

State land s ( no highways )  

H ighways , r oads & str eets 

Ra ilroads 

I nd ian land 

Publ ic & quas i-publ ic , 
i n  mun ic ipa l i t i es 

Small waters ( exclud ing all 
o f  mor e than 40  acr es ) a 

Totals 

Acr es 

3 , 659 , 5 0 2  

1 , 54 6  

2 4 0  

50 , 8 8 5  

3 9 , 7 7 6  

4 2 5 , 10 7  

2 1 8 , 64 0  

13 , 6 5 1  

3 , 0 0 0  

17 , 7 6 3  

5 8 8  

2 2  

4 , 4 3 0 , 7 2 0  

Percen t  o f  
tota l county 

8 2 . 60 

0 . 0 3 

0 . 0 1 

1 . 15 

0 . 9 0 

9 . 60 

4 . 9 4 

0 . 3 0 

0 . 0 6  

0 . 4 0  

0 . 0 1 

0 . 0 0 

1 0 0 . 0 0 

aWa ter a r eas of 2 to 40  acr es and s tr eams l es s  than 0 . 12 5  m i l e  
in width . 

Sour c e :  Mounta i n  Ar ea Planner s ,  1972 . 
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E . l . l  Vitro s i te 

The ent i r e  1 2 8- acre Vi tro s i te is  owned by the Central Val l ey Water Rec lama
t i on Fac i l i ty Board , oper ator of the sewag e tr eatment plant to the nor th o f  the 
s i t e .  

Land owner ship i n  the v ic i n i ty is  predominantly pr ivate. 

E . l . l . l  H i s tor ic land use 

The Vitro s i te was used for an alumi na plant dur ing Wor ld War I I . That 
plant was conv erted to produce uranium beg inn ing i n  May 19 5 1 ; th e output was sold 
to the U . S .  Atomic Energy Commiss i on (AEC ) under procur ement contr acts unt i l  
February 1 9 6 4 . The plant was then c onv er ted t o  produce commercial vanad ium , 
oper a t i ng unt i l  July 19 6 8 . Plant d emo l i t ion was compl eted d ur i ng 1 9 7 0 . 

The s i te is  par t of  a 1979  annexat ion by the C i ty o f  South Salt Lake o f  a 
por t ion of  unincorpor ated Salt Lake County . Land use within a O . S-mi l e  r ad ius 
of the s i te began to chang e f r om pr edominantly agr icultural and vacant to other 
uses in 1 9 7 9 . I n  1 9 7 4 , a cons truct ion mor ator i um imposed by the S alt 
Lake C i ty-County Board of Health banned construct ion within a O . S-mile r ad ius of 
the s i t e .  Th is  ban was l i fted in 1 9 7 9 . 

E . l . l . 2  Pr esent land use 

Land use w i th i n  a O . S-mile r ad i u s  of  the s i te i s  shown on 
F igure E-2 and i s  as  follows : 

L and Use 

Res iden t i a l  
Commerc ial 
I nd u s t r i a l  
Transpor tat i on/U t i l ity 
Ag r iculture 
Vacant ( exclud i ng Vitro s i t e) 

Sour c e :  FBDU , 1 9 8 1  

Percentage of  total 
within  O . S-mile r ad i u s  

( 13 7 0  ac r es )  

6 
5 

1 8  
2 8  
1 6  
2 7  

The Salt Lake C i ty S ubur ban Sani tary D i s tr ict No. 1 s ewag e tr eatment plant 
is  located immed i ately to the nor th of the Vitro s i t e  ( F ig ur e  E- l ) . This 
fac i l i ty has been i n  operat ion s i nce i ts i n i t i al con s tr uc t ion i n  1 9 5 4 . The 
Central Valley Water Reclamat ion Fac i l i ty (CVWRF ) Board , owner and oper ator of 
the treatment fac i l i ty ,  is  cur ren t ly bu ild ing a new f ac i l i ty on the Vi tr o  s i t e .  
The new plant i s  planned to b e  oper a t ing b y  1 9 8 7  a t  s u f f i c i en t  capac ity to prov id e  
tr eatmen t through the year 2 0 0 0 . 
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E . l . l . 3  Poten t i a l  fu tur e land us e and d evelopment 

The potent i a l  for d evelopment of the vacant por tions of the 1 2 8- ac r e  Vitro 
s i te  is es s en t ially n i l  i n  th e abs enc e of some r emed ial plan to el iminate hazards 
caused by the pres enc e of the t a i l i ngs . Plans for CVWRF ' s  expans ion of i ts 
was tewater tr eatment fac i l i ty to 1 0 0  mill ion gallons per day , and construc-
t ion of a tempor ary industr ial par k  and a munic ipal solid was t e- to- energy 
fac i l i ty cannot be impl emen ted withou t some r emed ial ac t ion . 

I n  the g eneral v ic i n i ty of the s i t e ,  the l evel topogr aphy , soils s u i t ed for 
founda t ions , and good acces s i b i l ity r end er lands s u i tabl e for a wid e  rang e of 
urban uses . I t  is g en era lly ag r e ed by the CVWRF Board , South Salt Lake 
off icials , and Salt Lake County off ici als that the " h ighes t and bes t" 
use for the ar ea is  pr imar ily in whol esaling and war ehou s i ng f unct ions . How
ev er , the 3 3 0 0  South Str eet frontag e por t ion of the Vitro s i t e  i s  c u r r en tly zoned 
Bus iness (A)  wh ich permits a wide var i ety of bus iness and r eta i l  activ i t ies . 

The C i ty ' s  Master P lan contains est ima tes o f  the absorption of  vacant 
land zoned for industr ial use in South Salt Lak e .  The " h igh est imate" proj ec ts 
that between 8 2  and 84  percent of the C i ty ' s  d evelopmen t sc enar i o  ass umes the 
fol lowing "ma j or economic s t imul i " : ( 1 ) d eploymen t of the MX mis s i l e  sys t em i n  
wes t er n  U tah : ( 2 )  inc r ea s ed ext r act ion of coal r es erves i n  Utah ' s  Over thr ust 
Bel t ;  and ( 3 )  continued d ev elopment of s ta tewide wa t er and power proj ects . The 
" low es t imat e" assumes a moderate nat iona l and/or r eg ional r ecess ion.  Under 
this scenar i o ,  58 percent of the ava i lable i ndustr ial land w i l l  be absorbed by 
1 9 9 0 . B ecause of the low av erag e i ncome of the c i ty ' s  popu lat i on ,  as well as  
its proximity to the Salt Lake C i ty business d i s tr ic t ,  r eta i l  and commerc ial 
d evelopment in the a r ea is expected to be  m i n imal .  South Salt Lake ' s  for ecas ted 
growth w i l l  be pr edominantly in wh91esal ing , d is tr ibut ion , and o f f ice/war ehou s e  
( 7 0 percent) and i ndustr ial uses ( 16 percent) , w i t h  the r ema in ing 14 percent being 
a comb inat ion of r eta i l ing , offic e ,  and s ervice bus ines s es (Vanwagoner and 
Assoc i a tes , 1 9 8 0 ) . 

E . l . 2 South Cl iv e  s i te  

The South C l iv e  s i te  is  owned by the S tate of Utah . Mos t lands w i thin a 
10-m i l e  radius a r e  publ ic domain administered by the BLM , w i th scatter ed lands 
owned by the State of Utah or pr ivately . 

Most lands w i thin a 10-mi l e  rad i us of  the s i te  ar e used v ery r ar ely becaus e  
o f  their r emotenes s  from urban i z ed a r eas and the poor soil , occas iona l muddy 
cond i t ions , and spar s e  veg etat ion char acter i s t ic of the r eg ion . Sheep g r a z ing and 
r ec r ea t i onal-v eh icle d r iving ar e the pr imary uses mad e of  the a r ea ,  bu t s uch u s es 
ar e appar ently l ight . The produc t iv i ty ( i n terms of an imal u n i ts suppor ted )  of 
the South C l ive s i te  and v ic in i ty for g r a z i ng , although r elativ ely good for the 
ar ea ( e . g . , the Mud Flats ) , is  low r elative to other lands i n  the r eg ion .  The 
Skull Val l ey Company holds a State graz ing l eas e for the s i te .  Although no 
r epor ts on land u s es in the v ic in i ty could be  found , numer ous tra i ls in the ar ea 
ind icate that it has been used on occas ion for r ecr eat iona l vehicle pu rpos es , and 
much of the v ic in i ty may be used on occas ion for j ac krabbit hun t i ng . The on ly 
other use of lands with in a 10-m i l e  rad iu s  is for tr anspor tat ion . I nter state 8 0  
and the Un ion Pac i f ic Sys t em r a i lway pass 2 . 5  m i l es and 1 m i l e  nor th,  
r espec t iv ely , of the s i te . 
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E . 2  SCENI C ,  HI STORI C ,  AND CULTURAL RESOURCES 

E . 2 . 1  Reg ional h i s tory 

Dur i ng the 1 8 20 s ,  the area a r ound the G r eat Salt Lake was explor ed by 
tr apper s and scouts of  the Ashley par ty , Jim B r idg er ,  Jed ed iah S .  Smi t h ,  Colonel 
J . G .  Fr emont , and K i t  Ca rson . Use of  the explor er s '  tra ils  ( F igure E- 3 )  soon 
expanded to cattle d r ives and s ettler s ,  mos t  of whom wer e headed to Cal i for nia or 
Or egon . One s uch g r oup o f  settler s was the Donner par ty that opened the route 
through the Wasatch Range and across th e Gr eat Salt Lake Des er t north o f  C l iv e .  

O n  Ju ly 2 4 , 1 8 4 7 , the p ioneer par ty of  Mormons l ed by Br igham Young pulled 
out of Emig r a t ion Canyon , fol lowing the Donner route into th e Valley o f  th e G r eat 
Salt La k e ,  and settled the s i te near pres ent Temple Square i n  Salt Lake C i ty 
wher e they b u i l t  cabins on Settlement Cr eek and Twi n  Spr ings ( pr esent Stansbury 
Par k ) . With i n  two year s another towns ite was estab l ished at Grantsv i ll e .  
Rel ig ious r efugees seek ing an isola ted locat ion t o  practice their fa ith i n  
compar a t ive f r eedom , the Mormon s colon i z ed over 3 0 0  settlemen ts i n  and near the 
Gr eat Basin under the l eadership of  Br igham Young . 

The theodemocratic s tate of  Deseret was propos ed i n  1 8 4 9 , when a Mormon 
committee s ent a pet i t ion to Washing ton , D . C .  ask ing for a ter r i tor i a l  govern
ment of their own . The " s ta te" encompass ed the vast a r ea o f  pr esent day Utah , 
Nevada , Ar i zona and por t ions o f  Or egon , Wyoming , Color ado ,  New Mex ico , I daho , and 
Cal i fo r n i a .  Tooele County was establ i shed by the State of  Deser et in January of 
1 8 5 0 . 

Utah ' s  appl icat ions for s ta tehood wer e den ied , however , for over for ty year s 
because of theocratic dominat ion o f  the c iv i l  g over nmen t and the prac t ice of  
pOlygamy . A f ter the Man i festo of  1 8 9 0 , the U . S .  Cong r es s  pas s ed an enabl ing act 
i nv i t ing Utah to s ubmi t  a cons t i tution for statehood . The cons t i tut ion was 
r a t i f ied in November of 1 8 9 5 . On January 4 ,  18 9 6 ,  Pres ident C l eveland s igned the 
statehood act and Utah j o ined the Union .  

Dur i ng the years s ince sta tehood , a spl i t-par ty system o f  " midd l e-of- the
road"  conserva tive pol i t ics has ma intai ned the pre-s tatehood theme of commun i ty .  
The Mormon vote has trad i tionally been a k ey fac tor i n  pol i t ical issues . The 
s epa rat ion of  church and s tate became mor e ev ident with the emerg enc e of a 
substan t i a l  bus ines s  s ec tor , the commer c i a l i zation of  agr icul tur e ,  and the 
development of  corpor ate min ing and manufac tur ing . 

With Wor ld War I came the sophi s t icat ion of i ndustr ial i zation.  Shor tly 
a f ter the war ended , the cancellat ion of  government contr acts , the terminat ion of 
war t ime bus iness controls , and the chang e of  mar k et ing and bus iness patter n s  that 
had d eveloped d u r i ng the war br ought to an end th e " warbor n "  ec onomic boom in 
Utah . L i k e  the r est of  the country , Utah was s ever ely a f f ected by the 1 9 2 9  s toc k 
mar ket cr ash . All  aspec ts of  Utah ' s  economy plummeted , and d i d  not r ecover until 
the outbreak of  Wor ld War I I . Dur ing the cou r s e  of  the war , Utah became the s i t e  
o f  ten maj or m i l i tary bases and a n  army hosp ital , employ ing approx imately 1 0 0 , 0 0 0  
people . For t  Douglas , establ i shed i n  1 8 6 2 , became the nerve cen ter for states 
wes t of the Roc k i es ,  and K earns Army A i r  Base was rapidly constr uc ted and t r a i ned 
over 90 , 0 0 0  a irmen between August 1 9 4 2  and Oc tober 19 4 3 .  The nat ion ' s  largest 
m i l i tary r eserv e ,  cover i ng three and a half mill ion acres , i s  the Wendover A i r  
Force Base i n  Tooele County wher e the 5 0 9 th Compos ite that dropped the atomic 
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bombs on H i rosh ima and Nagasak i t r a i ned . Also construc ted were the Tooele Army 
Depot , the Deseret Chem ical Depot , and the Dugway Prov i ng Gr ound . The build i ng 
of m i l i tary installat ions dur ing the war and the cont inuat ion of  the i r  use has 
r esulted in Utah being the s tate w i th the largest number of gover nment em
ployees . I n  19 7 4 ,  mor e  than 11 percent of  the populat ion was employed by the 
gover nment ( P eterson , 19 7 7 ) . 

Agr iculture and mining i ndus tr ies have taken a les s sUbstant ial place i n  
the economy than g overnment employmen t .  However , energy prices have cr eated a 
s t imulus for production of fos s i l  f uels and coal m i n i ng has mad e a r ecen t  come
back in Utah . Other min ing i ndustr ies continue to f lour i s h .  I n  r ecen t  year s 
tour ism has provided a g r eat boos t to Utah ' s  economy . 

E . 2 . 2  H i s tory of South Salt Lake 

On September 29 , 19 3 8 ,  South Salt Lake was incorpor ated i n  t ime to mak e  the 
September 30 dead l i ne for appl icat ion for a Public Wor k s  Adm i n i s trat ion grant 
for fed er a l  f inanc i al a id to build a s ewer sys tem .  By the fall  of 1 9 4 0 , the ma i n  
sewer system had been ins talled . The c i ty would not g r ow un t i l  i t  could provide 
a potable water system ;  a water r evenue bond elect ion was held a nd the i s s ue was 
pas sed in 1 9 4 7 .  The town also establ ished i ts own bank and obtai ned a charter 
for Valley State Bank in 1 9 4 7 .  I n  1 9 5 0 , the town ' s  f i r s t  post o f f ice was bu i l t  
and i t  became a t h i rd-class c i ty .  T h e  populat ion at t h e  t ime of  i ncorpor at ion 
was 4 0 0 0 ; by 19 50  i t  had g r own to 5 0 0 0 . The c i ty expanded i ts boundar i es i n  1 9 5 5  
by annex i ng t o  E ighth West Street . Dur i ng the 19 5 0 s , the c i ty g r ew and became a 
major indus tr i a l  center . 

By 1970  the c i ty ' s  r es i d en t i al populat ion was d ec l i n ing . I n  1979 , the c i ty 
annexed approx imately 9 0 0  acr es , extend i ng i t s  boundar i es f r om M i l l  Creek to 
3 3 0 0  South Street and f rom the Jordan River to Seventh East Str eet , ther eby 

incr eas i ng its populat ion to 10 , 5 0 0 . The dayt ime populat ion increases to about 
40 , 0 0 0  due to the larg e commerc i a l- i ndustr ial sector of  the c i ty . 

E . 2 . 3  Scenic qual i ty rat ing of South C l ive s i t e  

T h e  BLM Vi sual Resource I nventory and Evaluat ion System ( BLM , 1 9 7 8 )  was used 
to rate the scen ic qua l i ty of the s i te r elative to the phys iog r aphic prov i nce . 
Th is  r a t i ng system employs a scale of  0 to 3 3 ,  w i th higher r at i ng s  ( 19 or above) 
ind icating that spec ial managemen t attent ion i s  r equ i r ed .  The numer ical rat i ng 
sys tem i s  shown below ,  with the r a t i ng s  for the South Cl ive s i t e  under l ined .  
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Scenic Qual ity Rat i ng 

Category Score 
H igh Med ium Low 

Land form 5 3 1 
Vegetat ion 5 3 1 
Water 5 3 0 
Color 5 3 1 
I nf luence 5 3 0 
Scarc i ty 6 2 1 
Cultural Mod i f icat ion 2 0 4 

The total scor e of  12 ass igned to the Sou th C l ive S i te is  a 
low- to-med ium r a t ing for scenic qual i ty ,  i nd icat ing tha t no spec ial management 
at tention is necessary . 

E . 2 . 4  Archaeologic , h i s tor ic , and cultural s ign i f icance of South C l ive s i te 

On August 24- 2 6 ,  19 8 1 ,  an intens ive cultural r esource i nventory of th e South 
C l ive s i te and v i c i n i ty was conducted by the Archaeolog ical-Env i r onmental 
Res earch Corpor at ion . No cultur al r esource s i tes wer e ident i f i ed dur ing the 
inventory bu t one i sola ted a r t i fac t ( d es igna ted 615A/X l )  wa s found . This  a r t i
fact is four p i eces of broken purpl e  glass f r om some unknown h i stor ic glass obj ect . 
I t  does not appear that such a f ind ind ica tes the ex i s tenc e on the s i te of  s ig n i f icant 
archaeolog ic ar t i facts . 

The Ground to Air P i lotless Aircraft Launch S i te and B lockhouse l i s t ed in 
the Nat i onal Reg i ster of  H istor ical Places i s  appr ox imately 10 miles west o f  
C l ive a t  Knolls . T o  the southeast o f  C l ive ( approx imately 2 3  a i r  miles )  i s  the 
s i te of the I os epa Sett lement Cemetery .  These are the h i s tor ic s i tes clos est to 
the tr anspor tat ion cor r idor s between the Vitro s i te and the South C l ive s i te.  

E- 10 



E . 3  SOCIOECONOMICS 

E . 3 . 1  Reg iona l Popu lat ion 

Accor d i ng to the 1 9 8 0  census ( U . S .  Depar tment of  Commerc e ,  1 9 8 1 ) , the state 
of Utah had a total populat ion of 1 , 4 61 , 0 3 7  ( Table E- 2 ) . T h i s  wa s an increase o f  
3 7 . 9  percent s i nce 19 7 0 , the lar gest s ince the 1 9 4 0- 1 9 5 0  d ecade when t h e  popula
t ion g r ew by 2 5 . 2  percent . Mos t of the s ta te ' s  populat ion ( 8 0 . 4  percent)  l ived 
in urban areas ( places of 2 5 0 0  or mor e) , predominantly in the Wasatch Fron t .  The 
med ian ag e of Utah r es idents i n  1 9 8 0  was 2 4 . 2  year s ,  lowes t in th e nation.  The 
stat e ' s populat ion g r owth between 19 5 0  and 1960 was 95 percent from natural 
i nc r ease ( b i r ths minus deaths) , with only a smal l  amount of  i nmigrat ion ( 10 , 0 0 0  
people) . Dur i ng the next decade ,  natur a l  i nc r ease offset the outmig rat ion of 
approx ima tely 11 , 0 0 0 , to i ncr ease the total populat ion by 18 . 9  percent . 
" Basel ine"  populat ion proj ec tions ind icate that by the year 2 0 0 0  the state could 
incr ease its total populat ion to 2 . 3  mill ion per sons , 60 percent ov er that of 
1980  ( Utah State Planning Coor d ina tor , 1 9 8 1 ) . 

Table E- 2 .  H is tor ic populat i on data 

Popu lation ( percent change f r om p r ev ious Cens u s )  
1 9 4 0  1 9 5 0  1 9 6 0  1 9 7 0  1 9 8 0  

State 5 5 0 , 3 1 0  6 8 8 , 8 6 2  890 , 6 2 7  1 , 0 59 , 2 7 3 1 , 4 6 1 , 0 3 7  
( 8 . 4 )  ( 2 5 . 2 ) ( 2 9 . 3 )  ( 18 . 9 )  ( 3 7 . 9 )  

Tooele County 9 , 13 3  14 , 6 3 6  17 , 8 6 8  2 1 , 5 4 5  2 6 , 0 3 3  
(- 2 . 9 7 )  ( 60 . 3 ) ( 2 2 . 1 )  ( 2 0 . 6 ) ( 2 0 . 8 ) 

Salt La k e  County 2 1 1 , 623  2 7 4 , 89 5  3 8 3 , 0 3 5  4 5 8 , 60 7  619 , 0 6 6  
( 9 . 0 )  ( 2 9 . 8 ) ( 3 9 . 3 )  ( 19 . 7 ) ( 3 5 . 0 )  

Sour c e :  U . S .  Depar tment of  Commerc e ,  19 5 2 , 1 9 6 3 , 1 9 7 3 , and 1 9 8 1 . 

E . 3 . 1 . 1  L ocal population and d emog raphy 

H i stor ic and cur r ent populat ions and t r ends are descr i bed in the following 
sec t ions for the C i ty of South Salt Lak e ,  the area w i t h i n  0 . 5  mile of  th e Vitro 
s i t e ,  Tooele C i ty ,  and Gr antsv i l l e .  The sourc es of d emog r aphic information are 

the decennial census counts , unless oth erwise  ind icated . 

C i ty of  South Salt Lake 

The popula t i on / of South Salt Lake decreased at an av erage annual rate of 
2 . 0  percent dur ing the 1 9 6 0-1970  per iod , f r om 9520 i n  1960 to 7 8 10 i n  1 9 7 0 . 
I t  then grew by an aver age annual rate of 3 . 1  percent dur ing the 1 9 7 0 s ,  r each i ng 
10 , 5 61 in 19 8 0 .  I n  19 8 0 , 9 2 . 6  percent o f  i t s  populat ion was class i f ied a s  wh i t e ,  
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compar ed to 9 4 . 3  percent for Salt Lake County and 9 4 . 6  percent for the state as  a 
whol e .  South Salt Lake can be charac ter i z ed as  an area w i th sma l l  fam i l ies , i n  
l i fe cycle stages either before o r  a fter t h e  child-r ear ing stag e .  The pr opor t ion 
of fami l i es with i ncomes below pover ty level in 1 9 7 0  was 10 . 3  percent , higher 
than the s tatewide average of  9 . 2  percent . 

Vi tro s i te v i c i n i ty 

Popu lation counts wer e conducted for the area w i th i n  0 . 5  m i l e  of the Vitro 
s i te by FBDU ( 19 8 1 ) . These counts i nd icated that 497 per s on s  r es ided i n  the 
ar ea , with averag e  r es i d en t i al d ens i t i es gener ally i ncr eas ing w i th d i s tance 

f r om the s i t e .  Aver age popu lat ion d en s i ty within 0 . 5  mile of  the Vi tro s i te was 
abou t one per son per acr e .  Beyond 0 . 5  mi l e ,  den s i ty inc r eased r ap id ly to 4 . 3  
per sons per acr e wi thin 2 miles .  

Tooele C i ty 

Tooele C i ty ' s  population g r ew f r om 9 1 3 3  in 1 9 6 0  to 1 2 , 5 3 9  i n  1 9 7 0 , an aver
age annual increase of  3 . 2  percen t .  I n  the followi ng d ecade th e growth rate 
d ecreased to 1 . 3  percent per year , to a 1980 c i ty populat ion o f  1 4 , 33 5 .  Nonwh ite 
per sons mad e up 8 percent of  the c i ty ' s  populat ion i n  19 8 0 . 

Tooele C i ty ' s  populat ion was , on the aver ag e ,  older than the state ' s  i n  19 7 0  
( 2 4 . 7  ver sus 2 3 . 1  years of  ag e) , and had a lower percent of  per s ons over 6 4  year s 
old ( 6 . 2  percent ver sus 7 . 3  percent for the s tate) . A r elatively high propor t ion 
of  i ts populat ion was mar r i ed ( 6 9 percent of  males ver s u s  5 6 . 6  percent for the 
s tate)  and its b i r th rate

* 
( 4 3 5 )  was about equal to the state average ( 4 3 6 ) . 

The average household s i z e  i n  Tooele C i ty was 3 . 3 8 per s ons i n  19 7 0 , s l ightly 
l ess than the s tatewide aver ag e .  Thus , much of  the c i ty ' s  population appea r s  t o  
b e  in the ear ly c h i ld- r ear ing l i fe cycle stag e .  I ts populat ion was s l ightly less 
educated ( an average of  12 . 2  yea r s  of  educat ion ) than the s ta tewide average but 
far mor e educated than the nat ional aver age.  Only 4 . 8  percen t of i ts fam i l i es 
had incomes less than the pover ty l evel . The County mor tal i ty r ate d ec r eased 
mor e r ap id ly than the b i r th rate dur ing the 19 7 0 s , c aus ing an i ncrease i n  the net 
natural popu lat ion . However , net outmigr at ion dur ing the 1 9 7 0 s  ( includ i ng 
annexation of land ) caused a loss of 6 8 2  r es idents . 

Gr antsv i l l e  

Grantsv i l le ' s  populat i on gr ew b y  a n  aver age annual r ate of  3 . 1  percen t  
between 1 9 6 0  and 19 7 0 ,  f r om 2 1 6 6  to 2 9 3 1  per sons , and i ncr eased b y  4 . 2  percent 
per year dur i ng the 19 7 0 s  to a 19 80  populat ion of  4 4 19 . Only 4 . 2  percent o f  
i ts popu lat ion was nonwhite in 19 8 0 . 

G r an t sv i l l e ' s  populat ion had a high b ir th rate in 1 9 7 0  ( 5 17 ver sus 4 3 6  for 
the s tate) , a large av erage hous ehold s i z e  ( 3 . 7 1) , a low propor t ion of  populat i on 
over 6 5 , and a high pr oport ion under 1 8 . Thus , many Gr antsv i l l e  r es id ents 
appear to be members of famil ies i n  the ear ly ch ild- r ear ing l i f e  cycl e stag e .  

*Live bir ths per 1 0 0 , 0 0 0  popu lat ion . 
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E . 3 . 1 . 2  Populat ion proj ect i ons 

A g r owth rate averag i ng 3 . 1  perc ent i s  assumed mos t  probable for Salt Lake 
County through the year 2 0 0 5  because i t  corr esponds to the g r owth rate of the 
County from 1 9 7 0  to 1 9 7 8 . The dev elopment of  synthet ic fuels w i th in the s ta t e ,  
howev er , could c r eate a shor t-l ived rapid g r owth wh ich should taper of f .  Ass uming 
that rap i d  dev elopments i n  the energy f i eld occur , the g r owth rate could go up 
to " 7 . 0  perc ent d ec l i n i ng , "  meaning in 25 years  the growth r ate w i l l  taper off  
to z er o  ( FBDU , 19 8 1 ) . A g r owth r a te of 0 . 8  percent would be con s i s tent w i th that 
of the ent i r e  u n i ted S tates . 

I t  i s  proj ec ted that Tooel e County will  i nc r ease i t s  populat ion a t  a n  annual 
rate of 3 . 8  percent unt i l  1 9 8 5 :  ther eaf ter , its growth rate w i l l  decl i n e .  This  
proj ec t ion i s  bas ed on  expec ted energy d evelopment and s ubs equent employment 
oppor tun i ty that should also taper of f .  I t  i s  expec ted that the larg es t  per
centages of  growth will  occ ur in  Tooele C i ty ,  Grantsv i l l e ,  and Wendover ( Mountain 
Ar ea P lanner s ,  1 9 7 2 ) . 

E . 3 . 2  Economic str ucture 

The d is tr i but ion of Utah ' s  employment and income among industr ial  s ector s 
ind icates a well-balanced and healthy economy s imilar i n  s t r uctur e to that of  
the un i ted Sta tes as a whole.  The s tate ' s  mos t prominent employment sector s 
in 1 9 7 9  wer e services w i th a 1 6 . 4  percen t  shar e of tota l wag e and salary employ
ment , gov ernment with a 24 . 0  per cent shar e ,  r eta i l  trade at 17 . 0  percen t ,  and 
manufactur ing w i th 1 5 . 4  perc ent (U . S .  Depar tmen t of  Commer ce , 19 8 1 ) . Per capita 
income i n  1979 was $ 7 18 2 ,  wh ich placed Utah below both the Rocky Mounta i n  state 
and national averages . Dur ing the 19 7 0 s , the economy g r ew and matur ed s u f f i
c i en tly to beg i n  prov id i ng a nea r ly full range of goods and s ervic es to i t s  
r es idents w i thout ext ens ive depend ence ,  as  had been prev iously t h e  cas e ,  o n  other 
r eg i ons in  obta i n i ng thos e goods and s ervices (Utah State Plann i ng Coord i nator , 
19 8 1 )  • 

E . 3 . 2 . 1  Reg ional economic cond i t ions 

The economi es of Salt Lake and Tooele Coun t i es , the two couht ies in  the 
immed iate proj ec t r eg ion , d i f f er in s tructure althoug h the two ar e class i f i ed 
as bei ng i n  the same ( Salt Lake C i ty )  Standard Metropol i tan Sta t i s t ical Ar ea . 
Thu s ,  the fol lowing d iscuss ion d i st ingu i shes the two count i es .  

Salt La k e  County , wh ich i s  the State of Utah ' s  central economic a r ea ,  
exh i b i ts the same g eneral economic health a s  the state a s  a whol e .  I ts unemploy
ment rate in 19 8 0  aver ag ed 5 . 1 percen t ,  compar ed to a 5 . 4  percent statewide 
average ( U tah D epar tment of Employment S ecur i ty , 198 0 ) . As i s  true for the s ta te 
as a whol e ,  the County unemployment rate has been i nc r eas ing s ince 1 9 7 9 . I t  was 
6 . 0  perc ent in F ebruary 19 8 1 , 7 . 4  percent dur ing 19 8 2  and 7 . 5  percent as of  
May 19 8 3 .  Based on an analys i s  of  1979  employment patterns by i ndus tr ial  
sector , the County ' s  expor t bas e  con s i s ted pr imar i ly of  durable goods manu
factur i ng , transpor tat ion and public u t i l i t i es , wholesale and r etail  trad e ,  
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f inance , insur ance , and r eal esta te , and serv ices ; the impor tance of  these sectors 
under scor es the County ' s  r ole as the s tate ' s  economic s erv ices center . Gover nmen t 
employment i s  l es s  prominent i n  Salt Lake County than i n  th e state as a whole .  
Bas ed on the 2 . 5  employment mul t ipl ier used by the Utah State Planning Coor d i na tor ' s  
O f f ice for the Wasatch Fr ont plann ing a r ea , the bas ic/nonbas i c  employmen t mul t ipl i er 
for Salt Lak e  County is  est imated a t  approx imately 2 . 5  j obs for ev ery j ob cr eated i n  
t h e  bas ic ,  o r  expor t ,  s ector of the economy . 

Tooele County ' s  economy is  bas ed pr imar i ly on Fed eral employment .  Employ-
men t at the Deseret Test Cen ter and Army Depot wer e pr imar ily r espons ible for the 
Federal gover nment employmen t sha r e  of  4 9 . 7 percent of the total 1979  wag e and 
salary j obs in the County . Mining is  the s econd mos t impor tant s ec tor of  the export 
bas e  of  the County , prov id i ng 7 . 3  per cent o f  the wag e and salary j obs . The ma j or 
nonmanu factur ing employer s in Tooele County are the Tooel e Army Depot ( 3 80 0  
employees ) ,  the Deseret Test Center ( 6 8 0  employees ) , the Tooele County School 
D istr ict ( 7 10 employees ) ,  and Anaconda Copper ( 6 6 5  employees ) .  Maj or employer s in 
the manu fac tur i ng , min ing , and process ing s ec tors are N . L .  I ndustr ies ( 7 3 5  
employees ) ,  Catal ina Spor tswear ( 7 5 employees) , Amer ican Salt ( 7 0  employees) , and 
K a is er Aluminum and Chemical ( 6 5  employees ) .  The min ing and process ing s ector 
pr imar ily p r oduces magnes i um ,  potas h ,  salt , t i n , lead , s i lver , z inc ,  and copper 
(Utah I ndustr i a l  Development I n forma t ion System ,  no date)  • 

The r ema in ing sectors of the Tooel e County economy have far lower shar es of  
tota l County employment than the s tate averag e ,  ind ica t i ng that much of  the 
i ncome ear ned by wor k er s in the ba sic sector s of the County is spent in other 
count i es , par t icular ly Salt Lake County . The bas ic to nonba s ic employment 
mul t iplier for Tooele County , assuming that all  Federal and min ing employmen t ,  
7 5  percent o f  all  employmen t i n  the manufactur ing s ector , and 1 0  percent of  

all  state and local governmen t employment can be clas s i f ied as  bas ic , i s  
ma ted a t  a total of  1 . 5  j obs for ev ery j ob cr eated in the bas ic s ector s .  
es t imate of the county ' s  mult ipl ier i s  cons istent with mult ipliers of ten 
mated for r ur al ar eas with underdeveloped s erv ice economies . 

est i
This 

esti-

Tooel e County ' s  unemployment rate r ema i ned close to 5 . 8  percent thr ough 
1 9 8 0  and ear ly 19 8 1 ,  hav ing i ncr eased from 5 . 0  percent in 1 9 7 9  ( Utah Depar tmen t 
of Employment Secur ity ,  1 9 8 0 ) . By contrast , the sta tewide unemploymen t rate for 
1980  was 5 . 4  perc ent . Unemploymen t i n  Tooele County dur ing 1 9 8 2  was 9 . 9  percent . 
Th i s  compar es to a f ig ur e  o f  7 . 8  percent for the ent i r e  state dur ing 19 8 2 . 
Cur r ent (May 19 8 3 )  unemployment r ates for the State of  Utah and Tooele County 
ar e 8 . 8  percent and 9 . 9  percent , r espectivel y .  Futur e unemploymen t r a tes i n  
the county , wh ich depend t o  a large extent upon employment a t  Dugway , a r e  expected 
to mod erate as  Federal defense expend i tures r is e  and the nationwid e ec onomy 
stab i l i z es .  

Per cap ita income i n  Tooele County i n  1 9 7 9  was $ 6 7 8 2 , 9 4 . 4  per cent of the 
stat ewide aver age ( U . S .  Depar tmen t of Commerce , 19 8 1 ) . I n  19 7 4 ,  per capita  
income in Tooele County exc eed ed the state aver age by  2 . 5  percent , and in 1969  
the  County had 6 . 0  percent mor e income per capita than the  s ta t e .  Thus , wh ile 
per  cap i ta income in Tooele County has g r own in r eal terms s ince 1 9 6 9 , its r ate 
of g r owth has been s ign i f icantly les s  than that for the state as  a whole .  Tr ans
fer payments r epr es ented 15 . 2  percen t  of  Tooele County per sonal i ncome in 1 9 7 9 , 
compar ed to an 1 1 . 7  percent sta tewid e aver ag e .  This  i s  a r e fl ect ion both of  the 
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h ig h er propor t ion of eld erly persons ( and , ther efor e ,  soc i a l  s ecur ity i ncome)  i n  
Tooe l e  County than i n  the s tate , and the lower per cap i ta i ncome and hence h igher 
per capita  rate of wel far e payment s .  I n  g eneral , t h e  economic data r ev eal that 
the Tooel e County economy is  s table due to Federal m i l i tary employment but , 
l i k e  most r u r al ar eas i n  the state , i t  has a r elativ ely h igh unemploymen t rate  
and  und er d eveloped s econdary economy . 

E . 3 . 2 . 2  Local economic cond i t ions 

This s ec t ion conta ins br i ef d escr ipt ions of  the economi es of towns and 
c i t i es near the Vitro s i te  and the South C l iv e  s i t e--the C i ty of  South Salt 
Lak e ,  i n  which the Vi tro s i te  is  located , and Tooel e ,  Grantsv i l l e ,  and Wendov er 
in Tooele County . 

C i ty of South Salt Lake 

The economy of  the C i ty of South Salt Lake is  bas ed pr imar ily in manufactur
i ng , tr anspor tat ion , and whol esa l e  and r eta i l  trad e  ( Utah Depar tment of  Employ
ment Secu r i ty ,  19 8 0 ) . Much of the manufactur ing and war ehous ing in the Salt Lake 
C i ty ur ban ar ea is  located i n  South Salt Lak e .  Maj o r  employers  ( Utah I ndustr ial 
Development D iv i s ion , no date)  i nc lude the ZCMI Central War ehou s e  ( 6 9 5  employ ees ) 
and EDO Wes ter n Corporat ion ( 2 70  employees ) .  The c i ty ' s  proxim i ty to maj or 
h ighways mak es i t  an ideal locat ion for war ehous ing and transpor tat ion or i ented 
indus t r y .  T h e  ex is tence of s ig n i f icant amounts of  vacant l and i n  t h e  c i ty ,  
pr imar ily near the Vi tr o s i t e ,  w i l l  permi t f u r ther indus tr ial/war ehouse d evelop
ment u s es for which the area is  planned and z oned . 

The lar g e  industr ial tax base i n  South Salt Lake permits the c i ty to l evy a 
r el a t iv ely low c ity property tax ( the 19 8 2  mi l l evy was 6 . 2 5 ) . The c i ty also has 
a sales tax of  0 . 7 5 percent wh ich , i n  combi nation w i th a larg e taxabl e sales bas e 
( $ 2 5 4 , 5 1 3 , 4 6 0  in 1 9 79 ) , yi elds large r evenues for the c i ty ( Utah I ndustr ial 
Developmen t D iv i s ion , no date) . Sales taxes ar e antic i pated to y i eld about $ 2 . 2  
m i l l i on i n  r ev enue in the 19 81-82  f i scal year , 6 4 . 7  percent of  total c ity g eneral 
fund r ev enues of $3 , 4 0 6 , 9 16 . Pr oper ty tax r ece ipts ar e proj ect ed to total 
$4 6 5 , 0 0 0 ,  13 . 6  percent of all g eneral f und r evenues (C ity of  South Salt Lak e ,  
19 8 1 ) . The c i ty will  also r eceive about $3 9 9 , 0 0 0  in Fed eral r ev enue shar i ng 
mon i es .  

C i ty of Tooele 

The economy of the c i ty of Tooele , the economic and populat ion cen t er of  
Tooele County , closely r es embles that of Tooel e County . Pr incipa l  employ er s i n  
t h e  c i ty in 1979  wer e the U . S .  Army Depot ( 3 8 0 0  employ ees ) ,  Anaconda Copper 
( 8 5 0  employees ) ,  F ed er a l , s tate , and loca l off ices ( 5 0 0  employ ees) , the Tooel e  
School D i s tr ict ( 4 0 0  employees ) ,  Tooele Val l ey Hosp ital ( 8 5 ) , Catal ina Spor tswear 
( 75 employees ) ,  and the Lak e Point Salt Company ( 4 5  employees)  ( Utah I nd us tr ial 
Development D iv is ion , no date) . M i l i tary , other gover nmental , and min i ng-r elated 
employment form the c i ty ' s  econom ic bas e .  However , t o  the extent that the c i ty 
funct ions as an economic c en ter for the county , r et a i l  and wholesale trade and 
f i nanc ial s erv ice employment also contr i bu t e  to the c i ty ' s  ec onomic bas e .  Thus , 
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a por t ion of  the i ncome ear ned by r es i d ents of  Tooele County is  spent i n  Tooele 
C i ty ,  add i ng to the c i ty ' s  employment .  The c i ty ' s  total employment i n  May 1 9 8 1  
was es t ima ted a t  7 4 12 or abou t 7 0  percent of  the total county employment . 

Several new i ndustr ial developments a r e  planned for the c i ty ,  chief among 
wh ich is EMKO ' s  industr ial par k ,  wh ich includes 17 8 3  acr es and w i l l  be d evel
oped ov er the next 8 year s .  I n  add i t ion , G etty O i l  i s  plann i ng a gold proces s i ng 
fac i l i ty ,  to employ 2 5 0 - 3 0 0  per sons , i n  Mercus , 15 miles south of Tooele .  The 
Army Depot will also be i nc r eas ing employment by 500 per sons . 

The c i ty ' s  1 9 8 1  property tax rate was 2 5 . 16 mi l s .  
valuat ion o f  $ 3 1 , 4 74 , 7 4 8 , pr oper ty tax bill i ngs for the 
mately $ 7 5 7 , 30 0 .  The c i ty also has a sales tax o f  0 . 7 5 
pa ted to br ing in $ 4 7 0 , 0 0 0  in sales tax r evenue ( Tooele 

G r antsv i lle 

With a c i tywid e asses s ed 
tax year w i l l  be appr ox i
percent , wh ich is antici
C i ty Corpor a t ion , 1 9 8 1 ) . 

Gr antsv i l l e ,  located appr omixately 3 4  miles from the South C l ive s i t e ,  had a 
1 9 8 0  populat ion of 4 4 19 ( U . S .  Depar tmen t of Commerce , 19 8 1) . G r antsv i l l e ' s  
economy is  based pr imar ily on chemica l manu factur e and mineral m i n i ng and pre
cess ing . The largest employer is  NL I ndustr i es ' Minera l D iv i s i on ,  manufactur er s 
of organic chemicals , with 7 2 5  employees ( Utah I ndu s t r i a l  Dev elopment Divis ion , 
no date) . Other ma j or employers a r e  Teddy Bear/Skyl ine , I nc . , a food service 
company ( 8 0  employees ) ,  the Amer ican Salt Company ( 7 0  employees ) ,  the Tooele 
School D i str ict ( 6 5 employees ) ,  and U . S .  L ime ( 4 5  employees ) .  

Mos t of  thes e f irms , however , a r e  not actua lly located w i th in the c i ty 
boundar i es ,  as ev idenced by the fact the State Employmen t S ecur ity D iv i s ion 
es t imated Gr antsv ille  employment at only 2 4 8  in May 19 8 1 .  The c i ty ' s  proper ty 
tax base is small , being approxima tely $7 million ;  hence , a r elat ively h ig h  
tax r a t e  o f  2 3 . 7 7 m i l s  is  l ev i ed b y  t h e  c i ty ,  wh ich is  expected t o  y i eld about 
$ 1 6 7 , 0 0 0  in the coming year . No ma j or indus tr ial d evelopments ar e for es een to 
impr ov e the proper ty tax bas e .  

I n  add i t ion to the property tax bas e ,  the c i ty r eceiv es sales tax r ev enues 
at a rate of 0 . 7 5 percent , wh ich ar e expec ted to total about $4 5 , 0 0 0  i n  the 1 9 8 1  
f i scal year . w i t h  a planned c i ty budget of $ 4 0 3 , 4 5 9  for 1 9 8 2 ,  miscellaneous 
intergover nmen tal trans f er s  ( such as r eturns f r om the s tate gas and l iquor tax ) 
and oper at ing r ev enues ( s uch as for wa ter and s ewer service and garbage coll ec
t ion) a r e ,  in sum ,  impor tant r evenu e sources that help suppor t c i ty s ervices . 
Serv ices include pol ice and f i r e  protection ,  garbage col l ec t ion , and wat er and 
s ewer s ervice.  

E . 3 . 3  Governmental structur es 

South Salt Lake , Tooele C i ty ,  and Gr antsv i l l e  all  have s im i lar gover nmental 
s tr uctur es , being gover ned by a mayor and f ive coun c i lperson s .  L i k ewise , both 
Tooele and Salt Lake Count i es a r e  gover ned by thr ee elected county commiss ioners 
who make certain d ec i s ions , such as thos e concern ing zon ing , and over see th e 
prov i s ion of s erv ices in their r espec t ive count i es . For i ns tance , Salt Lake 
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county pr ov id es flood pr otec t i on and health s ervices to the C i ty of  South Salt 
Lake but d elegates to the c i ty the r espon s i b i l i ty for ma i ntenance of county roads 
within the c i ty .  Spec ial d istr icts , though not g over nmental ent i t i es ,  ar e 
import ant i n  both count i es ,  pr ov id i ng s erv ices s uch as  s ewage tr eatment a nd 
publ ic education .  

E . 3 . 4  Hous i ng 

The total number of hou s i ng u n i t s  i n  Tooele County i ncr eased from 6 4 5 5  to 
8 5 6 6 ,  an i nc r ease of  3 2 . 7  percent , between 1 9 7 0  and 19 8 0  ( U . S .  Depar tment of  
Commerc e ,  19 8 1 ) . Hous i ng unit  s uppl ies i ncreased mor e r apidly than popula t ion , 
i nd icat i ng a d ecr eased aver age hous ehold s i z e .  Hous ing u n i t  gr owth was gr eatest , 
percentage-wi s e ,  i n  the G r antsv i l l e  a r ea ,  a t  6 4 . 8  percent but Gr antsv i l l e ' s  1 9 8 0  
hou s i ng s tock was s t i l l  small at only 1 3 4 8  uni ts . T h e  1 9 8 0  C ensus pr eliminary 
count i nd icated that 5 percent of  all  u n i ts i n  G r antsv i lle wer e vacant . Wendover 
also exper i enced a hous i ng s toc k g r owth f r om 2 7 8  to 4 0 9  u n i t s  i n  the 1970-80  
per iod , a 4 7 . 1  percent i ncreas e ;  this r ate of growth was , however , s t i ll less  
than the  sta tewide 5 5 . 2  percent aver ag e .  Tooel e C i ty ' s  hous ing s t oc k  g r ew by 
2 6 . 5  percent to 4 8 7 7  un i ts .  Actual 1 9 8 0  v acancy r ate data are not yet ava ilable 
f rom the Bureau of  Census ,  but the p r el iminary count i nd ica ted appr oximately 5 . 3  

percent of the units  ar e vacan t .  The County aver ag ed 3 . 2 3 per sons per dwell ing 
unit i n  1 9 8 0 . 

I n  all j ur isdictions , r es id ent i a l  bu i l d i ng act iv i ty v ir tually s topped w i th 
the h igh inter est rates o f  1 9 8 0 -8 2 .  

E . 3 . 5  Commun i ty s ervices 

Th is  
the ar eas 
County ) • 

s ect ion focuses upon the demand for and s upply of  soc i a l  s ervices i n  
of  concer n ( Tooel e C i ty ,  Grantsv i l l e ,  South S a l t  Lake , and Tooel e 
The s erv ices descr i bed below include schools , pol ice and f i r e  protec-

t ion,  publ ic water and s ewer systems , health serv ices , and g en er a l  g overnment .  

E .  3 .·5 . 1  Schools 

Schools a r e  prov ided at the county or d is tr ict l evel . 

Tooele County 

Total enrollment i n  the Tooele County School D i s tr ic t  was 7 0 1 1  stud ents 
dur ing the 1981-82 school year , 0 . 3  percent h igher than the pr ev ious year 
( 19 8 0 - 8 1 )  and 2 . 5  per cent h igher than the s econd pr ev ious year ( 19 79-80 ) ( Tooele 

County Schools ,  19 8 1 ) . I t  appear s that enrollment will i ncr eas e i n  the shor t
term futur e at about the s ame r ate ( 1 . 2  percent per year ) as in the r ecent past . 
I n  the shor t term , this r a te of  enrollment growth i s  not expected to caus e 
phys ical capac i ty or f iscal pr oblems s ince the sys tem is  not exper i enc ing s ig
n i f icant overcrowd i ng and has some exces s bond ing capac i ty .  A new el ementary 
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school is  be ing bu i l t  i n  Grantsv i l l e  to allev iate overcr owd ing and will  be 
completed by the 19 8 2- 8 3  school year . I f  Wendover ' s  cas i no s ector grows as is  
r umor ed some crowd i ng may ult imat ely r esult . Distr ict-wide per  stud en t  oper a t i ng 
cos ts wer e $ 1 7 1 2  i n  1 9 8 1 ,  and total per student costs wer e $ 2 5 3 5 .  

C i ty of South Salt Lake 

Educa t ion i n  the C i ty of South Salt Lake and other nearby ar eas is  provided 
by the Granite  School D istr ic t ,  one of four d i s t r icts i n  Salt Lak e County . Total 
d i s t r ict enrol lment was 6 1 , 4 8 5  i n  S eptember 1981 , only about 2 3 6 0  of whom wer e 
r e s i d en ts of South Salt Lak e .  Ov er all d i str ict enrollment d ec l i ned dur ing the 
1970 s ,  but has r ecently begun to r is e  aga i n .  This g r adual enr ollment r i s e  i s  
expec ted t o  con t i n u e .  T h e  four schools that s ervic e t h e  bulk  of South S a l t  Lak e ,  
howev er , a r e  expec ted t o  con t i nue to hav e s table enrollmen ts . No crowd ing 
problems ex i s t  or ar e expec ted i n  thes e schools . Distr ict-w id e per s tud ent 
oper at ing costs wer e $17 69 in 19 8 1 ,  and total per s tudent cos ts wer e $ 2 2 4 1 .  

E . 3 . 5 . 2  Tooele County soc ial services 

Tooele County i s  governed by thr ee County Commiss ioner s .  Economic plann ing 
and d evelopment ag enc ies are the Tooele County Plann ing O f f i ce , Tooel e County 
Chamber of Commerce , and the Wasatch Fron t  Range Counc i l  of Governments . 

Pol ice protec t i on is  pr ov id ed to the unincorpor a ted ar eas i n  the county by a 
sher i f f  and 14 d epu t i es ( an aver age of  2 . 0  o f f icers per 10 0 0  population ) , and by 
20-member Jeep Patrol ( Tooel e County Chamber of Commerc e ,  1 9 8 0 ) . The county 
sher i f f  also d i r ects the county volunt eer f i r e d epar tment wh ich has 18 f i r e  
trucks at 9 f i r e  s ubs ta tions located i n  Ver non , Clover , T er r a ,  Oph i r , S toc k ton , 
P i ne Canyon , Lak e  Po i n t ,  S tansbury Par k ,  and Gran tsv i l l e .  

The county ' s  s i ngle hosp i tal , w i t h  3 6  beds , is  loca ted i n  Tooele C i ty and 
has a low av erage occupancy rate of 3 5  to 3 8  percent . Other med ical s ervices 
include two health c l in ics , one mental health c l inic s erv ing out-pat i ents on a 
2 4-hour bas is , a v i s ion center and optometr i s ts , a foot cl i n ic , and a veter inary 
clinic . Ambulance s ervice is  prov id ed for the county by on e pr ivat ely-owned 
company i n  Tooele with on e ambulance and by thr ee v eh icles manag ed by Advanced 
H ealth Sys tems located i n  Grantsv i l l e .  The Tooel e Va l ley Rest Home is  also 
located i n  Tooel e  C i ty .  I t  has 4 6  bed s , a 10 0 percent occupancy rate , and a 
wa i t i ng l i st ( Tooele County Chamber of  Commerce , 1 9 8 0 ) . 

The county operates one publ ic l i br ary hous ing 4 8 , 7 8 6  volumes , two book
mob i l es and a s torage fac i l i ty in Grantsv i ll e  that is  open to the publ ic . The 
library has a 19 8 1-82  appropr iat ions budget of $ 7 3 , 3 5 0 . B ecause th i s  l i brary 
s erv ices the ent i r e  county and has a h igh c i rculat ion rate per cap i ta , some 
impr ov emen ts a r e  r ecommended ( U n iv er s i ty of  Utah Planning Program ,  19 8 1 ) . 

E . 3 . 5 . 3  Tooele C ity soc ial s ervices 

Tooel e C i ty is  governed by a mayor and five c i ty counc i lmen . I t  has one 
f ull- t ime l i c ensed c i ty eng i neer . Tooele C i ty employs 2 2  f ul l- t ime pol ice 
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o f f icers ( 1 . 5 3 o f f icer s  per 1 0 0 0  popu lat i on ) , 2 animal cont rol o f f icers , 4 
d i spatcher s ,  and 1 records o f f icer , and ma i ntains 10  p i eces of  motor i z ed equ i p

men t .  A min imum of  three patr olmen and car s plus at l eas t one d etec t ive ar e 
on duty at any g iven t ime w i th i n  a 2 4-hour per iod within the c i ty l imits . The 
c i ty budget for pol ice pr otect ion was $ 66 3 , 3 9 3  for the 19 8 0 - 8 1  f i scal year and 
$ 7 2 3 , 4 38  for the 19 8 1-82  year . Pr otect ion is con s ider ed adequate.  

Tooele C i ty has an all-volunteer f i r e  depar tmen t cons i s t ing of  abou t 50 
volunteer s .  F i r e f igh t i ng equipment i nc ludes one equ ipment truck , two 1 5 0 0-
gal lon pumper truc k s , one 1 0 0 0-gal lon pumper truck , and two 1 5 0 0-gallon brush 
and grass f i r e  trucks .  F i r e  hyd r ants throughout the c i ty l im i t s  ar e located 
ev ery 8 0 0  f eet . The 1 9 8 0 - 8 1  f i scal year budget for f i r e  protect ion was $ 9 0 , 2 3 8 ;  
for 19 8 1-82  i t  i ncreased to $ 1 2 3 , 17 2 . F i r e  protec t ion i s  cons ider ed to be 
adequ ate;  the f i r e  insur ance rate class i f icat ion within the c i ty l imits  i s  5 and 
outs ide the c i ty l imits the clas s i f icat ion i s  10 . These class i f icat ions a r e  
d etermined by t h e  Amer ican I ns urance Assoc i at ion o n  a scale o f  1 to 10 , with 1 0  
being lowest r a t i ng (Tooele County Chamber of  Commerc e ,  1 9 8 0 ) . 

Tooele ' s  water system is c i ty-owned and i s  s uppl i ed by well s and spr i ng s .  
The sys tem has an above ground s tor age capac i ty o f  7 m i l l ion gallons ( mg )  u t i l i z
i ng two 2 mg tank s , one 2 . 5  mg tank , and one 0 . 5  mg tan k .  The c i ty ' s  well system 
cons i s ts of  5 well s  with a total r ated pumpi ng capac i ty o f  4 2 5 0  g al lons per 
minute ( gpm) , or 6 . 12 m i l l ion gallons per day ( mgd ) . Aver age d a i ly use i s  
approx imately 2 mgd , but dur i ng the s ummer i t  r anges a s  h igh a s  8 mgd wh ich i s  
abov e the r ated capac i ty of  the sys tem .  The c i ty is  cur r en tly i nves t i-
gating the purchase of  water f r om outside sources . Tooele also has two i r r iga
t i on compan i e s .  One is  a pr essure system that is  dual to the culinary sys tem .  
Th e other is  a g r av i ty f low sys tem .  T o  the nor th of  Tooele ar e two small u n i n
corpor a ted commun i t i e s ,  Erda and S tansbury Par k .  Water for both agr icultural and 
domes tic use is prov id ed by flowi ng ar tes ian wel l s . F ive i r r igation compan i es 
within the a r ea ( Tooel e ,  Grantsv i l l e ,  and S tock ton)  prov id e  wa ter for agr icul
tur al use and domestic garden i ng w i th i n  each c i ty ' s  l imits . 

Tooele ' s  s ewage tr eatment plant i s  a comb inat ion pr imary s ettl i ng tan k ,  
tr ickl i ng f i l ter , and diges ter . A r ecent add i t ion to the system ,  within the 
past thr ee year s ,  has brought its l i f e  expectancy to 20  year s .  Aver age peak 
use is  25 per cent below capac i ty of  2 mgd . 

E . 3 . 5 . 4  G r antsv i lle soc ial s erv ices 

G r antsv i lle is gover ned by a mayor and f ive c i ty counc i lmen . I t  employs one 
par t- t ime licensed c i ty eng i neer . G r antsv i lle cur r ently employs three full-t ime 
police of f icer s and expects to h i r e  a fourth in the near future for 0 . 9  o f f icer s 
per 1 0 0 0  popu lation.  The d epar tment ma intains four p i eces of  motor i zed equ ip
men t .  The c i ty budget for pol ice protec t i on is  $122 , 0 0 0  for f iscal year 19 8 1-8 2 . 
Accord i ng to the G r antsv i lle Mayor , pol ice protect ion i s  ad equate . 

G r antsv i l l e ' s  f i r e  d epar tment i s  manned by 3 0  volunteer s .  F ir ef ighting 
equ ipment cons i s ts of 5 truc k s , 4 pumper s ,  and 1 br ush and g r as s  f i r e truc k .  The 
American I nsurance Assoc i a t ion rate clas s i f icat ion is  10 . The f iscal year 
1 9 8 1-82  c i ty budget for f i r e  protect ion is  $15 , 0 0 0 .  
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Grantsv i ll e ' s  water source i s  local wel ls and the wa ter is  untr eated . 
S tor age capac i ty i s  0 . 72 5  mg and deliver able c apac i ty is  1 . 9 6 mgd ( Bu r eau of 
Economic and Bus iness Res earc h ,  1 9 8 0 ) . The sys tem i s  proj ec ted to be s u f f i c i en t  
unt i l  19 9 0  o r  unt i l  a populat ion of 5 2 0 0  i s  r eached ( us i ng 1 3 20 connec t ions ) .  At 
that t ime the demand requ i r ement will  r each j us t  ov er 2 mgd . 

Based on 2 0  av erage water users a nd 9 high user s ,  an eng i neer i ng s t udy 
i nd icated that a populat ion of  3 5 0 0  would r equ i r e  an aver ag e d a i ly demand of 
1 0 2 , 19 2  g allons per day (Engi neer ing Assoc i ates , 19 7 5 ) . 

L ine imp r ovements are cur r en tly being made to impr ov e the water pr essur e .  
T o  d ecrease wasteful consumpt ion , Nor th wil low I r r igat ion Company is  cur r en tly 
bu i ld ing a res ervoir and will soon be piping irr igat ion water to cus tomer s i n  
Gr antsv i lle.  

The  s ewage- tr eatment plant u t i l i z es a n  aerated lagoon system ,  with a des ign 
r a te capac i ty of  0 . 6  mill ion gallons per day ( mg d ) . The aver age d a ily flow is 
0 . 4  mgd . The sys tem is cur r ently d eemed to be adequate unt i l  199 0 �  wh en bu i lt 
i n  1 9 7 0 , the d es ign capac i ty was for an expected ten yea r s  or adequate for a 
populat i on of 3 8 5 0 . When needed , expan s i on of  the evapor a t i on ponds will be 
r elat ively easy as the c i ty owns the ad j oi n i ng land . 

E . 3 . 5 . 5  C i ty of South Salt Lake s oc i a l  s erv ices 

South Salt Lake is  g over ned by a mayor and f ive counc i lmen . The c i ty 
employs a par t- t ime l icensed eng i neer (Utah I ndustr ial Development Divis ion , 
no date)  • 

The South Salt Lake Pol ice Depar tment employs 2 2  o f f icer s ( 2 . 0  off icer s per 
1 0 0 0  populat ion )  as wel l  as  a public r elations spec ia l i s t , l i eutenant , and chief . 
I t  oper ates 1 7  vehicles and has 3 to 4 patrolmen on-duty a t  any hour , pr ov i d i ng 
an av erag e r esponse t ime of 2-3 minutes . I ts budg et for f iscal year 19 81- 8 2  was 
S8 9 7 , 8 1 6 , of wh ich S 7 2 7 , 3 2 6  ( 8 1 percent ) is per sonnel- r elated expenses ( sala r i es , 
benef i t s , train i ng , u n i forms , etc . ) .  

The South Salt Lake F i r e  Depar tment employs 16 men on a full- t ime bas is  and 
has 25 volunteer s .  F i r ef i ght ing equ i pmen t  i ncludes two ladder truck s , two squad 
truc k s , thr ee pumper trucks and one u t i l i ty/serv ice truck . Response t ime is  two 
to three minutes . The Amer ican I nsur ance Assoc iation r a t ing for South Salt Lake 
i s  5 .  The depar tment ' s  budget for 19 8 1-82  f i scal year i s  S 5 8 1 , 15 9 . 

S outh Salt Lake u t i l i z es a g r av i ty water system from s i x  wel l s . Three wells 
flow d i r ectly into the system whi le the r ema i n i ng r equire  pressur e pumps to 
c i rculate their water . The pr essure r equ i r ed for t h i s  c i rculation is 64 to 8 4  
pounds per squar e i nc h .  T h e  system ' s  s torage capac i ty and peak pumping capac i ty 
i s  9 m i l l ion gallons per day ( mgd ) . The av er age pump i ng capac i ty i s  5 . 5  mgd . 

The s ewag e- tr eatment fac i l i ty for South Salt Lake i s  a combi nat ion pr imary 
clar i f i er ,  tr ickl i ng f i lter , and anaer obic d igester . The d es ign av erag e f low 
capac i ty is 3 mgd . Curr ent aver ag e f low i s  2 . 4  mgd . 
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Located immed iately to the north of  the Vitro s i te i s  the Salt Lake C i ty 
Suburban Sanitary Distr ict No . 1 treatmen t  plant . Th is  sys tem i s  b io f i lter 
pr imary sed imentat ion type with a de s ig n  aver age f low capac i ty o f  1 7 . 2 5 mgd . The 
Central Va l ley Water Rec lamat ion Fac i l i ty is currently bu i ld i ng a new fac i l i ty on 
the s i te u t i l i z ing a por t ion of the ex i s t ing plant . Ope r at ion is planned for 
19 8 7 .  This  plant w i l l  have a des ign ave rage f low of  5 0  mgd and is expec ted to 
last unt il  the year 2 0 0 0 .  Once completed , th i s  sys tem w i l l  replace the South 
Salt Lake and the Salt La ke C i ty Suburban D istr ict No . 1 plants as  wel l  as  the 
7 . 5-mgd Gr ange r-Hunter D istr ict plant , the 8-mgd Cottonwood D istr ic t  plant , and 
the 4-mgd Mur r ay C i ty plant . 

E . 3 . 6  Tr ansportat ion ne twor k s  

The ma j or transpor tat ion routes from the Vi tro s i te t o  the South Cl ive s i te 
are de f i ned i n  the followi ng two sec t ion s . Annual averag e  da i ly traf f ic counts 
for potent i al haul route s  ( bor row and ta i l ings ) were provided by the Utah 
Depar tment of  Tr ansportat ion ( 19 8 0 , 1 9 8 4 ) . 

E . 3 . 6 . l  H ighways 

The Vi tro s i te is bounded on the south by 3 3 0 0  South Street , wh ich is Utah 
State H ighway 1 7 1  and on the west by 9 0 0  Wes t  Stree t .  State H ighway 1 7 1  extends 
wes t  throug h Gr anger and Hunter a nd ends at the i nter sect ion w i th S tate H ighway 
1 1 1  j ust  south of Magna . 9 0 0  Wes t  Street r uns north-south and i nter sects 
State H ighway 201 ( U . S .  Alternate ) approx ima tely 1 . 75 m i les to the nor th of  
H ighway 1 7 1 . State H ighway 2 0 1  also r un s  east-wes t ,  passes Magna on the nor th 
and , 8 miles to the west , joins  I n ter state 8 0  that extends wes t past Cl ive 
( F igure E-4 ) . 

An automa t ic tr a f f ic recorder station located very near the Vi tro s ite on 
State H ighway 1 7 1  ind ica ted an annual ave rage d a i ly traf f ic count of  2 4 , 8 5 0  in 
19 7 9 .  Near the new Intersta te 2 1 5 ,  the volume i�r eased to about 3 2 , 0 0 0  and then 
to 3 4 , 3 8 5  near Granger . From j us t  west o f  Grang e r , the vol ume decrea sed from 
1 8 , 5 7 5  near Hunter to 13 , 790  near Magna a t  the i nter sect ion w i th State H ighway 
1 1 1 . Nor th of this i nter sect ion , the t r a f f i c  volume on State H ighway 1 1 1  between 
State H ighways 1 7 1  and 2 0 1  averag ed 8 3 8 0 . Just before j o i n ing I n ter state 80 , the 
volume on S tate H ighway 2 0 1  was ove r 10 , 0 0 0 . 

To u t i l i ze the four -lane h ighway system from the Vi tro s i te to Cl ive , the 
most log ical route would be nor th on Inter state 15 to State H ighway 2 0 1 .  How
ever , t r a f f ic volumes are much h igher u s i ng this  route . At the i nter sect ion of 
I -1 5  and 3 3 0 0  Sou th Stree t ,  the ave rage da i ly tra f f i c  count wa s about 2 4 , 8 5 0  
veh icles in 1 9 8 0 . O n  I - 1 5  the count was 10 2 , 2 3 0  j ust  before the interchange with 
I-80 and then 12 3 , 0 1 5  j ust  nor th of  the i nterchange .  Jus t wes t  of  I-15 on S tate 
Highway 201 the count was 6 7 , 6 70  and reduced to 4 1 , 70 0  abou t a mile west of 
I - 2l 5 . By about half way to Magna from I-15 the count decreased further to 
1 7 , 6 80 , d ropp ing aga i n  to 10 , 810  j us t  be for e the inter section with S ta te H ighway 
1 1 1 . We s t  of this  intersect ion the volume was only 9 7 2 0  and con t inued to become 
less ( 6 0 6 0 )  befor e j o i n ing Inte r s tate 8 0 . On I -8 0 , veh icle counts we r e  1 5 , 5 1 5  
between the j unct ion with S tate H ighway 2 0 1  a n d  the tur no f f  t o  Tooele ( S tate 
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Highway 3 6 ) . Prog ress ing westward , the traf f ic volumes cont inue to decrease ; 
f i r s t , from 5 1 5 0  to 4 5 6 0  ( to the nor th o f  Grantsv i l l e )  and then to 3 4 6 5  a t  Rowley 
Junction , another 10 mi les d i stan t .  From here , and proceed ing pas t Cl ive , the 
average volume rema ins con s tant a t  3 4 6 5  to Wendover . 

E . 3 . 6 . 2 Ra ilroads 

The Denver and Rio Gr ande Wes tern Ra i lroad forms the east boundary 
of the Vitro s i te .  The t a i l ings would be transpor ted into Salt Lake C i ty and 
then along the Un ion Pac i f ic l i ne to Cl ive . 

E . 3 . 7  Recreation 

I n  19 7 5 , the I nst i tute for the Study of  Ou tdoor Recreat ion a nd Tour ism a t  
Utah State Un iver s i ty i nventor ied fac i l i t ies  for mos t  type s o f  outdoor rec r ea t ion 
w i th in the state of  Utah . 

I n  Tooele County , the g r ea test number o f  fac i l i t ies  were ava ilable for 
four -wheel ing with open space , playg rounds , tenn i s  cour ts , and softball f i e ld s  
next . Faci l i t ies ava ilable f o r  p icnick i ng and camp ing wer e  a l s o  abundant , 
the Wasatch Nat ional Forests prov i d i ng a total of  9 3 6  s i tes for ou tdoor ac t iv i
ties such a s  f i sh ing , h i k i ng ,  camp ing and p icnick i ng , and hunt ing ( Utah Travel 
Counc i l , 1 9 7 9 ) . State Par k s  within Tooele County incl ude the Great Salt Lake 
State Park Salta ir  Beach , located 15  miles wes t  of  Salt Lake C i ty ,  the Bonnev i l le 
Salt Flats , and Dange r  Cave located near Wendover .  The salt flats are l i sted in 
the Nat iona l Reg i s ter of  H i s tor ical Places , be ing approx imately 4 4 , 0 0 0  acres of 
the rema i ns of  anc ient Lake Bonnev i l le that a t  one t ime cove red nearly one-th ird 
of  the state . The salt flats ' fame der ives pr ima r i ly f rom land speed r ecord 
attempts at the Bonnevi lle Race Trac k .  

Recreat ional use o f  land w i th in a 5-mile radius of  Cl ive i s  l imi ted to 
occas ional recreat ional veh icle use and j ackrabb i t  hunt ing . Jac krabb i t  hunting 
throughout the county is  al lowed any time wi thout a pe rmi t or l icense . Hun t i ng 
other g ame i s  al lowed only seasonally and r equires a permi t or  l icense .  O f f
road veh icle use near the s i te is  rare  because of  the number of  mud flats in the 
vic in i ty . 

I n  Sal t La ke County , fac i l i ties  for softbal l ,  pl ayg rounds , open space , 
socce r ,  tenn i s , and swimming a r e  the mos t  numerous with footba l l , gol f , and 
picn icking next . South Sal t La ke has three par ks for general p icnic and recrea
t ion purposes and one ba l l f i eld , and borders a public gol f cou r se . 
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RADIOLOG ICAL INFORMATION 

Th i s  append ix con ta ins : ( 1 ) bas ic fac t s  about radiat ion and its 
meas u r emen t useful for under s tand ing the method s and calculat ions wh ich 
follow , ( 2 )  a descr ipt ion of  the methods used to calculate health e ffects of  
the var ious al ternat ives , ( 3 )  the data and calculat ion s  for  the rad ioac t ive 
release source term repr esented by the var ious alterna t ives , and ( 4 )  est ima tes 
of  the health e f fects of the occupa t iona l and populat ion r a d i a t ion expos ures 
from the alternative remed ial ac tions . 

The radiat ion doses and health impac ts for the general population and 
remedial act ion wor kers are add ressed for each of the V i t r o  t a i l i ngs s i te 
remed ial act ion a l ternative s .  The s l igh tly increased doses r ece ived by these 
ind ividuals can , in a statist ical sense , i nc rease the potent i a l  for i nd ividual 
and population health e f fects ( excess fatal cancer s )  above thos e expec ted from 
normal causes . Assumpt ion s made dur i ng the calcul at ions of health e f fects for 
the general popul a t ion and for r emedial ac t ion wor kers  are real i s t ically 
conserva tive , in order to g ive a real is tic upper l im i t  for the excess cancers 
tha t might occur . 
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F . l  BASIC PACTS ABOUT RAD IAT ION AND ITS MEASUREMENT 

Atoms that spontaneously trans form , or "decay , "  into new atoms are termed 
" r ad ioac t ive . "  The decay i ng atom is cal led the "parent , "  and the atom 
produced by the trans format ion is cal led the "daugh ter . "  The rate at wh ich 
atoms decay i s  the " ac t iv ity" measured by the unit "cur ie . "  A more conven ient 
unit for measur ing the act iv i ty of rad ioac t ive atoms in t a i l ing s  liles i s  the 
p icocur ie ( pC i ) , wh ich i s  one-mill ionth of one-mill ionth (1 x 1 0- 2 ) of  a 
cur ie . The half-l ife of a rad ioact ive subst ance i s  the t ime required for the 
rad ioact ive substance to lose 50 percent of  its activ ity by decay . Each 
" r ad ionucl ide"  has a un ique half-l i f e . 

When atoms undergo rad ioact ive decay , they emi t " r ad i at ion . "  The most 
common types of rad i at ion are alpha part icles , be ta par t icles , and gamma 
r ay s . "Alph a "  and " beta"  r ad i at ion are t iny part icles with excess energy , and 
"gamma "  rad i at ion i s  pur e energy wi thout mass . Rad iat ion t r an s fers  energy to 
mat ter as i t  t r avels through matter . Alpha rad ia t ion pene trates only a few 
mill imeter s  into mat ter and beta radiat ion penetrates a few cent imeters , 
unl i k e  g amma rad i ation wh ich can travel deeper into matter in  the same way as 
x-rays . Alpha rad i a t ion will not penetr ate through a layer of  s k in , whereas 
gamma rad iat ion has some probab i l i ty of travell ing through the whole body 
w i thout tr ans ferr ing energy . 

The amoun t  of  rad iat ion to wh ich an ind ividual i s  exposed may be 
expressed in  terms of  the amount of  energy imparted to cells and t i s sue by the 
rad iat ion and the degree of  biolog ical damage assoc iated w i th the ene rgy as i t  
i s  absorbed . Th i s  absorbed energy i s  termed the absorbed dose and i s  g iven i n  
units of  rad s ,  where one rad equals 1 0 0  ergs of energy absorbed pe r gram of  
mater ial i r r ad iated . When the i r radi ated mater i a l  i s  l i v ing t i s sue , the 
damage per rad var ies  depend ing on the type of rad ia t ion . By apply ing a 
"qua l i ty factor " to each spec i f ic type of  radiat ion , the deg r ee of  biolog ical 
damage can be expres sed independently of the type of radiat ion cau s i ng it . 
The b io log ically relevant absor bed energy i s  termed the dose equ iva lent and 
the unit  is the rem .  One rad is equal to one rem for less damag ing radiat ions 
where the qual i ty factor i s  one ( e . g . ,  gamma ray s ) . For compar i son , one rad 
of internal alpha-depos i ted energy i s  equal to 20  rem because a lpha par t icles 
are more damag ing to t is sue and the qua l i ty fac tor for alpha radiation i s  20 . 
The m i l l irem equals one-thousandth ( 1  x 10 -3 ) of a rem and i s  in mor e  common 
usage when express ing doses from environmental levels of rad i a t ion . 

When a success ion o f  r ad ioact ive parent atoms decay to r ad ioac t ive 
daughter atoms , a " r ad ioact ive decay ser ies " is formed . U- 2 3 8  i s  such a 
rad ioact ive parent a tom and the U-2 3 8  decay ser ies i s  shown in  Figure F-l 
( Leder er et al . ,  19 6 7 ;  BRH , 1 9 7 0 ) . The U-2 3 8  decay ser ies  inc ludes Th-2 3 0 , 

Ra- 2 2 6 ,  Rn- 2 2 2  ( r adon ) , shor t-l ived radon daughters , and other long-l ived 
radioact ive a toms . The U-2 3 8  decay ser ies ends with Pb-20 6 ,  an atom th at i s  
s table and n o t  rad ioact ive . When the daughters in  a rad ioact ive decay cha in 
have shor ter half-l ives than the paren t ,  the daughter act iv i t ies  w i l l  increase 
( termed " ing rowth " ) , unt i l  they equal the ac t iv i ty o f  the paren t . 

Radon is the radionuc l ide of pr imary impor tance to the UMTRA Proj ect 
because i t  represents the largest rad i a t ion exposur e pathway to the general 
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populat ion . The half-l i f e  of radon ( 3 . 8  day s )  is  short relat ive to the 
hal f-l i f e  of  Ra-226  ( 16 2 0  years ) . As Ra-2 2 6  decays , the newly produced radon 
will  beg i n  to decay , and the radon activ i ty w i l l  become equal to the Ra-2 2 6  
ac t iv i ty with i n  3 0  days . S imilarly , the shor t-l ived radon daughter ac t ivit ies 
will i ng row w i th i n  4 hours to equal the ac t ivity of  radon . When the activi
ties of  the parent and its daughters are equal , the daughte r s  are s a id to be 
in " l O O -percent equ il ibr ium" or s imply in " equ i l ibr ium . " If the daugh ter s are 
d i lu ted or car r i ed away as they are formed , they will not r each 1 0 0 -pe rcent 
equ i l ibr i um .  

The only member of  the U-2 3 8  decay ser ies that i s  not a solid is  radon . 
Radon is  an inert gas and does not react chemically with other elements ; i t  
ther e fore c a n  d i f fuse out of ma tter and into the atmosphere . Atmospher ic 
radon concent r a t ion is meas ured in un i ts of p icocur ie per l i ter ( pC i/ l ) . I n  
the u ran i um mill i ng process , Ra- 2 2 6 , the parent of radon , i s  le ft  in the 
t a i l i ngs , wh ich then become a source f rom wh ich radon d i f fuses i nto the 
atomosphere . Once in the atmosphe re , radon is tr ansported downwind and , 
accord ing to its 3 . 8-day hal f-l i f e , decays into the shor t-l ived r adon 
daughters wh ich can attach to par t iculates in the a i r . S i nce radon is an 
ine r t  gas , it is inhaled and exhaled , contr ibut ing very l i t tle radiat ion 
exposure to the l ung . The radon daugh ters are sol ids , however , and once 
i nha led can depos i t  in or attach to the lung and then decay , transmitt i ng 
alpha ener gy i n  the lung . B�cause of  the shor t  half- l i f e , these daughter s  
w i l l  decay before being removed f rom the lung . 

Tr ace amounts of U-2 3 8  and its daughter s are found eve rywhere on the 
earth ; therefore , radon and i ts short -lived daughter s  contr ibute s ig n i f icantly 
to the bac kground rad iat ion expos ure of  the general population . Human 
exposure to rad i a t ion or ig inates f rom both natural and man-made sources .  The 
ma jor  natural rad iat ions or ig inate f r om cosmic and ter restrial  external 
sources , and f rom naturally occurr ing rad ionucl ides wh ich are depos ited ins ide 
the body via the ingest ion and i nhalat ion pa thways . Exposure to man-made 
sources re sults pr imar i ly from med ical exposures ( e . g . , d iagnos t ic x-rays ) ,  
with minor contr ibut ions from sources such as a i r l ine travel , atmospher ic 
weapons tests , the nuclear power i ndustry , consumer prod ucts , and 
technolog ically enhanced natural rad iat ion (TENR) . 

Med ical u sage of  rad iat ion is  respons ible for the h ighest contr ibut ion to 
man ' s  rad iat ion exposure , accoun t i ng for approx ima tedly 50 percent of man ' s  
total radiat ion exposur e .  Other man-made contr ibutor s ,  i nclud ing a i r l i ne 
travel , atomospher ic weapons tests , the nuclear industry , and con sumer and 
industr ial products together account for approx imately 5 percent . The 
remain ing 4 5  percent of  man ' s  total rad i a t ion exposure results f rom exposure 
to natural rad i ation sources . 

The heal th e f fects attr ibu ted to a rad iat ion dose are ca tegor i z ed into 
two gener al types : soma tic and genet ic . Somatic e f fects are man i fested i n  
the exposed ind iv id ual ( e . g . , cancer ) and g ene t ic e f fects are man i fested in 
the descendants of  the exposed i nd ividual . The Internat ional Commiss ion on 
Rad iat ion Protect ion ( ICRP , 1 9 7 7 )  est ima ted the gene t ic e f fect to be less than 
the soma t ic e ffects ; there for e ,  only r i sk of somatic e f fects are cons idered . 
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H i s t o r i c a l  

Ha l f - l i fe and i n t e n s i t ie s t  
name Or /3 

Ura n i um 1 4 . 5 1 X I 09 y 4 . 1 5  ( 2 5'.) - - -
4 . 20 ( 7 5%) 

Uran ium Xl 24 . 1 d - - - 0 . 1 0 3  ( 2 1 7.) 
0 . 1 9 3  ( 7 9'.) 

Uran ium Xv 1 . 1 7m - - - 2 . 2 9  ( 9 87.) 

Uranium Z 6 . 7 5h - - - 0 . 5 3 ( 6 6 '.) 
1 . 1 3  ( 1 3'.) 

Uranium 11 2 . 47x l O! y 4 . 7 2 ( 2 87.) - - -
4 . 7 7  ( 7 2%) 
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FIGURE F- 1 
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F . 2  METHOD OF ANALYS IS 

Rad iat ion and its assoc ia ted health ef fects have been studied more 
thoroughly than health e f fects from other carcinogen ic agents . The evaluat ion 
of  health e f fects caused by low-leve l r ad iation i s ,  however ,  a d i f f icult tas k , 
and many uncertainties are assoc iated with the estimat ion of  r i s k s  from rad ia
t ion . The t r ad i t ional approach for est imat ing r i s k s  from low-level radiat ion 
exposures is  to extr apolate from e f fects observed at h igh rad i a t ion exposures 
us ing the l inear dose-response and no thr eshold assumpt ions . Synerg i s t ic 
ef fects of other health e f fect agents ( e . g . , chemical s ) , are not cons idered in 
th is analys i s .  

Ther e  are f ive pr incipal pathways wh ich could poten t ially result in 
exposure of man to rad iat ion f rom the ta i l i ngs p ile . These are ( 1 ) inhalat ion 
of radon daughters ; ( 2 )  d irect exposure to g amma rad i a t ion emi tted from the 
contaminated area ; ( 3 )  inhalat ion and ingestion of a i r borne r ad ioac t ive 
par t iculates ; ( 4 )  ingest ion of ground and sur face wa ter contaminated w i th 
rad ioac t ive mater ials ; and ( 5 )  ingest ion of  contaminated foodstuff  produced i n  
areas con tam inated by ta i l i ngs . For calculat ions of health e f fects in th is  
append ix , only the most s ig n i f icant rad i a t ion exposure pathways are con
s idered ; they are inhalat ion of radon daugh ters and d i r ec t  expos ure to gamma 
radiat ion . Analyses for the latter three radiation exposure pathways lead to 
doses that ar e much smaller ( several orders of mag n i tude ) than doses from 
radon daughter i nahlat ion and d irect gamma radiat ion . The latter  three 
rad iat ion exposure pathways are not cons idered in th i s  analys i s .  

The health e f fect est imat ions made i n  this  append ix a r e  pr imar ily based 
on data and models pr esented in the BEIR- I I I  repor t  ( NAS , 1 9 8 0 ) . Quan t i tat ive 
r i s k  est ima t ion of  soma t ic e f fects for var ious organs of the body can be 
obta ined us ing ava i lable human rad iation expos ure data . The man i festation of  
a cancer caused by radiation exposure would occur af ter a latent per iod of  up 
to 2 5  year s ,  depend ing on the type of cancer and the age of the per son 
exposed . The r i sks from radiat ion w i l l  vary with ad ult ag e and sex , but a r e  
presen ted a s  average values whe re var iat ion due to ad ult a g e  and sex i s  
small . No data are ava ilable that ind icate whe ther r is k  e s t ima tes for adults 
are appropr iate for radiat ion exposure dur ing ch i ldhood . Because the BEIR- I I I  
repor t  does not always ma ke f irm recommendat ions for app l icat ion of  the data , 
health r is k  e s t imates in this append ix also make use of  recommendat ions 
publ i shed in sc ient i f ic journals . 

F . 2 . 1  Health ef fects of exposure to radon da ughters 

The health e f fects of radon d i f fus ion from tail ings ar ise from inhala t ion 
of  the short-l ived radon daughter s  wh ich then depos i t  ene rgy f rom alpha 
par t icles in the lung . For radiat ion protec t ion purposes , the ICRP ( 1 9 7 7 )  
pr oposed a n  i nd ividual lung-cancer r i s k  factor of  2 0  x 10- 6 per r em ,  o r  2 0  
excess cancer deaths where one mill ion i nd iv iduals each r ece ive a one-rem lung 
dose equ ivalent f rom radon daug hter s .  

Other standa rds-sett ing organ i z a t ions express the excess r i s k  of  lung 
cancer based on the lung collect ive dose equ ivalent in per son-wor k ing-level 
months (person-WLM) . The un i t  of wor k i ng level (WL )  is  def ined as any 
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comb ination of  sho r t-l ived radon daughters in one l i ter o f  a i r  wh ich , on 
complete decay , g ives a total emiss ion of  1 . 3  x 10 5 m i l l ion elec tron volts 
of alpha rad iat ion . One WL is equ ivalent to 1 0 0  pC i of radon per l i ter of  a i r  
with the short-l ived radon daugh ters i n  1 0 0 -pe rcent equ i l ibr i um .  At 
equ i l i br ium leve ls less than 10 0 percen t ,  the WL cor r e spond ing to a g iven 
radon concen tration is r educed . The wor k ing-level mon th (WLM) is a un i t  
def ined a s  the exposure result ing f rom the inhalation of  a i r  with a 
concentr a t ion o f  1 WL of  radon daughters for 170  wor k ing hour s .  The total 
dose of  one or more per sons is  the product of  the numbe r of pe r sons and the 
average dose they rece ive ; the un i t  for the measuremen t of such a populat ion 
dose is  the pe r son-WLM . 

Some of the es t imates of excess fatal lung cancers g iven in terms of  
per son-WLM fol low . The Uni ted Nat ions Scient i f ic Committee on the Ef fects of 
Atom ic Rad iat ion quoted a range of  200 to 450 x 10-6 deaths per per son-WLM 
(UNSCEAR , 1 9 7 7 ) , wh ile the NRC in its envi ronmen tal impact s tatement on 
uran ium mill ing quoted 3 6 0  x 10 -6 dea ths per per son-WLM ( NRC , 1 9 8 0 b ) . The 
BEI R- I I I  r epor t formula ted an age-dependent model for pred ict ing the r is k  of  
lung cance r based on several stud i es of  uran ium and fluor spar miner s .  Evans 
et al . ,  ( 1 9 8 1 ) , r eviewed the BEI R-I I I  study , lung-cance r r i s k  est imates 
publ i shed by other author s ,  and epidemiolog ical ev idence . They concluded that 
the most de fens ible upper -bound to the l i fet ime lung-cancer r is k  for the 
g eneral popula t ion is 1 0 0  x 1 0-6 deaths per pe rson-WLM . 

The BEIR- I I I  commi ttee repor ted the conver s ion factor that one WLM is 
approx imately equal to a 5-rem dose equ ivalent commitmen t  to the lung . The 
r is k  est ima te of 1 0 0  x 10 -6 deaths per person-WLM is the r e fore equ ivalent to 
the ICRP r i sk est imate , 20 x 10 -6 deaths per person-r em , which is used in 
th is  append ix . 

To est imate the radon daugh ter concen trat ions breathed by the general 
populat ion and remed ial act ion wor ker s ,  two methods are u sed : ( 1 )  atmospher ic 
d i sper s ion calculat ions for r adon released from the t a i l i ng s  pile ( the MI LDOS 
computer code was used , see Sect ion F . 3 ) , and ( 2 )  long-term measurements o f  
atmospher ic radon concen trat ions around the Vi tro ta il ings s i te ( see Sect ion 
F .  3 )  • 

I n  order to convert measured or modeled r adon and r adon daughter 
concen trat ions in air to rem of  dose equ ivalent commitment , the following 
conver s ion factor was developed ass uming a conservative 25 percent equ i l ibr ium 
of  radon daughters both on the p ile and within 1 km o f  the p i l e : 

7 . 4  x 1 0-5 ( rem/ ( hr x pC i/l) ) .  

Th i s  is  der ived frbm the calculat ion 

5 rem 
WLM 

= 5 rem 2 . 9 4 x 10
-4 

rem 
WLM ( 170  hr/M)  ( 10 0  (pC i/ l ) /WL ) h r  x (pC i/ l )  

( a t  1 0 0 %  eq . ) 

- 5  
7 . 4  x 10 rem 

or , 
hr x ( pC i / l )  

( a t  2 5 %  eq. ) 
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F. 2 . 2  He alth ef fects of exposure to gamma rad
,
i a ion 

Ta il ings piles emi t  gamma rad i a t ion tha t  del ivers an exter nal expos ure to 
the whole body of  people near the pile . The BEI R-I I I  r epor t con tains s ever al 
models for est ima ting cancer r is k  resulting from exposur e to gamma r ad i a t ion . 
Health e f fect estima te s in th is appendix for excess cancer deaths due to gamma 
rad iation use a r isk factor o f  120 x 10 -6 deaths per per son-rem ( NAS , 1 9 80 ; 
Cohen , 1 9 8 1 ) . Th is is  equ ivalent to 120  exces s  cancer dea ths in an exposed 
popula t ion for each 1 , 0 0 0 , 0 0 0  per son-rem of collect ive dose equ ivalent .  A 
per son-r em is the product o f  the rad i a tion dose equ ivalent mult ipl ied by the 
number of people rece iving that dose equ iva lent . 

Hea l th effect estima te s for gamma radia tion expos ur e wer e  per formed for 
remed ial act ion wor kers and for the general populat ion with i n  1 km from the 
tail i ngs s i te .  The con tr ibution from the ta il ings pile to gamma radia tion 
leve ls becomes neglig ible beyond approx imately 1 km from the ta i l ings pile 
per ime ter . A hea lth e f fect analys is  was done for the gener al population and 
remed ial act ion wor kers to determine gamma radiation impacts dur ing 
transpor ta t ion of  ta il ings mater ial in the reloca tion alte r na t ive actions . 

For gamma radia tion , 1 rem is approx imately equal to one roentgen ( R )  
wh ich is  the un i t  for measur ing gamma-rad iation intens i ty in a i r . A 
m icroroentgen (microR)  is  1 x 10-6 R ,  and typical environmenta l  gamma 
rad iation levels are expr essed in microR/hr . 

The ICRP ( 1 9 7 7 )  r epor ted that the aver age r i sk estima ted for genetic 
e f fects , as expr essed in the f i r s t  two gener a t ions and cons idered gene t ically 
s ign i f ican t ,  is  4 0  x 10 -6 per rem. For all s ubsequen t  gener ations , the r is k  
i s  e s t imated to b e  equal to tha t  expr essed i n  the f i r s t  two gener a t ions . The 
total genetic r i sk ( al l  generat ions ) is , ther e fore , 80 x 10 -6 per rem. Thi s  
i s  s u f f iciently s imilar to the soma t ic r is k  estimate so that protect ion o f  the 
ind ividual against somatic  e f fects will ensur e adequate protect ion aga ins t 
genetic e f fects . 

Th e gamma radiation expos ures on and around the Vi tro ta i l ings pile are 
est ima ted from d irect measurements and from the radium-2 2 6  content o f  the 
tail ings . Th e expos ures to wor ker s takes account of s ubs tantial  shield ing 
o f fered by the wor k ing environment. 
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F . 3  SITE RADIOLOGICAL CHARACTERISTICS 

In th is  sect ion the data concerning the env i ronmental rad ia t ion 
cond i t ions of the vitro p i le ,  the a r eas around the vitro s i te ,  the South Cl ive 
s i te ,  and the transpor tat ion cor r idor are descr ibed . 

F . 3 . 1  Ex i s t ing p i le character i s t ics 

The vitro s i te i s  a 12 8-acre tract located about 4 mi le s sou thwes t of  
downtown Salt Lake C i ty ,  Utah . As descr ibed i n  Append ix A ,  there are 
approx imately 2 . 3  mi l l ion cubic yards of uran i um mill  ta i l i ng s ,  rubble , sewage 
s ludge , and other mill wastes on the s i te . An add itional 0 . 15 m i l l ion cubic 
yards of windblown and other of f-s ite con taminated ma ter ials w i l l  be i ncluded 
in the f inal stabili zat ion (Ta ble A- I ,  Appendix A)  • 

The tail ings mater ials are located in thr ee roughly rectang u lar ar eas , 
designated as  the nor thwest (NW) , southwest ( SW) , and sou the as t ( SE )  
ta i l i ng s .  The or iginal m i l l  locat ion is a tr iangular area t o  the eas t  of  the 
SE t a i l ings , wh ich is also contaminated and included in the vol ume est imates 
above . The Central Val ley water Reclama t ion Fac i l i ty (CVWRF ) sewage treatment 
plant No . 1 is s i tua ted to the north of  the SE taili ngs and eas t of the NW 
ta i l i ngs . A descr iptive map of the Vitro s i te showing the approx imate 
locations of  the three tailing s  areas , the or ig inal m i l l  s i te , and the CVWRF 
plant is presented in Figure 1-2 of  the ma in tex t .  

The cross sect ions of  the three main pi les ( NW ,  SW , and S E  t a i l i ng s )  are 
va r i able and the ir over all dimens ions ( average areas and thicknesses)  are not 
u n i formly reported (FBDU , 1 9 8 1 ; ORNL , 19 7 7 ;  Mar t i n  et a l . , 1 9 8 0 ; Sch iager , 
197 4 ) . Mar t in et al . repor ted 90  acres of tail ings , Sch iager 9 3  acres , and 
ORNL 117 acr e s .  FBDU ( 19 8 1 )  d i d  not g ive an area for the ta il ing s , but stated 
tha t the s i te is 1 2 8  acres . For the source term calculat ion s ,  1 2 8  acres was 
chosen as the area to be remed iated . 

Depths of  the ta i l i ngs on the bulk of  the s i te were r epor ted to vary from 
6 to 17 feet (Ma r t i n  et al . , 19 8 0 )  but the more recent data of  Moun tain States 
Research and Developmen t ,  Inc . (MSRD , 1 9 8 2 )  ind icate the r ange may go as much 
as 40 feet deep on the SE pile . The bulk of the mater ial is in the SE pile , 
wh ich appears to be the thickes t .  Based on the MSRD sampl ing progr am , i t  
appears that a reasonable average f o r  the depth of  contaminated mater i al 
benea th the s i te is 2 feet (MSRD , 1 9 8 2 ;  Br ewer et al . ,  1 9 8 2 ) . 

Phys ical characte r i s tics 

Phys ical char acte r i s tics of the ta il ings are desc r i bed by Mar t i n  et al . , 
( 1 9 8 0 )  and by MSRD ( 1 9 8 2 ) . The NW tail ing s  cons i s t  mai nly o f  med ium to f ine 
sand s .  The SW and SE pi les conta in mostly f ine sands with vary ing propor tions 
of  s l ime s .  The s i te average tail ings mo is ture content is  20 percen t ,  with the 
contami nated mater ial benea th the s i te averag ing 23 pe rcent (MSRD , 1 9 8 2 ) . 

An averag e  t a i l i ngs moi s ture content o f  2 0  percent was as sumed for the 
in-s itu cond i t ion . I f  the ta i l i ngs mater ials are moved to the South Cl ive 
d i sposal s i te ,  it is  reasonable to expec t that the moi s ture content will be 
lower . The NRC ( 1 9 8 0 a )  reports data ind icat i ng that nonc layey soils would be 
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expected to r e ta i n  6 to 10  percent mois ture , and that clayey soils would 
reta in 9 to 1 2  percent mo is ture or more . So il  tests ind icate that vitro 
ta i l ings could retain more mo i s ture than th i s .  Never thele ss , lac k ing 
s i te-spec if ic data , a value of 10  percent was assumed as  a r ea sonable g ener ic 
value for long-term t a i l ings mo i s ture r etent ion at the South Cl ive s i te . 

In-s i tu den s i t ies are on the order of 1 . 4  g/cm3
• Results of  standa rd 

Proctor tests i nd icate that max imum dens i t ies of  1 . 6  to 1 . 8  g/cm3 would be 
obta ined for the sand i e r  ma ter ials a t  1 0  to 1 6  percent mo i s ture con tent . The 
max imum den s i t ies for the f iner mater i als would be abou t 1 . 5  g/cm3 at 20 to 
30 percent mo i s tur e .  Most f ield samples we re a t  7 5  to 8 5  percent o f  the 
max imum Proctor den s i ty ( FBDU 1 9 8 1 ) . A t a i l i ng s  dens ity of  1 . 6  g/cm3 was 
used in th i s  append ix for stab i l i zed tai l ing s .  

The radon emanation coe f f ic ient is  the fract ion o f  radon produced w i th i n  
the s o i l  or ta il i ng s  g r a i ns that i s  released to the i nter s t i t ial pore spaces .  
vitro t a i l ings samples analy zed a t  LASL ( 19 8 1 )  ranged f rom 0 . 1 2 to 0 . 2 0 . The 
NRC ( 1 9 7 9 ) repor ted a measured value of 0 . 2  for Vitro ta i l i ng s  and cons idered 
th i s  to be a good g ener ic value for ta i l ing s .  An emanat ion coe f f ic ient o f  
0 . 20 was used i n  th is  appendix . 

Rad ionucl ide content 

The pr incipal isotope s of  concern i n  asses s i ng the rad iolog ical impac ts 
of  the proposed alternat ives are U-23 8 ,  Th- 23 0 ,  and Ra-2 2 6 .  Concentrat ions of  
other isotopes may be est imated based on the se three rad ionuc l ides and the 
assumpt ion of secular equ i l ibr ium .  Although many e s t ima te s of  the 
radionucl ide contents of the Vi tro ta i l i ng s  have been made ( FBDU , 1 9 8 1 ; ORNL , 
1 9 7 7 ; LASL , 1 9 8 1 ;  Schiage r ,  1 9 74 ) , the values u sed in this appendix are based 
on the s ta t i s t ically des igned d r i l l i ng and sampl ing prog r am of  MSRD ( 1 9 8 2 ) . 
Add i t ional wor k  us ing MSRD samples has been done by Sand i a  ( 1 9 8 2 a )  and Bend ix 
( 1 9 8 3 ) • 

MRSD ( 1 9 8 2 )  found a s i te average of 0 . 0 1 4  percent uranium ( U308 ) i n  
the ta i l i ng s .  Th i s  cor responds to about 40  pC i/g of  U- 23 8 , based on 1 0 4  
bor eholes sampled every 2 . 5  fee t .  Th is  concentr a t ion is  a t  the low end o f  the 
ranges of previously repor ted values , 20 to 1 0 7  pC i/g , ( FBDU , 1 9 8 1 ;  ORNL , 
19 7 7 ;  LASL , 1 9 8 1 )  but is  based on the mos t  complete data ava ilable .  

The Ra-226  concentra tion i n  the ma ter ial on the s i te aver ages 560  pC i/g 
based on 1 8 1  samples from 66 of the 104  bor eholes d r i l led by MSRD . The Ra-226  
analyses were done by Bendix Fi eld Eng i neer ing (Bend ix , 1 9 8 3 ) on all samples 
of s u f f ic ient volume tha t  rema i ned f rom the sampl i ng prog r am .  Th is  is  in the 
range of  previously repo r ted values , 1 0 0  to 2 0 0 0  pC i/g ( FBDU , 1 9 8 1 ; ORNL , 
19 7 7 ;  Schiager , 1 9 7 4 ; LASL ,  1 9 8 1 ) , and i s  based on the mos t  complete data 
ava i l able . 

A Th-23 0 concentration of 5 6 0  pC i /g may be est ima ted assuming the Ra-226 
is  in secular equ i l i br ium. Other informa t ion ind icates the Th-2 3 0  
concen tration i s  perhaps 3 0  percent lower than th i s  ( LASL , 1 9 8 1 ) , probably due 
to extract ion dur ing the acid leach proce s s .  The value 560 pC i/g is used in 
th is  repo r t  as a conservat ive est imate . 
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I n  summary , the radionuc l ide concentrations used i n  th i s  append i x  a r e  
5 6 0  pC i/g for Ra- 22 6 ,  5 6 0  pC i/g f o r  Th- 2 3 0 , a n d  4 0  pC i/g f o r  U-2 3 8 .  

Radon f lux 

Radon f lux at the Vi tro s i te has been measured or calculated by var ious 
groups . Shor t-term f lux measurements by ORNL ( 1 9 7 7 )  aver aged 3 2 0  pC i/m2 s ,  
although ORNL also calculated a f lux o f  5 5 0  pC i/m2s based on Ra-226  conten t  
o f  the mater ial . Sch i ager ( 1 974 ) reported values tha t ,  when we ighted by the 
area of the source , yield an average of 4 0 0  pCi/m2 s ;  a lthough he assumed a 
value of  3 5 0  pC i/m2 s .  FBDU ( 19 8 1 )  repor ted a measured r ange o f  1 9  to 4 4 0  
pC i/m2 s and a n  area-we ighted ave r age of  2 5 0  pC i/m2 s ,  b u t  used a calculated 
value of  6 0 0  pC i/m2 s in est imating the health e ffects . The NRC ( 1 9 7 9 )  
repor ted radon flux-to-rad i um concentrat ion ratios o f  0 . 35 for we t ta i l ing s ,  
and 1 . 2  for dry t a i l i ng s  i n  u n i ts of pC i/m2s r adon f lux per pCi/g o f  R a-2 2 6 ; 
however , the NRC pre fe r s  a gener ic value of  1 . 0  for th i s  r atio.  Based on the 
above e s t imated aver age r ad i um concentrat ion of 560  pC i/g , an a s s umed radon 
f lux- to-r ad i um concentr a t ion ratio of 1 g r am per square me ter-second would 
y ie ld a r adon f lux of 5 6 0  pC i/m2 s .  Th is  value will  be used i n  th i s  append i x .  

Radon i n  a ir 

On-s ite , amb ient a i r  radon concentrat ions are needed to e s t imate 
exposures of  wor k e r s  dur i ng remed ial action.  Long-term radon concentration 
measureme nts made around the Vi tro p ile ( see Section F . 3 . 2 . 1) show h igh values 
at the edge of the p ile of  4 or 5 pCi/l.  Assuming i sotrop ic wind s , it could 
be argued that a r easonable value for the inter ior of  the p i le would be about 
10 pCi/l on the long- term ave rag e .  

Sch iager ( 1 9 7 4 )  e s t imated , for very conservat ive cond i t ions , that the 
r adon concentration might average 6 . 8  pCi/l . However , h i s  est imate was based 
on a f lux of 3 5 0  pCi/m 2s Rn-222 rather than the 5 6 0  pCi/m2s ind icated 
above . The compar able est imate is  thu s  1 1  pC i/l . 

Based on the ava i lable i nforma t ion , i t  is  bel ieved that 3 0  pC i/l i s  a 
conservat ive upper bound for the long- term ave rage r adon concentr a t ion i n  a i r  
o n  the Vitro p ile . 

F . 3 . 2  Env ironmental radiat ion measurements 

The environmental rad iation level s  for the area sur round ing the Vi tro 
s ite and the South Cl ive s ite have been studied (EPA ,  1 9 7 5 ;  FBDU , 1 9 8 1 ;  ORNL , 
1 9 7 7 ; ANL , 1 9 8 3 a ) , and are summar i zed her e .  

F . 3 . 2 . 1  Vitro s i te envi ronmental rad ioact ivity 

Airbor ne par t iculates 

Rad ioact ive a i r borne par t icu late concentrat ions were measured i n  the 
vic i n ity of the t a i l ings p ile at the Vitro s ite by the EPA ( 19 7 5 ) . The 
average a i r borne rad ionucl ide concentrations were determined at the CVWRF 
sewage- treatment plant- for a one-year samp l i ng prog r am dur i ng wh ich 2 6  
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consecut ive two-week samples were col lected and analyzed (ORNL , 1 9 7 7 ) . 
Aver age concentrat ions of  the n i ne rad ionuc l ides repor ted a t  th i s  locat ion 
ranged from 6 . 5  x 10 -5 pCi/l (Po- 2 1 0 )  to 2 . 5  x 10 - 8  pC i/l ( U-23 5 )  and are 
pr esented in Table F-l .  

Table F-l . Rad ioact ive a i r borne par t iculate concentrations a t  
the Central Va l ley Wa ter Reclama t ion Fac i l i ty 

Refer ence 
Concentrat ion concentrationa 

Rad ionuc l ide ( pC i/l)  ( pC i/l ) 

Uran ium- 2 3 8  2 . 0  x 10 -7  3 x 10-3 

Uran ium-23 5 2 . 5  x 10 -8 4 x 10 -3 

Uran ium- 2 3 4  2 . 2  x 10 -7 4 x 10 -3 

Thor ium- 2 3 2  6 . 4  x 10 -8 1 x 10 -3 

Thor ium- 2 3 0  8 . 8  x 10 -7 8 x 10 -5 

Rad ium- 2 2 8  1 . 7  x 10 -6 1 x 10 -3 

Rad ium- 2 2 6  1 . 8  x 10 -6 2 x 10 -3 

Polon ium- 2 1 0  6 . 5  x 10 -5 7 x 10 -3 

Lead-2 l 0  1 . 0  x 1 0 -5 4 x 10 -3  

aThe sma ller of the two concentr at ions for soluble and insoluble 
pa rt iculates in a i r  g iven in 10  CFR Par t 2 0 , Append ix B ,  Table I I ,  Column 1 .  

Source : ORNL , 1 9 7 7 .  

Radon in a i r  

Amb i ent-a ir Rn- 2 2 2  concentrat ions have been measured and calculated for 
the area surround ing the Vitro p i l e  ( FBDU , 1 9 8 1 ; ORNL , 1 9 7 7 ; Shearer and 
S i l l s , 1 9 6 9 ) . Previous est imates ind ica ted 7 pCi/l Rn- 2 2 2  at about 0 . 1  mile 
from the edge of  the p i le , dec r eas ing to 0 . 3 8 pCi/l at about 1 mile from the 
pile edg e . These were shor t-term mea suremen ts , and have been improved on by 
more recent long-term measurements by Monsanto ( 19 8 3 ) . Beg inn ing in January 
19 8 2 , an amb ient radon mon itor ing program in the Vi tro s i te v i c i n i ty began 
wh ich ran for 18 months at 40  loca t ions . Wee k ly average radon concentrat ions 
we re mea sured with Pa s s ive Environmental Radon Mon itor s (PERMs ) . The 
locat ions of the monitors and results of the measurements are shown in F igure 
F- 2 .  The contour lines ind icate i sopleths of the 1 8-month average r adon 
concentrat ion . The concentrat ion f i e ld is a result of the radon released from 
the s i te and i ts subsequent atmospher ic d ispe r s ion , on an average bas i s . The 
bac kg round radon concen trat ion of abou t 0 . 2 5 pCi/l is approached at an excess 
of a mile from the s i t e .  The max imum concen trations are the 4 to 5 pC i/l at 
the pile edg es . 
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Gamma rad ia t ion 
Gamma rad iation exposure rates have been measured ar ound the vitro 

ta il ings p i les by FBDU ( 19 8 1 ) . They pr esented data reproduced here as  Figure 
F- 3 ,  but the loca tion of the edge of  the ta i l ings and the d i rect ion in wh ich 
the data were taken were not g iven . I n  a study of  Sal t  Lake C i ty ,  the back
g round gamma rad i a t ion expos ure rate was found to be 1 2  microR/hr , with a 
range f rom 9 to 1 7  mic roR/hr . The contr ibut ion o f  the ta i l i ng s  p i les becomes 
neg l i g ible a t  about 1 km ( 0 . 6  m i l e )  from the per imeter of  the p i l e , based on 
Figure F-3 . Th is  is  much closer to the p i le than the d is ta nce ove r wh ich the 
radon relea ses influence atmospher ic radon concentrations . 

So il  and sed iment rad ioac t ivity 

Background concen trat ions of  rad ionucl ides in so ils  have been measured in 
and around Salt Lake C ity by a numbe r of inve s t igator s (ORNL , 1 9 7 7 ) . Res ults 
are gener ally comparable and are typ i f ied by the ORNL results , which ind icate 
the following values (geometr ic mean plus or minus g eometr ic standard devia
tion ) : Ra-22 6 , 1 . 5  � 1 . 2  picocur ies pe r gram ,  and U-2 3 8 ,  2 . 0  � 3 . 6  p icocur ies 
per g r am .  In add i t ion , soil samples were collected by ORNL ( 1 9 7 7 )  from 5 8  
locations with i n  about 4 0 0  t o  1 0 0 0  meters of  the ( south ) tail ings pile . 
Samples were collected a t  the sur face and at one-foot depth and were analyz ed 
for Ra-2 2 6 . Concentrat ions in sur face samples ranged from bac kground level s  
( about 1 pC i/g ) away f rom the p i le t o  5 6 0  pC i/g of  Ra-2 2 6  near the pile . 
Samples obtai ned from the one-foot depth ranged from background to 4 6 0  pC i/g 
of Ra- 2 2 6 .  

Sed iment samples from the Jordan River , Mill Cr eek , and the Vitro 
dra inage d i tch were collected and analy zed for U-2 3 8 ,  Th-2 3 0 , Ra- 2 2 6 , and 
Pb-210 (ORNL , 1 9 7 7 ) . Results showed no contaminat ion in Jordan River sed i
ments , and sl ightly elevated level s  ( roughly twice estimated background ) in 
Mill Cr eek sed imen ts . The dra inage d i tch sed iments , however , were shown to 
contain relat ively eleva ted concen trat ions of  all three r ad ionucl ides . Ra-2 2 6  
concentrat ions range from 60  to 1 2 0  pC i/g , wh i le Th-230  concentrat ions ranged 
up to 2 8 4  pC i/g , wh ich was h igher than any other repor ted radionucl ide . 

Rad ionucl ides in b iota 

The concentration and up take of  rad ioac t ive elements by plants and 
an imals was qual i ta t ively i nves tigated by FBDU ( 19 8 1 ) . Based upon th i s  
prel iminary study , the con tr ibut ion of  biota t o  human exposures as  a result o f  
uptake of  radionucl ides or ig inat ing in the tail ings was found t o  b e  neg l ig ible 
compared to the maj or pa thways of  inhalation and d irect radiat ion exposure . 
The uptake of rad ioact ive elements by plants and the ir  subsequent concentr a
t ion in the food cha in is not an impor tant pathway bec ause the re is l i ttle 
act ively-cult ivated land near the Vi tro s ite ; the 2 2 0  acres of  agr icultur a l  
prope r ty w i th i n  0 . 5  mile of  the s i te a r e  ma inly located upw i nd from the s i te 
and , therefor e ,  r ece ive no windblown mater ial ; the smal l  amount of  agr icul
tural land within 1500 feet of the s i te tha t may receive some windblown 
contaminat ion would be clea ned up dur ing the v ic i n i ty prope r ty remed ial 
ac t ions i f  the leve ls of rad ioac t iv i ty in sur face so ils exceeded EPA 
s ta ndards . Consequently , the food-cha i n  pathway was not cons idered in th is  
assessment .  

F- 16 
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F . 3 . 2 . 2  South Cl ive s i te env i r onmen t a l  rad ioac t iv i ty 

Rad i a t ion levels c u r r en tly ex i s t ing a t  the South C l ive s i te have been 
d e te rmined from mon i tor ing progr ams conducted by Dames & Moor e  and Argonne 

Na t ional Labor a tory ( ANL) . The d a ta pr esen ted below are the r esul t of thr ee 

mon ths of mon i tor ing ( December 19 8 1  to Febr uary 1 9 8 2 ) . The env i ronme n t a l  

charac ter i z a t ion program included measuremen t  of the r a d ionuc l ide content o f  
a ir borne pa r ti c u l a tes , amb ient r adon concen t r a t ions in a i r , gamma r ad ia t ion 

exposure r a tes , and rad ionu c l ide concen tra t ions in s u r face s o i ls , vegeta t ion , 

and a n i ma l s . 

The r adiolog ic a l  env ir onme n t a l  sampl ing prog r am for mu l a ted for Sou th 

Cl ive is s ummar i zed in Table F- 2 ,  and the sampl ing loc a t ions are iden t i f ied i n  

F i g u r e  F- 4 .  Su r face and ground water s wer e  sampled (when pr esen t )  and 

analy zed as par t of the wa ter qual i ty program ( Appendix D ) . The lower l imi t s  

of detect ion for the env i r onme n t a l  r ad iolog ic a l  mon i tor ing pr ogr am wer e  

s u f f i c ien tly s ens i t ive to mee t the spec i f ic a t ions o f  the US NRC ( NRC , 19 80 a ) . 

Sampl ing 

Ta b le F-2 .  Summary o f  r ad iolog i c a l  sampl ing pr ogr am 

Me thod 

Number of 

sampl ing po i n ts Frequency 

A i r  pa r t i cu l a te Eber l ine 

Model RAS-l 

r e g u l a ted 

a ir sampl er s 

5 con ti nuous 

Amb ient a i r  

r adon- 2 2 2  

Radon f lux 

Exter nal 

gamma 

r ad i a t i on 

S o i l  

B iota 

vege t a t ion 

w i ldl i fe 

Eber l ine 

Model RGM- 2 

r adon Gas 

mon i tors 

Tr ack-e tch 

Charcoal 

cann i s ter 

Eberl ine 

Model PRM- 7 

s c i n t i l la t ion 

survey me ter s 

The r mo l uminescen t 

dos ime te r s  ( TLDs ) 

Sur face -

r ing method 

Subsur face -

tr ench method 

F - 1 8  

5 

5 

9 

80 

5 

4 6  

15 

3 

3 

con t i n uous 

7-day per iod s 

(quar ter ly )  

con t i nuous 

2 4-hr per iod s 

3 t imes/year 

( spr ing , 

summer , f al l )  

onc e 

qua r te r ly 

once 

once 

3 times/yr 

( spr ing , 

summer , f a l l ) 

once 
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A i r borne par t iculates 

Con t i nuous sampl ing for a i r borne par t iculates with low-volume a i r  
samplers was done for four quarter s ,  w i th week ly f i l ter  changes . The f i lters  
were compos i ted for  each locat ion on a qua r te r ly bas i s  and analyzed for 
uran i um ,  Ra-2 2 6 ,  Th-2 3 0  and Pb-210 . The results of the quar terly compo s i t s  
are g iven in Table F-3 . 

Radon - 2 2 2  in a i r  

Radon concentrations were measured by Argonne Nat ional Laboratory at the 
locations of  the a i rborne par t iculate samplers us ing the following 
instrumentation and schedule : 

Instrument Frequency Type 

Ebe r l ine RGM-2 r adon gas mon i tor Quarterly 1 week ,  cont inuous 

Trac k -etch detec tors Mon thly I ntegrated 

Trac k -etch detectors Quarterly I ntegrated 

Track -etch detectors Annual I n teg rated 

One of  the qua r te r ly seven-day con t i nuous r ecords for the RGM-2 is  shown i n  
Figure F-5 . I t  ind icates the typ ical d i urnal var iation character i s t ic o f  
remote locations w i th n o  elevated radon source presen t .  I n  compar ison ,  the 
monthly values of  r adon concentra t ion us i ng track-etch detec tor s are presen ted 
in Table F-4 . The RGM-2 measuremen t  averaged 0 . 8  pC i/l for the week shown ; 
the track-etch de tec tor g ives a mon thly average of  0 . 3 1 pC i/l . 

Gamma radiat ion 

A general area survey of g amma rad iat ion exposure rates was conducted by 
Argonne Nat ional Laboratory at the Sou th Cl ive s i te . The measurements 
averaged 14 mic roR/hr and ranged f rom 1 1 . 0  to 1 6  micro R/hr . (ANL , 1 9 8 2 a ) . 

So i l  rad ioac t i v i ty 

Soil  sampl i ng of sur face soils  { top 5 cm o f  
( l  m below sur face ) was done at some loca t ions . 
us ing the methods desc r i bed by US AEC Regulatory 

so i l )  and s ubsu r f ace so ils  
The samples wer e  collected 
Guide 4 . 5  ( AEC , 1 9 7 4 ) . The 

results of  so i l  analy ses are presented in Table F-5 . 

Rad ionuc l ides in b iota 

B iota sampl i ng included col lect ion of vegetat ion and rabb i t s  in the 
vicin i ty of the South Cl ive s i te . Vegetat ion samples con s i s ted o f  a min imum 
of 2 kg of the crown of the plan t .  Three r abb i ts were taken in the vicin i ty , 
and the i r  f lesh was analyzed for rad ionucl ide content . The ave rage 

F-2 0  



hj 
I N f--' 

R a d i onuc l i d e  

U-nat 

Average 

Th-2 3 0  

Ave rage 

R a- 2 2 6  

Average 

Pb- 2 1 0  

Average 

Table F- 3 .  R a d i onucl ide a i rborne par t ic u l a t e  concen t r at io n s  

i n  t h e  S o u t h  Cl ive s it e  v i c i n i t y  

Conc en t r at ion ( pC i / 1  � 2 �) 

Qua rt e r  S o u t h  Cl ive No r t h  Cl ive S o u t h e a s t  Cl ive 

I o + 3 . 5E-08a o + 3 . 5E-0 8 o + 3 . 5E- 0 8  

2 7 . 5E - 0 8  + 5 . 0E-0 8 8 . 7 E - 0 8  + 4 . 3E- 0 8  6 . 4E - 0 8  + 4 . 3E - 0 8  

3 o + 1 .  9 E - 0 8  o + 3 . 8E- 0 8  3 . 6E- 0 8  + 1 . 8E- 0 8  

4 o + 1 .  9E- 0 8  o + 2 . 0E-0 8 o + 1 .  8E-08 

1 . 9E- 0 8  + 1 . 7 E - 0 8  2 . 2 E- 0 8  + 1 . 8E- 0 8  2 . 5E- 0 8  � 1 . 5E- 0 8  

I 1 . 5E- 0 7  + 1 . 8E-0 8 8 . 9E- 0 8  + 3 . 5E- 0 8  2 . IE - 0 7  � 3 . 5E-08 

2 I . O E- 0 7  + 2 . 5 E- 0 8  2 . 2 E - 0 7  + 4 . 3 E- 0 8  6 . 0E- 0 6  � 2 . IE - 0 8  

3 o + 1 .  9E- 0 8  7 . 5E- 0 8  + 1 . 9E- 0 8  3 . 6E-08 + 1 . 8E - 0 8  

4 5 . 7 E-0 8 + 2 . 5E-0 8 8 . 0E-0 8 + 2 . 0E-08 7 . 3 E-0 8 + 1 . 8E- 0 8  

7 . 7E- 0 8  + I . O E - 0 8  1 . 2E - 0 7  + 1 . 5E- 0 8  1 . 6E-06 + 1 . 2 E - 0 8  

I o + 1 . 4 E- 0 8  o + 1 . 4 E- 0 8  3 . 0E- 0 8  + 1 . 3E-0 8 

2 o + 7 . 7 E - 0 9  o + 6 . 2E-0 9 6 . 2E-0 9 + 6 . 2E-09 

3 2 . 4 E- 0 8  + 1 . 5E - 0 8  3 . 2 E - 0 8  + 1 . 5E - 0 8  2 . 9E-0 8 + 1 . 5E - 0 8  

4 1 . 9E- 0 8  + 6 . 6E - 0 9  1 . 2E- 0 8  + 1 . 6E- 0 8  2 . 9E-08 + 1 . 5E-08 

1 . IE - 0 8  + 6 . 6E- 0 8  1 . 2 E- 0 8  + 6 . 7 E - 0 8  2 . 4 E - 0 6  + 6 . 4E- 0 9  

I 3 . 2E-0 5 + 1 . 6E-06 6 . 2 E - 0 5  + 3 . 6E- 0 6  1 . 2E - 0 5  + 7 . 0E - 0 7  

2 1 . 3 E- 0 5  + 7 . 5 E - 0 7  1 . 3 E- 0 5  + 6 . 5E- 0 7  2 . 5E-0 5 + 1 . 3E-0 6 

3 1 . 7E - 0 5  + 7 . 4E-0 7 1 . 7E- 0 5  + 7 . 5E - 0 7  1 . 5E- 0 5  + 7 . 2E-07 

4 2 . 0 E- 0 5  + 9 . 5E-07 2 . IE - 0 5 + 9 . 9 E- 0 7  2 . 3 E- 0 5  + 1 . IE - 0 6  

2 . IE- 0 5  + 5 . 3E- 0 7  2 . 8E - 0 5  + 9 . 7 E - 0 7  1 . 9E- 0 6  + 4 . 9E - 0 7  

aE -x i s  e q u i v a l e n t  t o  I O-x 
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Table F- 4 .  Amb ient-a ir  radon- 2 2 2  concentrat ions in the vicin i ty 
o f  South Cl ive s i te ( tr ack-etch me thod ) 

Collect ion Radon-22 2  concentration in a i r  (pC i/ l )  
date North Cl ive South Cl ive Sou theast Cl ive 

Monthly 
December ( 11/1 7-12/ 1 5 )  
1 9 8 1  

January ( 1 2/1 5-1/19 ) 
1 9 8 2  

February ( 1/19-2/ 2 3 ) 
1 9 8 2  

Qua r te r ly 
1 2/ 81-2/ 8 2  

Aver age 

Average 

Source : ANL , 1 9 8 2a . 

0 . 2 3 + 43 . 1% -
0 . 71 + 1 4 . 5 % 

0 . 13 + 4 8 . 7% -
0 . 26 + 3 3 . 1 %  -

0 . 2 1 + 3 7 . 4 % -
0 . 5 8 + 2 1 .  8 %  
0 . 3 5 + 0 . 2 3 

0 . 2 5 + 19 . 6 % 
0 . 3 8 + 16 . 0 % -
0 . 3 2 

0 . 2 3 + 43 . 1 % 0 . 26 + 39 . 6 % - -
0 . 19 + 4 7 . 7 % 0 . 12 + 6 3 . 8% - -

0 . 2 6 + 3 3 . 1 % 0 . 2 9 + 3 1 . 4 % - -
0 . 16 + 4 3 . 9 % 0 . 19 + 4 0 . 2 % - -

0 . 3 2 + 3 0 . 8 % 0 . 61 + 21 . 3 % - -
0 . 3 4 + 2 8 . 7 % 0 . 19 + 4 0 . 2 % - -
0 . 2 5 + 0 . 0 7 0 . 2 8 + 0 . 17 - -

0 . 3 0 + 1 7 . 9 % 0 . 2 8 + 1 8 . 5 %  -
0 . 31 + 1 7 . 7 % 0 . 2 3 + 20 . 8 % - -
0 . 3 1  0 . 2 6 

Table F-5 . Rad ionucl ide concentrat ions in soil samples 
f rom South C l ive s i te vicin ity 

Concentr a t ion 
Loca t ion Rad ionuc l id e  ( pC i/g dry w t  +2  

Cl ive-North U-2 3 8  1 . 1  + 0 . 1  -
( s ur face ) Th-2 3 0  1 . 1  + 0 . 2  -

Ra- 2 2 6  1 . 1  + 0 . 1  -
Pb-2l0  1 . 1 + 0 . 2  

C l ive-South U-2 3 8  0 . 7  + 0 . 1  -
( s u r face ) Th-2 3 0  1 . 1  + 0 . 2  -

Ra-226  0 . 9  + 0 . 1  -
Pb- 2l0 1 . 4  + 0 . 2  -

C l ive-Southeast U-2 3 8  0 . 7  + 0 . 1  -
( s u r face ) Th-230  1 . 1  + 0 . 2  -

Ra-2 2 6  1 . 0  + 0 . 1  -
Pb- 2 l0 1 . 4  + 0 . 2  -

C l ive-South U-23 8 1 . 3  + 0 . 1  -
( s ubsur face)  Th- 2 3 0  1 . 1  + 0 . 2  -

Ra- 2 2 6  0 . 7  + 0 . 1  -
Pb- 2 l0 0 . 9  + 0 . 2  -

Source : Dame s & Moor e ,  19 8 4 , unpubl ished 
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concentra t ions of  uranium,  Ra-22 6 ,  Th- 23 0 ,  Po-210 , and pb- 2 10 ar e presen ted in 
Table F-6 . Note the s ig n i f icantly g r ea ter concentr a t ions of  the radon 
daughte r s  in these samples as compared to the concentrat ion s  of the radon 
precursor s ,  and as compa red to the concentrat ions in local soils . Th i s  is  
assumed to be due to the la rge sur face area to mas s  ratio o f  plants as opposed 
to so ils , result ing in enhanced depos it ion and retent ion of  a i r borne radon 
daugh ters by plant s .  The elevated r adon daughter concentrat ions in rabb i t s  is 
presumably the result of  consuming the vegetation . 

F . 3 . 2 . 3  Tr ansportat ion cor r idor env i r onmental rad ioactivity 

The radiat ion env i r onment e x i s t i ng along the transportation route f rom 
the Vitro s i te to the South Cl ive s i te has been mon i tored by Dames & Moore and 
Argonne Na t ional Laboratory . The De lle and Knolls mon i tor ing s i tes are 
loca ted along the corr ido r , Figure F-4 . 

Airborne par t iculates 

The rad ionucl ide con tent of a i r borne par ticulates was measured at Del le 
and Knolls for two quarters ( Table F-7 ) . The data presented i n  Table F-7 
ind icate no s i gn i f icant d i fferences f rom the values measured at Sou th Cl ive . 

Radon- 2 2 2  in a i r  

Th ree-mon th average amb ient Rn-2 2 2  concentrat ions i n  
Delle and Knolls us ing track-etch detect ion (ANL , 19 8 2a ) . 
F-8 ave r ag e  0 . 3 5 pC i/l and 0 . 2 3 pC i/l at the two s i tes . 

Gamma radiation 

a i r  were measu red at 
The data of  Table 

Gamma rad iation exposure rates wer e  measured at fou r  locations along the 
transportat ion cor r idor . The ave r ag e  exposure rates were 13 microR/h r at Lake 
Point Junct ion , 1 5  microR/hr at Timp i e , 10 microR/h r at Delle , and 10 
microR/hr at Knolls (ANL , 1 9 8 2a ) . 

Soi l  rad ioactivi ty 

Rad ionuc l ide concentrat ions in soil along the transpor tat ion route we re 
evaluated f rom soil samples taken at Delle and Knol l s . The samples wer e  
analyzed for U-2 3 8 , Ra-2 2 6 , Th-2 3 0 , and Pb-210  ( Table F-9 ) . The soil 
concentrat ions of  these rad ionucl ides were not s ig n i f icantly d i fferent from 
those measured for the Sou th Cl ive s i te . 
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Table F-6 . Aver age rad ionucl ide concen trat ions in vegetat ion 
and wild l i fe in the v ic i n i ty of the South Cl ive s i te . 

(pCi/kg wet we ight � 2 ) 

Rad ionucl ide Vegetat ion samples Wild l i fe samples 

U ( Na t )  5 . 4 + 0 . 4 0 . 5  + 0 . 2  - -

Th- 2 3 0  6 . 0  + 0 . 6  0 . 5  + 0 . 2  - -

Ra-22 6 3 . 1  + 0 . 3  0 . 6  + 0 . 0 5 - -

Pb-2 1 0  1 9 S  + 9 4 . 0  + 1 . 0  - -

Po-2 1 0  4 S  + 3 S . O  + 1 . 0  - -

Source : Dames & Moore ,  1 9 S 4 , unpubl i shed 

Table F-7 . Rad i onucl ide a i rborne-part iculate concen trat ions 
a long the transpor tat ion corr idor between Vitro and 
South Cl ive s i tes 

Concentra tion (EC i/l +2 ) 
Rad ionuc l ide Qua r ter Knolls Delle 

U-Nat 1 3 . SE-O Sa+ 1 .  7E-O S 3 . SE-O S + 1 .  SE-O S 
2 1 . 1E-0 7 + 4 . SE-O S  0 + 4 . 0E-O S -
3 0 + 2 . 3E-O S 0 + 1 .  9E-O S - -
4 3 . SE-O S  + 1 .  9E- O S  3 . SE-OS + 1 .  SE-O S  -

Averag e  4 . 6E-O S ' + 1 . 4E-O S 1 .  SE-O S + 1 .  3E-O S -

Th- 2 3 0  1 1 .  SE- 0 7  + 3 . SE-O S 2 . 7E-0 6  + 1 .  4E-07 - -
2 1 .  3E-0 7 + 2 . 2E-O S S . OE-O S + 4 . 0E- O S  - -
3 4 . 6E-O S + 2 . 3E- O S  2 . 4E-,0 7 + 3 . 7E-OS  - -
4 7 . 7E-O S + 1 .  9E-O S 1 . 1E-0 7 + 1 .  SE-OS  -

Ave r ag e  1 . 1E- 0 7  + 1 .  3E- O S  7 . SE-0 7 + 3 . SE-OS  - -

Ra-2 2 6  1 2 . 3E-O S + 1 .  4E-O S S . lE-O S + 1 .  4E-OS  - -
2 3 . 3 E- O S  + 1 .  SE- O S  2 . 0E-OS  + 1 .  6E- O S  - -
3 4 . 2E-O S + 1 .  9E-O S 4 . SE-O S + 1 .  SE- O S  - -
4 3 . SE- O S  + 1 .  SE- O S  0 + 1 .  4E-OS  - -

Averag e  3 . 3E-O S + S . 3E-0 9 2 . 9E-O S + 7 . 4E-0 9 - -

Pb-210 1 3 . 0E-O S + 1 .  4E-06 3 . 3E-O S + 1 .· SE-0 6  - -
2 1 .  2E-O S + 6 . 7E-0 7 1 .  2E-O S + 6 . 0E- 0 7  - -
3 1 . 6E- O S  + 7 . 0E- 0 7  1 .  7E- O S  + 7 . 4E-0 7 - -
4 2 . 7E-O S + S . 4E- 0 6  2 . 2E-O S + 1 . 1E- 0 6  - -

Ave r ag e  2 . 1E-O S + S . 4E- 0 7  1 . 1E-O S + S . SE-0 7 - -

aE-x is  equ ivalent to l O -x 

Sourc e :  Dames & Moor e ,  1 9 S 4 , publ ished 
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Table F-8 . Amb ient-air  radon-222 concentrat ions along the 
transpor tat ion cor r idor be tween Vitro and Sou th 

Cl ive s i tes ( tr ack-etch method ) 

Collect ion Radon-2 2 2  concen tration in a i r  (pC i/l)  
date De lle Knolls 

Mon thly 
December ( 1 1/17-12/ 1 5 )  
1 9 8 1  

January ( 1 2/1 5-1/19 ) 
1 9 8 2  

February ( 1/19-2/2 3 )  
1 9 8 2  

Quar terly 
11/ 8 1-2/82 

Aver age 

Average 

Sou rce : ANL , 19 82a . 

0 . 6 7 + 
0 . 2 3  + -

0 . 4 2  + -
0 . 11 + -

0 . 2 4  + -
0 . 2 6  + -
0 . 3 2 + 

0 . 2 5  + -
0 . 4 4  + -
0 . 3 5 

14 . 5% 0 . 19 + 4 7 . 7 % -
4 3 . 1 % 0 . 1 2 + 6 3 . 8 % -

2 5 . 7 % 0 . 16 + 43 . 9 % -
5 5 . 5 % 0 . 0 8  + 6 6 . 0 %  -

3 5 . 0 % 0 . 3 2  + 3 0 . 0 % -
3 3 . 1 %  0 . 19 + 4 0 . 2 % -
0 . 2 0 0 . 18 + 0 . 0 8 -

20 . 0 % 0 . 2 5 + 19 . 6 % 
14 . 7 % 0 . 2 1 + 21 . 8 % -

0 . 2 3  

Table F-9 . Rad ionuc lide concentrat ions i n  sur face so i l  along the 
transportat ion cor r idor between Vitro and South Cl ive s i tes 

Location Rad ionuc l ide Concentr a t ion ( pC i/g dry wt +2 

Knolls U- 2 3 8  1 . 0  + 0 . 1  
Th-230  0 . 9  + 0 . 2  -
Ra- 2 2 6  0 . 7  + 0 . 1  -
Pb-2 10  1 . 6  + 0 . 2  -

Delle U-2 3 8  1 . 5  + 0 . 1  -
Th-230  0 . 9  + 0 . 2  -
Ra-2 26 0 . 7  + 0 . 1  -
Pb-2 1 0  1 . 1  + 0 . 2  -

Sou rce : Dames & Moore , 1 9 8 4 , publi shed 
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F . 4  RADIOACTIVE SOURCE TERM 

In th i s  sect ion the calculat ions necessary to e s t imate the rad iolog ical 
ef fect of the proposed alte r na t ive r emedial actions are presented . Mos t of 
the impor tant rad ioac t ive r eleases occur a t  the Vitro s i te ; however , 
calculat ions for the South C l ive s i te and the transpo r tat ion corr idor are also 
cons ide r ed neces sary . 

F . 4 . 1  Radon release source term 

Radon may be released from the t a i l ings dur ing four pha ses of  the 
remed ial act ion proces s :  ( 1 ) pr ior to remed ial act ion , ( 2 )  dur ing the 
mater ial mov i ng oper at ions , ( 3 )  a f ter  the r elocat ion of  the mater ial but pr ior 
to ins tallat ion of  the cover , and ( 4 ) a f ter  the mater ial has been cover ed . I n  
Alternat ive 1 ( no act ion ) only phase ( 1 )  appl ies ; i n  Alternat ives 2 and 3 all 
four phases apply . 

Alternat ive 1- no ac t ion 

For th i s  alterna t ive a radon f lux of 5 6 0  � i/m2s ex ists  on the 
approx imately 1 2 8  acres of the s i te ( 5 1 8 , 0 0 0  m ) .  The total est ima ted radon 
r elease is ( 5 60  pC i/m2 s )  ( 5 1 8 , 0 0 0  m2 ) ( 3 . 15 x 10 7 s/y r )  = 9 . 1  x 1 0 3 

C i/yr . 

Al ternat ive 3 - reloca t ion and s tab i l i z a t ion a t  Sou th C l ive 

Dur ing the ma ter ial mov ing ope r a t ions it is  reasonable to assume all  
inter s t i t i a l  radon would be released . The total quant i ty o f  Rn- 2 2 2  i n  
equ i l ibr ium w i th Ra- 2 2 6  is  est ima ted t o  b e  1 5 0 0  C i . Based on a n  ave rage 
emanat ion coe f f i c ient of  0 . 2 ,  the total radon that could be r eleased from the 
inter s t i t i a l  spaces is 3 0 0  C i . 

The contaminated ma ter ial at the Vi tro s i te would be excava ted and 
transpor ted to the South C l ive s i te dur ing a three year pe r iod . I f  the 
excavat ion r a te is un i form,  approx ima tely 10 0 Ci wou ld be r elea sed from 
excavated ma ter ial each year for the three yea r s .  These 10 0 C i  mus t  be added 
to the contr ibut ion from the ta i l ings a r eas not yet excava ted . The s i tuation 
is  por trayed i n  the ma ter ial- r emoval d iag ram of Figure F-6 , where two th irds 
of  the p ile are und i s turbed ( pa r t s  B & C )  dur ing removal o f  the f ir s t  th ird of  
the p i le ( part  A ) ; and , on the average , ha l f  o f  Part A also contr ibutes a 
year ly f lux a t  a rate of  5 6 0  pC i/m2s .  Applying th i s  log ic to the three 
years  of  pile remova l ,  the radon r e leases a t  the Vitro s i te ar e :  

F i r s t  yea r : 
Second year : 
Third yea r : 

6 1 0 0  C i  + 1/2 ( 3 0 50 )  C i  + 10 0 C i  = 7 7 2 5  C i . 
3 0 5 0  C i  + 1/2 ( 3 0 5 0 )  C i  + 10 0 C i  = 4 6 7 5  C i .  

1/2 ( 3 0 5 0 C i )  + 10 0 C i  = 1 6 2 5  C i . 

I n  the four th year and therea f ter , the radon f lux from the decontamina ted 
Vitro s i te would be the normal backg round flux , 1-2 pC i/m2 s .  This  would 
r e sult in annual r eleases of  16  to 3 0  C i . 
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A radon source term for ta i l i ng s  d i sposal operat ions at South Cl ive 
dur i ng Alternat ive 3 is  not needed as there are no res idents within 1 5  miles 
o f  the s ite . For occupat ional exposures i t  i s  assumed that the radon 
concentrat ion on the pile will be the same as at the Vitro s i te , 3 0  pC i/l . 

Al ternat ive 2 - stab i l i za t ion a t  Vi tro 

For d i sposal at the Vitro s i te the ent i r e  tail ings vol ume will be 
d i s turbed , j us t  as in Al te r native 3 .  Although the t ime scale for the remed ial 
ac t ion i s  s l i ghtly shorte r , i t  i s  convenient to assume the same tail ings 
movemen t  scenar io for stab i l i za t ion at Vi tro as for transpor t to South Cl ive . 
Thus the radon source term will be identical , on a year ly bas i s , to tha t for 
Alternat ive 3 .  

I n  the year s  following completion of  on-s i te stab i l i zation ,  the radon 
f l ux f rom the 5 5-acre tail ings embankmen t  would be less than or equa l to the 
EPA s tandard of 20 pC i/m2s plus 1 to 2 pC i/m2 s background soil  f l ux , or 
about 1 6 0  to 1 7 0  Ci/yr . 

F . 4 . 2  Part iculate r elease source term dur i ng remed ial act ion 

Th is  sec t ion determines the mag n i tude of  par t iculate releases f rom the 
Vitro s i te d u r ing the var ious remed ial act ion alternat ives . I t  was found tha t 
the r ad ioact ive source term due to par t iculate releases is  orders o f  magn i tude 
below that due to radon . Thus the par t iculate source term is not o f  
impor tance in e s t ima t i ng the hea l th e ffects to s u r round ing populations . 

Alternat ive 1 - no act ion 

Dus t suspens ion due to wind eros ion of  the tail ings p iles is a mecha n i sm 
for mob i l i z a t ion o f  ta i l ings mate r i a l  d u r ing the no act ion alternat ive . As 
evidenced by the windblown contamination near the ta i l ings p i l e , th i s  process 
has ope rated , to some degree , dur ing the per iod of ex i s tence of the Vitro s i te 
(ORNL , 1 9 7 7 ) . 

The mechanism of  so il  erosion by wind depend s on factors s uch as wind 
speed , soil prope rties s uch as par ticle s i ze and mo i s ture content , and the 
natur e of the sur face . Wind act ion results in three bas ic mod es of  par t icle 
motion : sur face creep ( par ticles above 500 �m in s i z e ) , saltat ion (particles 
between 100 �m and 5 0 0  �m in s i z e ) , and a i r borne suspens ion ( pa r t icles less 
than 100 �m in s i ze )  ( NRC , 1 9 8 0 a ) . The last mode o f  par ticle mot ion i . e . , 
a i r borne suspens ion , wh ich in general is  a consequence of  the saltation 
proces s , is cons id ered here i n .  

A n  equat ion presen ted i n  Appendix G-l of  NUREG- 0 7 0 6  was u t i l i zed ( NRC , 
1 9 8 0 b ) . The model below is  iden t ical to the re ferenced formula except that 
the algeb r a ic form is made exp l ic i t  and all un i ts have been cast in the MRS 
sys tem . The resuspens ion rate for par ticulates less than 2 0  �m i n  aerodynamic 
d i ameter is  g iven by 
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where 

E s uspens ion rate , in  g r ams pe r square me ter per second (g/m2 s) . 
u = shear ve loc i ty ,  me ter s pe r second ( m/s ) . 
uo thr eshold ve loc ity for salta t ion ( m/s) . 
p mass pe rcent of par t icles less than 2 0  � m  i n  aerodynamic d iameter . 

The shear veloc i ty ,  U ,  i s  g iven by the equat ion ( NRC ,  1 9 8 0 b )  

U = w ind speed at height ( z ) / [ 2 . 5xln ( z/zo ) ]  

whe re zo i s  the he ight at wh ich the w indspeed i s  equa l to zero . Assuming a 
pa r t icle dens ity of  2 . 4  g/cm3 , and an average par t icle d iame ter of  3 0 0  � m ,  
typ ical of  f ine g r a ined so i l s , the threshold veloc ity for saltation Uo can 
be calculated to y ield ( NRC , 1 9 8 0 b )  

Uo = 0 . 2 9 m/s 

An ave r ag e  w ind speed of 4 . 5  m/sec ( the long-term annual ave r age w ind speed i n  
the 48 con terminous s tates )  measured 1 me ter above the ground sur face y ield s  

U = 0 . 3 9 m/s 

and the equat ion for E reduces to 

In general , ( p )  is a coe f f ic ient around a few percent .  Assum ing a value of 3 
pe rcent y ields a suspens ion rate d ue to w ind action of 

Wind suspens ion i s  the sou rce term for the r esuspens ion f lux of pa r t icles 
for the no act ion alter native.  The resuspens ion rate o f  4 . 1  x 10 -7 

g/m2 sec , along w i th the concentrat ions from Sect ion F . 3 . 1  wer e  used to 
calculate the source terms for the par ticulate s .  For the no-ac t ion 
alternative the source terms are l is ted below .  

Ra- 2 2 6  
U-2 3 8  

Th- 2 3 0  

3 . 8  x 1 0-3 cur ies/yr 
2 . 7  x 1 0- 4  cur ies/yr 

= 3 . 8  x 1 0-3  cur ies/yr 

In compar i son to the 9 1 0 0  C i/yr of r adon r eleased from the Vi tro s i te , 
these quan t i t ies  are i n s ig n i f icant over the term of  remed ial ac tion.  I t  i s  
bel ieved they need not be cons idered fur ther for popula t ion exposures . 

Alternat ives 2 and 3 

For the alternatives involv ing t a i l ing s  d isturbance by heavy equ ipment , 
the part iculate-release rad ioac t ive sou rce term may be est imated from the a i r  
qua l i ty data of  Append ix G .  For the operat ions involv ing t a i l ing s movemen t ,  
the result ing dust re lease s are est ima ted a t  4 x 10 5 kg/y r .  Ass uming all of  
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th is  dust contains the average Ra-2 2 6 , Th- 2 3 0 , and U-2 3 8  concentrations 
est ima ted for the ta i l ing s , the radionucl ide r eleases would be : 

Ra-2 2 6 : 
Th-2 3 0 : 

U-2 3 8 :  

( 5 6 0  x 1 0-12  C i/g ) ( 4  x 10 8 g/yr ) = 0 . 2 2 C i/yr 
( 5 6 0  x 10 -12 C i/g ) ( 4  x 10 8 g/yr ) = 0 . 2 2 C i/yr 
( 4 0 x 1 0 -12 C i/g ) ( 4  x 10 8 g/yr ) = 0 . 016  C i/yr 

By compa r i son to the roughly 9 0 0 0  C i/y r of radon released f rom the vitro 
s ite these quan t i t i es are insign i f icant . I t  i s  bel ieved they need not be 
con s idered f u r ther for populat ion exposures due to remed ial act ion . No 
pa rticula te release est imates are needed for the South Cl ive s i te s i nce the re 
i s  no populat ion at r i s k .  I t  i s  assumed that there are no routine par ticulate 
releases in the transpor tat ion cor r idor because covered veh icles will  be used . 

Af ter complet ion of  remed ial act ion , the par t iculate-release rad ionucl ide 
source term will be d ue to the natural rad ioac t iv i ty of  the cover so ils  and 
the e ffects of wind eros ion . I t  w i l l  not d i f fer from that of  sur round ing 
natu ral land s .  

Occupa t ional and popuia t ion exposures to par t iculates 

Occ upa t ional exposures for remed ial act ion wor kers  breathing dust in the 
vic in i ty of earth mov ing equ ipment may be est imated for compa r i son to the 
gamma rad i a t ion exposure and to the radon daughter exposure . A me thod 
proposed by NRC ( 1 9 81b ) was used to e s t imate doses from i nhalation of  
pa rt iculates . These doses would be to the wor ker ' s  lung from i nhalation of  
resp i r able pa r t iculates « lO

·
�m in s i z e )  that conta i n  t r ace amounts of U-2 3 8 ,  

Th-2 3 0 , and Ra-2 2 6 . The equat ion used i s :  

where 

( NRC ,  1 9 81b ) 

H = the 50-year dose commi tment to the lung in mr em. 

PDCFa i r = pathway dose conver s ion factor for a i r  pa thways only , i . e . , 
i nhala t ion and di rect rad iation . 

Cw = the rad ionucl ide concentrat ion in the ma ter ial  i n  p iocu r i e s  
p e r  cubic me ter . 

fo the time-delay factor wh ich is  equal to 1 for th i s  append ix . 

fd = s i te des ign factor wh ich i s  equal to 1 for th is  append ix . 

fw was te form and package factor wh ich i s  equal to 1 for th is  
append ix . 

fs for the a i r  uptake pa thways , fs ' i s  the product of  the 
so i l-to-air trans fer factor , Tsa ' and the exposure duration factor 
( the f rac t ion of  a year that the wor ker is exposed ) . 

F-3 1  



The so i l  to a i r  transfer factor , Tsa ' may be expressed i n  terms of  the 
g eome try of the problem , the suspens ion f lux ( E ) , and the emp i r ical equat ion 

where 

ExGx f r  3 3 
T = ��� in m of  so i l  per m of  a i r 

sa uxd 
' ( NRC , 1 9 81b)  

E s u s�ens ion rate of transpor tation « 3 0 J.lm) par t iculates in un its of  
g/m s .  

fr = f ract ion of s uspended transportable part iculates tha t are respi rable 
« 10 J.lm) . 

G = Geometry factor = ( a r ea subj ec t to dusting ) / ( width o f  area x mix i ng 
height)  • 

d = dens i ty of  the so il  ( g/cm3 ) ;  assume 1 . 6 .  

u wind speed (m/sec ) ; assume 1 . 6 .  

The following calculates the transfer factor for par t icula tes f rom 
excava tion at the V i tro s i te for the act ion a l terna tive . The total emiss ion 
term for the Vitro s ite f rom construct ion would be 4xl0 5 kg/y r .  The 
ta il ings p i les encompass approx ima tely 1 2 8  acres of contaminated mater ial or 
equ ivalently 5 1 8 , 0 0 0  m2

• One th ird of  the p i le is  removed per year , i . e . , 
43 acr es or equ ivalently 1 7 3 , 0 0 0  m2 • 

The total par t iculate r elease rate i s  abou t 4 x 10 5 kg/y r  as  indicated 
above . Of th i s , about 65 percent by we ight would be in par t icles larger than 
30 J.l m ,  based on par t icle s i z e  d i s t r ibut ions g iven by MSRD ( 1 9 8 2 ) . Th i s  
assumes that the pa r t icle s i ze d i str ibut ion o f  ini tially suspended dust i s  
propo r t ional to the particle s i z e  d i str ibut ion i n  the ta il i ngs , and assumes 
that only a smal l  f ract ion of  the t a i l ings mas s  is  i n  par t icles too large to 
be d i s turbed by earth-mov ing equ ipment . The factor E i s  thus ( 0 . 3 5 )  ( 4  x 10 5 

kg/y r )  ( 1 0 0 0  g/kg ) ( 1  y r/3 . 15 x 10 7 s )  ( 1/1 . 73 x 10 5 m2 ) = 2 . 6  x 10 - 5  g/m2s .  

Roughly 3 0  percent of the release r a te for 3 0  J.lm and sma l ler  par ticles 
will  represent pa r t icles sma l ler  than 10 J.lm. Thus the factor f r  i n  th i s  
calcula t ion i s  0 . 3 .  

The g eometry factor was calcula ted by assuming tha t  the area of  
construction would be 4 3  acres or  1 7 3 , 0 0 0  m2 and tha t the mix i ng height 
wou ld be 3 meter s .  The wi dth of  the area i s  best r epresen ted by the di ame ter 
of  a c i rcle whose area is  1 7 3 , 0 0 0  m2 • The width of  the area is then equal 
to 4 70 meter s .  These assumpt ions y i e ld G = 1 2 3 . 

Therefore ,  

T 
sa 

-5 2 
( 2 . 6xlO g/m sec)  ( 1 23 ) ( . 3 )  

= 3 . 7xlO
-10 

6 3 
( 1 . 6  m/s )  ( 1 . 6xlO g/m ) 
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Table F-1 0 l i sts the pathway dose conver s ion factors for the a ir pathways 
a nd also so il  concentrations (pC i/m3 ) for Ra- 2 2 6 ,  Th- 23 0 ,  and U-2 3 8  at the 
Vitro s i te .  The dose from Pb- 210 has been shown to be small when compared to 
the three pr inc ipa l rad ionucl ides . As suming that 2 0  percen t of the radon is  
released from the soil , the concentrat ion of  the Pb-210 and its decay pr oduc t 
Po-210 would be approxima tely 80  percent of the Ra- 2 2 6  concentr ation . 
Calculat ions presented in ANL , 1 9 83b ( Table 4 . 3 ) show tha t the lung dose wo uld 
increase by only 6 percen t  if Pb-210  and Po- 210  were cons idered . 

Table F-10 . Occupa t ional dose parame ter s 

Nucl ide PDCF-air ( mrem-m3/C i )  
Concentr a t ion i n  so i la 

(pC i/m3 ) 

Ra-226 
Th-2 3 0  
U-2 3 8  

1 . 9 3 6xl0 14 

8 . 5 18xl0 13 

7 . 5 5  xl0 14 

8 . 9x l 0 8 

8 . 9xl0 8 

6 . 3x l 0 7 

aA s s uming a den s i ty of  1 . 6  g/cm3 and concentr a t ions of 5 6 0  pC i/g for 
Th-2 3 0 , Ra-226 , and 40 pC i/g for U-2 3 8 .  

Source : NRC , 19 8 1b .  

The ca lcula ted 50-year dose commi tments to the lungs from Ra- 226 , Th-2 3 0 , 
and U-2 3 8  from excavation a t  the Vitro s i te are shown below . An assumpt ion 
was made that a pe r son would wor k  8 hour s a day , 2 5 0  days a year . The 
fract ion of a year tha t  a per son would wor k is , ther e fore , 0 . 2 2 8 . 

a )  50-year dose-commi tment from Ra- 2 2 6  to the lung 

H = ( lxlxlxO . 22 8x3 . 7xlO-10 ) x 8 . 9xl0 8pC i!m3xl . 9 3 6x l 0 1 4  

mrem-m 3/C i x l  C i/lxl0 12pC i 

H = 1 4 . 5  mr em 

b) " 50-year dose-comm i tmen t from Th- 2 3 0  to the lung 

H = ( 0 . 2 28x3 . 7xlO -10 ) x8 . 9x l 0 8pCi/m3 x8 . 5 1 8x l 0 1 3  

mr em-m3 /Ci xl C i/lxl0 1 2 pC i  

H = 6 . 4  mrem 

c )  50-year dose-comm i tmen t  from U-2 3 8  to the lung 

H = ( 0 . 2 2 8x3 . 7xlO-10 ) x6 . 3x l0 7 pC i/m3 x7 . 5 5x l 0 1 4  

mr em-m3 /C i x l  C i/lxl0 1 2 pC i  

H = 4 . 0  mrem 
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The doses to remed ial ac tion wor kers resulting f rom par t iculate 
i nhalat ion are very small compared to the doses from radon and radon daughter 
exposures and g amma rad iat ion exposur e s .  Th is  point is illust rated by the 
i n format ion summar i zed in Table F-l l ,  whe re the doses f rom par t iculates are 
compared to the other rad iat ion dose s .  The other doses are calculated and 
summar i zed in d i f ferent units ( per son-r em) in Sect ion F . 5 and are r ecalculated 
and presented here only for compar ison.  The informat ion presented i n  the 
Alternat ive 2 por t ion of  Table F-l l  is  spec i f ic to that Al ter na t ive , but the 
conclus ions regarding the s ig n i f icance of  pa r t iculate doses would be the same 
for expl i c i t  calcu lations for Alternative 3 .  

Also summar i z ed in Table F-l l ,  are doses that might acc rue to a remed i a l  
act ion wor ker o n  the Vi tro ta i l i ng s  p i l e  under the cond i t ions ex i s t i ng i f  no 
act ion were taken (Alternat ive 1 ) . Of cour se , no remed ial act ion wor k e r s  are 
present for the no action alter nat ive , so these calculat ions are only for 
compa r i s i on purposes . 

I t  i s  clear f rom Table F-l l tha t par t icu late doses are a small component 

of  the total rad i a t ion doses that a remed ial act ion wor ker might rece ive . The 
part iculate doses are less than 10 percent of the g amma rad i at ion dose above , 
and when the radon and radon daug hter doses are cons idered , the par ticulate 
doses are certa i nly neg l ig i ble ( less than one percent o f  the dose to the 

wor ker s) . 

For populations off  the p i le , the par t iculate component of  total dose 
becomes even smaller . The a i r borne par t icula te concentrat ions w i l l  dec r ease 
more rapidly than a i r bor ne radon concentrat ions due to the more e f fect ive 
removal of the pa r t iculates f rom the lower atmosphere as compared to the 
g aseous radon . 

The par ticles to wh ich radon daughte r s  attach wi l l ,  i n  g eneral , be 
submicron a tmospher ic dust par t icle s .  Only a small f ract ion o f  the 
par t iculate releases used in the above calculat ions « 1 0 �m was used ) w i l l  be 
in a comparable s i ze range and s ubj ect to the same prolonged and extens ive 
atmospher ic transpor t .  

Based on th i s , i t  may be concluded that s i nce par t iculate doses are 
neg l i g i ble for r emed ial ac t ion wor ker s ,  then par t iculate doses to o f f-site  
populat ions that result  from remed ial actions are negl i g i ble as  wel l .  The 
maj or rad iaton doses to off-s i te populat ions are f rom radon and radon daughter 
exposures ; par t iculate releases have no impor tant e f fec t .  

F . 4 . 3  Gamma radiation source term 

The gamma rad i a t ion emi ss ions f rom the Vi tro s i te are desc r i bed by Figure 
F-3 . For per sons fur ther than 1 km ( 0 . 5  miles)  f rom the s i te , g amma rad iat ion 
exposure is neg l igible.  Fo r persons l iv ing or wor k i ng within  1 km  of  the 
Vi tro s i te , a reasonable average value of 11 microR/hr g amma expos ure due to 
the s i te may be appl ied . 

For occupa t iona l  wor kers  on the s i te gamma rad iat ion exposure i s  highe r .  
U s ing the 5 6 0  pCi/g concentrat ion of Ra- 2 2 6  assumed for the ta i l i ng s ,  the 
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No Ac tiona ( 2 0 0 0  

Ci/yr 

yr 1 9 , 10 0  

yr 2 9 , 10 0  

yr 3 9 , 1 0 0  

To tal 

Table F-l l .  Occupa tional rad i ation dose summary for 
compar ing s i gn i f icance of radiation source s 

hr/:r:r exposur e )  
Radon Gamma Par ticulatesb 

pCi/l mr em J1r/hr mr em Ci/yr mr em 

3'0 4 , 4 0 0  1 4 0  2 80 0 . 0 0 8  0 . 4 3  

3 0  4 , 4 0 0  14 0 280 0 . 0 0 8  0 . 4 3 

3 0  4 , 4 00 140 2 80 0 . 0 0 8  0 . 4 3 ---

13 , 2 0 0  840  1 . 3  = 

Alternative 2 ( 20 0 0  hr exposure� 
Radon Gamma Par ticulatesC 

Ci/yr � mr em J1r/hr mrem Ci/:r:r mrem 

yr 1 7 , 72 5  3 0  4 , 40 0  1 4 0  2 8 0  0 . 4 6  2 . 4 9  

yr 2 4 , 6 75 1 5  2 , 2 0 0  14 0 280  0 . 4 6 2 . 4 9  

yr 3 1 , 6 2 5  1 0  1 , 500  140 2 80 0 . 4 6 2 . 4 9 

To tal 8 , 10 0  840  74 . 7  

a No remed ial ac tion wor ker s are pr esent for the no act ion al ternative ; these 
calculated exposur es are merely for compar ison . 

bpar ticulate r eleases due to wind eros ion of the ta i l i ngs pi le . 
cPar ticulate releases due to ear thmov ing equipmen t dur ing r emed ial action . 
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average gamma r ad ia t ion exposure rate can be estimated by the method of  
Sch iager ( 1 9 7 4 ) : the gamma exposure rate (microR/h r )  is  2 . 5  t ime s the rad ium 
concent r a t ion ( pC i/g ) . I n  th is case , ( 2 . 5  ( mic roR/hr ) / ( pC i/g » ( 56 0  pC i/g ) = 
1 4 0 0  microR/hr . Th is wou ld be the hour ly exposure to an unshie lded wor ker  on 
the p i l e . The ma j or i ty of workers  w i l l  be enclosed i n  the cabs of  trucks or 
othe r earth mov ing equ ipment . As an inch of  i ron reduces the gamma rad iation 
by a factor of 1 0 , a more l i k ely expos ure is 140  mic roR/h r .  Also , the plac i ng 
of cover on the p ile will  reduce the gamma expos ure rate by a factor of  10  per 
foot of  soi l ;  this again leads to the gamma exposure rate of  1 4 0  microR/hr as 
an appropr iate upper est imate . 

Following remedial ac t ion , gamma exposure rates will  be a t  backg round 
leve ls ( abou t 13 mic roR/hr )  s i nce s u f f ic ient cover w i l l  be appl ied to block 
the gamma rad iat ion . 

F . 4 . 4  Atmospher ic d i sper s ion of Rn- 2 2 2  

Atmospher ic-d i spe r s ion calculat ions are used a s  the bas is  for est ima t ing 
the env i r onmental rad iat ion dose ( for ind ividuals and popula t ions ) result ing 
f rom radon and radon daughters f rom uran i um mill  ta i l i ngs p i les . I n  th i s  
repor t ,  the computer code MILDOS was u t i l i zed to calculate the atmospher ic 
d i spers ion of  radon , and the doses rece ived by individuals and the population 
dur ing the var ious phases of  the proposed a l ternative s .  The results of  the 
MI LDOS runs are used in Sec t ion F . 5 .  

The computer code MI LDOS was developed by the NRC to e s t imate the impacts 
f rom rad ioact ive emiss ion f rom uran ium mill ing fac i l i t i es , based on the 
calc ulational procedures ou tlined in Append ix G of  NUREG-0 7 0 6  ( NRC , 1 9 8 0 b )  and 
in Chapter 2 of the MILDOS user ' s  manual ( NRC , 1 9 81 a ) . 

I n  MI LDOS , emiss ions of rad ioac t ive ma ter ials from f ixed-po int sources or 
area sources are modeled using a sec tor-averaged Guass ian pl ume d i sper s ion 
mode l .  Exposure rates are presented for var ious source and r eceptor po int 
location s .  I n  order to run the code , four ca tegor ies of  inputs are requ i r ed : 
source parameters , meteor log ical and populat ion parameter s ,  trans locat ion 
par amete r s , and receptor par ame ter s .  

The f i r s t  source parameter requi red is the number o f  source s of d i screte 
e f f luent s .  This may be a n  actual numbe r i f  there are f ixed po int sources o r  
an assumed number for area sources . The number of sources o f  d iscrete 
e f f l uents used for area sources is  dependent upon the area of  the source . 
Each source con s idered may be no larger than 0 . 1  square k i lometers ( km2 ) 
when input for MI LDOS . Therefor e ,  the number of sources should be chosen or 
assumed s uch that each one has an area no greater than 0 . 1  km2

• As 
men t ioned above , approx imately 1 2 8  acr es of  the vi tro s i te con ta i n  
contamina ted mater ials . The 1 2 8  acres were d ivided i nto s i x  square a r eas each 
of approx imately 2 1 . 3  acres or 0 . 0 8 6  km2 ( see Figure F-7 ) . Figure F-7 was 
drawn so tha t the areas and the i r  locations were representa t ive of  the 
nor thwest , sou thwest , and southeast tailing s .  The coord inates (x , length ; y ,  
wid th ; and z ,  he igh t )  of the midpo ints of the s ix source areas were input into 
MILDOS in units  of  k i lometers . 
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The source terms f rom the pr eced ing sect ions wer e recalculated and 
ente r ed for a two-year interval as MI LDOS calculates concentrat ions and doses 
on a two-year min imum time step . For example , a source term for each nucl ide 
was calculated by tak ing the mean of the f i r s t  and second yea r s , and d ivid i ng 
by the number of source terms , s ix .  

The par t icle-s ize d i str ibut ion for each source was matched with the 
appropr i ate set-number provided in the code and included in the source inpu t .  
For example , par t ic le-s i z e  d i s tr ibut ion se t-number 3 ,  wh ich r epresents 
tail ings character i s t ics , was entered . 

The second g roup of parameters requ i res popu lat ion and meteor log ical data 
for the s i te . The me teorolog ical data r equi red included the j o in t  fract ional 
frequency d i s t r ibut ion of  wind in a cer tain  wind d i rect ion and in spec i f ic 
wind speeds and a tmospher ic stab i l i ty classe s . These data were entered for 
the vi tro si te along with the popula t ion d i str ibut ion , for 1 6  w ind sec tor s ,  
out to a rad ius o f  10 km f rom the s i te .  The wind data are presented i n  
Append ix G .  

The third group o f  parameters requ i r ed are the trans location par ame ter s . 
The se paramete r s , along wi th the meteor log ical data , determine the ac tua l 
movemen t  of the rad ionucl ides once they leave the source . Usually , food 
prod uc t ion in the reg ion for vege table s ,  milk , and mea t mus t be input in areal 
units of k i logr ams per year per square k i lometer s .  For the analyses of the 
Vitro s i te , areal food product ion and forage uptak e by animals was ass umed to 
be zero . 

The receptor parameters represent the f inal set of  data requ i red for the 
MI LDOS cod e .  Ten ind ivid ual r eceptors were loca ted at a rad ius of 1 km and 
compas s  d i rect ions of N, ENE , E ,  SE , SSE , S ,  SSW , SW, WSW and NNW . 

F . 4 . S  Acc ident analyses 

Th is  sec t ion considers acc idents that might occur dur ing the transpo r t  of 
tail ings to South Cl ive in Alternat ive 3 .  No acc idents will occur i n  the no 
action alternat ive , and it is  d i f f icult to th i n k  of an acc ident occur r i ng on 
the Vitro s i te which will have rad iolog ical consequences of  any s i g n i f icance 
in relation to the rad iolog ical ef fect of  the s i te i tsel f .  Acc idents are 
cons idered exp l ic i tly for the tra in-tr anspor t opt ion for mov ing the tailings 
to Sou th Cl ive ; the impact of a truck  transport acc ident is  scaled accord ing 
to the volume of  mater ial carr ied . Two k i nds of  acc idents are cons idered : 
( 1 )  the spi l l  occ u r s  on land and the ta i l i ngs are d i sper sed by wind , ( 2 ) the 
spi ll will  fall into the Great Sal t Lake . 

F . 4 . S . 1  Acc idental spill of mate r i a l  on land 

The potential impac ts f rom a spill  of  ma te r i a l  on land were calcula ted 
us ing a compu ter model "AIRREL " (a cer t i f ied computer model deve loped by Dames 
& Moore ) .  AI RREL calculates the theoret ical rad iolog ical impacts to an 
ind ividual or to populat ions resul t i ng from an acc idental release of uranium 
mill ta il i ngs to the atmosphe re . The par t iculates relea sed in this fash ion 
would be subj ect to transportat ion by preva il ing winds to d i s tances wher e  they 
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might become access ible to the sur round ing population . The impacts i ncur red 
through th i s  a i r borne transpor t mechan i sm are expressed in terms of  the 
rad iolog ical dose that would be rece ived by all i nd ividuals ( cumulat ive dos e )  
near the acc idental release . The popul a t ion dose i s  expressed in units  o f  
man-r em .  

I n  the AIRREL c9de , the popula t ion dose is  determined by multiply i ng the 
rad ionucl ide concentr a t ion at a par t icular downwind d i stance by the dose 
conver s ion factor appl icable to the rad ionuc l ide and body organ of  interest 
and by the number of per sons affected . I n  th i s  program three rad ionucl ides 
( U-2 3 8 , Th-2 3 0 , and Ra-2 2 6 )  and f ive body organs (whole body , bone , lung , 
liver , and k idney ) are cons idered . Dose convers ion factor s obtained f rom the 
prog r am MI LDOS are used in the calculations . Up to 10 downwi nd locat ions and 
the ir respect ive populat ions can be cons idered in a s ingle exec ut ion of the 
program.  

The rad ionuc l ide concentrat ion at a par t icular location downwi nd from a 
ground-level point source is  found us ing the bas ic a tmosphe r ic d i ffus ion 
equa t ion (AEC , 1 9 6 7 ) . 

x = 

whe r e  

x 
Q 
u 
CIy 
CIz 
7T 

= 
= 
= 
= 
= 

Q 

average center l ine- ground level concentrat ion (Ci/m3 ) .  
rad ionuc l ide source term (C i/sec ) . 
wind speed ( m/sec ) ( u  = 1 m/sec in the cod e ) . 
hor i zontal standard dev iat ion of  plume (m ) . 
ver t ical standard dev iat ion of  plume (m ) . 
3 . 1 4 1 6 . 

The s tandard dev i a t ions CIy and CIz a r e  measures of  the spa t ial spread 
of  the par t iculates plume as a func t ion of  downwind d i stance and 
meteorolog ical stab i l i ty clas s .  I n  th is  prog r am a Pasqu i l l  Type F s tabi l i ty 
class is  assumed based on the recommendations of U . S .  NRC Reg ulatory Guides 
1 . 3  and 1 . 4 .  These standard deviat ions can be compu ted us ing the following 
emp i r ical re lat ions ( NRC , 1 9 8 0 a )  

CI
y = 0 . 0 4 r  ( 1  + 0 . 0 0 01 r ) -1/2 

and 
CI

Z = 0 . 0 1 6 r  ( 1  + 0 . 0 0 0 3 r ) -1 

where r i s  the downw ind d i s tance i n  mete r s .  

AI RREL expr esses the populat ion dose as  follows : 

Dose ( r , n , S )  = c ( r , n ) x DCF ( n , S )  x ( T/ 8 76 0 )  x POP ( r )  

where 

Dose = rad iolog ical impact ( man-rem) . 
c = r ad ionuclide concentrat ion ( pC i/m3 ) .  
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DCF = dose conve r s ion fac tor ( mrem/yr per pCi/m 3 ) .  
T = durat ion t ime (hou r s ) . 

POP = population count ( number of  ind ividual s) . 
r = downw i nd d i stance . 
n = rad ionuc l ide " nn e  
e = body org an " e" . 

For a land spi l l ,  a wor st case acc ident would be a de ra i lment of  the u n i t  
t r a i n  with a s ubsequent sp ill  of  mater ial . As the train  would contain 5 0 0 0  
tons o f  mater ial ( or a volume of  2 840  m 3) ,  a full de r a i lment was assumed t o  
d ump mater ial over a n  area twice the ground area of  the train . Assum i ng that 
the cars are 2 meters deep by 3 meter s wide , a suspens ion rate 4 . 1  x 1 0-7  

g/m2 s ( F . 2 . 1 . 1) leads to est imated source terms for  U-2 3 8 , Th-2 3 0 , and 
Ra-226  of 

3 7 8  pCi/h r ,  3 2 2 0  pCi/h r ,  and 3 2 0 0  pCi/hr , respec tive ly . 

The l -hour doses to i nd ividuals at 0 . 1 , 1 . 0 ,  2 . 0 ,  a nd 1 0 km f rom thi s 
acc ident ,  as computed by AIRREL , are l i sted i n  Table F-1 2 .  An add i t ional but 
smaller dose of  less than 11 percent would be i ncurred i f  Pb- 210 and Po-210  
were con s idered (ANL , 1983b ; Table 4-3 ) .  

Table F-1 2 . Doses d ue to a hypothe t ical acc iden t 

Dose 
D i stance ( mrem) 

( m) Whole body Bone Lung Liver K idney 

U-23 8 10 0 4 . 2 4 5E-0 5a 7 . 1 7 6E- 04  4 . 6 2 6E- 0 3  O . O O OE+O O 1 .  6 3 4E- 0 4  
5 0 0  1 .  9 3 3E-0 6  3 . 2 6 8E-0 5 2 . 106E-04 O . O O OE+ O O  7 . 4 4 lE-0 6  

1 0 0 0  5 . 5 9 2E-0 7  9 . 4 5 2E-0 5  6 . 0 9 3E-0 5  O . O O OE+O O 2 . 1 5 2E- 0 6  
1 5 0 0  2 . 834E- 0 7  4 . 7 9 1E-06 3 . 0 88E- 0 5  O . O O OE+O O 1 .  0 910-06  
2 0 0 0  1 .  7 9 7E- 0 7  3 . 0 3 8E-0 6  1 .  9 58E- 0 5  O . O O OE+O O 6 . 9 1 7E-0 7 

Th- 2 3 0  1 0 0  5 . 0 2 8E-0 3a 1 .  7 98E-Ol 8 . 6 9 8E-0 2  1 .  0 3 5E- 0 2  5 . 0 2 8E- 0 2  
5 0 0  2 . 2 8 9E-0 4 8 . 189E- 0 3  3 . 9 6 lE- 0 3  4 . 713E-0 4  2 . 2 8 9E-0 3  

1 0 0 0  6. 6 2 2E- 0 5  2 . 3 6 9E-0 3  1 . 14 6E- 0 3  1 .  3 63E-04 6.  6 2 2E-0 4  
1 5 0 0  3 . 3 3 57-0 5 1 .  2 0 1E-03 5 . 8 0 7E-0 4 6 . 9 0 9E-0 5  3 . 3 57E- 0 4  
2 0 0 0  2 . 128E- 0 5  7. 61 2E-04 3 . 6 8 2E-04 4 . 3 8 1E - 0 5  2 . 1 28E- 0 4  

Ra-226 100 1 . 314E- 0 3  1 . 314E-02 1.  7 9 1E- Ol 1 .  640E-06  4 . 624E- 0 5  
5 0 0  5 . 9 8 3E-0 5  5 . 9 8 3E-04  8 . 1 55E- 0 3  7 . 4 7 0 E- 0 8  2 . 1 0 6E- 0 6  

1 0 0 0  1 .  7 3 1E-0 5 1 .  7 3 1E-04 2 . 3 5 9E-0 3 2 . 1 6 1E- 0 8  6 . 0 9 1E- 0 7  
1 5 0 0  8 . 7 7 2E-0 6  8 .  7 7 2E-0 5 1 . 1 96E- 0 3  1 .  0 9 5E- 0 8  3 . 0 8 70-0 7 
2 0 0 0  5 . 5 62E-0 6 5 . 5 62E- 0 5  7 .  5 8 1E-04 6 . 9 94E- 0 9  1 .  9 57E- 0 7  

aE-x i s  equ iva lent to 10 -x . 

These doses are insigni f icant compared to the doses rece ived by wor k e r s  
o n  the s i te and b y  the populat ion immediately sur round i ng the Vitro s i te , a s  
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could be guessed f rom the small quant i ty of  ta il ings car r i ed by each train  and 
the limi ted t ime of exposure . 

Scal ing for a truck acc ident would be accord ing to the r a t io of ( 3 S  tons 
per truck/SO O O  tons per train ) or 7xlO- 3 • Th i s  impl ies that the doses due 
to a truck spi l l  will  be more than 1 0 0  t imes smaller  than the doses due to a 
t r a in sp i l l .  

The probab i l i ty of  e ither acc ident i s  roughly 9 x 10 -7 per mile 
traveled (SNL 1 9 8 2 b ) , or about O . O S spills by rail tr anspor t ,  or 7 . 0  spills by 
truck transport over the three years  of the relocat ion to South Cl ive . S ince 
these e s t imates are based on the frequency of  inj ury and death acc idents ( SNL 
1 9 8 2 b ) , it is clear that the maj o r  impact w il l  not be r ad iolog ical , but the 
actual inj ur ies or deaths involved . 

F . 4 . S . 2  Surface-water transpor t acc ident 

The transpo r t  of ta i l ings by r a i l  to the South C l ive s i te dur ing 
Alternat ive 3 could also result in a potential spill of  ma ter ial into the 
Great Sal t Lake s ince the train route is  adj acent to the lake for 
approx imately 1 4  miles or 16 percen t of  the tr ip . Th i s  results in a total 
acc ident probab i l i ty of 0 . 0 0 8  spi l ls dur i ng the three years  o f  reloca t ion to 
the South C l ive s i te , which is a neg l ig i ble chance . 

I n  add i t ion to the neg l ig ible probab i l i ty ,  the consequences of such an 
acc ident wou ld also be negl igible . The tail ings mater ial is  larg ely insoluble 
and wa ter tr anspo r t  of  suspens ions would be the maj or mechanism of 
d i spe r s ion . As the water body cons idered is  not a quick mov i ng stream , the 
maj or i ty of mater ial would settle to the bottom ; it wou ld not enter into a 
d r i n k ing water or i r r igat ion pa thway . water from the Great Salt Lake is  not 
used for d r i n k i ng or farming . 
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F . 5 HEALTH EFFECTS 

For each of the proposed a l te r na t ives for the vitro ta i l ing s  s i te , the 
i nforma t ion and calculat ions presen ted above are appl ied to g ive an est ima te 
of the impact of the remed ial ac t ion in terms of health e f fects in the general 
populat ion and the remed ial ac t ion wor k er s .  

F . 5 . 1  Alternat ive 1 - no act ion 

Remed ial act ion wor ker health e f fec ts . 

No remed ial act ion wor k ers are exposed to radon daughters or gamma 
rad iation under this alternat ive . 

Ge ner al populat ion and nearby wor ker heal th e f fects from r adon daughter 
exposur e .  

Two methods are used t o  estimate these expos ures . For the ma j or por t ion 
of the populat ion , the computer code MILDOS is  used to prov ide e s t imates o f  
radon daugh ter expos ure of  the populat ion . Th is code doe s not provide 
e s t ima te s wi th i n  1 km of  the source , howeve r .  For the small populat ion with i n  
1 k m  of the vi tro s i te ,  radon daughter concentrat ions are e s t ima ted f rom 
long-term radon concen trat ion measurements . 

Population within 1 km o f  the Vitro s i te 

For per sons l iving or wor k ing within 1 km o f  the Vitro s i te , long-term 
radon concentrat ion measurements are ava i lable for estima t ing radon daughter 
exposures ( Section F . 3 . 2 . 1 ) . Based on Figure F- 2 ,  a s u i table average Rn-222  
concentrat ion w i th i n  1 km of  the s i te is  0 . 5  pC i/l . Assuming 2 5  pe rcent 
equ i l ibr ium of  the radon daugh ters at th is  close d i s tance f rom the pile ( Borak 
1 9 8 3 ) , the conve r s ion factor 7 . 4  x 1 0 -5 rem/ ( hr-pC i/ l )  ( Sect ion F . 2 . 1 ) may 
be appl ied . 

Five hund red people l ive to the west and sou thwest of  the s i te ,  w i thin 
1 km ( FBDU , 1 9 8 1 ) . Us ing a thr ee-year per iod of  exposure for compar ison to 
the othe r alter natives , the populat ion dose equ ivalent commi tment is ( 5 0 0  
person s )  ( 0 . 5  pC i/l ) ( 8 760  hr/y r )  ( 3  y r )  ( 7 . 4  x 10- 5  rem/ (hr-pC i/l ) ) = 4 8 6  
pe r son-rem. Applying the lung cancer r is k  estimator ( 2 0  x 10 -6 

cancer/per son-rem , Sec tion F . 2 . 1 ) g ives an e s t imated excess of 0 . 0 0 9 7  lung 
cancers in th is  group . 

There are approx imately 5 0  ful l-t ime wor kers employed near the Vitro s i t e  
at the CVWRF . These per sons are close enough to the tail ings that the 3 0  
pC i/l radon concentr a t ion est ima ted to ex i s t  o n  the pile will  b e  used ( Sect ion 
F . 3 . 1 ) . Assuming 25 percent equ il ibr ium of  the radon daughe r s , and a 4 0 -hour 
wor k  week  pe r per son , the dose equ ivalent comm i tment to these nearby workers 
is ( 50 person s )  (30  pC i/l )  ( 2 0 0 0  hr/y r )  (3  yr)  ( 7 . 4  x 10 -5 rem/ ( hr -pC i/l ) ) = 666 
pe rson-rem . Th is results in an est ima ted excess 0 . 0 13  lung cancer deaths in 
the nearby wor ker group .  
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Populat ion beyond 1 km o f  the Vitro s i te 

The compu ter code MI LDOS was used to estima te popu lation doses beyond 
1 km from the Vitr o  s i te .  The inpu t data r equ ired for MILDOS have been 
descr ibed above ( Sect ion F . 4 . 4 ) . The outpu t is  summar i zed in Table F-1 3 for a 
thr ee-year exposure ( compar able to the time for remedial act ion ) . 

Table F-1 3 .  Summary o f  MI LDOS r esults for no act ion 
al ter na t ive ( per son-r em) .  

Dis tance , km 

Organ 1-2 1-1 0 

Whole body 9 . 0  2 2 0  

Bone 9 . 1  2 4 0  

Lung 9 . 0 2 2 0  

Bronch ial epithel ium 3 6 0 0  2 70 0 0  

Ge ner al popu lat ion and nea r by wor ker health e f fects from gamma r ad i a t ion 
exposur e .  

Appr ox ima tely 5 0 0  per sons live with in 1 km o f  the Vi tro s i te ( FBDU , 
1 9 8 1 ) . Some of  these r e s i de in a tr a iler par k to the wes t  a t  abou t 0 . 5  mile , 
wh ile some res ide in an area 0 . 0 5  to 0 . 5  mile extend ing from the southwestern 
corner o f  the s i te .  From F ig ure F-3 it is  seen tha t gamma exposur e is  
ins ign i f icant at 0 . 5  mile or  mor e .  The elevated gamma exposure r ate with in 
0 . 5  mile averages about 11 microR/hr . As suming 2 5 0  pe r sons l ive with in 
0 . 5  mile , the popu lation dose equ ivalent is  ( 2 5 0  per sons )  ( 1 1  microR/h r )  
( 8 7 6 0  hr/yr ) ( 3  y r )  ( lxlO -6 rem/microR) = 7 2  per son-r em . The est ima te o f  
exces s  health e f fects i s  0 . 0 0 86 cancer deaths . 

About 5 0  per sons wor k full time near the Vi tro s i te a t  the CVWRF . Us ing 
the same gamma exposur e rate for these pe r sons as for r emed ial act ion wor k e r s  
on the pile for other alter native remedial act ions ( see following sect ion ) , an 
upper est imate of  140 microR/hr may be applied to the nearby wor ker s . The 
r esulting popu la tion dose equ ivalent is  ( 5 0  per sons )  ( 1 4 0  microR/hr )  
( 2 0 0 0  hr/y r )  ( 3  yr ) ( 1  x 10-6 rem/microR) = 4 2  per son-rem.  The estimate o f  
excess fa tal cancers due to gamma exposure of  nearby wor kers  i s  0 . 0 0 50 cancer 
death s . 
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F . 5 . 2  Alternat ive 2 - stab i l i za t ion a t  Vitro 

Remedial ac t i on wor ker heal th e f fects f rom radon daughter exposur e .  

Wor ker expos ure t o  radon daughters will  occur a t  the Vi tro s i te dur ing 
excavat ion and stab i l i z a t ion of  the ta i l ings . A conservative assumpt ion is 
that a radon concentration of  30 pC i/l will  ex i s t  on the p ile ( Sect ion 
F . 3 . 1 ) . Radon daughter equ il ibr ium is assumed to be 25 perce nt ( Sect ion 
F . 2 . 1 ) . As g iven in Table A-4 (Append ix A ) , the wor ke r  exposure hou r s  
requ ired for th is  alternat ive tota l 2 . 3  x 10 5 per son-h r .  Th i s  wor ke r  
exposure results i n  a dose equ ivalent comm i tmen t of  ( 2 . 3  x 10 5 per son-h r )  ( 3 0  
pC i/l ) ( 7 . 4  x 1 0-5 r em/ ( hr-pC i/l ) )  = 4 8 0  per son-rem . Th is  cor respond s t o  an 
e s t imated excess of 0 . 0 0 9 6  lung cancer deaths among the wor k e r s . 

Remed ial act ion wor ker hea lth e f fects f rom gamma rad iation expos ures . 

Remed ial act ion work e r s  on the p ile w i l l  be exposed to gamma r ad iation 
f rom ta i l ing s , as well as radon daughte r s . The estimated gamma exposure r a te 
on the p i le in microR/hr i s  2 . 5  t ime s the average Ra-2 2 6  concentration in 
pC i/g ( Schiage r ,  1 9 7 4 ) , or 1 4 0 0  microR/hr based on the mea sured average Ra-226  
concentr ation of  5 6 0  pC i/g ( Sect ion F . 3 . 1 ) . This i s  a h ighly conservat ive 
est imate and represents an upper l im i t  wh ich , in pract ice , is not expected to 
be received . On a par t ially recla imed por t ion of the ta il i ngs p i le , the 
expos ure rate would be reduced by a factor of 10 for each foot of  cover 
ma ter i a l .  The ma j o r i ty of  wor k e r s  will  be enclosed in the cabs of  earth 
mov i ng equ ipment . Th is  will  prov ide sh i e ld ing , red uc i ng the exposure rate by 
a factor of  10 per i nch of  iron . A mor e real istic  upper bound for the gamma 
exposure would therefore be 1 4 0  microR/hr . 

Based on Table A-4 (Appendix A )  i t  is  poss ible to e s t imate the number of  
wor kers  exposed d u r i ng each phase of  remed ial act ion for  two ca tegor ies : 1 )  
wor kers  exposed o n  foot on bare tail i ng s  ( 14 0 0  microR/yr ) ,  and 2 )  wor k e r s  
sh ielded b y  heavy equ ipment or ta il ings cover ( 1 4 0  microR/hr ) . I t  was assumed 
tha t the wor ker  class i f icat ions of equ ipmen t  operator s and truc k  dr ive r s  will 
be af forded shield i ng equ ivalent to 1 inch of s tee l .  The wor ker  
class i f icat ions ma intenance per sonnel , miscellaneous pe r sonnel , and 
supe r v i sor/for emen will not be af forded shield ing due to heavy equ ipmen t .  
Fur ther , full exposur e to tail i ng s  i s  assumed to be poss ible for the remed ial 
ac t ion pfiases of  s i te preparation , tail ings relocat ion , l iner sys tem 
placement , and ta il ings consol idat ion . For the phases of cover installation , 
s i te restora t ion , and general supervis ion all  wor kers  will be a f forded a 
factor of  ten reduct ion i n  exposure r a te . For s impl ic i ty only two exposure 
rate s are cons ide r ed : 1 4 0 0  microR/hr for exposur e on foot on bare ta i l ing s ,  
and 140  microR/hr for wor kers  shielded by equ ipment o r  cove r .  Table F-14 
summar i zes the wor k er-hours in each r emed ial act ion phase and exposure 
category.  
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Table F-1 4 . Wor ker expos ure ca tegor ies by remed ial act ion phase 

Phase 

S i te prepar at ion 
Ta il ings reloc a t ion 
L i ner sys tem placement 
Ta i l ings consolidation 
Cover installat ion 
S i te restorat ion 
General superv is ion 

Wor ker 
No sh ield ing 

( 1 4 0 0  microR/hr ) 

1 
3 

1 2  
1 0  

2 6  

hou r s  ( O O O s )  
Some shielding 
( 14 0  microR/hr ) 

1 
7 

16 
43 
17 
2 5  
9 6  

2 0 5  

The wor ker expos ures are ( 2 6 x 10 3 per son-h r )  ( 1 4 0 0  micr oR/hr ) ( 1  x 
1 0 -6 rem/microR) = 36  per son-rem for unsh ielded wor k er s , and ( 2 0 5  x 10 3 

per son-h r )  ( 1 40  microR/hr ) ( 1  x 10 -6 r em/microR ) = 29 person-rem for wor kers 
a f forded some shield ing . These total 65  per son-rem wh ich cor responds to an 
est ima ted excess 0 . 0 0 3  cancer death among the wor ker s . 

General popu lat ion and nearby wor ker health e f fects from exposure to r adon 
daughte r s .  

Dur ing the remed ial ac t ion a t  the Vitro s ite the ta i l ings area ava i lable 
as a r adon source term will decr ease from 1 2 8  to 0 acres . The amount of radon 
released to the atmosphe re wi l l  be less than for the no act ion alternative due 
to a reduced expos ed pile surface . Based on the radon source term 
calculat ions g iven in Sec t ion F . 4 . 1 ,  the total radon emiss ion for Alternat ive 
2 is about 0 . 5  t imes that for the no act ion alternat ive . Th is  scal ing factor 
may be used d i rectly to mod i fy the MI LDOS est imates for the no act ion 
alter native to g ive proper values for the stab i l i zat ion at Vitro alternative . 
In a general fash ion , i t  is  also an appropr iate sca l ing fac tor to be appl ied 
to the radon concentrat ions that would be meas ured on the p i l e  or near the 
pile on an average bas is  for the per iod of  remed ial ac t ion . 

For the 5 0 0  people l iv ing with in 1 km to the wes t  and sou thwest of  the 
Vitro s i te the r adon daughter exposure will be to an ave rage concen trat ion of  
0 . 25 pC i/l for roughly 3 years , g �v � ng a popu lat ion dose equ ivalent commi tmen t 
of 2 4 0  pe r son-rem . Th is is es t imated to result in an excess 0 . 0 0 4 8  lung 
cancer deaths . 

For the 5 0  wor kers at the CVWRF , an average concentrat ion of  1 5  pC i/l for 
36 mon ths is assumed . Th is  expos ure leads to a population dose equ ivalen t  
comm i tmen t of  3 3 0  per son-rem , and a n  est imated excess 0 . 0 0 6 6  lung cancer 
deaths . 

For the popu lat ion beyond 1 km of  the Vitro s i te , the es t ima ted 
populat ion dose equ ivalent commi tments from MI LDOS may be scaled by 0 . 5  as  
d i scussed above . The results are s umma r i zed in Table F-1 5 . 
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Table F-1 5 • .  S ummary of  MILDOS pred icted doses around the Vi tro s i te , 
scaled for the d i sposal at Vi tro alternat ive ( per son-r em) . 

D i stance,  km 

Organ 1-2 1-10  

Whole body 4 . 5  110  

Bone 4 . 6 1 2 0  

Lung 4 . 5  110  

B ronch ial epithel ium 1 8 0 0  1 4 0 0 0  

Th e  excess hea lth e ffects ( lung cancer deaths)  d ue t o  populat ion and 
nearby populat ion exposure to radon daughter s total 0 . 2 9  excess death for the 
populat ion sur round ing the Vi tro s ite out to 10  km (4 3 8 , 0 0 0  per sons)  • 

General populat ion and nearby worker health effects f rom gamma radiat ion 
exposu r e .  

As d i scussed for the no ac tion alternative , d irec t  g amma exposure d u e  to 
the Vi tro ta i l ings is ins ign i f icant beyond 0 . 5  mile . Over the cour se of a 
3 6-month stab i l i z a t ion of  the tail i ng s  at the Vi tro s i te ,  the excess g amma 
exposure rate will  dec rease roughly l inear ly to zero w i th t ime at any g iven 
point . Thus the average gamma exposure rate at any po int will  be about half 
of that u sed for the no act ion alternat ive . The populat ion dose equ ivalent 
i s : 3E person-r em to the populat ion of  2 5 0  per sons l iv ing to the southwe st 
within 0 . 5 mile of  the s i te .  The e s t ima te of  excess lung cancer deaths i s  
0 . 0 0 0 7 2  death s .  The dose equ ivalent t o  the 5 0 -person wor k  force at the CVWRF 
may l i kewi se be scaled by one-half , g iving 21 per son -rem .  

The excess health e ffects t o  the gener al populat ion and nearby wor ke r s  
d ue t o  d i r ect g amma rad i a t ion is est imated at 0 . 0 0 11 excess death . 

F . 5 . 3  Alternat ive 3--d isposal at South Cl ive 

Remedial act ion wor ker health e f fects f rom r adon daughter exposur e .  

Wor ker exposure to radon daughter s will occur at South Cl ive dur ing 
d isposal and at Vi tro dur ing excavation. A conservat ive assumpt ion i s  that a 
radon concentrat ion of 3 0  pCi/l will ex ist on the p i les at both locat ions 
( Section F. 3 . 1 ) . Radon daughter equ i l ibr ium i s  assumed to be 2 5  percent 
( Sect ion F . 2 . 1 ) . Two opt ions are ava ilable for this alter nat ive-- truck or 
train transpor t of  the ta il ings to South Cl ive . S i nce the hour s  of wor ker 
exposure d i ffer for the two opt ions , the calculat ion of dose equ ivalent 
commi tments is  done separately for each option .  
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Truck haulage opt ion 

As g iven in Table A-8 , the wor ker exposure hour s  requ i r ed for th i s  op tion 
tota l 1 . 73  x 1 0 5 person-hr a t  the Vi tro s i te , and 0 . 97 x 10- 5 per son-hr at 
South Cl ive . Radon daughter exposure dur ing tr uck haulage of  ta i l i ngs is  
neg l ig ible due to the ef fect ive d ilut ion and d i sper s ion caused by the mov ing 
veh icle . The wor ker exposures result  in dose equ ivalent commi tments o f  
( 1 .  7 3  x 10 5 per son-h r )  ( 3 0  pC i/l )  ( 7 . 4  x 1 0- 5 rem/ (hr-pC i/l ) ) = 3 8 0  

pe r son-rem at Vitro,  and ( 0 . 9 7 x 10 5 per son-hr ) ( 3 0  pC i/l)  ( 7 . 4 x 10- 5 

rem/ ( h r  • pC i/l ) ) = 2 2 0  per son-rem a t  South Cl ive . 

The total remed ial ac t ion \'lOrker dose equ ivalent comm i tmen t f rom radon 
daug ther expos ure under the truck haulage opt ion is  6 0 0  per son-rem . Th is  
cor responds to an est imated excess of  0 . 0 1 2  lung cancer dea ths among the 
wor k er s .  

Tr a i n  haulage opt ion 

As g iven in Table A-7 ,  the wor ker  exposure hou r s  requ i r ed for the opt ion 
total 1 . 91 x 10 5 pe rson-hr a t  the Vi tro s i te , and 1 . 4 3 x 1 0 5 per son-hr at 
South Cl ive . Radon daughter exposure dur ing train haulage o f  ta i l i ngs is 
neg l ig ible due to the effective d i lut ion and d i sper s ion caused by the mov ing 
veh icle . The wor ker  exposures result in dose equ ivalent comm i tments o f  
( 1 . 91 x 10 5 pe rson-h r )  ( 3 0  p/C i/l )  ( 7 . 4  x 1 0- 5 rem/ (hr-pC i/l ) ) = 4 2 0  

per son-rem a t  Vitro , and ( 1 .  4 3 x 1 0 5 per son-h r )  ( 3 0  pC i/l )  ( 7 . 4  x 10- 5 

r em/ (hr-pC i/l ) )  3 2 0  per son-rem at South Cl ive . 

The total remed ial act ion wor ker dose equ ivalent comm i tmen t  from r adon 
daughter exposure under the train haulage option is 7 4 0  per son-rem . Th is  
cor respond s to an est imated excess of  0 . 0 15 lung cancer deaths among the 
wor k e r s . 

Remed ial act ion wor ker health e f fec ts from gamma rad iation expos ure . 

Remed ial act ion wor kers on foot on bare tail ings w i l l  be exposed to 1 4 0 0  

microR/hr and those a f forded shield ing by heavy equ ipment or cover will  be 
exposed to 1 4 0  mic roR/hr as d i scus sed above for Alternat ive 2 .  

For ta i l ings transpo r t  by truck or tra i n , wor kers  on the veh icles will be 
exposed to eleva ted g amma radiation . Exposures dur ing tran spor t may be 
conservat ively e s t imated by u s i ng an exposure rate of 1 4 0  microR/hr in the 
occupied ar eas of a veh icle . Th is  is based on assuming that the est imated 
1 4 0 0  microR/h r near a large volume of  ta i l ings appl ies to a train  or truck , 
and al low ing a factor of  1 0  reduct ion to account for veh icle sh ield ing of  the 
wor ker s .  

Tr uck haulage opt ion 

Table F-1 6 deta i l s  the number or wor ker  hours in each exposure ca tegory 
accor d ing to the phase of remed ial act ion wor k ,  for the truck transpor t option . 
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Table F-1 6 . Wor ker exposure categor ies by r emed ial act ion phase -
truck transpor t 

Wor ker hou r s  ( O O O s )  
Some sh ield ing 

No shielding ( 1 40  microR/hr ) 
phase ( 1 4 0 0  m icroR/hr ) on-s i te tr anspor t 

S i te prepar a t ion - vitro 1 . 5  . 5  
S i te preparat ion - Cl ive 
Ta i l ings reloca t ion - Vitro 1 0 6 . 5  3 0 . 5  4 8 9  
Embankment cons truct ion - Cl ive 7 1  2 6  
S i te restoration - vitro 1 5  2 0  
Total 19 4 7 7  4 8 9  

A s  g iven in Table F-1 6  the wor ker -hour s of  exposure o n  foot o n  bare 
tail ings total 1 . 2 3 x 10 5 at Vitro and 0 . 71 x 10 5 a t  South Cl ive , and 
r e sult in ( 1 . 9 4  x 10 5 pe r son-hr ) ( 1 4 0 0  microR/hr ) ( 1  x 10 -6 r em/microR)  = 
2 70 per son-rem .  Heavy equ ipment oper ator-hou r s  total 0 . 51 x 10 5 at Vitro 
and 0 . 26 x 1 0 5 a t  Sou th Cl ive , and result in ( 0 . 7 7 x 10 5 per son-hr ) ( 140  
microR/hr )  (1  x 10 -6 r em/microR) = 1 1  per son-rem. The transpor t of  t a i l i ng s  
requ i r e s  4 8 9  x 10 5 wor ker-hou r s , and results i n  ( 4 8 9  x 10 5 per son-hr ) ( 1 40 
microR/hr ) ( 1  x 10 -6 r em/microR) = 68 per son-rem . 

The total r emed ial act ion wor ker  exposure for the truck tr anspor t opt ion 
is 350 per son-rem . This cor responds to an e s t imated exce s s  of  0 . 0 4 2  cancer 
deaths among the wor ke r s .  

Tr a i n  haulage opt ion 

As g iven i n  Table F-1 7 , the wor ker  exposUre hou r s  on foot on bare 
ta i l ings total 1 . 0 8 x 10 5 at Vitro and 0 . 71 x 10 5 at South C l ive , and 
result in ( 1 . 7 9 x 10 5 per son-hr ) ( 1 4 0 0  microR/hr ) ( 1  x 10 -6 r emLmicroR)  = 
2 5 0  per son-rem.  Heavy equ ipment opera tor -hour s are 0 . 8 4 x 10 5 at Vitro and 
0 . 7 2 x 10 5 at South C l ive ,  result ing in ( 1 . 56 x 10 5 per son-h r )  ( 14 0  
microR/hr )  ( 1  x 10 -6 r em/microR) = 2 2  person-rem . The transpor t of  ta i l ings 
requ ires  0 . 2 5 x 10 5 pe r son-hr , and results i n  ( 0 . 2 5 x 10 5 per son-hr ) ( 1 40  
microR/hr )  ( lx 1 0 -6 r em/mic roR) = 4 per son-rem . 

The total remed ial act ion wor ker  dose exposur e for the t r a i n  transpor t 
opt ion is 2 8 0  per son-rem . This corr esponds to an es t imated excess of  0 . 0 3 4  
cancer death among the wor ker s .  
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Table F-1 7 .  Wor ker exposure ca tegor ies by remed ial act ion phase -
train transpor t 

Wor ker hou r s  ( O O O s )  
Some sh ield i ng 

No shield ing ( 1 40  microR/hr ) 
Phase ( 1 4 0 0  microR/hr ) on-s i te transpor t 

S i te prepar ation - Vi tro 7 3 
S i te prepar a t ion - Cl ive 
Ta i l ing s reloca t ion - vitro 8 6  6 1  2 5  
Embankment construc t ion - Cl ive 7 1  7 2  
S i te r es torat ion - Vi tro 1 5  2 0  
Total 1 7 9  1 5 6  2 5  

General  populat ion and nearby wor ker health e f fects from r adon daughter 
exposure . 

The r e  are no res idents within 10  km o f  the South Cl ive s i te , thus no 
populat ion exposures accrue from the uncovered ta i l i ngs at South Cl ive . The 
popu lat ion exposures for this al ter nat ive will occ ur around the vi tro s i te and 
along the tr ansportat ion cor r idor to South Cl ive . 

The excava t ion and tr anspor t of  the ta i l ing s will  ta ke approx imately 
three yea r s .  Over the course of  th i s  per iod , the ta i l ings radon source term 
will decrease at the Vi tro s i te as desc r i bed in  Sec t ion F . 4 . 1 .  The total 
radon released over the thr ee-year remed ial ac tion is about 0 . 5  times the 
amount released dur ing thr ee year s  of  the no action al ter native . Us ing this  
as  a scal ing factor , the population dose equivalent commi tments around the 
vi tro s i te are about 0 . 5  times those for the no action al ter nat ive . The 
est imated populat ion dose equ ivalent commi tments ar e :  2 4 0  per son-rem to 5 0 0  
persons l i v ing w i th i n  1 k m  of  the s i te , 3 3 0  per son-rem to 5 0  nea r by wor k e rs a t  
the Central Valley Water Fac i l ity , and doses based o n  MI LDOS for the 
popu lat ion beyond 1 km as summar i zed in Table F-18 . 
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Table F-1 8 .  Summary o f  MI LDOS pred icted doses around the Vitro s i te , 
scaled for the d i sposal at South Cl ive a lter nat ive 
( per son-rem) . 

Distance , km 

O rgan 1-2 1-10 

Whole body 4 . S  1 1 0  

Bone 4 . 6  1 2 0  

Lung 4 . S  1 1 0  

B ronch ial epithel ium 1 8 0 0  1 4 0 0 0  

The excess health e ffects ( l ung cancer deaths) d ue t o  populat ion and 
nearby popu lat i on exposure to radon daughter s totals 0 . 2 9 excess death for the 
entire populat ion sur round ing the Vi tro s i te out to 1 0  km ( 4 3 8 , 0 0 0  per sons ) . 

General populat ion and nearby wor k er health e f fects f rom gamma radiat ion 
exposure . 

As d i scussed for the no act ion alter nat ive , d i rec t  g amma exposure d ue to 
the Vitro t a i l i ng s  is  i n s i g n i f icant beyond O . S m i le .  Over the course of  the 
thr ee-year removal of the ta i l i ng s  to South Cl ive , the excess g amma exposure 
rate at any point will dec rease roughly l i nearly w i th t ime f rom the present 
value to zero . Th us , the average gamma exposure rate a t  any po int for th i s  
alte r nat ive w i l l  b e  one-half that used for the no ac t ion alte r na t ive . I n  the 
no act ion alte rnative a populat ion of 2 S 0  pe r sons l iving to the southwe s t  was 
exposed to 11 microR/h r .  Sca l i ng by half g ives an exposure rate of 
S . S microR/h r ,  i ndicating a popu lat ion dose equ ivalent of 36 per son-rem for 
the three-year period of ta i li ng s  r e location.  The dose equ ivalent to the 
SO-pe r son wor k force at the Ce ntral Va l ley Water Fac i l i ty may l i kewise be 
sca led by one-hal f ,  g iving 21 per son-rem. 

Th e excess hea lth effects to the gener al population and nearby wor kers  
d ue to d i rect gamma radiation is  est imated at 0 . 0 0 11 exce ss death s .  

General populat ion hea lth effects f rom transpor tat ion of ta i l i ngs to South 
Cl ive . 

The exposure rate for people living along the sh ipping route dur ing 
normal transport cond i t ions can be determined accor d i ng to the following 
equat ion (AEC , 1 97 2 ; Dames & Moore , 1 9 7 5 ; NRC , 1 981b) . 

D ( d )  = 2
v

K 
I ( d )  
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where 

D (d )  
K 
V 
d 

= 

= 
= 

= 

total integr ated dose a t  d i s tance d ,  in mrem. 
dose r ate factor in mr em- ft2 per hou r . 
sh ipment speed in feet per hou r . 
perpend icular d i stance o f  an i nd ividua l from the shipment path , 
in fee t ,  where 

I ( d )  = fOO 
d 

exp ( -u r )  B ( r )  d r  
2 

d
2

) 
1/2 

r ( r  -

and whe re u is  the l inear absorpt ion coe f f ic i ent for a i r  in r ec iprocal feet 
( ta k en to be 0 . 0 0 1 1 8  ft-l i n  th is  append i x ) , and B ( r )  is  the d imens ionless 
Berger bu ildup factor i n  a i r  g i ven by the formula 

B ( r )  = 1 + 0 . 0 0 0 6  r 

whe re r is  d i s tance expressed in feet . 

For the transpor tat ion of the u ran ium ta i l ings , the dose r a te ( K )  was 
assumed to be 1 4 0  mrem- f t2/hr .  Th is  rate was based on the assumed EGR dose 
rate of  abou t 1 40 0  microR/hr (or 1 . 4  mr em/hr ) a t  a d i stance of 10 f eet from 
the ta i l ings ; the sh ield ing e ffect of the r a i lroad-ca r s ides was ignored . 

A computer program TRANSDOS was developed to solve the i nteg ral and 
evaluate the ind ividual exposur es . The doses to onlookers were calculated a t  
10 , 5 0 , 1 0 0 ,  and 5 0 0  meters using a speed of  10  miles/hou r and the above dose 
rate factor of 1 4 0  mrem/ft2/hr .  The resulting doses are l i s ted i n  Table 
F-1 9 . 

Table F-19 . Dose to an "onlooker " along 
ta i l i ng s  transpor tat ion route 

Perpend icular d i s tance 
of  observer 

f rom sh ipment route (m )  

10  
5 0  

1 0 0  
5 0 0  

Dose/sh ipment 
( rem )  

2 . 4E-0 7 
3 . 9E-0 8 
1 .  5E-0 8 
5 . 7E-10 

These small doses total to s uch small populat ion dos e equ ivalents for the 
number of tr ips and low populat ion den s it ies along the transpo r t  cor r idor tha t 
they are not cons idered f u r ther . 
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F . 5 . 4  Max imal ly exposed r e s ident 

The max ima l ly exposed res ident wou ld be one who l ives about 300 feet from 
the southwe s te r n  corner of the Vi tro s i te (Figure 1-1 ) . Ass um ing the edge of  
the Vitro s i te cor responds to the or i g i n  of  the abc issa i n  Figure F-3 , the 
pe r son might be exposed to 50 mic roR/hr in add it ion to bac kground gamma 
rad ia t ion . Th is would y ield a dose equ ivalent of  ( 50 microR/hr ) ( 8 6 7 0  hr/y r )  ( 1  
x 10-6  rem/microR) = 0 . 4  rem/y r . The EPA ( EPA , 1 9 8 0 ) est imated the gamma 
dose equivalent as 0 . 5  rem/yr for that locat ion . 

The radon daughte r exposure may be e s t imated f rom the data of  F igure 
F-2 . The locat ion of  i ntere s t  falls close to the 1 pC i/l concentrat ion l i ne . 
For a res ident l iv ing fullt ime at t h i s  locat ion the 1 pC i/l concentra t ion 
would result in a dose equ ivalent commi tment of ( 1  pC i/l)  ( 7 . 4  x 1 0- 5  

rem/ ( hr -pC i/l ) )  ( 8 6 7 0  hr/y r )  = 0 . 6  rem/y r .  

F . 5 . 5  Health e f fects perspect ive 

The heal th e f fects calculat ions presen ted in th i s  appendix are summa r i zed 
in Sect ion 5 . 1 . 4  of  the mai n  tex t .  For compar ison to the impac ts of  remed ial 
act ion , e s t imates of  the collec t ive dose equ ivalents due to natur al 
r ad ioac tiv ity ( wh ich would result f rom con t i nuous expos ure at the EPA limits 
for remedial ac t i on as d i scussed in Sec t ion 3 . 1 . 1  of the ma i n  tex t )  are 
presented in Table 5-3 . I t  i s  qu ic k ly seen that the i ncremen tal r ad i a t ion 
dose equvalents due to remed ial act ion are small by compar ison to the dose 
equ ivalents r e s u l t ing f rom natural r ad ioac t ivity . 

F-5 3  



F- S 4  



REFERENCES FOR APPENDIX F 

AEC ( U . S .  Atomic Energy Comm is s ion ) , 1 9 6 7 .  Wor kbook o f  Atmospher ic D i sper s ion 
Est imates , Publ ic Health Service Publ ica t ion 9 9 9 -AP-2 6 ,  Rober t A .  Taft 
San i tary Eng ineer ing Center , C i nc innat i ,  Oh i o .  

AEC ( U . S .  Atomic Energy Commi s s ion) , 19 7 2 .  Env i r onmental Survey of  
Tr anspo r tat ion of  Rad ioac t ive Mater ials  to and f rom Nuclear Power 
Plants , WASH-1 2 3 8 . 

AEC ( U . S .  Atom ic Energy Comm i s s i on ) , 1 9 7 4 .  Measurements of  Rad i onucl i des in  
the Env i ronment Sampl ing and Analys i s  o f  Pluton ium i n  Soi l ,  
Regulatory Guide 4 . 5 .  

ANL (Argonne Na t ional Laboratory ) ,  1 9 8 0 . Radon Release and Disper s ion f rom an 
Open p i t  Uran ium Mine , NUREG/CR- 1 58 3 .  

ANL (Argonne Na t i onal Laboratory ) ,  1 9 8 2 a . UMTRAP Rad iolog ical Suppor t ,  
Quarterly Repor t ,  January-March 1 9 8 2 . 

ANL (Argonne Na t i onal La bora tory ) ,  1 9 8 2 b .  UMTRAP Rad iolog ical Suppor t ,  
Qua rterly Repor t ,  Apr i l-June 19 8 2 .  

ANL (Argonne Na t ional Laboratory ) ,  1 9 8 3 a , F i nal Repor t ,  UMTRAP Rad iolog ical 
Suppo r t  Prog ram - Env i ronmental Measurements , Oc tobe r 1 9 8 3 , Env ironmental 
Research Divis ion , Argonne Nat ional Laboratory , Argonne , I l l inoi s .  

ANL (Argonne Na t ional Laboratory ) ,  1 9 8 3b , Pa thway Analys i s  and Rad iat ion Dose 
Est ima te s  for Rad ioact ive Res idues at Formerly Ut i l i zed MED/AEC S i tes . 
ORO-8 3 2  ( Rev ) , Divis ion of  Env i ronmental Impact Stud ies , Argonne Nat ional 
Laboratory , Argonne , I ll i no i s .  

Baretto , P . M . , 1 9 7 3 . Radon-222 Emanat ion Characte r i s tics of  Roc k s  and 
Minerals , IAEA-PL- 5 6 5/1 . 

Bend ix , 19 8 3 . Rad ium- 2 2 6  Analys i s  for Vi tro S i te Tail ings Samples , Chemi stry 
Laboratory Geochemical Suppo r t  Depar tment , Bendix Field Eng ineer ing 
Corpor at ion , Grand Junc t ion , Colorad o .  

Bor a k , T .  B . , and W.  C .  Inkret , 19 8 3 . "Measuremen t o f  Radon Gas Concentrat ions 
and Po te n t i a l  Alpha Energy of  Radon Daughte r s  near a Ur anium Mill 
Ta i l ing s P i le , " unpubl i shed dat� , Colorado State Un iver s i ty ,  Fort 
Coll i n s , Colorado , DOE contract 3 1 -1 0 9 -6 87 8 .  

Brewer , L . , H .  Rar r ick , D .  Minnema , 19 8 2 .  Rad ium- 2 2 6  Measurements Below 
Uran i um Mill  Ta i l i ngs P i les , Sand ia Report SAND82- 0 2 8 8 A ,  Sandia Nat ional 
Laborato r i e s , Albuquerque ,  New Mex ico . 

BRH ( Bureau of  Rad iolog ical Health) , 1 9 8 0 . Rad iolog ical Hea l th Handbook , 
PHS Publ icat ion No . 2 0 1 6 , Depar tment of  Health , Educat ion , and Wel far e ,  
Wash ing ton , D . C .  

F- 5 5  



Casarett , L . J .  and J .  Doul l  (ed ) , 19 7 5 .  Tox icology : The Basic Sc ience of  
po i sons , New Yor k ,  New Yor k .  

Cohen , B .  L . , 1 9 8 1 .  "Proposals on Use o f  the BEIR- I I I  repor t i n  Envi ronmental 
Asses smen t , "  Health Phys ics , Vol . 4 1 ,  pp . 769-77 4 .  

Connecticut (Connecticut Public ut i l i ties Commi s s ion ) , 1 9 5 4 .  Gas Distr ibut ion 
Companies Rules , Regulations , and Standards , Docket No . 8 9 5 0 . 

Dames & Moore , 19 7 5 .  S tudy of the Sh ipmen t of  Spent Fuel f rom the Shoreham 
Nuclear Powe r Stat ion to the Reprocess ing Plan t ,  pr epared for Long I s land 
L ig ht ing Co . , I nc . , New Yor k . New Yor k .  

Dames & Moor e ,  1 9 8 4 .  Unpubli shed environmental sampl i ng data prov ided by 
Dames and Moore , Denve r ,  Colorado , to US Depar tment o f  Energy , UMTRA Proj ect 
O f f ice , Albuquerque Ope r a t ions Off ice , Albuquerque , New Mex ico . 

DOE ( U . S .  Depar tment of  Energy) , 19 8 1 .  Execut ive Order 5 4 8 0 . 1 ,  Envi ronmental 
Protect ion , Safety and Health Program for DOE Operat ions , Chapter 6 ,  
p .  XI-3 , August  1 3 . 

EPA ( U . S .  Env i ronmental Protect ion Agency ) , 1 9 7 5 .  Gamma Rad iat ion Surveys 
at Inac t ive Mill S i tes , EPA Technical Note ORP/LU- 7 5- 5 , Augus t .  

EPA ( U .  S .  Env i ronment Protection Agency ) , 1 9 8 0 . Inte r im C l eanup Standards for 
Inact ive Ura n i um Process ing S i te s .  Federal Reg i s te r  4 5 ( 7 9 ) : 2 7 3 6 6 -2 73 6 8 .  

Evans , R .  D . , J .  H .  Harley , W .  Jacob i , A .  S .  McLean , W .  A .  M i l ls , and C .  G .  
S tewar t ,  1 9 8 1  • •  "Est imate o f  R i s k  f rom Env ironmental Exposure to Radon-2 2 2  
and i ts Decay Prod ucts , "  Na tur e ,  Vol .  2 9 0 , No . 5 80 2 ,  pp . 9 8-10 0 . 

FBDU ( Ford , Bacon and Davis Utah Inc . ) ,  19 7 6 .  Phase I I  - Title I Eng i neer i ng 
Assessmen t  of Inactive Uranium Mill  Ta i l i ng s , Vitro S i te ,  Salt Lake C i ty ,  
Utah , GJT-l , prepared for U . S .  Energy Research and Development Admin i s tra
t ion , Gr and Junction , Colorado . 

FBDU ( Ford , Bacon and Dav i s  Utah Inc . ) ,  1 9 8 1 . Engineer i ng Asses sment of  Inac t ive 
Uranium Mill  Ta i l ings , vitro S i te , Salt Lake C i ty ,  Utah , DOE/UMT-0 10 2 ,  
prepared for U . S .  Depar tmen t  o f  Energy , Albuquerque Operat ions Office , 
Albuquerque , New Mex ico 8 7 1 8 5 .  

ICRP ( Inte r nat ional Comm i s s ion on Rad iolog ical Protec t ion ) , 1 9 7 5 .  Anatomical , 
Phys iolog ical and Me tabolic Character i s t ics , ICRP-2 3 ,  1 9 7 5 .  

ICRP ( Interna t ional Commiss ion on Rad iolog ical Protec tion ) , 19 7 7 .  Recommendat ions 
of the I n te rnat ional Commiss ion on Rad iolog ical Protect ion , (Adopted 
January 1 7 ,  1 9 7 7 ) , ICRP Publicat ion 2 6 , Perg amon Press , Elms ford , New Yor k .  

LASL ( Los Alamos Sc ien t i f ic Laboratory ) ,  19 8 1 .  Quar ter ly Repor t ,  UMTRA Project , 
Apr i l-June 19 8 1 , Los Alamos , New Mex ico . 

Leder er , C . M . , 1 9 7 8 .  Table of  I sotopes , 7 th Ed i t ion . ,  John Wi ley and Sons , I nc . , 
New Yor k ,  New Yor k .  

F-56 



Mar t i n , J . P . , G . E .  Veye ra , D . M .  Nas iataka , and L . F .  Osorno , 1 9 8 0 . " Characte r i za

t ion of  the Inactive Ta i l i ng s  S i tes , "  Proceed i ng s  ofn Th ird Sympos i um on 
Uran ium Mill  Ta i l i ngs Management , Colorado State Un ivers i ty , For t Col l ins , 
Colorado , ( November 2 4-25 ) .  

Monsanto ( Monsanto Research Corporation ) , 1 9 8 3  qua rterlY f i le reports on r adon 
mon i tor i ng to DOE UMTRA Proj ect Off ice , Albuquerque , New Mex ico . 

MSRD ( Mounta i n  States Research and Development ) , 1 9 8 2  Economic Evaluat ion of  
Inactive Uran ium Mill  Ta il ings , Vitro S i te , Salt Lake C i ty ,  Utah . 
UMTRA-DOE/ALO-1 7 1 .  Pr epared for U . S .  DOE Albuquerque Ope r a t ions O f f ice , 
Albuquerque , New Mex ico . 

NAS ( National Academy of Sc iences ) ,  1 9 8 0 . BEIR- I I I  repor t ,  The E f fects on 
Popu la t ion of Expos ure to Low Level s  of  Ion i z ing Rad iat ion , Adv isory 
Committee on Biolog ical Ef fects of  Ion i z i ng Rad iat ion , Nat ional Research 
Counc il , Wash ing ton , DC .  

NRC ( U . S .  Nuc lear Regulatory Commiss ion ) , 19 7 7 .  F i nal Envi ronmental Statement 
on the Transpor tat ion of  Rad ioactive Mater i a l  b y  A i r  a n d  Other Modes , 
NUREG-0 1 7 0 , Vol . 1 ,  Wash ington , D . C .  

NRC ( U . S .  Nuclear Regulatory Comm i s s ion ) , 1 9 7 9 . Draft Gener ic Environmental 
Impact Statement on Uran i um M i l l i ng ,  NUREG- 0 5 1 1 , proj ect M-2 5 ,  
Wash ing ton , D . C .  

NRC ( U . S .  Nuclear Regulatory Commi s s ion) , 1 9 8 0 a .  Rad iolog ical E f f luent and 
Envi ronmental Mon i tor ing at Uran ium Mills , Regulatory Guide 4 . 1 4 ,  
Revis ion 1 ,  Wash i ng ton , D . C .  

NRC ( U . S .  Nuclear Regu latory Commi s s ion) , 1 9 8 0 b . Final Gener ic 
Env i r onmental Impact Statemen t on Uran ium Mill i ng NUREG-0 7 0 6 ,  
Wash i ng ton , D . C .  

NRC ( U . S .  Nuclear Regulatory Commiss ion ) , 1 9 8 1 a .  MI LDOS , A Computer Program 
for Calculat ing Environmental . Rad iat ion Doses f rom Uran ium Recovery 
Ope r a t ions , NUREG/CR-2 0 11 , Wash ing ton , D . C .  

NRC ( U . S� Nuclear Regulatory Comm i s s ion ) , 1 9 8 1 b .  Da ta Base for Rad ioac tive 
waste Management-Impacts Analyses Me thodology Repor t ,  NUREG/CR-1759 , 
Volume 3 ,  Washing ton , D . C .  

NRC ( U . S .  Nuclear Reg u la tory Commi s s ion) , 1 9 8 2 .  Calculat ional Mode ls for 
Est imating Rad iat ion Doses to Man f rom Airborne Rad ioac t ive Ma ter ials 
Result ing f rom Uran ium Mill ing Operat ions , Regu latory Guide 3 . 51 ,  
Wash i ng ton , D . C .  

ORNL (Oak Ridge Na t ional Laboratory ) ,  1 9 7 7 .  Assessmen t  o f  Rad iological Impac t 
at the Inact ive Uran ium Mill  Ta i l i ngs Pile a t  Salt Lak e  C i ty ,  Utah , ORNL/TM-
5 2 5 1 , Oak R idge , Tennessee . 

F-5 7  



ORNL (Oak Ridge Nat ional Labora tory ) ,  1 9 8 1 . State Background Rad iation Levels : 
Results of  Measurements Taken Dur ing 1 9 7 5-19 7 9 , ORNL-TM- 7 3 4 3 , Oa k Ridge , 
Tennessee . 

Re , G . , L .  Skos k i ,  and K . E .  Rob inson , 1 9 8 0 . " De term i n i ng Radon Attenuat ion of  
Cove r Mater ials Us i ng F ield Expe r imen tat ion , "  i n  F i r s t  I n ternational Con
fer ence on Ur anium Mine was te Di sposa l ,  C . O . Br awne r ,  (ed ) . 

SNL ( Sand ia Nat ional Labor ator ies ) , 1 9 7 6 . Seve r i t ie s  o f  Tr anspor tat ion Acc i
dents , Vo l .  l-Summary , SLA-7 4-0 0 0 1 , Albuquerque , New Mex ico . 

SNL ( Sand ia Nat ional Laborator i e s ) , 1 9 8 2 a . Rad ium- 2 2 6  Measurements below 
Uranium Mill  Ta il i ngs Pi les . SAND82-0 2 8 8A ,  Albuquerque , New Mex ico . 

SNL ( Sand ia Nat ional Labora tor ies ) , 1 9 8 2 b .  Non-Rad iolog ical Impac ts of  
Transpor t i ng Rad ioac t ive Mater ial . SAND81-1 7 0 3 , Albuquerque , New Mex ico . 

Schearer , S . D . , Jr . ,  and C . W .  S i lls , 1 9 6 9 . "Evaluat ion o f  atmospher ic radon i n  
the v ic in i ty of uran ium mill  ta i l ings , "  Health Phys ics , Vol . 17 , pp . 7 7-88 , 
Pergamon Press . 

Sch iage r ,  K . J . , 1 9 7 4 . "Analy s i s  of Rad iat ion Exposures on or Near Uran ium Mill 
Ta i l i ngs P i les , "  Rad iat ion Data and Repor ts , 1 4 : 411 . 

UNSCEAR (Un i ted Na tions Scienti f ic Commi ttee on the Ef fects of  Atomic Rad iation ) , 
1 9 7 7 . Sources and Ef fects of  Ion i z i ng Rad iat ion , Un i ted Nat i on s  Publ icat ion 
No . E . 7 7 . IX . I ,  Repo r t  to the General Assembly , Wash i ng ton , DC .  

F-5 8 



Append ix G 

MI SCELLANEOUS INFORMATION AND CALCULATI ONS 





TABLE OF CONTENTS 

G . l  EMI SSION RATES FOR CONSTRUCTION ACTI VITIES DURING 

ALTERNATIVES 2 AND 3 • • • • • • • • • 

G . 2  POPULATI ON AND WIND DI STRI BUTI ONS NEAR THE VI TRO SITE 

G- i 

G- 3 

• G-5 



G-l 

G- 2 

L I ST OF TABLES 

Population d i str i but ion 

Vitro s i te j oint f r equency wind data . 

G- i i  

Page 

. . . . . . . . • G-6 

• G- 7 



Append ix G 

MI SCELLANEOUS INFORMATION AND CALCULATI ONS 

This append ix conta ins miscel laneous informat ion and calculations that a r e  
nec essary for a f u l l  und er stand ing of  some of th e impact a s s es sments mad e in this  
r epor t ,  but  wh ich are  not presented elsewher e in the ma in text or  the other 
append ices . 
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G . l  EMI SSION RATES FOR CONSTRUCTION 
ACTIVITIES DURI NG ALTERNATIVES 2 AND 3 

The fol lowing ma ter ial out l i nes the emi ss ion- factor s proposed by a Publ ic 
Health Eng ineer in the Utah Depar tment of  He alth ' s  Bureau of Air Qua l i ty ( per
sonal commun icat ion to Dame s & Moore from Mont ie R. Keller , Ma rch 1 6 ,  1 9 8 2 ) . 
These emi s s i on factors have been used in Sect ion 5 . 2  and i n  Append ix F to esti
ma te the amount of  part iculate mat ter that would be ra ised i nto the a i r  at the 
seve r al s i tes of constr uct ion ac t i v i ty .  Add i t iona l emiss ion fac tor s not 
covered in the Ma rch 1 6 , 1 9 8 2  memo were taken from AP-4 2  ( EPA , 1 9 7 7  and 
suppl ements ) .  AP-42  fac tors we re also used if they were mor e conservat ive . 

Bul ldozer s :  

Emiss ion factor = 1 6  Ibs per doz er-hour 

Front-end loader operations : 

Emiss ion fac tor = 0 . 0 6 Ibs per ton of  ma ter ial loaded 

Scr aper s :  

Emiss ion fac tor = 16 Ibs per scraper -hour 

Grader : 

Emiss ion factor = 3 2  Ibs per g r ader-hour 

Haul-road emi s s ions : 

As sumes 1 8-wheel , 40- ton trucks tr avel l i ng at 2 0  mph ; 15  pe rcent s i lt 

Emiss ion factor = 8 . 9 1 Ibs per veh icle-mile on d i r t  or g r ave l 
sur faces 

Exhaust ( combus t ive)  emiss ions from r a i lroad eng ines : 

Assume 1 3 5  ga llon s of  fuel/eng ine-hour and 2 4  e ng ine-hour s/day 

Emiss ion fac tors = CO = 1 3 0  Ib/l0 3 gal 
HC = 9 4  Ib/l0 3 g al 

NOx 3 7 0  Ib/l0 3 gal 
SOx = 5 7  Ib/l0 3 gal 
TSP 2 5  Ib/l0 3 gal 

Exhaust ( combus t ive)  emiss ions from haul truck s :  

Em ission factor s = CO = 2 8 . 7  g/mi 
HC = 4 . 6  g/mi 

NOx = 20 . 9  g/mi 
SOx = 2 . 8  g/mi 
TSP = 1 . 3  g/mi 
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Ra i lroad car d ump : 

Emi s s i on factor = 0 . 0 2 lbs per ton of mater ial d umped 

Conveyor d ump i nto surge b i ns : 

Emi s s ion factor = 0 . 0 2 lbs per ton of ma ter ial d umped 

Conv eyor be 1 ts : 

E m i s s i on fac tor 0 . 0 2 lbs per ton of mater ial moved 
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G . 2  POPULATION AND WIND DI STRI BUTI ONS NEAR THE VITRO SITE 

The d i str ibut ion of popu lat ion near the Vi tro s i t e  was u s ed in  the atmos
pher ic d i spers ion calculat i ons with MI LDOS ( s ee Append ix F ,  S ect ion F . 4 . 4 )  to 
est imate popu lat ion rad iolog ical doses dur ing th e al ternat ive r emed ial act ions . 
The popu lat ion d istr ibut ion out to 1 0  km from the c enter of th e s i te , and in  16  
d i r ec t ions , i s  shown in  Table G- l .  

The d i s t r ibut ion of winds near th e Vitro s i te was also u s ed i n  th e a tmos
ph e r ic d i sper s ion calculat ions with MI LDOS . The assumed wind d istr ibu t i ons 
( f r equ ency of occurr enc e of wind-speed intervals versus d i r ec t ion) for  6 classes 
of atmosph er ic s tabil i ty ar e shown in  Table G- 2 .  
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Tabl e  G-l .  Populat ion d i s t r ibut ion 

N 
0. 0 

NNE 
22. 5 

NE 
45. 0 

ENE 
67. 5 

E ESE BE SSE S SSW SW WSW W WNW NW NNW 
90. 0 1 1 2 . 5 1 35. 0 1 57 . 5 1 80 . 0 202. 5 225. 0 247. 5 270. 0 292. 5 3 1 5 . 0 337. 5 

49 0 1 30 1 373 1 348 1 438 500 1 34 1 9 6  3 1 2  84 1 625 64 1 

53 383 1 033 2674 2979 2779 1 3 1 3  576 923 1 835 2203 998 1 4 1 4  

820 1 927 4 1 20 3389 3923 3264 4672 1 5 1 5  1 75 1  2864 2292 2628 3 1 39 

2857 4 1 54 5778 3270 4908 4 1 1 5  333 1 1 706 1 798 2079 3045 4780 4 1 60 

1 9685 385 1 0  28454 247 1 6  257 7 1  24483 2352 1 25089 1 4676 1 7378 24795 257 1 4  1 5097 

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 

o 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 

o 0 0 0 0 0 0 0 0 0 0 0 0 

o 0 0 0 0 0 0 0  0 0 0  0 0 

o 0 0 0 0 0 0 0 0 0 0 0 0  

23464 44974 39 5 1 5  3542� 38929 36079 33337 29020 1 9344 24468 33 1 76 34745 244 5 1  

TOTAL 1 -80 KM POPULAT ION I S  437361 PERSONS 
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346 1 326 

3 2957 

259 1 1 556 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 

o 0 
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Table G- 2 .  Vi tro site j o int frequency wind data 

JO I N T  FREQUENCY I N  PERCENT . D I RECT ION I ND I C ATES WH ERE W I ND IS FROM FREQWS=C. 0794' . 0 .  3 1 358. 0. 38002 . 0. 1 7660. 0. 03756 . 0. 0 1 278 
MPH N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW TOTALS 
- - _  .. - - -- - - - - - - - - - - - - - - - - - --- - - - - - - _._ -- - - -- --- -- - -- - - - - - - - ----- -- - - - - -- - --- - - - - -- - -- - - ------- - -- -------------- - -- --- -----

ST�B I L I TY CLASS 1 

1 . 5 0. 0290 0. 0246 0. 0066 0. 0202 0. 0089 0. 0044 0 . 0 1 80 0. 0066 0 . 0202 0. 0000 0. 0 1 58 0. 0044 0. 0044 0. 0044 0. 0 1 54 0. 0338 0. 2 1 66 
5 . 5 0. 0799 0. 057 1 0. 0342 0. 0342 0. 04'7 0. 0228 0. 0228 0. 0342 0. 0342 0. 0000 0. 0 1 1 4  0. 0228 0. 0228 0. 0228 0. 0799 0. 0342 O. 5590 

1 0. 0 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
1 '. 5 0. 0000 0. 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 
2 1 .  � 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 
28. 0 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0 . 0000 0 . 0000 0. 0000 o. 0000 
ALL 0. 1 089 0. 08 1 7  0. 0408 0. 0541 0. 0'4' 0 . 0272 0. 0408 0. 0408 0. 0544 0. 0000 0. 0272 0. 0272 0. 0272 0. 0272 0. 0953 0. 0680 O. 77'56 
- - _ . . _ - ._------ - - - - - - -- -- -- - ----- . - - -- - - - - - - , - - . - - - -- - - - - - - - - - - -_._- - - - - - - - - -- -- - -- - -- --- - - - - - - - - -- - --- - - - - - --- - - - --- -- - - - - - - - - -

ST�B I L I TY CLASS 2 

1 . 5 0. 1 366 0. 0541 0. 0328 0. 0306 0. 0828 0 . 043 1 0. 06 1 1 0. 072 1 0 . 1 '43 0. 0361 0. 1 046 0. 03 1 7  0. 1 476 0. 1 1 1 9  0. 1 392 0. 07 4 4  1 . 3 1 30 
' . 5 0. 3767 0 . 1 7 1 2 0. 0799 0. 0'7 1 0. 0799 0 . 0' 7 1 0. 1 1 42 0. 2283 0. 1 7 1 2  0. 1 1 42 0 . 04'7 0. 068' 0 . 1 027 0. 2' 1 1 0. 2740 0. 2 '5 1 1 2 . 4 4 29 

1 0. 0 0. 4795 0. 0799 0. 0342 0 . 0342 0. 02�8 0. 04'7 0. 068' 0. 09 1 3  0. 1 027 0 . 04'7 0 . 0 1 1 4 0. 0685 0. 0228 0. 1 9 4 1 0. 4452 0. 2397 1 . 9862 
1 ' . 5 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0 . 0000 0 . 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 
2 1 . 5 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
28. 0 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0. 0000 0. 0000 
ALL 0. 9928 0. 3052 0. 1 469 O. 1 � 1 9  O. 1 8' �  0. 1 4 '9 0. 2438 0. 39 1 7 0 . 4282 0 . 1 960 0. 1 6 1 7  0. 1 687 0. 2731 0. 5571 0. 8584 0. 5652 ,. 742 1 
--_ . . - . _ - - - - - - _ ._ - - - - - - - - - -- --- - - -- - .  -- - -- -- - - - - - - - - - - - - - - - -- --- - - - - - - - - - - - -- - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ----

STAB I L I TY CLASS 3 

1 . 5 0. 0664 0 . 0295 0 . 0629 0. 0523 0. 0042 0. 0266 0. 06 1 9  0 . 0778 0. 0394 0 . 0384 0. 0527 0. 0282 0. 0079 0. 0540 0. 0205 0. 0509 0. 6736 
5. 5 0. 5251 0. 1 598 0 . 1 027 0. 1 370 0 . 1 1 42 0 . 0799 0 . 3995 O. ' 1 37 0. 4338 0. 0799 0. 1 484 0. 1 256 0. 2 1 69 0. 1 826 0. 2397 0. 4224 3 . 88 1 2  

1 0. 0 1 . 38 1 3 0 . 2968 0 . 1 370 0. 0 1 1 4  0. 069' 0 . 1 94 1 0 . 6050 0. 9247 0 . 9 1 32 0. 0799 0. 057 1 0. 09 1 3  0. 1 484 0. 3653 1 . 06 1 6  1 . 22 1 5  7 .  5 5 7 1  
1 5 . '5 0. 3653 0. 0 1 1 4  0. 0 1 1 4 0. 0000 0 . 0 1 1 4 0. 0 1 1 4 0. 0 1 1 4 0 . 1 484 0. 2626 0 . 0 1 1 4 0. 0000 0. 0000 0. 0228 0 . 0342 0. 1 598 0. 331 1 1 .  3926 
2 1 . 5 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0 . 0000 0. 0000 0 . 0342 0. 057 1 0 . 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0228 O. 1 1 4 1  
28. 0 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0 . 0000 0. 057 1 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 O. 057 1 
ALL 2. 3381 0. 4975 0. 3 1 40 0. 2007 0. 1 983 0. 3 1 20 1 . 0778 1 . 6988 1 . 7632 0. 2096 0. 2582 0. 24 ' 1 0. 3960 0. 6361 1 .  48 1 6  2. 0487 1 3 . 6757 
- - - - - _ .  - - - - - - - - - -- - - - - - - - - - - - - - - -- -- - - _ .. - - - - - - _.- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- ---- -- - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - -

STAB I L I TY CLASS 4 

1 . 5 0. 1 60 1  0. 0697 0. 0883 0. 0427 0. 0370 0. 0'26 0 . 0874 0. 1 336 0 . 1 26 '  0. 0463 0. 07 1 9  0. 1 1 47 0. 0690 0. 1 738 0. 1 3 1 6 0. 0561 1 . 4 6 1 3  
5. 5 0. 6279 0. 342' 0. 2 ' 1 1 0. 1 02 7  0 . 20'� 0 . 2626 0. 6279 0. 7877 0. 8676 0. 1 '98 0. 1 826 0 . 2854 0 . 3 3 1 1 0. 4'66 0. 5594 0. 5 1 37 6. 564 1 

1 0. 0 1 . 9521 0. 5594 0. 2740 0. 04'7 0 . 2626 0 . 7763 4 . 0868 3. '731 2 . 7 ' 1 1 0 . 3881 0. 2 '5 1 1 0. 2740 0 . 4909 0. 8904 0. 8447 1 . 4 1 55 1 8. 8358 
1 5. 5 1 . 6553 0. 331 1 0. 1 027 0. 0 1 1 4  0 . 1 027 0 . 3891 1 . 826' 2. 8767 4 . 3 1 ' 1 0. 2626 0. 09 1 3  0 . 1 027 0. 33 1 1  0. 90 1 8  1 . 0�02 1 . 9 1 78 1 6. 267 1 
2 1 .  � 0. 2854 0. 0 1 1 4  0. 0 1 1 4  0 . 0228 0. 0 1 1 4  0. 04'7 0. 0799 0. 4452 1 . 872 1 0. 068' 0. 0342 0. 0 1 1 4  0. 1 1 42 0 . 1 9 4 1 0. 1 7 1 2 0 . 2626 3 . 64 1 '  
28. 0 0. 0'7 1 0. 0 1 1 4  0. 0000 0. 0000 0. 0000 0. 0000 0. 0 1 1 4  0. 1 2 '6 0 . 7763 0 . 0342 0. 0 1 1 4  0. 0 1 1 4  0. 0342 0. 0342 0. 0 1 1 4  0. 1 027 1 .  22 1 3  
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H . l  INTRODUCTION 

Th is append ix presents an eva luat ion of the poten t ial se ismic ef fects on 
the recla imed tail ings embankment at the Vitro s i te (Alter nat ive 2 )  as 
desc r i bed in the DE I S , and at the South C l ive s i te (Alternat ive 3 )  as 
descr ibed in th is FE IS . Th is append ix includes an assessment of  the seismic 
hazard and ea rthquake design parameter s ,  the potential  for l iquefact ion 
af fect ing the s tab i l ity of the piles , and the poten t i a l  for flow sl ides 
subsequent to l ique fact ion ( SH & B ,  1 9 8 3 ) . 

For stab i l i zation in place and as a result of  th i s  assessment and in 
consultat ion with Sergent , Hausk ins , & Beckwith ( SH&B) , the concept presen ted 
in Sec t ion 3 . 2 . 3  and in Append ix A for the Vitro s i te is a r e f ined ver s ion of 
the concept in the DE I S  and , as s uch , con ta ins measures ( e . g . , desaturate and 
compact t a i l ing s )  to mit igate s e i smically induced l iquefact ion ( see A . 3 . 2 . 2  
and 5 . 19 . 6 ) . 

Regard i ng reloca t ion to the South Cl ive s i te ,  the sect ions of  this  
append ix are based on  avai lable l i terature and  data  and  do  not  i nclude on-s ite 
evalua t ions or photogeolog ic studies . Prelimi nary calcu lat ions of a Max imum 
Cred ible Ear thquake ( MCE ) for the s i te and the poss ible e f fects at the s i t e  
from that event are inc luded ; however , add i t ional s t ud ies are necessary to 
f inalize s i te des ign parameter s .  
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H . 2  ENGINEERING SEISMOLOGY - VITRO SITE 

H . 2 . 1  Reg ional s e i smotec ton ic sett ing 

The Vitro s i te is loca ted along the Wa satch Front wh ich del ineates the 
boundar ies be tween the Great Bas in to the west and the Color ado Plateau in 
southeastern Utah and the Middle Roc ky Moun tains in  nor theaste r n  Utah . The 
Wasatch Front has been desc r ibed by Smith ( 1 9 7 8 )  as a trans i t i on between ma j or 
subpl ates of  the Western Cord i l le r a . Th is trans it ion possesses a th i n  crust , 
substant ial s e i smic ity , and h igh heat flow . These features appear to extend 
eastwa rd from the Wa satch Front for abou t 50  k i lometers ( km) under the 
Colorado Plateau . Eas t-west extens ional ac tiv ity within  the Great Bas in i s  
be l i eved t o  have commenced dur ing Ol igocene t ime ( 2 5  t o  3 6  mill ion year s B . P . ) 
( H i nt ze , 1 9 7 1 ) . Th is ac t i v i ty has r esulted in  ma jor Great Basin  bloc k 
faul t i ng and pos s ibly 3 to 5 km of  normal d i splacemen t along the Wasatch Fau lt 
System ( H intze , 1 9 7 1 ) . 

The Wasatch Front i s  part of a d i st inct nor th-tr end ing zone of el evated 
se ismic ac t i v i ty wh ich extends from nor thern Ar i zona to nor thwestern Montana . 
Th is 1 0 0 - km wide by 1 , 3 0 0 -km long zone has been iden t i f ied as the 
Intermounta in Se i smic Belt ( I SB) by Smith and Sba r ( 1 9 7 4 ) . The I SB 
encompasses a reg ion wh ich has exper ienced more than 15  recorded ear thquakes 
with magn i tudes g r eater than 5 . 5 ,  inc lud ing the 7 . 1  mag n i t ude event i n  1959 at 
Hebgen Lake , Montana . The ISB can be class i f ied as the most s e i smically 
ac tive r eg ion of  the Western · Cord i l lera , excl ud ing ear thquake source areas o f  
Cal i fo r n i a  and Nevada . 

H . 2 . 2  Local se i smotecton ic sett ing 

H . 2 . 2 . 1  H i s tor ical s e i sm i c i ty 

The ear thquake record in  Utah has been the subj ect of in tense research 
s ince the early 1 9 6 0 ' s .  H i s tor ical documentat ion has been comple ted from the 
per iod of  1 8 5 0  un t i l  about 19 6 2 ,  fol lowed by s e i smog r aph ic record ing by the 
Un iver s i ty of  Utah (Ar abasz et al . ,  19 7 9 ;  Richins et al . , 1 9 8 1 ) . S ince 19 7 4 ,  
teleme tered s e i smic arrays have been operated by the Un iver s i ty . 

As presented in  Table H- l ,  15  moderate ear thqua kes have been recorded in  
the Utah reg ion between 1 8 5 0  and 19 7 8 .  Two of  these s ig n i f icant ear thqua kes 
may be d i rectly related to the Wasatch Fault , the events of  1 9 10 and 1 9 1 4 . As 
ind icated by the d i str ibut ion of  1962 to 1978 ep icenters dep icted in  
Figure H-l , concentr a t ions of North Central Utah s e i smic events occur i n  the 
vicin ity of the Hansel Va lley Fa ult nor th of the Great Salt Lake and near the 
East Cache Faul t north of  Salt Lake C i ty .  

The most damag ing ear thquakes o f  the nor th central reg ion o f  Utah 
occ u r r ed in  Hansel Valley on March 1 2 ,  1 9 3 4 , and in Cache Va lley on August 3 0 , 
19 6 2 .  The 6 . 6  ML Hansel Val ley ear thquake produced abou t 5 0  cm o f  ve rt ical 
fault d i splacement and d is r upt ion of  the land sur face due to l iquefact ion and 
ground movement ( Smi th , 1 9 7 8 ; Mar sel l ,  1 9 6 4 ) . The 5 . 7  ML Cache Valley event 
caused about one mi l l ion dol lars of property damage in Logan and surround i ng 
commun it ies (Cook , 1 9 7 1 ) . 
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Table H-l . * Largest ear thqua kes in the Utah reg ion 1 8 5 0  through 1 9 7 8  

Intens ity Mag n i tude 
Local date Lat ( O N)  Long ( OW) I M Locat ion 

0 L 

1 8 8 4  Nov 10 4 2 . 0  111 . 3  VI I I  ( 6 )  Bear Lake Va lley 
1 8 8 7  Dec 5 3 7 . 1  1 12 . 5  VI I ( 5-1/ 2 )  Kanab 
19 0 0  Aug 1 4 0 . 0  112 . 1  VI I ( 5-1/2 ) Eureka 
1 9 0 1  Nov 13 3 8 . 8  1 1 2 . 1  IX ( 6 -1/2+ )  Richf ield 
1 9 0 2  Nov 17 3 7 . 4  113 . 5  VI I I  ( 6 )  P ine Val ley 

1 9 0 9  Oct 5 41 . 8  1 12 . 7  VI I I  ( 6 )  Hansel Val ley 
1 9 1 0  May 2 2  4 0 . 8  111 . 9  VI I ( 5-1/2 ) Salt Lake C i ty 
1 9 14 May 13 41 . 2  1 1 2 . 0  VI I ( 5-1/ 2 )  Ogden 
1 9 2 1  Sep 2 9  3 8 . 7  1 1 2 . 2  VI I I  ( 6 )  Els inore 
1921  Oc t 1 3 8 . 7  1 1 2 . 2  VI I I  ( 6 )  E l s i nore 

19 3 4  Mar 12  41 .  7 112 . 8  IX 6 . 6  Hansel Valley 
( Kosmo) 

1 9 5 9  Jul 2 1  3 7 . 0  112 . 5  VI 5 . 5 + Utah-Ar i zona 
border ( Kanab) 

1 9 6 2  Aug 3 0  4 2 . 0  111 . 7  VI I 5 . 7  Cache Val ley 
( Logan)  

1 9 6 6  Aug 16 3 7 . 5  114 . 2  VI 5 . 6  Nevada-Utah 
bor der 

19 7 5  Mar 2 8  4 2 . 1  1 1 2 . 5  VI I I  6 . 0  Idaho-Utah 
border (Poca-
tello Valley) 

*Table inc ludes ear thquakes of  max imum Mod i f i ed Merca l l i  inten s i ty ( Io ) of VII 
or g r eater , or of  Richter magni tude 5 . 5  or greater . Magni tudes in parentheses 
are estimated from Io . Sample area : 3 6 ° 4 5 ' N  - 42 ° 3 0 ' N ,  10 8 ° 4 5 ' W  - 11 4 ° 1 5 ' W .  
Aftershoc k s  a r e  exc luded . 

Source : Arabasz et a1 . ,  ( 1 97 9 ) . 
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H . 2 . 2 . 2 Ac t ive faul t ing 

A d e f i n itive assessment of  ear th qua ke r i s k  cannot be fully ascer ta ined 
from the r elat ively shor t and incomplete 13 2-year recor d of  ear thquake 
even ts . Geolog i c  ev idence of  pas t  fault r uptures along the Wasatch Fa ult and 
other potential source faults h as been the subj ect of  c ur r en t  r esearch in 
order to es t ima te maximum ear thquake magni tude and r ecur r ences . 

Based on ear thquake h i s tory and geolog ic ev idence , the Salt Lake C i ty 
r egion con ta ins numerou s  young faults , includ ing the Hansel Valley , Ea s t  
Cache , Wasatch , and unnamed faults along the west flank o f  the Oqu i r r h  
Mounta ins sou th of  the Gr eat Sa lt La k e  (Figure H - 2 ) . Due t o  the close 
prox imity of  the Wasatch Fault to the Vi tro s i te and i ts s uspec ted ac t iv i ty , 
the ear thquake r is k  imposed by the Wasatch Fa ult i s  gr eater th an the r is k  from 
ear thquakes genera ted by r upture of  the other fault sys tems ment ioned above . 
I n  terms of  cur rent cr i ter ia , an act ive fault i s  de f ined as a s tr uctur e wh ich 
has exper ienced d i splacemen t in the last 10 to 12 thousand years . The 
nor ther n por tion of the Wasatch Fa ult h as been iden t i f i ed as fall ing w i th in 
the act ive fault category . 

The Wasatch Fault zone tr ends nor th-sou th through centr al Utah from 
Gunni son , Utah , to Malad C i ty ,  Idaho . Swan e t  al . ,  ( 19 8 0 )  s ugges t that the 
fault system may have as many as ten , 3 0- to 4 0-km segments wh ich are capable 
of  separ a te r upture . The fault expr es ses Late Qua ternary movement almost 
throughou t i ts ent i r e  length ( Swan et al . ,  19 8 0 ) . These geomorph ic 
expr ess ions are in the form of scarps , sag ponds , spr ings , s l ickens ided and 
sheared s ur faces , and displaced beds (Van Hor n , 19 7 1 ) . These features have 
been extens ively documen ted by Cluff  et al . ,  ( 19 7 0 ) , C l u f f  and Slemmons ( 1 9 7 1 )  
and Mar sell (196 4 ) . 

The pa tter ns and h is tory of  d isplacement along the Wa satch Fa ult zone 
appear to be h ighly var iable . However , the predominant movement of the fault 
system is norma l  and s teeply d i pping to the wes t  w i th valleys s uch as the Utah 
Valley near Provo lagg ing beh ind the upward movemen t of  the Wasatch Moun ta in 
block (Hintze , 1 9 7 1 ) . A total ver tical d i splacement o f  3 , 0 0 0  to 4 , 0 0 0  me ter s  
may be pr esent i n  the Utah Va lley reg ion ( H in tze , 19 7 1 ) . 

Ther e have been no sur face fault ing even ts along the Wasatch Fa ult dur ing 
the pas t 138 year s ( Swan et al . ,  198 0 ) . Geolog ic ev idence , however , 
identi fies  mult iple d isplacement episodes in the nor thern por tion of  the fault 
system. From a s tudy of  remnant facets of the Wasa tch Moun tain front near 
Provo , Hamb l in ( 1 9 7 6 )  est imates e ight per iods of  fa ult movement s epar ated by 
per iods of quiesence , and three act ive per iods in the Salt Lake C i ty ar ea . 
The most compr ehens ive evalua t ion of d i splacement h is tory was per for med by 
Swan et al . ,  ( 1 9 80 ) . At Kaysv i lle , 3 0  km nor th of Salt Lake C i ty ,  a t  least 
three sur face faul ting even ts with d i s placements of 1 . 7 to 3 . 7  me ter s have 
occurred s ince the Middle Holocene . At Hobble Cr eek , 4 6  km south of  Salt Lak e 
C i ty ,  s ix to seven even ts with displaceme n ts o f  0 . 8  to 2 . 8  me ter s have 
occur red in the pas t 12 , 0 0 0  years . 

As depicted on Figure H-3 , the segment of  the Wa satch Fa ult zone clos es t 
to the V i tro s i te is the East Bench Fa ult , wh ich is abou t 5 km eas t o f  th e 
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s i te . No deta i led d isplacement h i s tory is  ava i lable for t h i s  fault segment ; 
however , i ts geomorphic expr ess ion def in i tely ind icates Quaternary movement 
(Cluff  e t  a l e , 1 9 7 0 ) . 

H . 2 . 2 . 3  Se ismic gaps 

Based upon recent micr ose i smic data , Smi th ( 1 9 7 1 )  has pos s ibly de tected two 
maj or se ismic g aps along the Wasatch Fault zone . One extends from Br igham C ity 
south 70 km to Salt Lake C i ty and the other ex tend s from Salt Lake C i ty south 
70  km to Provo . These zones of  low ear thquake ac t iv i ty are separated by an area 
of per s i s tent low-to-moderate in tens i ty ear thquake events (Ar abasz e t  al . , 
198 0 ) . Several hypotheses have been proposed in an at tempt to explain the 
se ismic gaps , one of wh ich ind icates that these areas could be the s i tes of 
future large ear thquakes due to a long- term accumula t ion o f  tec ton ic stress 
( Smith , 197 4 ) . 

H . 2 . 3  Max imum C r ed ible Ear thquake and recur rence interval 

The maj or obj ec t ive of the inve s t igations c i ted her e i n ,  and the subj ect of 
ongo ing r esearch , has been to establ ish the Max imum Cred ible Ear thquake ( MCE ) 
and the recurr ence interval of  maj o r  ear thquakes a long the Wa sa tch Fron t .  These 
studies have not presently establ i shed conclus ive values for these parameter s . 
Suf f ic ient analys is  has been completed , however ,  to es tabl i s h  r easonable seismic 
des ig n  cr iter ia for the reclama t ion of  the Vitro s i t e .  Based o n  var ious 
analyses of geolog ic data and ear thquake h i s tory , several inve s t igators have 
proposed values for recur rence interval and earthquak e  mag n i tude . These are 
summar i z ed on Table H-2 . 

I t  is  necessary to obtain spec i f ic geolog ic data concern ing the 
d i splacement h i story of  that par t icular segment to evaluate the return per iod of 
a moderate to large ear thquake result ing from rupture along a Wasatch Fault 
segment such as the East Bench Fau lt .  As  d iscussed by Swan e t  al . ,  ( 198 0 ) , 
there may be as many as ten fault segments wh ich r upture separately at d i f ferent 
return per iod s .  As an example of  the d i ffer ence between the gener a l i zed return 
per iods pr esented in Table H-2 and the return per iod of  a fault segment ,  Swan , 
et al . ,  ( 19 8 0 ) , e s t imate the average return per iods of  sur face fault events o f  
the Kaysvi lle and Hobble Cree k  segmen�s as 5 0 0  to 1 , 0 0 0  and 1 , 5 0 0  to 2 , 60 0  
years , respec t ively . As ev ident from th is example , t h e  recur rence estimates for 
the en t i r e  �asatch Fault zone may subs tant ially underest ima te the return pe r iod 
of moderate to large ear thquakes along any one fault segment . 
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Table H-2 .  Summary of ear thquake mag n i tude & r ecurrence interval 
est imates for the Utah reg ion 

Sou rce 

1 .  US Geolog ical Survey ( 19 7 6 )  

2 .  Ar abasz  e t  al . ,  ( 1 9 7 9 )  

3 .  Swan e t  al . , ( 1 9 8 0 )  

4 .  Doser & Smith ( 19 8 2 )  

Source : SH& B ,  1 9 8 3  

Magn itude/r ecur rence 

As s i gned an est imated max imum credible 
ear thquake for the entire state of  Utah 
of mag ni tude 7 . 5 . 

Based on h i stor ica l ear thquake data -
following return per iods pr esented : 
2 2-25  year s for ML � 6 . 0 ;  111 to 115 
year s  for ML � 7 . 0 ;  232  to 2 6 3  year s  
for ML � 7 . 5 .  Est ima tes for the 
Wasa tch Front area ( 9 2 , 8 1 0  km2 ) .  

For entire Wasa tch Zone , moder ate to 
large ear thquake (M 6 . 5-7 . 5 ) return 
per iod of  50 - 430 year s estimated . 
Values der ived from recurr ence intervals 
evidence along the Kaysv i lle and Hobble 
Creek segments o f  the Wasatch Zone . 
Evidence of  recu r rence along other 
segmen ts not ava i lable . 

3 8 7  - 6 6 7  year r e turn per iod estimated 
from analys i s  of geolog ic moment rates 
for 6 .  5 � ML � 7 . 5  along entire Wasatch 
faul t .  
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H . 2 . 4  S e i smic zon ing stud ies 

Va r ious inves tigator s have conducted seismic zon ing s tud ies to wh ich 
contours of e f fect ive peak accelerat ions ( EPA ) were est imated for the area of 
the Vitro s i te . These s tud ies are based on stat i s t ical analy s i s  of the se i smic 
h is tory and a general appraisal of  reg ional fault ing and tecton ics . The 
follow ing is a l i st  of these e s t ima tes : 

EPA Re ferences 

0 . 6g Alg ermis sen et al . ,  ( 19 8 2 )  

0 . 21g Alg ermissen & Per k ins ( 197 6 )  

0 . 2g Appl ied Technology Counc i l  ( 19 7 8 )  

0 . 0 8g L i u  and DeCapua ( 1 9 7 5 )  

Rema rks  

9 0  percent probab i l i ty of  
not be i ng exceeded in 250  
year s .  

9 0  percent probab i l i ty 
of  not be i ng exceeded i n  
50  yea r s . 

9 0  percent probab i l i ty of  
not be ing exceeded in  50 
year s .  

100 year return . 

Because of the inadequate natur e of  the b r i e f  h i stor ical ear thqua ke record , 
these reg iona l i zed stud ies only prov ide a rough ind icat ion of  se ismic hazard . 
The analy s i s  and conclus ions presen ted herein  conce r n i ng the s e i smic r i s k  and 
expec ted ground mot ions have been or ien ted spec i f ically toward the Vitro s i te 
and snould be cons ide r ed as the cr i ter ia for des ign rather than the 
above-ment ioned reg ional i zed studies . 

H . 2 . 5  De s ign parameter s 

I t  is under s tood that an Environmental Protect ion Agency 2 0 0 -year , 
no-ac t ive-ma intenance cr iter ion w i l l  be appl ied to the rec lamat ion des ign of  the 
Vitro s i te . Based upon current k nowledge of the recurr ence interval of  damag ing 
ear thqua kes wh ich wou ld result from faul t  r upture along the Wasatch Front , i t  i s  
conc luded that there i s  a reasonable poss i b i l i ty that an ML 7 . 0  o r  g r eater 
ear thquake on the East Bench Fault w i l l  cause substan t i a l  ground shak ing at the 
Vi tro s i te with in the next 200 yea r s . As w i l l  be d i scus sed in the repor t  
sect ions wh ich fol low , t h i s  ground mo t ion could cause loca l l iquefac t ion and 
ground movements of the unconsol ida ted depos its of Jordan Va l ley . 

Due to its  prox im i ty to the Vi tro s i te , r upture of  the East Bench Faul t  
segment of the Wasatch Fault sy stem probably wou ld cause the mos t  intense ground 
sha k ing . The d i splacement h istory of  th i s  fault segmen t i s  not fu lly k nown ; 
ther e fore , i t  i s  reasonable to apply a return per iod of the ent i r e  Wasatch 
source area to the near -s i te segment . Th i s  return per iod has been es t imated to 
be between 50 to 6 6 7  years for ear thqua kes in the range of ML 6 . 5  to 7 . 5 .  As 
with the Kaysv i lle and Hobble Creek Fault segments , the true return per iod of a 
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fault r upture event along the East Bench Segment may be several t imes longer 
than that of the entire Wasatch Faul t zone . The r i s k  of  a damag i ng ear thquake 
generated by r upture along the East Bench segment should be reassessed when more 
loc al geolog ic data become ava i lable . 

The des ign earthquakes d i scussed above probably would be i n  the range of  
ML 6 . 0  to  7 . 5 .  Th i s  near-f ield event would produce max imum accelerat ions i n  
roc k  in  t h e  range of about 0 . 3  t o  0 . 5 5� ( Buckman e t  al . ,  1 9 8 0 ) . Ampl i f icat ion 
or damp ing ef fects in the unconsol ida ted depos its  of Jordan Valley are pos s ible , 
but any accelerat ions in this  range would produce s imilar on-s ite damage . 
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H . 3  GEOTECHNICAL PROFILE - VITRO SITE 

Subsur face cond i t ions at the Vi tro s i te are cha rac ter i z ed by the i r  
var iab i l i ty .  Based o n  bor ing log s and tes t data presen ted in  Dames & Moore 
( 1 9 8 2 ) , Chen & Assoc i a tes , Inc . ( 1 9 8 0 a , 1980b) , Sergent , Haus k ins  & Beckwi th 
( 1 9 8 1 ) , Mar ti n  et a l . , ( 1 9 8 0 ) , and Colorado State Un ivers i ty ( 1 9 8 2 ) , a typ ical 
geotechn ical prof i le for a nor th-south section through the middle of  the 
southern sect ion of  the ex i s t ing ta il ings depos i t  was developed . Th i s  sec tion 
is shown in Figure H-4 . I t  is necessar ily s impl i f ied ,  because of  the 
var i ab i l i ty of cond i t ions , but it does include tr end s impor tant to a 
cons ider a t ion of l iquefac tion poten tial . 

As shown in  Figure H- 4 ,  the top of  the ex ist ing ta i l i ng s  p i le , a t  th i s  
loca t ion , i s  at elevation 4 2 4 8 . Cons ider ing t h e  complete s i te ,  var i a t ions f rom 
4 2 3 2  to 4 2 5 2  are encountered . The inter face between natural so i l s  and ta il ings 
is at elevat ion 4 2 3 1 , w i th var iations f rom 4 2 2 5  to 4 2 3 5  throughout the s i te . 

The g round-water table at the t ime of  the above l i s ted inves t igat ions was 
at elevat ion 4 2 3 1 ,  or coinc ident with the sur face of the natural soils in the 
model employed her e i n , w i th var i a t ions f rom 4 2 2 6  to 4 2 3 5 . Ta i l ings above the 
water table appear to be saturated in many places , pr obably because of pe rched 
wa ter- table cond i t ions . 

The i n i t ial natural soil stratum encountered is  composed of  predominantly 
clayey soils , class i fying a t  CL-ML to CL in  the Un i f ied Soil Clas s i f icat ion 
Sys tem , g r ad i ng to ML and CH in place s .  Th is layer is  relat ively th i n ,  with a 
model thic kness of  5 feet as shown in  Figure H-4 . 

Sandy so i ls , class i fy ing pr edomi nately as SP-SM to SP , underlay the c layey 
soils  to an ave r age depth of 11 feet . Th i s  layer i s  not apparent i n  a few 
bor ings and has a th ickness of approx imately 20  feet in oth er  bor ings . 

The sandy soils are unde r l a i n  by a second layer o f  c layey so i ls , tend ing to 
be more sandy in  some locations . Only s ix of  the e ight Dames & Moore ( 1 9 8 2 ) 
bor ings pene trated to these depths , obviating an estimate o f  the i r  th icknes s .  

Typ ical prope r t ies o f  the d i f ferent soil  strata encoun tered are l i s ted i n  
Table H- 3 .  Gra in-s i z e  d i str ibut ions for ta i l i ngs and natu ral o r  foundation 
so i l s  are plotted in Figure H-5 . Gradat ions of  the more sandy ta i l i ngs are 
comparable to the i n-s i tu sandy soi ls . S imilarly , g r adat ions o f  ,the more clayey 
ta i l ings , or sl imes , are comparable to the in-s itu clayey soils . 

S tandard penetration tes t i ng ( SPT ) blow counts ( N-values ) ,  recorded 
primar i ly in  the upper sandy so i l  stratum ,  are plot ted in Figure H-6 , as a 
funct ion o f  depth from the ground sur face . The values are very scattered , bu t 
tend to increase with depth , though the cor relation for th i s  trend is weak . 
Dames & Moore values are typ ically h igher than Chen & Assoc i ates , I nc . value s .  
The latter values were predominantly r ecord ed i n  the nor theast sec t ion of  the 
s i te , wh ile the former i nclude values from all areas of th e s i te . Blow counts 
range from 5 to 25 with a mean value of 15 . 
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Table H-3 . Soil parameters 

Tota l un i t  Fr ict ion Undra ined 
Soil weigh t ang l e  cohes ive 

strength 
type pc f ps f 

Cover & compacted 1 2 5  3 5  2 0 0  
ta il ing s 

Ex i s t i ng ta il ings 1 15 3 0  0 
& f i ll 

Clayey so ils  115  0 6 0 0  

Sandy so ils  120  35  0 

Source : SH&B , 1 9 8 3  
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The t a i l i ngs , foundat ion sandy soils , and , to a lesser extent , the 
foundat ion c layey so i ls are suscept ible to l iquefac t ion dur ing ear thquake 
shak ing . Pa rt icularly , the sandy so i ls and tail ing s  below the wa ter table , or 
those in a saturated state , have a g r a in-s ize d istr ibut ion that would preclude 
qu ick d i ss ipat ion of  exc ess pore water pressures expec ted dur ing a s e i smic 
event . S i nce the so i l s  are len t ic u lar , sands having a coarse g r adat ion that 
otherwise would not be susceptible to l iquefact ion may be con f ined by more 
s i lty or  clayey lenses . This  could result in  the i r  be ing l ique f i ed ,  or the ir 
los ing a s ig n i f icant por t ion of  the i r  s trength . 

The more c layey so i l s , based on c r i ter ia  repor ted by Seed and I d r i s s  
( 19 8 1 ) , may also have lenses suscep t i ble t o  l iquefact ion o r  s ig n i f icant 
streng th los s .  They sugg est l iquefac t ion can occur in  c layey soi ls i f  the 
l iquid l imit is less than 3 5 ,  the in-s itu wa ter content is less than 0 . 9  t imes 
the l iqu id l im i t , and the so i l  frac t ion f iner than 0 . 0 0 5  mm is less than 
15 percent . Based on the data presented in  Table H-3 , the f i r s t  o f  these 
cr iter ia  i s  ma rg inally met , but the last two are met , ind icating at least a 
suscept i b i l ity of  lenses of  c layey soils to l ique fac t ion . Th i s  assessment i s  
made more c r i t ical i f  the potent i a l  e f fects of  clay sen s i t ivity a r e  
cons idered . Parry ( 1 9 7 4 )  has indicated c lays along the Wasatch Front may have 
sens i t iv i t ies as h igh as 11 , mak ing them susceptible to a g r eater s treng th 
los s  dur ing ear thquake shak ing than less sens i t ive c lays . 
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H . 4 .  ANALYS I S  OF LIQUEFACTION POTENTIAL & EMBANKMENT STABI L ITY - VITRO SITE 

H . 4 . 1  Seed & Idr i s s  empir ical me thod 

L iquefac t ion of the upper sand layer of Figure H-4 was assessed u s i ng the 
Seed and Idr iss  ( 19 8 1 )  emp i r ical method . I n  this updated approach , the shear 
stress on hor i zontal planes induced by ear thquake shak ing i s  e s t imated in the 
same manner as  in  the i r  ear l ier procedure ( Seed and Idr iss , 1 9 7 1 ) . The 
res i s tance to l iquefact ion dur ing a se i smic even t ,  expressed in terms of a 
cyc l ic stress r a t io , can be determined f rom labor atory test ing or est imated 
f rom SPT blow count data , the mean g r a in-s i z e , and e f fec t ive overburden 
pressure . S i nce appropr iate tes t  data were not ava i lable , the latter approach 
was taken . 

Th ree geotechnical pro f i les we re cons idered , represen t i ng the range in  
ex i s t ing and proposed cond i t ions at the s i te . For these analyses , the ground 
sur face i s  assumed leve� , wh ich is appropr i ate in the center of the sepa rate 
p i les , but  not near the i r  edges . The f i r s t  pro f i l e  has a g round s u r face 
elevat ion of  4 2 3 5 , the second 4 2 5 0  and the third 4 2 70 . The f i r s t  is 
repr esentat ive of the lower exist i ng p iles , the second the h igher ex i s t ing 
p i les , and the t h i rd the proposed g r aded and covered p i le . 

The shear s tress induced is  calcula ted f rom 

whe r e  amax is the max imum acce lerat ion in g-un i ts , ao and a l o = are 
�he total and effect ive overburden stresses , and rd i s  a reduct ion fac tor 
dependent on depth . Cons ider ing the center of the upper sand layer , and 
assuming rd = 0 . 9  in all cases , an express ion for ind uced stress as a 
funct ion of  amax/g was developed for  each case . 

The shear res istance was est imated for uncorrec ted blow count values of 
5 ,  1 5 ,  and 2 5 ,  represent ing the lower bound , mean , and uppe r bound , 
respec t ively , of  data presen ted in  F igure H-6 for the upper sand layer . 
Uncor rec ted blow coun ts , ra ther than corrected values , were used because of  
the scatter i n  data and because the range in e f fect ive ove rburden pressures (1  
k s f  < a l o < 3 k s f )  results in correct ion terms vary ing from only 0 . 8 to 
1 . 2 .  The larger term is as soc iated with shallower depths . Seed and I d r i s s  
( 19 8 1 )  sugges t that for depths of  10 f e e t  or less , t h e  recorded N-value should 
be further mod i f ied by a factor of 0 . 7 5 wh i ch offsets the 1 . 2  correct ion 
factor . 

Seed and I d r i ss ( 1 9 81 )  present two sets of curves plott i ng N-val ue versus 
cyc l i c  s tress r a t io ( for a l o = 2 k s f )  for d i f ferent earthquake magn i tudes , 
M .  The f i r s t  set i s  for sands with 050  larger than 0 . 2 5 mm , and the second 
for low plas t i c i ty s i lts and sands with 050  les s than 0 . 1 5 mm . As ind icated 
in Figure H-5 the 050 s i ze  var ies f rom 0 . 16 to 0 . 3 6 for the sandy foundat ion 
soils and the sandy tail ings . Thus , the set of curves for sands is appl icable 
to the maj or por t ion of  ta i l ings and i n-s itu soils . Us ing these curves , 
cyc l i c  stress r a t ios were e s t imated . F i nally , these rat ios were equated to 

the induced stress r a t io and a value o f  max imum acceleration l i k ely to cause 
l iquefact ion ca lculated . 
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Results o f  the analyses are presented in Figur e H- 7 ,  wh ich plots the 
calcul ated acce ler ation ver s us blow coun t for two cases and two values o f  
ear thquake magn i tude . For M = 6 and a gr ound sur face eleva t ion o f  42 3 5 , for 
exampl e ,  the max imum acceler ation l i k e ly to induce l ique fact ion var ies from 
0 . 0 7g for N = 5 to 0 . 3 9g for N = 2 5 .  For M = 6 and a ground sur face elevat ion 
of 4 2 7 0 , the proposed grad ing plan , the acce ler ation value var ies from O . lg 
for N = 5 to 0 . 5 5g for N = 2 5 .  Th is illus tra tes the e f fect tha t incr eas ing 
con f in ing pr essure has in decr eas ing the suscept i b i l i ty to l iquefact ion . 
S ince ground sur face accelerat ions o f  O . lg to 0 . 5g are pr obable d ur ing any 
20 0-year per iod , l ique fact ion of at leas t some zones of foundat ion soils and 
ta il ings is probable . 

H . 4 . 2 Yegian & Wh i tman empir ical approach 

Yeg i an and Wh i tman ( 1 9 7 8 ) analyzed h i s tor ical data on l iquefact ion and 
developed a pred ict ive methodology that includes the e f fect of both ear thquake 
magn i tude and hypocen tral dis tance . Requ ired inpu t to the me thodology is  blow 
coun t da ta . Recor ded blow coun t values are cor rected us ing the r elat ionsh ip 
N'  = 50N/ ( a ' v +1 0 ) , where a ' v is the ef fect ive over burden pres sure in un i ts 
o f  ps i .  For the upper sand layer under cons ider ation , the cor r ect ion term is  
1 . 6  to 3 ,  resul t ing in  cor rected blow counts , N ' , vary ing from 15 to 4 0 , w i th 
a mean value o f  appr oxima te ly 3 0 . 

The value of  N '  is used to est imate a par ame te r Sc related to the 
potent ial for l iquefact ion . In the s impl i f ied approach , a boundary l ine 
r epr esen ting a 50  percent probab i l i ty of  l iquefact ion occur r ing is computed 
from M = 2 Ln « R+1 6 )  a ' vS c/H ) , where R is the hypocen tral d is tance in 
m iles and H is the depth to the point of  cons ide r at ion in fee t .  Re lat ionsh ips 

be tween M and R for each of the three pro f i les wer e compu ted us ing 
Sc = 1 . 7 .  The point of  cons ider ation was tak en as the center of the upper 
s and layer . 

Results of  the analyses are pr esen ted in Figure H- 8 .  For a sect ion with 
ground sur face eleva t ion of  4 23 5 ,  a se ismic event w i th magni tude 6 . 1  or larger 
occur r ing 10 miles from the Vitro s i te would have a 50  percen t or larger 
pr obab il ity of  produc ing l ique fact ion at the s i te .  I f  the ground sur face wer e  
a t  elevat ion 4 2 7 0 , a magn i tude 6 . 8  or larger event a t  the same d i s tance would 
r esult in the same l ikel ihood of  l iquefact ion . Th is compar ison con f irms the 
Seed and Idr iss ( 1 9 8 1 )  analysis results concer n ing e f fect of con f inemen t .  
Also , s ince se ismic events o f  M = 6 or lar ger occur r ing w i th in 10 miles are 
probab le dur ing any 20 0-year per iod , the analys is con f i r ms the conclus ion that 
l ique fact ion d ur ing the des ign l i fe is pr obable . 

For compar ison , two empir ical r elationsh ips between M and R are included 
in Figur e H-8 .  The f i rst  from Youd and Per k ins ( 1 97 8 ) , de f ines R as the 
furthest d i s tance from point of energy release to a l ique f i ed s i te . Thus , i t  
de f ines a n  upper bound envelope for R i  s i tes more d is tant than R from the 
point of energy release for the same M are unl i k ely to l ique fy , but s i tes less 
d is tant than R could l ique fy . The r elation sh ip is based on a l im i ted number 
of ma jor seismic events , and cons ider s soil cond i t ions gener ally s imilar to 
those at the Vitro s i te .  The r elat ionsh ip of Kur ibaysh i and Tatsuoka ( 1 9 7 7 )  
is  s imilar , except tha t i t  is  a mean r elationship for Japanese data , and R i s  
de f ined a s  the epicentral d i s tance . The close compar ison of  calculated 

r elationsh ips for the Vitro s i te to the empir ical r elationsh ips lends 
conf idence to the predict ions ind icated for the Vitro s i te .  
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H . 4 . 3  Embankment s tabi l i ty 

A pre l iminary and somewhat s imp l i s t ic assessment was made of  embankment 
stab i l i ty by per form ing ord inary-me thod-o f-s l ice s s tabi l i ty analys i s  of  
poten t ial fa i lure sur faces A and B of  Figure H-9 . Strengths u t i l i zed are 
g iven in  Table H-3 for sta t ic load ing cond i t ions . For ear thquake load ing 
cond it ions , var iou s  zones of the prof i le were cons idered l ique f ied , or having 
a complete or s ig n i f icant strength los s .  I n  the analyses , a hor i zon tal 
se i smic coe f f ic ient was not employed , s ince this would tend to ove r s tate the 
e f fect of se i smic shak ing in  the type of analys i s  per formed . 

Results of  the analyses are l i s ted in  Table H- 4 .  Because the s lope ang le 
is relat ively small ,  stat ic sa fety factors are g reater than 3 .  I f  i t  i s  
assumed the upper sand layer suffers  a complete strength loss d u r ing a se i smic 
event , the sa fety factor is reduced to a value of  approx ima tely 2 .  I f , i n  
add i t ion , the e x i s t i ng tail ings s u f fer a complete streng th los s , the safety 
factor i s  r educed to near 1 .  I f  only the natural so i l s  s u f fer a complete 
strength los s , the safety factor i s  red uced to 1 . 6  for sur face A and 1 . 0  for 
sur face B ,  i llustrat ing the s tab i l i ty rendered by the c lay layer for the 
shal lower fa i lure sur face . I f  the natural so i ls and ex i s t i ng ta i l ing s  all  
s u f fer  complete strength loss , the safety factors are reduced to wel l  below 
1 . 0 .  

Wh ile these results are approx ima te and do not add ress de forma t ion of  the 
s lopes or the mechan ism of  fa i lure , they do i nd icate the potential  e f fec t of a 
ma j or se i smic event w i th a relat ively long durat ion of shak ing on embankment 
stab i l i ty .  The wor s t  case l i sted in  Table H-4 is l i kely only for a very ma j or 
even t .  Other cases can gener ally be as soc iated with events that a r e  probable 
for a 2 0 0 -year des ign l i fe .  Though complete failure is unl i k e ly ,  s ig n i f icant 
deforma t ions that would impa i r  the f unct ion ing of  the cover , and require 
reconstruc t ion and repa i r  are probable . A f ur ther assessmen t  o f  movements 
could be made us ing techn iques developed by Makd i s i  and Seed ( 1 9 7 8 ;  1 9 7 9 ) , 
Sarma ( 1 9 7 9 )  and Frank l i n  and Chang ( 1 9 7 7 ) , based on more complete so i l  
s t rength paramete r s . 

H . 4 . 4  Potent ial for f low sl ides 

A poten t i a l  consequence of s e i smically induced s lope f a i lu r es of  ta i l ing s  
p i les i s  a flow s l ide . H i stor ically , ear thquake- induced l iquefact ion o f  
saturated ta i l i ngs pi les h a s  resulted in  a par t  o f  the mas s  of  ta i l i ng s  
f lowing d i s tances o f  f rom several h undred feet t o  tens o f  miles . 

The ex i s t i ng ta i l ings pi les a t  the Vi tro s i te are 15 to 2 0  feet h igh and 
contain sa turated zone s .  The proposed s ingle p i le will  be approx imately 3 5  
feet h igh with 5 to 1 ( hor i zontal t o  ver t ical)  s lope s . The add i t ional 15 to 
20 feet will  be compac ted and covered w i th a mo i sture bar r ier  o f  approx imately 
10 feet in  thickness . Thus , only zone s o f  the lower 15 to 2 0  feet , and the 
found at ion s o i l s , w i l l  be saturated . The ground s lope in the area of the 
proposed p i le var ies  f rom essentially flat to 1 . 5  degrees . 
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Table H-4 . S tab i l i ty analys is  r esults 

Safet;t factor 
Cond i t ion Sur.face A Surface B 

Static 3 . 2  3 . 7  

Dynamic -
No strength in 1 . 9  1 . 9  
in-s itu sands 

Dynam ic -
No strength in 
in-s itu sands & 1 . 1  1 . 2  
ex isting t a i l ings 

Dynamic -
No strength in 
in-s itu sands 1 . 6  1 . 0  
& clayey so ils 

Dynamic -
No streng th in 
in-s itu sands , 0 . 7  0 . 4  
ex isting ta il ing s 
& clayey soils 

Source : SH&B , 1 9 8 3  
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The cond i t ions descr ibed gener ally preclude the occur rence o f  flow s l ides 
s ubsequent to l ique fact ion fa ilure . Cases of flow s l ides s ummar ized by Lucia e t  
al . ,  ( 19 8 1 )  and Jeyapalan e t  al . ,  ( 19 8 3 )  ind icate l ique fied mine ta il ings will  
come to r es t  at s lopes of  1 to 4 degrees a fter flow ing over s lopes of  3 to 4 
degr ees . In order to flow , the ta il ings must s u f fer a near total strength los s , 
becoming essenti ally a v iscous fluid . The mos t  cata s troph ic f a i lures r epor ted 
occur red at s i tes w i th ta il ings piles constructed on gr ound s lopes of 6 deg rees 
or greater . 

Cons ider ing the pr edominantly par tially satur ated cond i t ions of the 
proposed ta il ings a t  the Vitro s i te ,  and the nea r ly level ground sur face , i t  i s  
improbable tha t  a ma j or flow s l ide would occur i f  a l ique faction fa ilure were to 
occur . The most pr obable e f fect would be s lope fai lures and embankment crack ing 
r equir ing clean-up and reconstr uct ion . 

Po ten tial r emed ial measures tha t  would m i t igate the poss ible e f fects of  
ground shak ing include ver t ical gr avel dra ins near the toe of  the embankment , 
den s i fication of exis ting tail ings by v ibroflotat ion or other means , and 
ins tallation of a hor izon tal dr a in at or below the bottom of the upper layer o f  
clayey soi l s . 
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H . 5 ENGINEERING SE ISMOLOGY - SOUTH CLIVE S ITE 

H . 5 . l  Regional seismo tecton ic sett ing 

The Sou th Cl ive s ite is  loca ted near the eas ter n  margin of  the s e ismical ly 
act ive nor thern por t ion of  the Bas in and Range prov ince (BAR) of  sou thwes ter n 
Nor th Amer ica (Fig . H-10 ) . The BAR is  an extens ional system o f  hor st mounta i n  
ranges and gr aben valleys . Sys tems o f  h igh-angle normal faults separ a te th e 
hor sts and grabens ; fault-d isplacements in excess of  5 0 0 0  fee t are common across 
these zones ( Cook e t  al . ,  1 9 6 4 ; Stewar t ,  1 9 7 1 ) . Zoback and Zoback ( 19 8 0 )  
indicate that the direct ion of  crusta l  exten s ion is  about N7 5W-S 7 5E i n  the s i te 
area , as determined from s tress s tudies , wh ile ear thquake focal mechan isms show 
an extens ional di rect ion of abou t N80E-S80W (Smith and Sbar , 1 9 7 4 ; Arabasz e t  
al . ,  19 80 ) . S tewart ( 1 9 7 1 )  est ima tes the nor thern por t ion o f  the BAR ( The Grea t 
Bas in ) has undergone abou t 190  km o f  extens ion s i nce mid-Miocene t ime (about 1 5  
mill ion years be fore present ) . 

Geode tic measuremen ts in The Gr ea t Ba s i n  indicate ongo ing tecton ic upl i f t  
of  the reg ion from 1 t o  2 mm/year be tween cen tral Nevada and the Wasatch Front 
(Re il inger , 1 9 7 7 ) . Add i t ional upl i f t  of  1 . 5  � 0 . 5  mm/yr in wes te r n  Utah occur s 
from isostatic c r us tal ad j us tmen ts from unload ing ; the resul t  o f  the des iccat ion 
o f  ancient La k e  Bonnev ille about 10 , 0 0 0-13 , 0 0 0  year s  ago (Re i l inger , 1 9 7 7 ) . 

The Sou th C l ive s i te is on the eastern edge o f  the Great Salt Lake Dese r t  
i n  wes te r n  Utah , abou t 10 5 k m  west of  the Wasatch Fr on t .  BAR fault ing t o  the 
eas t of the s i te has cr eated several hor s t  moun ta in ranges be tween the s i te and 
the Wasatch Fr on t ,  including the seismica l ly act ive Stansbury Mounta ins , and the 
Cedar Mounta ins . The s i te is on the far reaches of  the alluvial apron extend ing 
from the wes te r n  flank of  the Cedar Mounta ins . Cook e t  a l . , ( 1 9 6 4 )  have 
comple ted a reg ional g r av i ty s urvey of the nor thern por t ion of the Great Sal t 
Lake Deser t ,  and repor t BAR hor st and gr aben topogr aphy below the sur face o f  the 
nearly flat deser t .  Extens ive h igh-angle normal fault ing bounds the bur ied 
s t r uc tures and has grav i ty-determined d i splacements of  several thousand feet 
(Cook et al . ,  1 9 6 4 ) .  The s i te is in a trans i t ion zone be tween bur ied to exposed 
BAR topography . 

H . 5 . 2  Local se ismotecton ic sett ing 

H . 5 . 2 . l  H i s tor ical seismic i ty 

Reg ional se ismicity maps have been compi led for Utah based on ava ilable 
h i s tor ical data from 1 8 50 through 1 9 8 0 . A selec ted number of these maps are 
pr esen ted as Figu r es H-l l through H-1 7 .  These data are from r eg ional se i smic 
nets and detect all ear thquakes of  about magni tude 2 . 5  and larger s ince 1 9 6 2  
(Arabas z  et a l . , 1979 ; Rich ins et a l . , 1 9 8 1 ) . De tected events with smaller than 
2 . 5  magni tudes are included in the data . The epicenter maps show ear thquakes o f  
about magn itude 2 . 5 and larger have not occurred i n  the s i te area s ince 1 9 6 2 . 
Maps for 1961 and ear l ier years depict data from the wor ldwide s e i smograph 
networ k and ear lier maps from " felt"  repo r ts ; thus , these maps do not have a 
de f inable lower detectab i l i ty l imit for ear thquake s i ze in the s i te area . All 
ear thqua k es above about magn i tude 5 . 5  have probably been r epor ted s ince 1 85 0 . 
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The only h i s tor ical ear thquake in Utah with sur face r uptur ing occur red in 
Hansel Valley in 1934 ( Bucknam et al . ,  198 0 ) . The s i te is about 100 km nor th of  
the South Cl ive area . The sur face r uptu re occur red on a fa ult wh ich had 
pr ev ious Holocene d i splacement .  The ma j or ity of  h is tor ical se ismicity occur s on 
the Wasatch Fr on t ,  but the ar eas of lower se ismicity away from the Wasatch Fr on t 
do expe r i ence small to moderate even ts wi th occas ional large even ts , as is the 
case with the Hansel Va lley area . 

A compu te r search of all  recorded events wi th i n  a 50-km rad i us of Clive , 
Utah , from October 1974 through September 1983  is shown in Table H-5 and Figure 
H-1 8 .  Rich ins (pe r sonal communication , 19 8 4 )  i nd icates many of  these events , 
pos s i bly most of  them , are the r esult of  blas ts from min ing oper a t ions in the 
v ic i n i ty of the s i te .  

H . 5 . 2 . 2  Act ive fault ing 

Buck nam and other s  ( 1 9 8 0 ) have incl uded the s i te in a reg ion in Utah 
bel i eved to conta in Holocene fault ing . The boundar ies of the ir source region s 
encompass iden t i f ied locations of Holocene faul ting (Figure H-1 9 ) . 

Var ious a u thors have presented reg ional fa ult maps which include the Sou th 
Cl ive s i te .  Wi lliams ( 1 9 5 3 )  maps an unnamed fa ult about 2 5  mi les in length 
wh ich bor ders the wes tern flank of  the Cedar Mounta ins . Th is fault passes 
with in abou t 5 mi les of the Cl ive s i te . No age of  fa ulting is g iven . Bucknam 
( 1 9 7 7 )  and Ander son and Mi ller ( 1 9 7 9 ;  19 8 0 )  do not include th is fault i n  
s uspected Quater nary fault maps . Slemmons (per sonal commun ication , 1 9 8 4 )  has 
repor ted several Holocene scarps of  up to 6 miles in leng th along the west fron t 
of  the Cedar Mounta i ns , wh ich ar e lower in elevat ion than the late Pleistocene 
shorel ines of Lake Bonneville ( F i g ure H-2 0 ) . Both Slemmons and Buckman ind icate 
the ir repor ted faulting is based on interpr e ta tion of small-scale (1 : 60 , 0 0 0 )  
conventional black-and-wh i te a er ial pho tog raphy and smaller scarps may be 
over look ed and other geomorph ic fea tur es , such as fi re-bur ns and shorel ines , may 
be mis taken for fault sc arps . 

Dodge and Grose ( 1 9 8 0 ) have ind icated detection of young fault scarps in 
lake muds or lake g r avels is d i f f icult because they have cons ider ably lower 
s lope ang les than equal he igh t scarps in al luv ial gravels . The i r  wor k  in the 
Black Rock Deser t in nor thwestern Nevada indica tes that for I-m-h igh scarp , 
wh ich is less than 1 , 10 0  years  old , the pr esent scarp slope angle in alluv ial 
gravels would be about 15 degr ees , in lake gravels , about 10 degrees , and in 
lake muds , about 8 degrees . Thus scarps near the s i te in lake muds and g r avels 
would be subtle geomorph ic features and could be easily over looked in reg iona l 
s tudi es . The ir evalua tion does not include scarps of between 1 , 10 0  and 10 , 0 0 0  
year s i n  age , but they do suppor t the concept tha t early Holocene scarps may now 
be ver y subtle geomorph ic fea tures in and near the s i te ar ea wh ich are best 
del ineated by low-sun angle techn iques (Cluft and Slemmons , 197 1 ;  Slemmons , 
197 7 )  • 

Add i t ional studies to clar i fy the de l ineation of fault act iv i ty in the s i te 
reg ion were conduc ted . These included field recona issance , low-sun angle ( LSA ) 
aer ial reconn a i s sance , and photogeolog ic interpreta tion of exist ing 1 : 2 4 , 0 0 0  
scale color , infr ared aer ial photogr aphy . The r esults o f  these s tudies indicate 

H-36 
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Ta bl e H - 5  E a rthquakes  wi th i n  5 0  km o f  C l i ve ,  Uta h , 
Octo ber , 1 97 4  - Se ptember , 1 983 
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Ta bl e H - 5  ( Co nc l uded ) 
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act ive faulting in the s i te reg ion occur s  in f ive zones , the southeas t and 
nor theast front of the Cedar Mounta ins , the west fron t of the Stansbury 
Moun ta ins , the eas t fron t of the Newfoundland Moun ta ins , and a zone of faul t ing 
in Pudd le Valley ( F igure H-2 1 ) . 

H . S . 3  Se i smic zon ing 

Algermis sen et al . ,  ( 1 9 8 2 )  have compl eted se ismic zon ing maps for the 
Un i ted Sta tes based on energy release dur ing h is tor ical ear thquak es . The ir 
zon ing places the s i te in an area wh ich , for a 2S0-year expos ur e ,  w i th a 90 
percent probab i l i ty of nonexceedence , will not have accelerat ions in  rock in  
exces s of abou t 0 . 2  to  0 . 4  g .  

H . S . 4 Ear thquake recur r ence intervals 

Recu r r ence intervals vary in d i f fe r ent areas of the BAR and range from 5 0 0  
to 3 0 0 0  ye ars for act ive por t ions such as the Wasatch Fron t bu t may b e  ove r 
10 , 0 0 0  year s  for the ar ea of the s i te (Wa llace , 1 9 8 2 ) . Fu r ther quan t i f ica t ion 
of the recur rence in terval requires extens ive fault inves tigat ions along those 
z ones con s idered capable of  generating des ign ear thquakes for the s i te . 

H . S . S  Se ismic design parameters 

Ear thquake sources cons ide red in the development of the prel imina r y  s i te 
des ign par ame ters for the Sou th Cl ive s i te ar e l i s ted in  Table H-6 for the zones 
of  active fau l t ing in  the s i te reg ion . Var ious interpreta t ions of segmenta t ion 
of the act ive zones and interact ion be tween the zones is poss ible . For 
conserva t i sm , the nor thern por tion of the faul t sys tem on the nor theaste r n  front 
of the Cedar Moun ta ins is con s i dered ; the Puddle Valley fault ing and two 
segments of  act ive faul ting along the sou theas ter n front ar e con s i dered 
toge ther . In add i t ion , the entire nor th- south trend ing por t ion of the zone 
along the eas t fron t of the Cedar Moun ta ins is con s idered as a s ingle fault . 
For all MCE magni tude calcula tions , i t  is as sumed that the to tal fault zone 
length s will r upture . The var ious comb ined segmen ts and fault zones cons idered 
as pos s ible source faults for des ign par ameters at the s i te are depicted on 
Figure H-21 . Table H-6 lists the MCEs and an est ima ted on-s i te maximum 
accelerat ion for each of these geome t r i c s .  Ear thquakes or ig inat ing along the 
Was atch Fr ont and in the Hansel Val ley area are too remote to a f fect the se i smic 
des ign par ameter s at the s i te .  

Var ia t ions in maximum acceler a t ion at a s i te from an MCE can be attr ibuted 
to ear thquake s i ze , d i s tance to the s i te ,  wave-path a t tenuat ion charac ter i s t ics , 
source mechanism of  the even t ,  d ir ect ion and speed of  fault r upture , and local 
so il cond i t ions at  the s i te . The expec ted var i a t ion for acceler a t ion values is 
l is ted in  Table H- 6 .  The max imum acceler a t ion expected at  the s i te i s  0 . 3 1 + 
0 . 0 6 g from an MCE of M s = 7 . 1 .  The source for th is event could be e i ther the 
east fron t  of  the Cedar Moun ta i n s  or the nor thern segme n t  of  th is zone comb ined 
with the fault ing in sou theaster n Puddle Valley ( F igure H-2 1 ) . As these act ive 
zones are far removed from the s i te , no hazard from sur face r upture ex i s ts at 
the s i te .  
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Table H-6 . D e s i g n  c r i te r i a  for poten t i a l  s e i sm i c  sour c e s  a f fecting 

the Clive , Utah , site 

S o u r c e  f au l t  

We s t  f l a n k  of 
Cedar Moun t a i n s  

W i l l i ams ( 1 953 ) 
S l emmon s ,  ( pe r sonal 
commun i c a t i o n ) , 
1 98 4  

0 . 6  g 

Wes t f l a n k  o f  
Stansburg Moun t a i n s  

B uc k nam ( 1 97 7 )  
S l emmon s ,  ( pe r son a l  
communci a t i on ) , 
1 9 8 4  

N o r thwe s t  
Pud d l e  Va l l e y  

Buc knam ( 1 9 7 7 )  

E a s t  f l a n k  o f  
Newfoun d l and Mou n t a i n s  

Age o f  
l a s t  

movemen t 

N o t  g i ven 

Holocene 
H o l ocene 

H o locene 

Holocene 

H o l ocene 

Cook ' o t h e r s  H o l ocene ( 1 )  
( 1 9 6 4 ) 

E s t ima ted** 
ma x i mum 

Max i mum* acce l e r a t ion 
Cred i b l e  i n  roc k 

Ma x i mum E a r thquake D i s tance ( f ra c t i on of 
length ( ma g n i t ude ) to s i t e  u n i t  g r a v i t y )  

35 m i  ( 5 7 k m )  7 . 3  5 m i  ( 8  k m )  0 . 4  g 

* ** 4 mi ( 6 . 4  km) 6 . 2  3 mi ( 5  km) 0 . 5  g * * * * 1 7 mi ( 2 7. 5 km) 7 . 0  3 mi ( 5  

1 4  m i  ( 2 3 k m )  6 . 9  2 4  mi ( 3 9 k m )  0 . 2  g 

2 3  mi ( 3 7 k m )  7 . 1  2 4  mi ( 3 9 k m )  0 . 2  g 

5 mi ( 8  k m )  6 . 3  1 7  m i  ( 2 7 . 5 k m )  0 . 2  g 

1 4  mi ( 2 3 k m )  6 . 9  2 4  m i  ( 3 9 k m )  0 . 2  g 

* C a l c u l a t e d  f rom S l emmons ( 1 977 ) ,  Type A f a u l t s  u s i ng t o t a l  fau lts ' length , M = 1 . 8 45  + 
� 1 . 1 51 ) Log L in m 

Ca l c u l a ted f r om S chnabel a n d  Seed , 1 9 7 3  * * *  I n d i v i d u a l  H o l ocene S c a rps * * * * z one o f  H o locene Sca rps 
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H . 6  GEOTECHN ICAL PROFILE - SOUTH CLIVE S ITE 

Based on bor ing logs and test data presented in Dames and Moore ( 19 8 2 ) , 
s ubsur face cond i t ions at the South Cl ive s i te cons i s t  en tirely of  alluv ial and 
lacus tr ine sediments of vary ing th ickness , but cont inuous beneath the s i te .  
Tab le H- 7 l i s ts selected soil par ame te r s  tes ted for by Dames and Moore . 

Table H- 7 .  Selected so il  paramters 

Mo is ture Dry So i l  Depth to 
Bor ing Depth content density type ground water 
number ( f t )  ( % )  ( lbs/cu ft ) ( USCS ) ( feet )  

SC-l 4 . 0 3 1 . 7  8 8  ML 2 7 . 8  
SC-l 21 . 0  19 . 4  93  SM-SC 
SC-2 4 . 0 3 3 . 7  79 ML-CL 2 0 . 6  
SC- 2  18 . 0  3 4 . 8 8 5  CL-SM 
SC-3 19 . 0 2 3 . 2  1 0 2  ML-CL 2 9 . 3  
SC-4 4 . 0  3 5 . 9  8 7  CL-ML 34 . 0  
SC-4 8 . 0  3 3 . 8  7 8  CL-ML & 

SP-SM 
SC-5 9 . 0  4 . 5  113  SP-SM 2 6 . 1  
SC-6 3 . 0  3 3 . 7  8 8  CL-ML 24 . 7  
SC-6 8 . 0 4 . 1  9 9  SP-SM 
SC- 7  6 . 0  3 3 . 8  8 5  CL-ML 21 . 6  
SC-8 9 . 0  3 8 . 2  80  SM-SP 2 9 . 9  
SC-8 14 . 0  10 . 5  98 SM-SP 
SC- 9 3 . 0  2 1 . 0  8 9  CL-ML 3 1 .  2 
SC- 9  8 . 0 40 . 4  7 9  CL-ML 
SC-10 6 . 0 3 4 . 2  8 7  CL-ML 3 2 . 4 
SC-10 1 1 . 0 43 . 7  7 8  SP-SM 
SC-1 1  4 . 0  2 5 . 1  93  CL-ML 2 8 . 4 
SC- 1 2  6 . 0  3 4 . 9  82 CL-ML 27 . 4  
SC-12 1 1 . 0  4 . 3  103  SP-SM 
SC-13  3 . 0  21 . 8  97 CL-ML 2 5 . 9  

The in i t ial  so il  s tra tum encoun tered at the s i te is composed of 
pr edominately clayey soils , class i fy ing as CL to ML in the Un i f ied So il  
Clas s i f icat ion Sys tem. Th is layer var ies in  th ickness from 3 to 12 fee t . 
S tandard pene tration tes ting (SPT) blow counts ( N-value s )  indica te th is  
ma ter i al to have a con s i s tency r ang ing from med ium sti f f  to very stiff  except 
i n  bor ing SC-7 wh ich is soft from 0 . 0 to 10 . 0  fee t .  

Sandy soils , class i fy ing predominately a s  SP-SM to SC , under lay the 
c l ayey s ur face soils , with varying th ickness rang ing from 8 to 2 5  fee t .  SPT 
N-values ind icate a dens i ty r ang ing from med ium dense to dense . 

Under ly i ng both of  these s tr ata is another clayey soi l  s tr a tum 
class i fy ing predom inately as a CL to ML . Four bor ings pene tra ted th is s tr a tum 
wh ich has a th ickness r ang ing from 15 to 20 fee t .  SPT N-values ind icate a 
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cons is tency rang ing from med ium s t i f f to hard w i th the except ion of  bor ing 
SC-1 3 ,  2 8  to 4 3  fee t ,  wh ich is soft g r ading to med ium dense a t  approximately 
32 fee t .  

Bor ing SC-l i ndicates tha t  below th is  last clayey s tra tum l ies a sandy 
soil that is in excess of 180 feet thick and has a dens i ty rang ing from med ium 
dense to hard . 

Gr ound wa ter was encoun tered in all bor ings and ranged from elevation 
4 2 4 6 . 7  to 4 2 4 8 . 6  fee t .  
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H . 7  LIQUEFACTION POTENTIAL - SOUTH CLIVE SITE 

A complete analy tical asses smen t o f  the l ique fact ion potent ial at the 
South Cl ive s i te has not been completed . Two factor s would ind icate the 
potent ial for se ismically induced l iquefact ion of  the i n-s i tu soil is  very 
r emote . Typica l ly , the f i r s t  layer of s i lty sands encounte r ed l ies above the 
s ta tic ground-wa ter table . I f  the wa ter table is encoun tered w i thin th i s  
s tr ata , i t  i s  only with in the bottom 2 to 5 fee t .  The water table is  loca ted 
at a depth of 20 to 30 fee t  below the ground sur face . Second , SPT blow count 
val ues for sands lying below the water table typically exceed 2 0 , though 
bor ings SC-4 and SC-7 ind icate values less than 10 . Con s ider ing the depth to 
the water table , the relatively large over burden pr essure , and the apparent 
med ium to h igh den s i ties of  the sandy layer s  encoun tered , s ign i f ican t 
l iquefact ion due to an MCE even t is impr obable . 

Pr ior to fully conclud ing that the South Cl ive s i te is  not s ubj ect to 
l ique faction damage , the poss i b i l i ty of  a long-term r ise in the ground-water 
table should be assessed . Due to r ecent changes in the Great Salt Lak e  leve l 
and geolog ically recor ded h igh-water stands of anc ien t La k e  Bonnev ille , th is 
poss ibil i ty o f  s igni f icant changes over the s i te ' s  design l i fe appear s 
pos s ible . 
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I . l  INTRODUCTION 

Th is repor t  analyzes the reg ional economic impac t of two remed ial ac t ion 
opt ions for stab i l i z ing the uran i um mill t a i l i ng s  loca ted on the vitro s i te .  
The a lternat ives include s tab i l i zat ion of  all ma ter ial at the s i te or removal 
of the mater ial to a new d i sposal s i te .  The Vitro s ite is a 1 2 8-acr e  inactive 
uran ium process i ng s i te in South Salt La ke , Utah . The Vitro Corpora t ion of  
Amer ica oper ated a uran i um ore process ing mill and related s tor ag e  and 
tr ansportat ion fac i l i t ies  on an e ight-acre por t ion of the s i te between May 
1 9 5 1  and January 1 9 6 4 . The s i te is  curren tly owned by the Central Valley 
water Reclama t ion Fac i l i ty Board (CVWRF ) . F igure I-l is  a map of  the reg ion . 
The property is  bounded on the south by 3 30 0  South S t r eet : on the wes t  by 9 0 0  
Wes t  Street ( and s ix v ic in i ty proper t i e s ) : on the nor th by CVWRF ' s  
wa ste-water treatment plant and Mill c r eek : and on the east by Western Dry Mix 
and prope r ty owned by T .  R. Woodrow and R. J .  Herr ing . The was te-water 
treatment plant occupies approx imately 40  ac res d i rec tly nor th of the s i te .  

CVWRF ' s  approved Master Plan iden t i f ies intended land uses on the Vitro 
s i te as follows : 

Mechan ical treatmen t  plan t :  1 0 0  acres . 

S ludge lagoons :  2 3 - 3 2  acr es . 

Temporary industr ial par k :  2 0 - 2 5  acres . 

Coun ty resource recove ry fac i l ity : 16 acres . 

C i ty cul inary wa terwe ll s i te : 1 acr e .  

CVWRF has stated that it will develop a temporary indu s tr ial par k  
( 2 2 . 5  acres ) o n  the Vitro s i te ' s  3 3 0 0  South Street frontage proper ty i f  
ta i l i ng s  removal i s  the adopted remed ial ac tion . Based o n  this asse r t ion , 
th i s  repor t  e s t imates the g ross economic benef its that might r esult f rom the 
developmen t  of an industr ial par k  on the s i te .  CVWRF has not s ta ted the t ime 
per iod dur ing wh ich i t  expects the tempor ary indus tr ial par k to operate . 
However ,  the following d i scuss ion of  long-term expans ion requi rements a t  
CVWRF ' s  was te-water treatmen t  fac i l i ty appears o n  pages 1-2 o f  F inal Repor t ,  
2 0 1  Fac i l i t ies  P lan , Central Valley Water Reclamat ion Fac i l i ty Board , February 
19 8 2 ,  Coon , K ing and Knowlton : and Brown and Caldwel l :  "Fir st-s tag e 
construct ion of  the Central Valley WRF w i ll expand the ex i s t ing capac i ty of  
the D i s t r ic t  1 plant , wh ich has an aver age annual d a i ly f low o f  1 7  million 
gallons per day (mgd ) , to its proj ec ted year 2 0 0 5  flow of  50 mgd . "  This  
sugg ests that the temporary indus tr ial par k could oper ate un t i l  cons truct ion 
for the post-20 0 5  expansion beg an . Based on the following assumpt ions a 13  
year  l i f e  is  e s t imated for  CVWRF ' s  tempor ary industr ial par k .  

Removal of  the ta i l ings to South C l ive is  assumed to be the adopted 
remed ial act ion . 
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A three-year clean-up per iod end ing December 1 9 8 6 . 

Occupancy of  the temporary industr ial par k beg inning January 1 9 8 8 . 

A f ive-yea r construc t ion per iod for the expans ion o f  CVWRF ' s  
wa ste-water treatment fac i l i ty to 100  mgd .  

Operat ional star t-up of  the 1 0 0  mgd fac i l i ty beg inn i ng January 20 0 6 .  

The economic impacts w i l l  be del inea ted in te rms o f  the reg ional economy . 

The balance of  th i s  repor t w i l l  address the fol lowi ng areas : ( 1 )  zoning ; 
( 2 )  master plan ; ( 3 )  land use : ( 4 )  asses sed valuat ion ; ( 5 )  demogr aph ics ; ( 6 )  
employment ; ( 7 )  local land value s ;  ( 8 )  publ ic revenues ; and ( 9 )  conclusions . 
The r e lationsh ip among these parameter s and the i r  uses i n  der iv ing an est ima te 
of  r eg ional economic benef i ts are s ummar i zed below . 

Zon i ng 

The zon ing des ignat ions of  the vi tro s i te w i l l  be ident i f ied in  
order to determine if  CVWRF ' s  proposed land uses are con s i s tent with 
the s i te ' s  current zon i ng . 

Mas ter plan 

The C i ty of  South Salt Lake ' s  Ma ster Plan wi l l  be ana lyzed in terms 
of  the C i ty ' s  prospect ive commer c ial and i nd ustr ial  development . 
The a nalys i s  will  focus on the sal ient determinants of  South Salt 
Lake ' s  future growth as  set ,  for th in  the C i ty ' s  Ma s ter Plan . 

Land use 

Data on land use conve r s ion and proj ect ions of future land use will 
be eva luated in  order to ident i fy l i kely geog r aph ic areas for 
commer c ial and indust r i al development . 

Assessed valuat ion 

Data on assessed va luat ion for South Salt Lake w i l l  be analy zed in 
·order to iden t i fy tr ends in the annual r ate of  change in  assessed 
valuat ion . I n  add i t ion , the analy s i s  will  focus on comme rcial and 
industr ial cons truct ion perm i ts as ind icator s of comme rcial and 
indust r i a l  growth . 

Demog r aph ic data 

Data on populat ion , employment , dwell ing units , car s , and commercial 
f loor space w i l l  be analy zed i n  order to character i ze the demogr aphy 
of the 3 . 6  square mile area sur rounding the V i tr o  s i te .  H i stor i� 
i n formation , as well as  proj ections , w i l l  be cons idered . 

1-3 



Local land values 

The cur rent mar ket value of  the 3 3 0 0  South Street f rontage prope r ty 
will be est imated based on : ( 1 )  appra i sa l  reports : ( 2 )  the h ighest 
and bes t  use of the land : ( 3 )  the a s k i ng pr ice for comparable 
adj acent property : and ( 4 )  a r ecent transac t ion involv ing the 
property .  

Employment 

The d i r ect and ind irect employment 

indus tr ial par k  will be est imated . 
employees wi ll cons t i tute the bulk 
economic benef i ts . 

Publ ic r evenues 

impac ts of  the proposed 

The a f ter-tax wages of these 
of the reg ion ' s  est imated 

The es t ima tes of public revenues will be based on an e s t ima te of the 
industr ial par k ' s  assessed valuat ion and the numbe r of  d i rec t and 
ind i r ect j obs crea ted by i ts development . 
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I . 2  ZONING 

Th is sec t ion cons ider s the zon ing of the vitro s i te in terms of i ts 
ef fec ts on the development of the proper ty .  These e f fects w i l l  be del ineated 
in terms of  l im i ta t ions on the type s of poss ible deve lopment , as wel l  as uses 
permitted under the code . Figure I-2 is  a copy of  the C i ty of South Salt 
Lake ' s  Zon ing Distr ict Map . 

I . 2 . 1  Bus i ness (A)  d istr ict 

The por t ion of  the s i te wh ich abu t s  3 3 0 0  South Street is  zoned Business 
( A )  D is t r ict to a depth of approx imately 750  feet . The purpose of a Bus i ness 
(A)  Distr ict is  to " • • •  promote h igh qua l i ty ,  wel l-des ig ned bus i nes s , of f ice , 
and retail es tabl ishments . "  ( C i ty o f  South Salt Lake , T i tle F i f teen , Zon ing 
and Land Us e ,  Chapter 20 , page 20- 1 . ) I n  a Business (A)  D i s t r ict , those uses 
cons i s tent with any of  the C i ty ' s  r es ident ial zon ing designat ions (R-l , R-1A , 
R-1B and R-M) or the profess iona l off ice des ignat ion (P-O ) a r e  permit ted . The 
following is a summary of other permitted uses . ( For a complete l i s t ing of  
permi t ted land uses , see C i ty of  South Salt Lake , Ti tle F i f teen , Zon i ng and 
Land Use . )  

O f f ice bu i ld i ng s .  
Food stores . 
Reta i l . 
Res taurant s .  
Ga sol ine serv ice stat ion . 
Ho te ls and motels . 
Vehicle sales . 
Commercial amusemen t places . 

In add i t ion , there i s  a min imum lot s i ze  of  6 , 0 0 0  square feet and a max imum 
bu i ld i ng height of 40 fee t .  

I . 2 . 2  L ight industr ial d i str ict 

The balance of  the s i te i s  zoned Light Industr ial  Di str ic t .  Wi th the 
exception of two parcels in the southwest cor ner of the C i ty ,  wh ich are zoned 
Ag r icultural A-l and Profes s i onal Off ice ( s ee Figure I- 2 ) , and the 3 3 0 0  South 
Str eet f rontage por t ion of  the Vi tro s i te , all  of  South Salt Lake west of I-15 
i s  zoned Light I ndustr ial . 

The purpose of a Light Indu s t r i a l  D i s t r ict i s  to " • • • provide areas in  
appropr iate locations where warehous ing and industr ial  processes not produc i ng 
obj ect ionable ef fects may be establ i shed , ma inta ined , and protected . "  (C ity 
of South Salt Lake , Ti tle F i f teen , Zon ing and Land Use , Chapter 2 4 ,  page 
2 4-1 . ) W i th the except ion of r es idential uses ( zon ing designa t ions R- l ,  R-1A , 
R-1B , R-S and R-M ) and mixed use ( zon ing des ignation Mixed) , any use permi tted 
in the Ci ty ' s  zon ing ord inances is permi tted in a L ight Indus t r i a l  D i s t r i c t .  
I t  should b e  noted tha t any heavy industr ial  u s e  i s  prohibi ted w i th i n  the C i ty 
of South Salt La ke . The follow ing i s  a br ief summa ry of permi tted use s .  ( For 
a complete l i s t ing of permi tted uses , see C i ty of  South Salt Lake , Ti tle 
F i f teen , Zon ing and Land Use . )  
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Automob ile sales . 
Boiler wor k s .  
Brewer ies . 
I nciner ator . 
Manufactur ing . 
Of f i ce .  
Ser vice station . 
War ehouse and stor age . 

Ther e is  a setback requir ement of  4 0  to 5 0  feet i n  the f r ont . Ther e also  i s  a 
2 0-foot setback r equir ement f or ad j acent lots used for par k i ng . 

I . 2 . 3  Development po ten tial 

T i tle F i fteen , Zon ing and Land Use ( C ity of South Salt Lak e )  
ch ar acter i zes the uses permi tted i n  a Bus iness ( A ) D i s tr ict a s  W l im i ted 
bus iness and neighbor hood shoppingW ( C ity of South Salt Lake , T i t le F ifteen , 
Z on ing and Land Use , Chapter 10 , page 10- 1 ) . As pr eviously noted , permitted 
land uses in th i s  D i s tr ict incl ude off ice buildings , r estaur ants , hotels , and 
a var iety of r et a i l  oper a t ions . I t  should be no ted that the 3 3 0 0  South 
fr ontage par cel is th e only Bus iness A zoned land wes t of  I-IS in the C ity of 
South S alt L ak e .  Ther efore , based on i ts cur r ent zon i ng , this parcel could be 
developed for a var iety of bus i ness , o f f ice , and r eta i l  uses . However , the 
permi tted uses do not include i ndustr ial par k s . Wh ile th i s  use wo uld be 
permi tted in a L igh t I ndustr ial D i s tr ict , i t  is incons istent w i th the 
proper ty ' s  cur r ent Bus iness A zon i ng . 

The balance of  the V itr o s ite , wh ich is  z oned L ight I ndustr ial , can be 
developed for almost any non-r esi dent i al or non-heavy industr ial use poss ible . 

As pr ev iously noted , the devel opmen t  of  an industr ial par k is  
incons i stent wi th the 3 3 0 0  South fr ontage proper ty ' s  cur r ent zon i ng . I n  
add i ti on , i t  would appear that , based on exist ing land uses on ad j acen t 
proper t ies and the pr esence o f  the was te-water tr eatment f ac i l i ty , development 
cons i s tent with a Bu s iness A zon ing ( e . g . , o f f ice build i ngs , r es taur ants , 
mo tels ) i s  unl ik ely . Therefor e ,  a r ez on i ng o f  the proper ty to L ight 
I ndustr ial to ac commodate CVWRF ' s  pr opo sed indust r ial par k seems l ikely.  
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I . 3  MASTER PLAN 

Th is  sect ion is a review of the C i ty o f  South Salt Lake ' s  Ma ster Plan . 
The purpose of  this review i s  to a nalyze the C i ty ' s  goals and expec ta t i on s  
w i th regard t o  economic growth and industr ial and comme rc ial development . 

The C i ty o f  South Salt La ke conduc ted its master plann ing process i n  
thr ee phases . The result i ng documents and the relationship among the var ious 
phases are set forth below . 

Phase 1 :  C i ty o f  South Salt Lake Pol icy plan ( no date ) 

The purpose of Phase I was " to develop an adequate and r e l iable data ba se 
f rom wh ich problem areas could be def i ned and qua n t i f ied for  use i n  
subsequent phases i n  develop i ng the comprehens ive plan . "  

Phase 2 :  South Salt Lake C ity Mas ter  Plan Phase I I ,  June 1 9 8 0  

The purpose o f  Phase I I  was " to analyze the i nventory o f  data that was 
gathered dur ing Phase I ,  and ident i fy i n  quan t i f iable terms ex i s t ing 
trend s ,  problem area s ,  and strengths of the c i ty • • • •  to r ecommend goals 
and obj ect ives for  the var ious alternat ive f utures that ex ist i n  the 
areas of economic development , hou s i ng , zon ing and land management , code 
enforcement , tr ansportat ion fac i l i t ies , c ivic pr ide , and recreat ional 
developmen t . " 

Phase 3 :  C i ty of  South Salt Lake Comprehen s i ve Ma ster Plan , June 1 9 8 1  

Phase I I I  reports  o n  the pol ic ies , strateg ies and procedu r e s  that were 
es tabl i shed i n  order  to ach ieve the goals and obi ectives der ived i n  Phase 
I I  . 

. The balance of this  sec t ion w i l l  be devoted to an analys is  o f  those 
elements of the master plann ing process wh ich affec t  economic development i n  
general  and development alternat ives for the Vitro s i te in par t icula r . 

I . 3 . 1  Pol icy plan 

I n  the repor t ,  i t  is  suggested that a mar ket study be completed in order 
to determine the C ity ' s  " potent ial for attract ing or  not attract ing ce rtain  
types of  bus inesses . "  I n  that regard , the Repor t notes that the l i ft ing o f  
the utah Depa r tment o f  Health ' s  ban o n  development near the Vitro s i te has 
resu lted in deve lopment of  a 2 S-acre industr ial park on the old KCPX rad io 
stat ion prope r ty by HOMCO Development Co. The prope rty i s  across 9 0 0  West 
Street f rom the Vitro s i te . However , the property wa s recently sold to the 
utah State Ret i rement Fund (USRF )  and is ag a i n  be ing of fered for sale . A 
spokesper son for the USRF s tated that i ts prox imi ty to the Vitro s i te had not 
a ffected its value ( Blackburn , 1 9 83 ) . 

The report states " • • •  there s t i l l  rema ins large undeve loped areas for 
commercial and i ndustr ial deve lopment part icularly i n  the recently annexed 
area south of Mill  Creek and We st of  I -IS . "  Al though the informa t ion is 
somewhat out-of-date , Table I X ,  Privately Owned Vacant Land , Apr i l  1 9 7 9  is 
reproduced below f rom the policy Plan . 
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Zoning 

Re s ident ial A 
Res ident ial B 
Business A 
Bus iness B 
Commercial 
I ndu s tr ial 
Ag r icultural 
Total 

( squar e fee t )  

1 9 9 , 26 0  
6 6 , 9 9 1  

1 2 2 , 6 7 0  
2 20 , 2 40 

2 1 , 5 1 2  
1 2 , 2 4 4 , 3 3 8  

1 , 0 2 9 , 0 0 0  
1 3 , 9 0 4 , 0 1 1  

Area 
( acres ) 

4 . 6  
1 . 5  
2 . 8  
5 . 1  
0 . 5  

2 81 . 1  
2 3 . 6  

3 19 . 2  

Vi tro These f igures appear to include the por t ion of  the 
currently zoned Bus iness A ,  in the industr ial ca tegory . 

s i te , wh ich i s  

The repor t character i zes South S a l t  Lake as  becoming a n  increa s i ng ly 
sign i f icant center of "heavy commerce , "  which includes sales of  automob iles , 
recreational veh icles and large appl iance s .  Th i s  i s  i n  add i t ion t o  i t s  
tr ad i t ional manufactur ing and wholesal ing roles . However , i t  warns o f  
" impacts o n  the C ity cos t pattern , demand ing par t ic ipa tory expend itures for 
the clean ing up of heavy commerce areas , more r igorous and e f fect ive buf fer ing 
between potenti ally con f l ict ing uses , and increased a ttent ion to traff ic 
control and flow . " 

1 . 3 . 2  Mas ter plan : phase I I  

Th is  r epor t focuses on the section t i tled Forecas t o f  Economic Cond itions 
in South Salt Lake C i ty .  Th is  sect ion inc ludes d i scuss ions of  industr ial and 
wholesaling g r owth potential in South Salt Lake , demand for o f f ice space in 
South Salt Lake and the C i ty ' s  future retail ing role . 

The f i r s t  area to be add r es sed i s  a study of  the absorpt ion potential of 
vacant land zoned for industr ial use in South Salt Lake . It should be noted 
tha t based on d i scuss ions between the author s of the repor t and the pr inc ipals 
of  the eng ineer ing f irm o f  Coon , K ing ana Knowlton , 7 0  acres assoc ia ted with 
the old Vitro operation were excluded from the s tudy . I t  is assumed that th i s  
is  separate from the frontage prope r ty along 3 3 0 0  South , s ince CVWRF d i d  not 
purchase the prope r ty unt i l  1 9 8 1 . 

The repor t pr esents annual e s t imates of  the absorpt ion o f  vacant land 
zoned for industr ial u se , industr ial constr uct ion ac t iv i ty and 
bu i ld i ng-to-land coverage rat ios for 19 80-199 0 .  Wi th the except ion of 
e s t ima ted bu i ld ing -to-land coverag e  ra tios , data are shown ind ividually for 
tr a f f ic zones 3 2 8 , 3 2 9 , and 3 5 1  and as an agg regate for the r e s t  of  South Salt 
Lake . The est imated build ing-to-land coverage ratios ar e shown ind ividually 
for tra f f ic zones 328 and 329 and as  an agg regate for the rest o f  South Salt 
Lake . Tra f f ic zones 3 2 8 , 3 2 9 , and 3 51 are par t o f  census tr ac t  116 . Tr a f f ic 
zone 3 2 8  is  nor th of  CVWRF ' s  was te-water treatment fac i l i ty ,  tra f f ic zone 3 29 
includes the Vi tro s i te , and tra f f ic zone 3 51 is  eas t o f  1-15 and nor th o f  
3 3 0 0  South Stree t .  F igure 1 - 3  i s  a map of  the area and ind icates the 
locat ions of the above tr a f f ic zone s .  
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I t  is  e s t imated tha t g iven a heal thy reg iona l economy , approx imately 8 4 . 0  
percent o f  the ava ilable industr ial acreage will be absorbed by 19 9 0 .  This 
scenar io assumes that the following "ma j or economic st imul i "  occur : 

Deployment of  the MX m i s s i le sys tem in we stern Utah . 
Incr eased extract ion of  coal reserves in Utah ' s  Over thr ust Be l t .  
Con tinued deve lopment of  statewide water and power proj ects . 

Th is  set of  assumpt ions leads to the " h igh e s t imat e "  for the absorpt ion 
of ind u str ial land in the C i ty .  Table I-I se ts forth proj ected d ata on the 
absorpt ion of  industr ial land , for selec ted tra f f ic zones , and the rest  of 
Sou th Salt La ke for the per iod 19 80-1 9 9 0 . Table I-I also includes a " low 
es t imate " for the absorpt ion o f  industr ial land . These data assume a moderate 
nat ional and/or reg ional recess ion w i th "cycl ical upturns and downturns , "  
dur ing the study per iod . Under th i s  scenar io , 5 8 . 0  percent of  the available 
land will be absorbed by 199 0 .  

With regard to future developmen t ,  the report s tates " the bulk o f  new 
cons truct ion ( about 70  pe rcent ) is  expec ted to be in b u i l t-to-suit , rather 
than integrated speculat ive developments . Th is  construct ion will a l so be 
compa rat ively d i sparate and fragmented , r a ther than be ing integrally des igned 
indu str ial par ks • • • •  " The HOMCO Development Co . pro j ec t  on 3 3 0 0  South and the 
Mar k e tplace Square proj ect west of 9 0 0  West are ment ioned as  pos s ible 
except ions . However ,  ne i ther proj ect is  cur rently be ing developed . In 
add i t ion , HOMCO ' s  prope r ty on 3 30 0  South was recently sold to the Utah Sta te 
Re t i rement Fund , wh ich placed it on the mar ke t  early t h i s  year . The report 
est imates tha t future development will  result in the fol lowing types of land 
uses . 

Wholesal ing , d i s t r ibut ion and storage functions : 7 0 . 0  percent . 
Industr ial use : 16 . 0  percent . 

• Reta i l ing , off ice and serv ice purposes : 14 . 0  percent . 

The r epor t j us t i f ies the above land use scenar io ,  in pa rt , on the ba s i s  o f  the 
image of the C i ty ' s  west s ide . I t  is  character i zed as  hav ing " transportat ion 
and other advantages " wh ich render the area pr ime . Howeve r ,  the report 
concludes that f i rms wh ich requ i r e  pres t ig ious locat ions would not choose a 
s i te in the area . In add ition , the report sta tes that " the bu i ld ing o f  the 
reg ional sewage treatment plant w i l l  negat ively impac t the qua l i ty of 
development that will occ ur in the lands ad j acen t to it . "  

The report prov ides low and h igh est imates of  commercial construct ion , as  
shown in Table 1 - 2 . These data are based on the pro j ec ted absorpt ion of  
indus tr ial acr eage in Table 1 - 2  and proj ected bu i ld i ng - to-land coverage 
rat ios , wh ich are shown i n  Table 1-3 . The increas ing ave r ag e  r a t ios for 
tra f f ic zones 3 2 8  and 329 reflect " the decreas ing ava i l ab i l i ty o f  larger 
con t iguous tracts of  land wh ich are attract ive to land extens ive fac i l ities  
with a need for  large amounts of exter ior storage area . "  ( Land extens i ve 
fac i l i ties are fac il i t ies with low bu ild ing-to-land cove rage r a t ios . ) The 
assumpt ion is that large parcels will  be absor bed ear ly in the per iod and that 
the rema i n ing land will  be "more sui table for build ing extens ive operations 
with h igher coverage ratios . "  ( Bu ild ing extens ive operations are fac i l i t ies  
with high building -to-land coverage r a t ios . ) 
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Table I- I .  C ity of South Salt Lake estimated absor pt i on o f  i ndus tr i a l  l and ( acr es ) 

19 8 0 - 1 9 9 0  

T r af f i c z one 
3 2 8  3 2 9  3 5 1  A l l  othe r s  Total 

Year High Low High Low High Low High Low High L ow 

1980 9 . 2 8  9 . 2 8  2 1 . 5 2  2 1 . 5 2  2 . 5 1 . 6 7  1 . 2 3  . 5 5  3 4 . 5 3  3 3 . 0 2  
19 8 1  5 . 2 7  L 7 6  2 4 . 2 7 1 1 .  7 7  3 . 7  1 . 5 5  1 . 0 7  . 5 2  3 4 . 3 1 15 . 6 0  
19 82 4 . 4 8  1 . 6 7  2 0 . 4 0  10 . 8 0  3 . 0 6  1 . 4 4 . 9 3  . 4 8  2 8 . 86 14 . 3 9 
19 8 3  3 . 8 1  1 . 5 9  17 . 3 0 10 . 0 0  2 . 5 3  1 . 34 . 80 . 4 6 2 4 . 4 4 13 . 3 9 
19 84 3 . 2 4 1 . 5 0  14 . 6 0  9 . 3 0  2 . 0 9  1 . 25 . 6 9  . 4 3  2 0 . 6 2  12 . 4 8  
19 85 2 . 7 5  1 . 4 3 12 . 4 0 8 . 6 0  1 .  7 3  1 . 16 . 6 0  . 4 1  17 . 4 8  1 1 . 6 0  
19 86 2 . 3 4 1 . 3 6  10 . 4 0  7 . 9 0  1 . 42 1 . 0 8  . 5 2  . 3 8 14 . 6 8  10 . 72 
19 8 7  1 . 9 9  1 . 29 8 . 80  7 . 40  1 . 18 1 . 0 0 . 45 . 3 6 12 . 42 10 . 0 5  
1988 1 . 6 9  1 . 2 3  7 . 5 0  6 . 70  . 9 7  . 9 3  . 3 9 . 3 3  10 . 5 5  9 . 19 
19 8 9  1 . 4 4  1 . 17 6 . 3 0 6 . 3 0 . 8 0  . 8 7  . 3 3 . 3 1 8 . 5 4  8 . 6 5  
1990 1 . 2 2 1 . 11 5 . 3 0 5 . 8 0  . 6 6 . 8 1  . 2 9  . 2 9 7 . 4 7  8 . 0 1  

H Total 3 8 . 19 2 4 . 0 7  14 8 . 7 9  10 6 . 0 9  2 0 . 6 5  13 . 10 7 . 29 4 . 5 2  2 14 . 9 2  14 7 . 7 8  I .-
"'" 

P er cent 
absor bed 
199 0  84 . 7 %  5 3 . 4 %  8 3 . 7 %  5 9 . 7 %  8 6 . 8 %  5 5 . 0 %  7 9 . 7 %  4 9 . 4 %  8 4 . 2 % 5 7 . 9 %  

Source : South Salt Lake C i ty Master P lan , Phase I I ,  J une 1980  

Note : Deta i l  may not add to total due to r ounding . 
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Table 1 - 2 . C i ty o f  Sou th Salt Lake es timated i ndus tr ial constr uct i on 
( thousands of  squar e feet ) 

19 8 0 - 1 9 9 0  

T r a f f i c  z one 
3 2 8  3 29 3 5 1  

Year H igh L ow H ig h  Low H igh Low 

19 80 6 9 . 9  6 9 . 9  162 . 2  162 . 2  4 3 . 3  2 8 . 9  
,19 8 1  4 8 . 3  16 . 1  2 2 2 . 5  10 7 . 9 6 4 . 1  2 6 . 9  
19 82 4 8 . 4  17 . 0  2 2 0 . 4  109 . 6  5 3 . 1  2 5 . 0  
19 83  5 1 . 1  17 . 2  2 3 2 . 1  10 8 . 0 4 3 . 9  2 3 . 2  
1984 4 7 . 7  16 . 2  2 15 . 0 100 . 5  36 . 2  2 1 . 7  
19 85 4 3 . 2  15 . 4  19 4 . 7  9 2 . 9  3 0 . 0 2 0 . 1  
19 86 4 0 . 6  14 . 7  180 . 3  85 . 3  2 4 . 6  18 . 7  
19 8 7  3 4 . 5  13 . 9  15 2 . 6  7 9 . 9  2 0 . 4  17 . 3  
19 88 2 9 . 3  13 . 3  130 . 0  7 2 . 4  16 . 8  16 . 1  
19 8 9  2 5 . 0  12 . 6  10 9 . 2  6 8 . 1  13 . 8  15 . 1  
1990  2 1 . 1  12 . 0  9 1 . 9  6 2 . 7  11 . 4  14 . 0  

Total 4 5 9 . 1 2 18 . 3  1 , 9 10 . 9  1 , 0 4 9 . 5  3 5 7 . 6  2 2 7 . 0  

Sour ce : Sou th Salt L ak e  C ity Mas ter P lan , Phase I I , June 19 80 . 

All other s Total 
H i gh L ow H i gh L ow 

2 1 . 3  9 . 5 2 9 6 . 7  2 7 0 . 5  
18 . 6  9 . 0 3 5 3 . 5  15 9 . 9 
16 . 0  8 . 3  3 3 7 . 9  159 . 9  
1 3  . 9  8 . 0 3 4 1 . 0  15 6 . 4 
12 . 0  7 . 5 3 10 . 7  145 . 9  
10 . 4  7 . 1 2 78 . 3  13 5 . 5 

9 . 0 6 . 6 2 5 4 . 5  125 . 3  
7 . 8 6 . 2 2 15 . 3 117 . 3  
6 . 8 5 . 8 182 . 9  10 7 . 6  
5 . 7 5 . 3  153 . 8  10 1 . 1  
5 . 0 5 . 0 129 . 5  9 3 . 7  

12 6 . 5 7 8 . 3  2 , 8 5 4 . 1  1 , 5 7 3 . 1  
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Tab l e  1 - 3 .  C ity of south Salt Lake estimated bu i 1 di ng- to- 1and cover age r atios 

19 80-1990 

Heal thy economic cond i t ions 

Year 

T r af f i c  z one 19 8 0  8 1  8 2  8 3  8 4  8 5  86 8 7  8 8  

3 2 8  & 3 2 9  . 15 . 20 . 25 . 3 3 . 37 . 4 0  . 4 5  . 4 5  . 4 5 

A l l  other s . 4 5  . 4 5 . 4 5  . 4 5 . 4 5 . 4 5  . 4 5  . 4 5 . 4 5  

S l ugg i sh economic cond i t i ons 

Year 

T r a f f ic Z one 1980  8 1  82 83  84 8 5  86 87 88 

328 & 3 2 9  . 15 . 2 0  . 2 3 . 25 . 2 5  . 25 . 2 5  . 2 5 . 2 5  

A l l  other s . 4 5  . 45 . 4 5  . 4 5  . 4 5 . 45 . 4 5  . 45 . 45 

S our ce:  South Salt Lake C i ty Master P l an ,  Phase I I ,  J une 19 80 . 

89 9 0  

. 45 . 45 

. 4 5  . 4 5  

8 9  9 0  

. 2 5 . 2 5 

. 45 . 4 5  



The report i ncludes an est imate of South Salt Lake ' s  share o f  off ice 
space growth in Salt Lake County between 1 9 8 0  and 19 8 5 .  The est imate is based 
on the following assumpt ions : 

1 .  Salt Lake County populat ion g rowth o f  8 4 , 0 6 4 .  

2 .  8 5  o f f ice employees per 1 , 0 0 0  o f  population . 

3 .  2 1 0  square feet of off ice space per employee . 

4 .  South Salt Lake ' s  annual share o f  the growth i n  o f f ice space w i l l  be 
be tween seven and 1 3 . 5  percent . 

Based on the above , i t  is  es t imated that South Sal t Lake ' s  share o f  total 
growth will  be be tween 1 1 5 , 6 0 0  squar e  feet and 1 7 3 , 0 0 0  square fee t .  

The report also addresses the future o f  reta i l ing act iv i ty i n  South Salt 
Lake C i ty .  I t  d iv ide'S the C i ty ' s  retail  s t r ucture into three a reas . 

Convenience goods . 
Shoppi ng good s .  
General purchases . 

Convenience goods are the mos t  frequently purchased types of good s .  The 
amount of purchas ing power found in the loca l area is the key to s uccess i n  
th is  type of r e ta i l ing . The repor t  concludes tha t .. . . .  i t  i s  extremely 
doubtful whe ther add i t ional fac i l i t ies  are warranted e i ther now or  in the near 
future . "  This  is attr ibuted to the dec l in i ng c i ty populat ion and the fact 
tha t the area ' s  i ncome is  lower than the reg ional aver age . Howeve r ,  the 
deve lopment of some reta i l  space along 9 0 0  wes t  to serve the local wor k  force 
was men t ioned as a pos s i b i l i ty .  

with regard to r e ta i l  shopp ing , South Sal t  Lake i s  character i zed a s  be ing 
" a t  a d i s t inct d i sadvantage i n  any attempt to increase its share of the market 
for  these goods . "  Th is  i s  d ue to the " t rans ient natur e of S ta te Street 
traffic"  and the lack of ex ist i ng or planned shoppi ng cente r s  s upplying th i s  
leve l of goods . However , the C i ty appears t o  b e  i n  a relat ively good pos i t ion 
w i th regard to general purchases or " heavy commerce reta il i ng . "  Re ta i l  
bus inesses wh ich requ ire large , pla i n  bu i ld i ng s  and large outs ide s torage 
areas , but do not need pre s i t ious loca t ions , will contr ibute to growth in the 
wes t  and southwes t  por t ions of the C i ty .  

The sec t ion o f  the report that deals w i th land use tre nd s  contains the 
following obse rvat ions r egard ing the poten tial for commerc i a l  and ind us t r ia l  
deve lopment in South Salt Lake C i ty .  

E igh ty-two percent o f  the rema i n i ng developable ind ust r ial land w i l l  
b e  absorbed b y  1 9 9 0 . As previously noted , the sec t ion on economic 
cond i t ions proj ects tha t 5 8 . 0  percent ( low e s t ima te)  to 8 4 . 0  pe rcent 
( h igh e s t ima t e )  of the ava ilable industr ial acreage w i l l  be absorbed 
by 1 9 9 0 .  

The C i ty i s  i n  a d i s advantageous pos it ion w i th reg ar d  to commercial 
development due to the area ' s  low average income , min imal purcha s i ng 
power , and lac k of popul a t ion growth . 

I-17 



I t  i s  doubtful tha t any s ig n i f icant growth in shopper ' s  goods w i l l  
occur d u e  t o  the area ' s  prox imity t o  Sal t Lak e  C i ty ' s  central 
bus iness d i s tr ic t  and Mu r ray C i ty .  

Sou th Sa lt La ke does not a ttract bus inesses look ing for a 
prestig ious loca t ion due to the a r ea ' s  image and i ts envi ronmental 
character . 

Ve ry l i ttle growth in off ice space i s  forecas t  due to the lack of  
large s u i tably loca ted parcels , the mix o f  i ndustr ial u se s  i n  the 
area and the prox imity to Sal t Lake C i ty and Mu r ray C i ty .  

1 . 3 . 3  Compr ehens ive master plan 

The Land Use Master Plan , wh ich is pa r t  of  the Compr ehens ive Mas ter Plan , 
is  intended to "provide an overall gu ide to aid in the C i ty ' s  land management 
funct ions . "  

The Land Use Master Plan focuses on the need for s i ngle-family , a t tached , 
owne r-occup ied housing in the C i ty ( e . g . , townhome s ) . Howeve r ,  i t  doe s 
ind icate that " the C i ty will  cont inue i ts long h is tory o f  encourag i ng qua l i ty 
industr ial , wa rehous i ng , and d i str ibut ion development wes t o f  the O . S . L .  
Ra i lroad . "  O . S . L .  refers to Un ion Pac i f ic ' s  Or egon Short L i ne , wh ich i s  
located wes t  o f  1-15  a t  abou t 1 4 0  West . 

1 . 3 . 4  Master policy declarat ion for annexat ion for Sou th Salt La ke C i ty ,  
Utah , Ja nuary 1 9 8 0  

Pursuan t to the Utah Boundary Commiss ion Ac t of  1 9 7 9  ( HB 6 1 ) , the C i ty of  
Sou th Salt Lake has pr epared a declarat ion o f  pol icy regard ing future 
annexa t ions to the C i ty .  The cond i t ions under which an area may qua l i fy for 
annexat ion are summa r i zed below . ( See C i ty of South Salt Lake , Statemen t o f  
Annexat ion Cr iter ia , Standards ,  for a complete d i scuss ion . )  

Th e a rea must be cont iguous to the bound a r i e s  of  South Sal t  Lake 
C i ty .  

The area mus t  be iden t i f ied i n  the pol icy dec la rat ion statement . 

With ce r ta i n  except ion s ,  the area can not be w i thin the bounda r ies 
of  another incorporated mun icipa l i ty . 

The net f i scal ef fect on mun ic ipal services en t i t ies  d i splaced by 
the annexat ion shal l  be approx imately zero . 

The annexa t ion sha ll not be for the purpose of  acqu i r ing mun ic ipal 
revenues w i thou t provid ing mun ic ipal services . 

One of  the areas ident i f i ed for poss i ble annexa t ion , Area lA , extends 
south f rom 3 3 0 0  Sou th Street to 3 9 0 0  Sou th Street and wes t f rom 70 0 Eas t  
Street to the Jordan River . Th i s  area includes traffic  zone s 3 5 9 , 3 6 0 , 3 6 1  
and 3 6 2  in  census tract 1 1 6  and traffic  zones 2 6 4 , 2 6 5  and 2 6 6  in  census tract 
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1 1 7 . The area conta ins approx imately 1 , 53 7  acres w i th an assessed valuat ion 
of $29 . 7  mill ion ( 1 9 7 7 ) . 

Sa l ient demog raph ic and land use data are summar i zed below . 

populat ion acres 
dwelling units 
employment 
res ident ial acres 
commercial acres 
industr ial ac res 
agr icultural acr es 
vacant acres 

6 , 0 59 
2 , 4 54 
7 , 17 4  

3 3 5  
1 6 9  
2 1 8  
2 2 8  
2 1 4  

Source : Wasatch Front Reg iona l Counc il , Surve i llance of Land Use and 
Soc io-Economic Char ac ter is tics 1 9 7 0 , 1 9 7 9 ,  1 9 8 0  and 1 99 5 ,  
Surve i llance Repor t ,  Volume 2 ,  Number 7 ,  Apr i l  1 9 8 2 .  

1 . 3 . 5  Conc lusions 

In general , the Mas ter  Plan charac ter izes the C i ty of Sou th Salt Lake as 
be ing unli kely to expe r ience s ig n i f icant growth in commercial development , 
shoppe r ' s  goods , or off ice space . This  is  attribu ted to a dec lin ing 
popula tion and low average income ( and , consequently , low purchas ing power ) .  
The C i ty a lso is  character ized as be ing a t  a compe t i t ive d i sadvan tage compared 
to Salt Lake C i ty and Mur ray C i ty . The Mas ter  P lan identif ies a target type 
of f i rm for bus iness growth in South Salt Lake C i ty -- a bus iness wh ich 
requ i res a large plain bu i ld ing w i th extens ive outs ide s torage , but doe s not 
requ ire a pr es t ig ious locat ion . Th is is cons i s tent w i th the area ' s  
development as a locat ion for war ehous ing , d i str ibu t i on , and wholesal ing 
ac t i v i t ies . 

The Master Plan includes est imates o f  the annua l absorption r a te of 
vacant land zoned for industr ial uses in traffic zone 3 2 9 . Annual absorpt ion 
rang es from 5 . 3  acres to 2 4 . 3  acres , depend ing on the yea r  and the underly ing 
economic as s umptions . For the per iod 1 9 80-199 0 ,  the aver ag e annual absorption 
r a tes for the h ig h  and low est ima tes are 13 . 5  acr es and 9 . 6  acres , 
respect ively.  I n  add i t ion , i t  i s  proj ected that approx imately 7 0 . 0  pe rcent o f  
t h e  vacant industr ial land absor bed in t h e  C i ty between 1 9 8 0  and 1 9 9 0  will  be 
in t r a f f ic zone 3 2 9 . The r efore , the C i ty has iden t i f ied tra f f ic zone 3 2 9  and , 
ther efore , the 3 3 0 0  Sou th Street frontage proper ty as a pr ime area for 
industr ial g r owth dur ing this decade . 
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I . 4  LAND USE 

Land use in the vicinity of  the vi tro s i te w i l l  be character i zed by 
reference to data developed by the Wasa tch Fron t  Reg iona l Counc i l  (WFRC ) . 
These data are publ ished in Surve i llance of  Land Use and Soc io-Economic 
Character is tics , 1 9 7 0 , 19 7 9 ,  1 9 8 0  and 1 99 5 ,  Surve i l la nce Repo r t  Vol .  2 No . 7 ,  
Apr i l  1 9 8 2 . Data a r e  ava ilable by tra f f ic zone , as  we l l  as census t r ac t ,  for 
the following types of  land use : 

Ag r icul tur al . 
Commerc i a l . 
Indus tr  ial . 
I n s t i tu t ional . 
Parks  and recreat ion . 
Res iden t ial . 
Transpo r tation .  
ut i l i  t i e s .  
Vacant . 

Port ions of two census tr acts have been selected in order to eva luate 
changes in land use i n  the vic in i ty o f  the Vi tro s i te .  These include traffic  
zone 3 2 8 , which is  pa r t  of census tract 1 1 5 , and tra f f ic zones 3 2 9 , 3 5 1 , 3 6 0 ,  
3 6 1  and 3 6 2 , wh ich are par t o f  census trac t  116 . The area encompassed by 
these traff ic zones i s  approx imately 3 . 6  square miles . ( See Figure I -3 . )  

Tra f f ic zone 3 2 8  is  nor th o f  the wa ste-wa ter treatmen t fac i l ity ; tra f f i c  
zone 3 2 9  i nc lude s the Vitro s i te , as  w e l l  as  Central  Va l ley ' s  fac i l i ty ,  
tra f f ic zone 3 5 1  i s  east o f  I-15  and north o f  3 3 0 0  South S tr ee t ;  and tra f f ic 
zones 3 6 0 , 3 6 1  and 3 6 2  are south of  the Vitro s i te and abu t 3 3 0 0  Sou th . 
Tra f f ic zone s 3 60 - 3 6 2  also are in the un incorporated por t ion of  Salt Lake 
County . Table I-4 sets for th data on land use for the t r a f f i c  zones noted 
above . Table I-5 summar i zes these data in a percentage d i str ibut ion . 

I . 4 . 1  H i stor ic and cur rent land use 

"Ag r icultural , "  "Vacant , "  and "Othe r "  land uses accounted for almost 80 . 0  
percent of  area land use i n  1 9 7 0 . Th is  included approx imately 4 6 0  acres o f  
vacant land i n  tra f f ic zones 3 2 8  and 3 2 9 , as  wel l  as 2 3 7  acres o f  
transportat ion r ight-of-way s i n  zone 3 2 9 . I n  add it ion , i t  i ncludes ove r 2 0 0  
acres of  agr icultural land in t r a f f i c  zone 3 6 2 . 

Curren t  land use , wh ich is  ba sed on 1 9 8 0  data , i s  abou t 7 0 . 0  percent 
"Ag r icultural , "  "Vacant , "  and "Othe r " .  Vacant land i n  t r a f f ic zones 3 2 8  and 
3 2 9  stands at 4 5 5  acr e s .  This cor respond s to approx imately 4 0 . 0  percent o f  
the land i n  these two traf f ic zones .  There also a r e  about 1 8 0  acres of  
transportat ion r ight-of-ways in zone 3 2 9  and sl igh tly less than 2 0 0  
ag r icultural acres in zone 3 6 2 . 
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Table I-4 . Salt Lake County land use convers ion data 
selec ted traff ic zones 

( acres)  

19 7 0 , 1 9 7 9 , 19 8 0 , 19 9 5  

Census tract/t r a f f i c  zone Land use 19 7 0  1 9 7 9  1 9 8 0  

116/3 2 9  Ag r icultural 1 0 1 . 4  9 2 . 8  8 9 . 5  
Conunerc ial  5 . 0  7 . 9  7 . 9  
I ndustr ial  8 7 . 9  101 . 5 1 0 1 . 5  
Re s iden t i a l  17 . 0  7 . 3  7 . 3  
vacant 311 . 7 3 8 8 . 7  3 5 5 . 9  
Other 2 9 0 . 6  2 1 5 . 4  2 1 8 . 7  

Tota l 813 . 6  813 . 6  7 8 0 . 8  

116/3 6 1  Ag r icultural 81 . 2  7 . 6  7 . 6  

Conunerc ial  3 8 . 9  11 . 2  1 3 . 2  
I ndus t r i a l  2 3 . 9  115 . 8  1 1 4 . 2  
Res ident ial 2 3 . 5  2 3 . 1  2 3 . 1  
vacant 4 5 . 3  46 . 6  4 7 . 7  
Other 4 5 . 0  5 3 . 5  53 . 5  

Total 2 5 7 . 8  2 5 7 . 8  2 5 9 . 3  

116/362  Agr icultural  214 . 7  2 29 . 4  196 . 8  
Commerc ial 2 . 7  1 . 3  1 . 3 
I ndustr i a l  0 . 0  6 . 8  6 . 8  
Res idential 20 . 2  12 . 4  1 2 . 2  
Vacant 7 6 . 7  5 2 . 3  6 9 . 7  
Other 18 . 0  3 0 . 1  6 2 . 9  

Tota l 3 3 2 . 3  3 3 2 . 3  3 4 9 . 7  

116/351  Ag r icultural  2 4 . 3  5 . 6  4 . 7 
Commercial  3 2 . 8  5 5 . 0  5 6 . 0  
Industr ial  14  . 2  3 3 . 9  3 5 . 5 
Res ident ial 4 8 . 8  3 8 . 0  3 7 . 0  
Vacant 61 . 7  2 7 . 5  2 4 . 5  
Other 7 8 . 4  1 0 0 . 2  10 0 . 2  

Total 2 6 0 . 2  2 6 0 . 2  2 57 . 9  

116/360  Ag r icul tural 59 . 7  1 3 . 1  13 . 1  
Conunerc ial 3 7 . 4  3 5 . 6  3 6 . 6  
I ndustr i a l  1 2 . 6  7 7 . 9  7 8 . 0  
Re s iden t ial 4 6 . 5  3 3 . 1  3 2 . 3  
Vacan t 4 4 . 7  3 2 . 3  3 4 . 2 
Other 5 0 . 3  5 9 . 2  5 9 . 2  

Total 2 5 1 . 2  2 51 .  2 2 5 3 . 4  
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1 9 9 5  

5 2 . 8  
15 . 0  

2 6 5 . 0  
5 . 0  

1 3 2 . 5  
3 4 3 . 3  

813  . 6  

20 . 0  
130 . 0  

50 . 0  
0 . 0  

5 7 . 8  

2 57 . 8  

8 0 . 1  
25 . 0  
6 7 . 0  
52 . 4  
12 . 0  
9 5 . 8  

3 3 2 . 3  

8 . 0 
6 0 . 3  
55 . 0  
2 4 . 7  
10 . 0  

10 2 . 2  

2 6 0 . 2  

0 . 0  
60 . 0  
9 5 . 0  
3 0 . 0  

6 . 6  
5 9 . 6  

2 51 . 2  



TABLE 1-4 Cont i nued 

Census tract/t r a f f ic zone Land use 1970 19 7 9  1 9 8 0  1 9 9 5  

1 1 6/ 32 8  Ag r icultural 0 . 0  0 . 0 0 . 0  0 . 0  
Commercial 10 . 5  8 . 3  8 . 5  1 5 . 0  
I ndus t r i a l  5 5 . 6  1 19 . 7  1 2 6 . 7  1 5 6 . 8  
Re s ident i al 0 . 0  0 . 0  0 . 3  0 . 0  
Vacant 1 4 8 . 1  9 4 . 2  9 9 . 4  4 5 . 8  
Other 1 4 8 . 1  1 4 0 . 1  1 40 . 1  1 44 . 7  

Total 3 6 2 . 3  3 6 2 . 3  3 7 5 . 0  3 6 2 . 3  

Total Ag r icultural 4 81 . 3  3 4 8 . 5  3 1 1 .  7 140 . 9  
Commercial 1 2 7 . 3  1 19 . 3  1 2 3 . 5  1 9 5 . 3  
Indu s t r i a l  1 9 4 . 2  4 5 5 . 6  4 6 2 . 7  7 6 8 . 8  
Res ident ial 1 5 6 . 0  113 . 9  1 12 . 2  1 6 2 . 1  
Vacan t  6 8 8 . 2  6 41 . 6  6 3 1 . 4  2 0 6 . 9  
Other 6 3 0 . 4  5 9 8 . 5  63 4 . 6  8 0 3 . 4  

Total 2 , 2 7 7 . 4  2 , 2 7 7 . 4  2 , 2 7 6 . 1  2 , 2 7 7 . 4  

Note : Data are updated us ing bu i ld i ng permi ts . Forecas t data for 1 9 9 5  a r e  
based o n  1 9 7 0  t o  1 9 7 6  land use d a t a  and are no longer accurate for 
traffic zones wh ich have expe r ienced r apid growth s ince 1 9 7 6 . 

Agr icultur a l :  Ag r icultural prod uct ion . 

Commercial : Reta i l  trade or services . 

Industr ial : Manufactur ing , proces s i ng , or  wholesale trade . 

Res idential : Res idential use s .  

Other : 

Tr anspor tat ion : Land w i thin the bounda r i es or r ig ht-of�way o f  
r a i lroad s , pipel ines , or streets and h ighways . 

I n s t i tu t ional : Publ ic bu i ld i ngs , educa t ional ins t i tutions , 
pr i sons , mi l i tary bases , and other spec ial publ ic uses . 

ut i l i ties : Gas , electr ic , water , or sewer u t i l i ty purposes . 

Parks and Recreation : Parks and recrea t ional uses s uch as  gol f 
cour ses (cemeter ies are attached to this  category ) .  

Source : Wasatch Front Reg ional Counc i l , Surve i llance o f  Land Use and 
Soc io-Economic Characte r i s tics 19 7 0 , 1 9 7 9 , 1 9 8 0  & 1 9 9 5 ,  Surve i llance 
Repor t ,  Volume 2 ,  Apr i l  1 9 8 2 .  
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Table I-5 . Salt Lake County land use d ata -- a percentage d i str ibut ion 
selec ted traffic zones 

1 9 7 0 , 1 9 7 9 ,  1 9 8 0  & 1 9 9 5  

Land u s e  1 9 7 0  1 9 7 9  1 9 8 0  1 9 9 5  

Tra f f ic Zones 
3 2 8 , 3 2 9 , 3 5 1 ,  3 6 0 , 
3 6 1 ,  & 3 6 2  Ag r icultural 2 1 . 1 %  1 5 . 3 % 1 3 . 7% 6 . 2 % 

Comme rcial 5 . 6  5 . 2  5 . 4 8 . 6  
Indu s t r i a l  8 . 5  20 . 0  2 0 . 3  3 3 . 8  
Res ident ial 6 . 8  5 . 0  4 . 9  7 . 1  
Vacant 3 0 . 2  2 8 . 2  2 7 . 7  9 . 1  
Other 2 7 . 7  2 6 . 3  2 7 . 9  3 5 . 3  

Total 1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

Note : Deta il  may not add to total due to round ing . 

1 9 8 0  data are calcula ted based on 2 , 27 6 . 1  acres ; al l other year ' s  data 
are based on 2 , 2 7 7 . 4  acr es . 
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1 . 4 . 2  Proj ected land use s : 1 9 9 5  

The proj ect ions of area land use shown o n  Table 1 - 5  we re developed b y  the 
WFRC . These data suggest that abou t one-half o f  the area ' s  total acreage will  
s t i l l  be vacant or devoted to  "Ag r icultural " and "Othe r "  uses  i n  1 9 9 5 .  
Howeve r ,  "Ag r ic ultur a l "  land use i s  pro j ec ted to decrease to approx imately 6 . 2  
pe rcent o f  total land use , as compared to 1 5 . 3  percent i n  1 9 7 9 .  I n  add i t ion , 
more than one-th ird o f  area land use is  proj ec ted to be " Industr ial " by 199 5 .  
I ndustr ial land use in the area s tood at 2 0 . 0  percent in 1 9 7 9 .  

1 . 4 . 3  Land use : changes 

The net e f fect o f  land use convers ion between 1 9 7 0  and 1 9 7 9  i n  the 
vic i n i ty o f  the Vi tro s i te was a sh i ft from "Agr icultur a l "  to " I ndustr ial " 
land use . There also was a minor s h i f t  from " Re s idential , "  " Othe r , "  and 
"Vacant"  land uses to " Indus tr ial " land use . with r egard to i nd ividua l  
tra f f ic zones , the following observat ions can b e  made : 

T r a f f ic zone 3 2 9  

Vacant land and land devoted t o  other u s e s  rema ined constant a t  
approximately 6 0 0  acres . Comme rc ial and i ndus tr ial land uses 
i ncreased approximately 1 8 . 0  percent ,  wh i le agr icultural and 
res idential land· uses decreased by about 1 5 . 0  percent . 

T r a f f ic zone 3 6 1  

Res idential , vacant , and other land uses increased by l e s s  than 1 0 . 0  
percen t .  However , i nd u s tr ial land use increased by 91 . 9  acres o r  
3 8 5 . 0  percent .  Agr icultural and commercial land u s e  decreased by 
approx imately 9 0 . 0  percen t and 7 0 . 0  percent , respect ively . 

T r a f f i c  zone 3 6 2  

Land use changes i n  th is  traff ic zone were re lat ively minor . They 
included the development of 6 . 8  acres of industr ial land , a smal l 
i ncrease in agr icultural l and u se and relat ively sma ll decreases in 
comme rcial and r e s idential acr eage , as  well as  vacant land . 
Indu s t r ial land use in 1 9 7 0  was zer o .  

T r a f f ic Zone 3 5 1  

Ag r icultural land u s e  was down from 2 4 . 3  acres to 5 . 6  acres , wh i le 
comb i ned comme rc ial and indus tr ial land use incr ea sed from 4 7 . 0  
acres to 8 8 . 9  acres . I n  add i t ion , res iden t ial and vac ant land use 
decreased . 

T r a f f ic zone 3 6 0  

Res idential and agr icultural land use decreased 6 0 . 0  acres , wh i le 
i ndustr ial land use i ncreased 6 5 . 3  acres . Other land uses r ema ined 
relatively constant ( unchanged ) .  
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Tr a f f ic zone 3 2 8  

Ag r icultural land use rema ined zero . I ndus t r i a l  land use increased 
6 4 . 1  acres and vacant land decreased 53 . 9  acr e s .  All other land 
uses rema ined , for the mos t  par t unchanged . 

Land use changes proj ec ted to occur through 1 9 9 5  w i l l  r es ul t  in  
reduct ions in agr icu ltur a l  land use and vacant land of 2 0 7 . 6  acr es and 4 3 4 . 7  
acres , r e spect ively . The maj or i ty o f  these changes ar e proj ec ted to be 313 . 2  
ac res of industr ial development .  I n  add i t ion ,  a n  increase in  other land uses 
of 2 0 4 . 9  acres i s  proj ec ted ; this inc ludes an 8 5 . 0 -acr e increase in par k and 
recreat ional land use in t r a f f ic zones 3 2 9  and 3 6 2 , a 5 3 . 5-acr e inc rease in 
u t i l i ty land use in zone 3 2 9  and a 2 9 . 4-acre increase in  
transpor tat ion-related land use also in tra f f ic zone 3 2 9 . 

Dur ing the pe r iod 1 9 70-19 7 9 , industr ial land use in  the s ix-tra f f ic-zone 
analys i s  area increased at an aver ag e  r ate of 2 9 . 0  acres per year . Data 
developed by the WFRC proj ec ted 3 1 3 . 2  acres of add i t iona l industr ial  
deve lopment by the year 1 9 9 5 .  This  cor responds to an inc r ease of 1 9 . 6  acres 
per year in industr ial land use . Comme rcial land use in  the s ix traffic zones 
decreased by e ight acres between 1 9 7 0  and 1 9 7 9 .  However ,  data developed by 
the WFRC proj ect a modest growth in comme rcial land use of four and one-hal f 
to f ive acres per year through 1 9 9 5 .  

1 . 4 . 4  Conclus ions 

The land use data proj ected for tra f f ic zone 3 2 9 , wh ich inc ludes the 3 3 0 0  
Sou th frontage prope r ty , indicate a n  annual rate of g r owth in  ind ustr ial land 
use of 1 0 . 9  acres for the per iod 1 9 8 0 - 19 9 5 .  The proj ec ted annual rate of 
growth in industr ial  land use for the s ix-traff ic-zone analy s i s  area i s  abou t 
2 0 . 4  acre s .  Ther efore , over half of the growth in indus t r i a l  land use in the 
3 . 6  square mile analy s i s  area is proj ec ted to occur in t r a f f ic zone 3 2 9 . 

As previously noted , the C i ty ' s  Master Plan projects that be tween 10 . 6  
( low est imate)  and 1 4 . 9  ( h igh e s t imate ) acres of vacant industr ial  land w i l l  

b e  absor bed in tra f f ic zone 3 29 between 1 9 8 0  and 1 9 9 0 . This  cor responds to 
approx imately 7 0 . 0  percent of the C i ty ' s  total absorpt ion of vacant indus t r i a l  
land . The proj ect i ons of land use conve r s ions deve loped b y  the Wasatch Front 
Reg ional Counc i l  are con s i s tent w i th the C i ty ' s  low e s t imate of annua l  
absorpt ion . However ,  the t ime per iod for the C i ty ' s  pro j ec t ions i s  1 9 80-1990  
and the time per iod for the proj ections developed by the Was a tch Front 
Reg ional Counc i l  is 1 9 8 0 - 19 9 5 .  In add i t ion , the data developed by the Wasatch 
Front Reg ional Counc i l  are est imates of land use conve r s i on ,  wh i le the C i ty ' s  
Master Plan proj ects the absorpt ion of e x i s t i ng vacan t ind ustr ial  land . 
The r e for e ,  compar i sons of the share of total growth pro j ec ted for t r a f f ic zone 
3 2 9  are not made . F inally , the proj ect i ons of land use conve r s ion set for th 
above are cons i s tent w i th industr i a l  growth in the v i c i n i ty o f ,  i f  no t on , the 
vi tro s i te ' s  3 3 0 0  South frontage prope r ty .  
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I . 5  ASSESSED VALUAT ION 

Th is sec t ion sets for th an ana lys i s  of data provided by the C i ty of South 
Salt Lake and the Salt Lake County Assessor ' s  Of f ice on changes i n  the 
asses sed valuat ion of  Sou th Salt Lake . As of January 1 ,  1 9 8 3 , commercial and 
industr ial prope r ty was assessed at 20 . 0  percent of i ts 1 9 7 8  fa i r  mar k e t  
value . Res iden t ial property was assessed at 1 5 . 0  percent o f  i ts 1 9 7 8  fa i r  
ma r ke t  value . A statewide reappr a i sal program , wh ich i s  par t i a l ly respons ible 
for the 5 5 . 0  percent increase in  the C i ty ' s  1 9 7 8  assessed valuat ion was 
repea led in  1 9 8 1 .  I t  was replaced w i th a "Factor Law . " Th i s  approach 
involves adj us t i ng the 1 9 7 8  fa i r  mar ke t  value based on a sales r a t io .  The 
sales r a t io is the ratio of the sales pr ice to the assessed value , wher e  the 
sales pr ice is ad j us ted to 1 9 7 8  dolla r s  u s i ng the compos i te con s t r uct ion cos t 
index . The sales r a t io stud ies are prepared by the S tate Tax Commiss ion us ing 
data on recent local real es tate transac t i ons and as sessed value s .  The e f fect 
of  the January 1 9 8 3  change in  asses sments was an increase in  comme rc ial and 
industr ial assessments and , therefore , an i nc r ease in  proper ty values in 
gener al . 

Table 1-6 summar i zes data on changes in  assessed valua t ion in  South Sa lt 
Lake . Table 1-7 s ummar i zes bu i ld ing perm i t  ac t i v i ty for selected years 
between 1970 and 1 9 8 2 . Table 1-8 sets forth deta iled data on bu i ld ing permits 
i s sued , by type o f  cons tr uc t i on , and the cor respond ing valua t ions wh ich the 
C i ty uses to determine its permit fees . The valuat ions shown in Table 1-8 
generally cor r espond to the contractor ' s  bu i ld ing cos t  and exc lude land , 
inter ior improvements , outs ide improvements , and equ ipmen t .  The C i ty ' s  
comme rc ial category i nc ludes all  non-re s iden t ial structural cons truct ion 
act iv i ty .  The o ther ca tegory inc ludes , among other th ing s , s ig ns and 
underg round tan k s .  The C i ty has e s t imated that a proj ec t ' s  f a i r  mar k e t  value 
is equal to 1 3 0  percent of  i ts bu i ld ing perm i t  valua t ion plus land va lue . 

I . 5 . 1  Asses sed valuation changes :  1 9 4 0 - 1 9 8 2  

Asses sed valuat ion in  Sou th S a l t  La ke increased a t  an ave rage annual rate 
of  7 . 6  percent be tween 1940 and 19 7 7 .  I n  1 97 8 ,  assessed valuat ion increased 
5 5 . 0  percent . Th is was due , in  par t ,  to a s ta tewide reappra i sa l  program , 
wh ich has s ince been abandoned . Subsequen t to 19 7 8 , the assessed valuat ion o f  
South S a l t  La ke moved in  a n  erratic fash ion . I t  increa sed by 1 3 . 9  percent in  
1979  and 2 9 . 0  percent in  1 9 8 0 . Howeve r ,  in  1981  the C i ty ' s  assessed valuation 
decreased 1 . 1  percen t .  

The 1 9 8 0  change i n  assessed valua t i on was largely due t o  a n  annexation 
completed by South Salt Lake dur ing 1 9 8 0 . The annexat ion involved land from 
Mill  Creek to 3 3 0 0  South Street and the Jordan River to 7 0 0  Eas t  Street . The 
a r ea had a populat ion of  approx imately 3 , 50 0  at the t ime of  i ts annexation .  
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Note : 

Source : 

Table I-6 . C i ty of South Sa lt Lake assessed valuat ion 
selected years 

194 0-19 8 2  

As sessed Aver age annual 
Year valuation rate of 9rowth 

( thousands of Dollar s )  (percen t )  

1940  $ 2 , 2 6 5  

1 9 4 5  2 , 5 92 2 . 7  

1955  7 , 189 10 . 7  

1 9 6 0  10 , 7 7 8  8 . 4  

1965  15 , 952 8 . 2  

1 9 7 0  20 , 8 4 2  5 . 5  

1975  2 8 , 2 8 7  6 . 3  

1 9 7 6  3 1 , 6 8 0  12 . 0  

1977  34 , 0 70 7 . 5  

1 9 7 8  5 2 , 7 9 7  55 . 0  

1979  60 , 155 1 3 . 9  

1 9 8 0  7 7  , 5 8 2  2 9 . 0  

1 9 8 1  76 , 754  ( 1 . 1 ) 

1 9 8 2  79 , 3 4 5 3 . 4  

Par en theses ind icate a decl ine . 

C i ty of South Salt Lake . 
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Tab le I-7 . C ity of South Salt Lake bui lding perm i t  act ivity 
commer c ial/ indus tr ial 

selected year s 

19 70-1982  

Year Number of permits 

1970 4 6  

19 7 2  70  

19 7 4  4 9  

19 7 6  5 6  

19 7 8  5 6  

19 8 1  6 3  

19 82 82 a 

aEXcludes CVWRF expans ion and r es ident i al and other permits . 

Sour ce : C i ty of South Salt Lake , P o l i cy P l an and Table 8 .  
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Total value 

$2 , 123 , 5 6 0  

4 , 0 9 5 , 3 3 1  

6 , 29 1 , 426 

6 , 286 , 8 0 0  

4 , 9 2 7 , 5 1 1 

3 , 0 16 , 2 7 1  

3 , 8 4 8 , 2 70 a 



TAB L E  1 - 8 
CITY OF SOUTH SALT LAKE 

BUILDING PERHITS AND VALUAT IONS 
1 98 1 - 1 982 

New Comme r c i a l  Remode l  Commerc i a l  New Re s i dent i a l  Remode l Re s ide n t i a l  Other Tot a l  

Y e a r / Month Numbe r  Valuat ion Number Valua t i on Number Valua t i on Numbe r  V a l u a t ion Numbe r V a l uat ion Numbe r  V a l ua t ion 

-(-1-) - ( 2 )  � (4)  """""("5) ( 6 )  (j) ( 8)  (9") (0) (Tf) ----rill 
1981  

January 2 $ 2 1 , 000 3 $ 58 , 100 1 $ 2 10 , 000 $ 3 1 , 000 3 $ 1 , 700 
February 2 103 , 800 0 0 2 8 , 200 1 495 
March 2 24 , 500 1 500 0 3 1 3 , 5 7 2  4 2 , 280 
Apr i l  5 385 ,000 2 40 , 874 0 3 8 , 500 4 3 , 500 
May 5 5 1 , 800 4 220 ,000 0 2 1 ,000 3 8 , 400 
June 1 325 , 000 4 1 56 ,000 0 4 1 2 , 000 1 1  62 , 500 
J u l y  3 33 , 500 2 4 , 200 0 2 7 , 500 5 6 , 400 
Augu s t  1 30 ,000 2 465 ,000 0 3 6 , 65 1  8 1 , 2 50 
September 2 2 1 3 , 000 5 54 , 697 0 4 24 , 000 1 6  9 , 7 50 
October 0 3 1 4 , 400 1 30 ,000 0 8 3 7 , 595 
November 4 50 1 , 000 4 92 ,000 0 1 3 , 000 1 2  2 7 , 500 
December 1 1 76 ,000 5 451900 0 2 16, 200 9 2 7 , 784 

28 $ 1 1 864 1600 35 $ 1 1 1 5 1 1 6 7 1  2 $ 2401000 2 7  $ 1 3 1 1 623  84 $ 1 8�1 1 54 1 7 6  $ 3 , 5 7 7 ,048 

H 1 982 I w 0 January 3 $ 1 7 ,000 3 $ 2 2 , 280 0 $ 0 $ 4 $ 2 , 395 
February 0 3 48 , 300 0 2 9 , 000 3 6 , 500 
Ma rch 0 6 64 , 500 0 7 34, 300 6 1 6 , 450 
Ap r i l  2 638 , 000 7 102 , 7 50 0 4 1 ,000 4 5 7 , 500 
May 3 90 , 39 1 , 000 ( 1 9 360 , 7 50 0 5 6 7 , 480 2 2 , 500 
June 4 285 , 590 6 99, 500 1 1 , 250 , 000 2 2 1 ,000 9 58 , 562 
July 1 260 , 000 6 39 , 100 0 3 1 1 , 200 3 9 , 500 
Augu s t  2 205 , 000 8 3 7 , 400 0 1 500 6 7 ,450 
September 4 838 , 000 5 80 , 600 0 2 9 , 500 6 9 , 200 
Oc tober 0 5 40 , 500 0 6 3 6 , 049 8 1 5 , 200 
November 0 2 50 ,000 0 4 1 5 , 690 4 5 , 100 
December 2 2 50 1000 2 1 81000 0 2 61 800 5 81356 

21  $921 884 1 590 62 $ 963 1680 $ 1 12 501000 38 $2 1 21 5 1 9  60 $ 1 98, 7 1 3  182  $951 5091 502 -

Note : Da ta exc ludes p l umb ing , e l e c t r i c a l  and mechan i c a l .  

1 .  Inc ludes expansion o f  Cen t r a l  V a l ley Wa ter Rec lama t ion Fac i l i t y  was tewa t e r  t re a tment p l a n t  ( +  $90 , 000 , 000 ) .  
Source : C i t y  of South Sa l t  Lake . 



The decr ease in  assessed valuat ion recorded aur ing 1 9 8 1  wa s due , i n  par t ,  
to the sale of 2 6 . 18 acres along the nor th s ide of 3 3 0 0  South Street by 
Richards-Moench ( Richards Realty & I nves tments and Moench Realty and 
I nves tment Co . )  to CVWRF . The sale removed 2 6 . 18 acres from the C i ty ' s  tax 
base . However , records prov ided by the County Asses sor ' s  o f f ice show that the 
proper ty had an assessed value of $ 7 0 , 0 3 0  in 1 9 8 0  and $ 5 8 , 2 6 5  in 1 9 8 1 . Th i s  
dec r ease may b e  d u e  to the afor ement ioned " Factor Law . " I n  recent years , 
res ident ial property values in  South Salt Lake have been dec l in i ng due to two 
factor s .  F i r st , the stoc k of hous i ng in the c ity i s  relat ively homog eneous . 
I n  g ener al , i t  i ncludes smaller homes o f  an o lder des ig n ,  wh ich occupy 
relat ively small lot s .  Second , development i n  Mur ray and wes t  Val ley C ity has 
resulted in the cons truct ion of newer , more spac ious homes . Th i s  has 
appa rently placed the South Salt Lake hou s ing mar ke t  at a compet i t ive 
d i s advantage . Concurrent w i th the recent decl ine in r e s iden t ial proper ty 
values , g rowth in  commerc ial/ industr ial developmen t has both o f f set the 
res ident i a l  decl ine and resulted in  an overall i ncrease in the C i ty ' s  asses sed 
valuat ion . Howeve r ,  commercial/indu str ia l construct ion ac t iv ity wa s 
relat ively s low dur ing 1 9 8 1  and 1 9 8 2 .  Therefore , the net e f fec t  was a 
dec r ease of 1 . 1  percent in  the C i ty ' s  1 9 8 1  assessed valuat ion and a 3 . 4  
percent growth in  the C i ty ' s  assessed val uation dur ing 1 9 8 2 .  The C i ty of 
South Salt Lake expects pe rmit-related valua t i ons to r each $ 7 . 0  mill ion dur i ng 
1 9 8 3 . 

1 . 5 . 2  Perm i t  valuat ion changes :  1 9 7 0 - 1 9 8 2  

Deta i l s  w i th regard t o  b u i ld ing permits issued f o r  commerc ial , 
res ident ial and other construct ion are set for th i n  Table 1-8 . Also i ncluded 
are data on the valuat ions assoc i a ted with these permi ts . As prev iously 

noted , these valuat ions correspond to the contractor ' s  bu i ld i ng cos t  and a r e  
used by the C i ty t o  calculate permit fees . 

Dur ing 1 9 8 1 , the year in  wh ich total valuat ion decr ea s ed 1 . 1  percent , the 
C i ty o f  South Salt La ke issued 1 7 6  bu i ld ing permits w i th a total valuation of 
$3 . 6  m i l l ion . New comme rcial and commercial  remodel ing accounted for 5 2 . 1  
percent and 3 2 . 2  percen t ,  respect ively , of total �alua t ion . These two 
categ or ies also accounted for 3 5 . 8  percen t of the bu i ld ing permits i s sued . 
Th i s  i s  cons i s tent w i th commercial construct ion and r emod e l i ng hav ing a h igher 
per u n i t  valuat ion than res iden t i a l  and other construct ion and remodel ing 
act iv i t ies . 

Pe rmit act iv i ty dur ing 1 9 8 2  was h ighl ighted by the $ 9 0 . 0  m i l l ion plus 
expans ion of CVWRF ' s  wa ste-water treatment fac i l i ty . Assuming that the CVWRF 
expans ion had a valuat ion of $9 0 . 0  mill ion , the c i ty issued 1 8 1  other bu i ld ing 
permits w ith a total valua t i on of approx imately $ 5 . 5 mill ion dur ing 1 9 8 2 .  
Th i s  cor r esponds to an increase i n  permi t-related valuat ion of about 5 4 . 0  
percent . 

Based on the data set for th i n  Table 1-7 , commercial/ i ndustr ial permi t 
act iv i ty decl ined i n  South Salt Lake from 1 9 7 4  to 19 8 1 .  From a h igh of $ 6 . 3  
mill ion in  19 7 4 , permit-related valua t i ons for commerc i al/ind u s t r i a l  
cons truct ion and r emodel ing f e l l  t o  $ 3 . 0  mill ion i n  19 8 1 .  Commerc ial/ 
indu s t r i a l  per m i t  valuations rose to $3 . 8  m i l l ion in  1 9 8 2 .  As previou s ly 
noted , the C i ty has estimated that tota l 1 9 8 3  permit-related valuat ions w i l l  
reach $7 . 0  m i l l ion . To the extent the 1 9 8 3  f igure ref lec ts commerci al/ 
i ndu str ial construct ion ac t iv i ty , it may i nd icate a recovery in  the local 
market . 
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I . 5 . 3  Conclus ions 

The C i ty of Sou th Salt Lake ' s  Bu i ld i ng Official e s t ima tes that the mar ket 
val ue of a pro j ec t  is  equal to 13 0 . 0  percent of the permit  valuat ion 
(contractor ' s  cost )  plus the land value ( Stone , 1 9 8 3 ) . The proposed 
industr ial park would have a permit valuat ion , in 1 9 8 3  dolla r s , of 
approx ima tely $8 . 4  mill ion ( 2 2 . 5  acres ; a coverage ratio of 0 . 3 5 ;  a total cost 
of $ 3 2 . 00 per square foo t ;  and a ratio of total cos t to contractor ' s  cost of 
1 . 3 ) . Based on the data set for th i n  Tables 1 -7 and 1-8 , the proposed 
i ndustr ial par k (a s ingle proj ect ) would have a h igher perm i t  valuat ion than 
the commerc ial/i ndustrial const r uc t ion act iv i ty in any year s ince 1 9 7 0 . 
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1 . 6  DEMOGRAPHIC DATA 

The demogr aphy of the area around the Vitr o  s i te w i l l  be a na lyzed by 
reference to the data and proj ec t ions pub l i shed in the WFRC ' s  Surve i llance 
Report Vol .  2 ,  No . 7 .  These data are s e t  for th i n  Table 1-9 . As previously 
noted , this repo r t  also i s  the source of the data on l and use set for th in 
Tables 1-4 and 1-5 . The analys i s  w i l l  i nc lude the s ix-tr a f f ic-zone , 
3 . 6-square-mile area , descr ibed i n  Sec t ion 1 . 5 ,  Land Use . 

Population data are based on an est ima te of population per dwe l l i ng un i t  
for each t r a f f ic zone and the number o f  dwe l l ing u n i t s  i n  each tra f f ic zone . 
Data for 1 9 8 0  wer e  taken from the 1 9 8 0  census . The number o f  dwe l l i ng un i ts 
i nc ludes s i ng le fam i ly homes , apar tments , mob ile homes , and dormi tor i e s . Data 
on dwe l l ing units a r e  updated annually by local plann ing agenc i es us i ng 
bu i ld ing permi t s .  Data for 1 9 8 0  a r e  ba sed o n  prel iminary census data and data 
from prev ious WFRC Surve i llance Reports . 

Employment is  non-ag r icultural employmen t  and i nc ludes wage and salary 
wor kers , sel f-employed wor ke r s , and government employees . Da ta are assembled 
by the Utah Depa r tment of Employment Secur i ty and exc l ude cons truct ion 
employmen t .  Auto reg i s tr a t ion i nc ludes p ic k-up trucks a nd is e s t imated based 
on a dwe l l ing un i t  factor developed f rom 1 9 7 0  census data and subsequen t 
surveys . Commer c i a l  floor area is  the area ( in hundreds of square feet)  i n  
bu ild ings used for r e ta il trade or servic e  i ndus tr i es .  These d a t a  were 
or i g i na l ly developed using var ious survey techn iques and , the r e for e ,  should be 
con s idered e s t imate s .  They ar e upda ted us ing bu i ld i ng permits . 

1 . 6 . 1  H i stor ic and current data 

The populat ion of the six-traff ic-zone analys is  area was 1 , 9 2 6  i n  1 9 70 
and 1 , 2 7 7  i n  1 9 8 0 . The total number of dwe l l ing un i t s  i n  the area wa s 5 4 1  in 
1 9 7� and 441 i n  1 9 8 0 . I n  add i t ion , the number of cars r eg is te r ed in the area 
dec l i ned from 921 i n  1970 to 745 in 1 9 8 0 . Employmen t  in the area increased 
from 3 , 5 2 9  j obs in 1 9 7 0  to 9 , 4 2 7  j obs i n  1 9 8 0 . Data on the numbe r  o f  squar e  
feet o f  commercial  f loor a r e a  a r e  i ncomplete . However , commerc i a l  floor area 
in tra f f ic zones 3 2 9 , 3 5 1 and 3 60 - 3 6 2  increased from 2 0 1 , 3 0 0  square feet in 
1 9 70 to 2 8 5 , 70 0  square feet in 1 9 8 0 . 

1 . 6 . 2  Proj ected : 1 9 9 5  

Popu l a t ion i n  the s ix-traffic-zone analys i s  area i s  proj ected t o  reach 
2 , 4 4 0  by 1 9 9 5 .  I n  add i t ion , the number o f  dwe l l ing un its i s  pro j ec ted to 
reach 1 , 0 14 in 1 9 9 5 .  Total employmen t  in 1 9 9 5  is proj ec ted to be 12 , 66 7 .  I t  
i s  e s t imated that the number o f  cars i n  the area w i l l  reach 1 6 6 6  by 19 9 5 .  As 
previous ly noted , data on the number of square feet of comme r c i a l  floor area 
is  i ncomplete . However , commerc ial  f loor space , exc lud ing traffic zone 3 2 8 , 
i s  proj ec ted at 9 0 1 , 0 0 0  square feet by 19 9 5 .  
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Tab l e  I-9 .  Sa l t  Lak e C ounty demogr aph i c  data selected tr af f i c  z ones 

1970 , 1979 , 1980 & 1995  

Average annual rate of 

gr owth 
Census tr act/ tr a f f i c  z one Var i able 1970  1979  19 80  1995  1970- 19 8 0  19 8 0 - 1 9 9 5  

- - ( per cent ) --
( 1 )  ( 2 ) ( 3 )  ( 4 )  ( 5  ) ( 6 )  ( 7 ) 

116/ 3 2 9  Populat i on 8 7  5 9  7 0  4 0  ( 2 . 2 ) % ( 3 . 7 ) % 
Dwell ing Un i ts 2 3  2 1  2 1  15 ( 0 . 9  ) ( 2 . 2 ) 
Employment 6 3  4 4 9  4 7 2  4 , 5 0 0  2 2 . 3  16 . 2  
C ar s  3 7  3 4  3 4  2 5  ( 0 . 8 ) ( 2 . 0 ) 
Commer cial F l oor 

A r ea ( 0 0 sq . f t . )  3 9  NA 2 15 5 5 0  18 . 6  6 . 5 

116/ 3 6 1 Popula t i on 4 8 4  2 6 7  3 2 7  8 3 3  ( 3 . 8 ) 6 . 4  
H Dwe ll i ng Un i ts 107 93 93  3 3 3  ( 1 . 4 ) 8 . 9 I 
VJ Employment 3 8 0  1 , 17 8  1 , 3 4 3  1 , 6 0 0  1 3  . 5  1 . 2  .,.. 

Car s 2 2 6  196 19 6 7 0 6  ( 1 . 4 ) 8 . 9  
C ommer c i al F l oor 

A r ea ( 0 0 sq . f t . ) 2 72 NA 3 0 6  18 0 0  1 . 2  12 . 5  

1 16/ 3 6 2  Population 14 8 120 17 7 1 , 0 19 1 . 8 12 . 4  
Dwell ing units 4 7  4 3  42 443 ( 1 . 1 )  17 . 0  
Employment 19 5 2 8 5  2 7 5  2 5 0  3 . 5  ( 0 . 6 )  
Car s 5 9  5 4  5 3  5 5 5  ( 1 . 1 ) 17 . 0  
C ommerc ial F l oor 

Area ( 0 0 sq . f t . )  175  NA 175  8 0 0  0 . 0 10 . 7  

116/ 3 5 1  Population 6 0 5  4 6 4  3 8 1  2 2 3  ( 4 . 5 )  ( 3 . 5 )  
Dwell i ng units  185 16 6 15 6 9 3  ( 1 . 7 ) ( 3 . 4 ) 
Employment 6 97 1 , 9 6 0  2 , 0 0 9  1 , 2 17 11 . 2  ( 3 . 3 )  
Car s 2 54 2 2 7  2 14 129 ( 1 . 7 )  ( 3 . 3 )  
Commer c ial  Fl oor 

A r ea ( 0 0 sq . f t . ) 8 0 5  NA 1 , 4 0 8  2 , 94 0 5 . 8 5 . 0 
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Tab l e  I-9 C onti nued 

Aver age annual r ate of 
gr owth 

Census tr act/ tr a f f i c  z one Var i able 19 7 0  19 7 9  19 80  19 9 5  1 9 7 0- 19 8 0  19 8 0- 19 9 5  
-- ( pe r cent ) --

( 1 ) ( 2 )  ( 3  ) ( 4 )  ( 5  ) ( 6 )  ( 7 ) 

1 16/ 3 6 0  P opulat i on 6 0 2  3 9 0  3 16 3 2 5  ( 6 . 2 ) 0 . 2  
Dwe l l i ng Un i ts 17 9 13 7 12 7 130 ( 3 . 4 )  0 . 2 
Employment 5 85 1 , 5 54 1 , 7 5 2  1 , 5 0 0  1 1 . 6  ( 1 . 0 ) 
C ar s  3 45 2 6 4  2 4 5  2 , 9 2 0  0 . 4 9 . 5 
C ommer c i al F l oor 

Area ( 0 0 sq . f t . )  7 2 2  NA 7 5 3  2 , 9 2 0  0 . 4 9 . 5  

115/ 3 2 8  P opulat i on 0 0 6 0 
Dwe l l i ng Un i ts 0 0 2 0 
Employment 1 , 60 9  3 , 16 0  3 , 5 7 6  3 , 6 0 0  8 . 3  0 . 0 
Car"s 0 0 3 0 
Commer c ial F l oor 

Area ( 0 0 sq . f t . )  8 6 2  NA NA 2 , 5 0 0  

Total P opulation 1 , 9 2 6  1 , 3 0 0  1 , 27 7  2 , 4 4 0  ( 4 . 1 % ) 1 4 . 4% 1 

Dwel l ing Units 5 4 1  4 6 0  4 4 1  1 , 0 14 ( 2 . 1 ) 1 5 . 7 1 

Employment 3 , 5 2 9  8 , 5 86 9 , 4 2 7  12 , 6 6 7  10 . 3  2 . 0  
C ar s  9 2 1  7 7 5  7 4 5  1 , 6 6 6  ( 2 . 1 ) 1 5 . 5 1 

C ommer c i al F lo or 
Area ( 0 0 sq . f t . ) 2 , 8 75 NA 2 , 85 7  11 , 5 10 3 . 6 1 8 . 0 1 

1 .  Excludes data for tr af f i c  z one 3 2 8 . 

Not e :  P opulation : T he total number of per s ons r es iding i n  the z one or t r act . The zonal popu lation i s  
der ived b y  mul tiplyi ng a n  e s timated popu lation per dwel l ing unit factor f or each z one b y  the 
updated number of dwe l l ing units . The 1980 population was taken f r om 1 9 8 0  census data . On ly 
population loca ted within tr acted ar eas was included . 
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NA 

Table 1 - 9  C on t inued 

Dwell ing un i t :  The number o f  r es i dences w i th in a z one includ ing s in g le 
f amily homes , apar tments , mob i l e  homes , and domi tor i es . The dwe l l ing 
un i t  total i s  updated annually by the local pl ann ing agenc i es using 
building permi ts . 1980  hou s ing u n i ts wer e comp i led f r om 19 80  census 
pr eliminar y  data on hous ing and pr ev i o us s urve i l l ance data . 

Empl oymen t :  T he total number of non-agr icultu r al wor k er s  empl oyed i n  a 
zone including wage and salary wor k er s , self-employed wor k er s ,  and 
gover nment wor ker s .  The Utah Depar tment o f  Emp l oymen t  secur i ty assemb les 
these data us ing the Unemployment Compensation C over age f ile as the 
pr imary bas i s  and do ing con s i der able s upplemental wor k .  ( C onstr uct ion 
employment has been removed f r om the tota l s . )  

Auto r eg i str ation : The number of passenger veh i cles i n c l uding p i ck ups , 
reg is tered to per sons l iv ing in a zone.  T he auto r e g i s tr a t i on data are 
also est imated based on a dwell i ng un i t  factor wh i ch was devel oped f r om 
1970  cen s us data and s urveys . 

C ommer cial  f loor ar ea : The squar e feet of  area w i th i n  a b u i l d ing u sed 
f or r e t a i l  trade or f or servi ce type industr ies . The value shown in the 
s ummary i s  10 0 ' s  of squar e feet per zone or tract . Due to var i a tion i n  
the or i g inal s urvey techn iques , these f i gures should be consi der ed as 
est imates on ly.  These data a r e  updated us ing bui lding permits . 

I nd i ca tes data not ava i l able . 

Sour ce :  Wasatch F ront Reg ional C ounc i l , Sur ve i l l ance o f  Land Use and Socio
E conomic Char acter i s t i cs 1970 , 19 7 9 , 1980  & 1995 , s urve i l lance Repor t 
Vol ume 2 ,  Number 7 , Apr il  19 82 . 



I . 6 . 3  Changes 

Populat ion in the analys i s  area decreased by 6 4 9 , or 3 3 . 7  percent , 
between 1 9 7 0  and 1 9 8 0 .  The number o f  dwell ing u n i t s  in the a r ea decreased 
1 8 . 5  percent dur ing the same t ime per iod .  However , employmen t  in the area 
i ncreased s ubstan t ially dur ing the last decade . Between 1970 and 1 9 8 0  
employment i nc r eased by more than 1 6 7 . 0  percen t .  This cor responds to an 
average annual r ate of g rowth in excess o f  1 0 . 0  perce n t .  Dur i ng the same time 
per i od , the a r ea ' s  commerc ial floor space inc r eased a pprox ima tely 4 2 . 0  percen t .  

These d ata illustr ate a sh i f t  i n  the demography o f  the area and a r e  
cons i s tent with d a t a  o n  local land use conver s ion . Both types o f  in formation 
ind icate i ncreased industr ial developmen t and a movemen t away f rom r e s id ent ial 
land use . 

For ecas ts of key demog r aphic var iables pub l i shed by the WFRC pro j ect 
con s ider able g r owth in the six-traff ic-zone analysis  area between 1 9 8 0  and 
1 9 9 5 .  Populat ion is  proj ec ted to i ncrease by mor e  than 9 0 . 0  percent . The 
number of dwell ing units  is expec ted to r e ach 1 , 01 4 , an incr ease of almost 
13 0 . 0  percen t .  In add i t ion , commercial floor space i n  the area , exclud ing 
traf f ic zone 3 2 8 , is proj ec ted to i ncrease mor e than 2 0 0 . 0  percent . Growth in 
employmen t  also is proj ec ted to increase , but a t  a less d rama t ic rate . The 
g rowth wh ich has been proj ected for the 1 9 80-1995  per iod w i l l  r everse a r ecent 
trend in the area . As previou s ly noted , the g rowth i n  employmen t  and 
commercial f loor space wh ich occurred dur ing the 1 9 7 0 s  was accompan ied by a 
decrease i n  populat ion , dwell i ng un i ts and r eg ister ed motor vehicles . By 
contrast , g r owth has been proj ec ted for all key demogr aphic var i ables between 
1 9 8 0  and 1 99 5 .  The pro j ec t ions of l and u se chang e s  for the area ind icate 
cons iderable g r owth in i ndus tr ial land use and a relat ively minor increase in 
resident ial land u se . I n  l ight o f  the s ubstantial growth i n  populat ion 
forecas ted for the area , higher dens i ty r es idential l and uses are ant ic ipated . 
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I . 7  LOCAL LAND VALUES 

I n  th i s  section the market val ue of a por ton of the vitro s i te i s  
e s t imated . The analys i s  will  focus o n  the approx imately 2 6 . 8  ac res that CVWRF 
pu rchased f r om Richards-Moench in 1 9 8 1 . Th is  parcel inc lude s tract " B "  south , 
1 2 . 5  acres and 6 5 0  feet o f  f rontag e on 3 3 0 0  South , and tr ac t  "c"  south , 1 4 . 3  
acr e s  and 1 2 8 0  feet o f  f rontage on 3 3 0 0  South . Per the CVWRF Board ' s  approved 
Master Plan and Rodney Dah l , CVWRF ' s  General Manage r ,  this  acreage corresponds 
to the s i te of  the proposed Coun ty Resource Recovery Fac i l i ty ( 1 6 acr e s )  and a 
por t ion of the s i te of  the proposed Tempor ary I ndus tr ial Park ( 20 - 2 5  acr e s ) . 
The balance of the acreage for the proposed I ndustr ial Park i s  located to th e 
west be tween 7 0 0  West , the entrance to CVWRF ' s  Fac il i ty ,  and the s i x  vic i n i ty 
prope r t ies on 9 0 0  West . 

The purpose of  the ana lys is  i n  th i s  section i s  to determine the ma rket 
val ue of  the por t ion of  the Vi tro s i te proposed for  development as a temporary 
indu s tr i a l  par k . For the reasons set for th i n  the body o f  the EIS , the 
mun ic ipal solid waste-to-ene rgy fac i l ity i s  not eval ua ted i n  this repor t .  
Ba sed on the assumpt ion that the development of  a temporary i ndu s t r i a l  pa r k  
r equ i r es the r emoval o f  the m i l l  t a i l i ng s , the value of  the land i f  removal i s  
the remed i a l  act ion selected can b e  approx imated by t h i s  use . 

One of  the methods for establ ish ing the mar k e t  value of  a prope rty i s  by 
app r a i sal . CVWRF l s  predecessor , Salt Lake C i ty Subur ban San i tary D i s tr ict No . 
1 ,  comm i s s ioned such an appra i s a l  by Edward P .  Westra , MAI -SRA-CPM . The 
appraisal  was per formed in connec t ion with CVWRF l s  pr edeces sor organizat ion ' s  
nego t i a t ions to acqu ire the two-trac t  2 6 . 8-acre parcel desc r i bed above . The 
result i ng Appr a i sal Repor t da ted March 1 9 , 1 9 7 3 , def ines mar ket value as  
follows : " • • •  the h ighes t pr ice , expr essed i n  terms o f  money , tha t the 
prope r ty will br i ng a f ter  reasonable exposure in the open mar ke t , w i th both 
the buyer and the seller be ing fu lly i nformed as to the highest and best use 
of the prope r ty ,  and ne i ther par ty act ing under compuls ion or duress . "  The 
Appr a i sal Repor t cover s  f ive tracts includ ing tract "A " ( 8 . 8  acr e s ) , trac t  " B "  
south , ( 1 2 . 5 ac res ) , tract "B"  nor th ( 16 . 0  acres ) , tract "c"  sou th ( 14 . 3  
acr e s )  and tract "c" north ( 2 5 . 5  acres ) . Th i s  analy s i s  w i l l  concentrate on 
tracts "B"  and "c " south for the r ea sons pr evious ly noted . 

The fol low ing is  a summary o f  the observation s  and conclus i ons o f  the 
Appraisal  Repo r t  with regard to the two southern tracts . 

Tract " B "  South 

Evidence of  h ig h  water table in area . 

Parcel has been f i l led above the water level and appears to be stable . 

6 5 0  feet of fron tage and 6 0 0  feet of depth . 

A r a i l road spur comes into the proper ty from the nor th . 

Immed iate potent ial for industr ial development . 

The mar k e t  value of  the tract is  $ 2 5 , 0 0 0  pe r ac r e .  
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Tr act nC o South 

Land is built  up w i th ta i l ings from the former vitro Chemical operation . 

In i ts present cond i t ion , i t  i s  uns u i table for developmen t  r equ i r ing 
the presence of per sons over a sustained per iod o f  t ime . 

No immed iate developmen t  potent ial due to the pr esence of large 
amounts of rad ioact ive t a i l ings . 

I f  the tract d id not have any f i l l  ( t a i l ing s )  on i t ,  i ts va l ue would 
be s imilar to or s l ightly lower than tract " B "  South . 

Va lue of frontage along 3 3 0 0  South drops moving wes t  from the 
interchange of 1 -1 5 .  

Ther e for e , wi thout ta i l i ngs the ave r ag e  value o f  this  land would be 
$ 2 2 , 50 0 .  

The ma r ket value of the tract i s  $ 1 3 , 5 0 0  an acr e .  

The mar ket value of the tract assumes that the land w i th rad ioactive 
f i l l  ma ter ial on i t  can be u t i l i zed subject to reasonable 
l imitations . 

Based on the informat ion set for th above , the ma r ke t  value o f  the 
prope r ty proposed for development as an industr ial par k and a mun ic ipal sol id 
was te-to-energy fac i l i ty was app r a i sed at $2 2 , 5 0 0  to $ 2 5 , 0 0 0  per acre in 
1 9 7 3 . It should be noted tha t this e s t imate of the mar ke t  value of the 
frontage prope r ty along 3 3 0 0  South appears in the con tempor aneous bus iness 
document prod uced i n  the normal course of business and not i n  a documen t 
prepared in connec t ion w i th the current proceed ing s . I n  add i t ion , the 
est imate assumes tha t the land has " immed iate poten t ia l  for industr ial 
developmen t  in accordance with the e x i s t i ng zon ing " ( i . e . , no t a i l ing s ) . At 
the t ime of the report ( 19 73 ) , the property was zoned M- 2 wh ich permi ts heavy 
indus tr ial development . 

The Chai rman of the Boa rd of CVWRF s ta ted tha t vacant i nd us tr ial land in 
the South Salt Lake area h i s tor ically increases in value at the r ate o f  1 2 . 0  
percent pe r year (Pe ter sen , 1 9 8 2 ) . Based on a 1 9 7 3  mar ke t  val ue o f  $ 2 2 , 5 0 0  to 
$2 5 , 0 0 0  per acr e , th is  i nd icates a 1 9 8 3  mar ket va lue of approx imately $69 , 9 0 0  
to $ 7 7 , 6 0 0  per acre . 

Another me thod for est imat ing the cur rent mar k e t  value o f  CVWRF ' s  3 3 0 0  
South Street fron tag e proper ty is  t o  rely o n  a recen t ( 19 8 2 )  appraisal 
repor t .  A recent appr a i sal repor t  was pr epa red by the Land Depar tment of the 
Salt Lake County Assessor ' s  off ice . It was prepared pur suan t to a request by 
the Admin i strator of the Appr a i sal Depar tment for "a mor e  detai led appr a i sal 
repor t  on the land owned by Salt Lake San i tary Subur ban D i s tr ict and Central 
Va l ley wa ter Reclamat ion Fac i l i ty ,  and referred to as  the Vitro Chemical 
Proper ty • • •  " 

The repor t  notes that the frontag e prope r ty along 3 3 0 0  South currently is  
zoned Bus iness (A)  to  a depth of approximately 8 0 0  fee t .  The balance o f  the 
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parcel , includ ing the fron tage along 9 0 0  West , i s  zoned light i ndustr ial . The 
report observes that d i str ibut ion type i nd us t r ia l  par ks  and h ig h  technology 

or iented ope r a t i ons are the predominant land use and ex i s t ing par k s  h ave pr ime 
tenants and low vacancy rates . Based on the preced ing , i t  was determined that 
the h ighest and bes t use of the proper ty wa s as  an i ndustr ial  par k .  A 2 1-acre 
L-shaped parcel i n  the vic i n i ty o f  the inter sect ion of 3 3 0 0  South and 900  West 
was chosen as  the bes t locat ion for  the i ndustr ial  par k .  

I n  order  to d etermine the ma rket value o f  the prope r ty ,  a number of n ewly 
developed i ndu s tr ial par k s  s imilar in locat ion and des i rab i l i ty wer e  
cons idered . 
The s elected developments and the i r  cor respond ing land values are set for th 
below :  

Decker Lake Industr i a l  Park : $ 3 5 , 0 0 0  to $ 7 5 , 0 0 0  per acre .  

Yates I ndu s t r i a l  Pa r k : $ 4 0 , 0 0 0  to $ 8 7 , 12 0  per acre ( h igh end of 
range based on a value of $ 2 . 0 0 per square foot) . 

P i oneer I ndus tr ial  Par k : $ 4 0 , 0 0 0  to $ 8 0 , 0 0 0  per acr e .  

Centenn ial Park : $ 4 3 , 5 6 0  to $ 1 3 0 , 6 80  per acre ( ba sed on a va l ue of 
$1 . 0 0 to $ 3 . 0 0 per squar e  foot) . 

Based on the informa t ion set for th above , the r ecent appra i sal repor t 
concl udes that the 2 1-acre L-shaped parcel ( th e  pr ime area for development of 
the vi tro s i te)  has a value of $ 4 0 , 0 0 0  to $ 7 0 , 0 0 0  per acr e .  The author o f  the 
r epor t  ind ica ted that th i s  was the market val ue , not the asses sed val ue , of 
the prope r ty .  As pr eviou s ly noted , vacant i ndustr ial  proper ty i s  assumed to 
apprec iate a t  an annual rate o f  1 2 . 0  percen t .  Whe n  appl ied to the range of 
values noted above , th i s  results in  a current ma r ke t  value of $ 4 2 , 4 0 0  to 
$1 4 , 20 0  per acr e .  

An add i t ional method for est ima t ing the mar ke t  value o f  the proper ty on 
3 3 0 0  South i s  based on an analy s i s  of its  value per square foot . The value 
per square foot i s  a function of land use . After consul t i ng w i t h  a local real 
e s tate develope r , the following range of values wa s der ived depend ing upon 
land use , parcel s i ze and exte r na l i ties  ( e . g . , ad j acent land uses , the 
presence of the was te-wa ter treatment fac i l i ty )  ( S imons , 1 9 8 3 ) . 

A recent transact ion i nvolving a two-acre s i te ad j acent to 1-15 to be 
developed as a locat ion for a comme rc ial o f f ice bu i ld ing ind icates a value of 
$5 . 0 0 per squa r e  foot ( $ 2 17 , 80 0  per acr e )  for th i s  land use . Based on the 
s i ze  d i fferent ial between this s i te and the 3 3 0 0  Sou th fron tage por t ion of the 
vi tro s i te , a d i scount of 2 5 . 0  percent was suggested . Th is cor r e sponds to a 
va lue of $3 . 7 5 per square foot ( $ 1 6 3 , 3 50  per acr e )  for property used as a s i te 
for an o f f ice b u i ld ing . The pr eva i l ing land use in  the v i c i n i ty o f  the vitro 
s i te i s  war ehous ing and d i s tr ibut ion . I f  the Vitro s i te ' s  3 3 0 0  South frontage 
proper ty i s  developed as  a location for war ehou s i ng act i v i t i e s  it is e s t imated 
to be worth $1 . 2 5 per square foot ( $ 54 , 4 5 0  per acr e )  ( S imons , 1 9 8 3 ) . 

The presence of CVWRF ' s  was te-water treatmen t  fac i l i ty was thought to 
eliminate the prope rty ' s  use as a locat ion for an o f f ice bu ild i ng . I n  
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add i t ion , i f  the proposed mun ic ipal solid wa ste-to-energy fac i l ity i s  
construc ted , i t  was sugges ted tha t the val ue of the prope r ty might fa l l  to 
$1 . 0 0 per square foot ( $ 43 , 560  per acr e ) . Th i s  is based on the fact tha t 
a f ter the construc t ion of the sol id was te-to-energy fac i l i ty ,  any structure on 
the subj ect prope r ty would be loca ted between a was te-wa ter treatment fac i l ity 
and a sol i d  waste-to-energy fac i l i ty .  

The f i na l  approach to be con s idered for est imat ing the mar ke t  va lue o f  
the 3 30 0  South f r ontage por t ion of the v i t r o  prope rty involves the ask ing 
pr ice for compa rable adj acent proper ty cur rently be i ng offered for sale . The 
2 2 . 7 1-acre parcel at the nor thwe s t  corner of 3 3 0 0  South and 9 0 0  West i s  
cur r en t ly be i ng offe red for s a l e  b y  the Utah S ta te Ret i r emen t  Fund . The 
ask i ng pr ice i s  $1 , 9 7 8 , 49 5  or $ 8 7 , 1 2 0  an acr e .  The prope r ty was pu rchased 
from HOMCO Development Company in  the four th quarter of 1 9 8 2  and o ffered for 
sale ear ly in 1 9 8 3 . A spokesper son for the Utah State Ret i r ement Fund s tated 
that an appr a i sa l  repor t on the prope r ty d id not mention the v i tro s i te or the 
mill  ta i l i ngs ( Blac kbur n ,  1 9 8 3 ) . 

I n  add i t ion to the i nforma t ion set for th above , the fol lowi ng 
cons ider at ions must be evalua ted i n  determining the mar k e t  value o f  the Vi tro 
s ite ' s  fron tage prope r ty .  

Prox imity to the 3 3 0 0  South interchange w i th I-15 . 

Frontage on 3 3 0 0  South . 

Ava i l ab i l i ty of a r a i l  spur . 

Construc t ion of the pr oposed Wes t  Valley h ighway ( Goodwin , 1 9 8 3 ) . 

The ava ilab i l i ty of u t i l i t ies . 

Central location .  

Another fact i s  wor th noting . I n  1981 , CVWRF purchased the 3 3 0 0  South 
frontage pr oper ty for $6 2 , 5 0 0  an acr e .  Based o n  the test imony o f  CVWRF l s  
Gener al Manager a t  the March 23 , 1 9 8 3  publ ic hea r i ng i n  thi s  ma tter , CVWRF 
purcha sed the vi tro s i te ( includ ing the 3 3 0 0  South frontag e  prope r ty )  "with 
the prom i se from the federal gover nment tha t i t  wou ld be immed iately cleaned 
up and that all of th i s  land would be ava i lable for Central Val ley purpose s . "  
Th i s  ind icates that CVWRF pa id $ 6 2 , 5 0 0  per acre for the 3 3 0 0  Sou th frontage 
proper ty in 1 9 8 1  w i th the unde r s tand ing tha t  it would be cleaned up 
immed iately and made ava i lable for use as a locat ion for a tempo r ary 
ind u s tr ial par k and a mun ic ipal sol id waste-to-ene rgy fac i l i ty .  On the bas i s  
of th i s  transact ion and the opin ion o f  CVWRF l s  Chai rman o f  the Board r eg ard ing 
the mar ke t  apprec iat ion of vacant industr ial  l and i n  South Salt Lak e  the 1 9 8 3  
mar ket value o f  the 3 3 0 0  Sou th frontage proper ty i s  approx imately $ 7 8 , 4 0 0  per 
acre . 

Based on the data and informa t ion set for th above , the 1 9 8 3  mar ke t  value 
of the 3 3 0 0  South frontage prope r ty wa s est imated to be $78 , 4 0 0  per acre . 
Th i s  assumes the proper ty i s  ava i lable for immed iate developmen t  as  an 
industr ial  par k .  As the pr esence of the mill  ta i l ing s pr ecludes immed iate 
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development ,  th i s  cor r e sponds to the market value of the property i n  today ' s  
dollars  i f  removal is  the adopted remedial act ion . 

Th i s  f igure i s  less than the ask ing pr ice for the prope r ty to the west o f  
the Vi tro s i te be i ng offered for s a l e  by the utah State Ret ir ement Fund . 
Howeve r ,  that property i s  not ad j acent to Central Val ley ' s  waste-wate r 
treatmen t  fac i l i ty .  I n  add i t ion , th is  pr ice is  more than that o f  any of the 
other est ima tes deta iled in this repor t .  Howeve r ,  it is ba sed on a recent 
( 1 9 8 1 )  transact ion in wh ich the buyer (CVWRF ) was aware of the presence o f  the 
mill ta i l i ng s  but purchased the prope rty con t ingent on a promise by the 
Federal gover nment to clean up the prope r ty and ma ke i t  ava ilable to CVWRF for 
deve lopment cons i s tent with its adopted Master Plan.  As pr eviously noted , 
CVWRF ' s  adopted Master Plan calls for the cons truct ion of a temporary 
indus tr ial park and a mun ic ipal solid wa ste-to-energy fac il ity on the 3 3 0 0  
Sou th frontage property ( see Section I ,  I ntrod uc t ion ) . Th is  be i ng the case , 
i t  is  d i f f icult to imag ine a better est ima te of the mar ke t  value o f  the land 
than the pr ice tha t CVWRF paid under the assumpt ion that it would be ava i lable 
for deve lopment . 
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1 . 8 EMPLOYMENT 

Th is  sect ion will  analyze the e f fects of developing CVWRF ' s  3 3 0 0  South 
frontage property in terms o f  d i rect and ind i r ect employment .  The analys is  
w i l l  focus on the reg ional employment impacts of developing a temporary 
indus tr ial par k . As pr ev iously noted , the est ima ted l i fe o f  the temporary 
indu str ial par k is  13 yea r s  ( see Sect ion 1 . 1 ,  Intr oduction ) . 

1 . 8 . 1 Direc t  employment 

The est imate o f  d i r ect employment gener ated by the development o f  an 
industr ial park along 3 3 0 0  South w i l l  be based on two assumptions . The f ir s t  
i s  the building-to-l and cover age ratios wh ich appear i n  Salt La k e  Coun ty 
Master Pl an , Phase I I ,  June 1 9 80 . The second is  the est ima te o f  the number of 
squa r e  fee t  per employee r equired for war ehous ing and d i str ibut ion act iv i t ies 
wh ich also appear s in Phase II  o f  the C i ty ' s  Master Plan.  Assuming tha t the 
proposed indu s tr ial par k is  2 2 . 5  acres , th is cor responds to 9 8 0 , 1 0 0  square 
feet ( 22 . 5  acres x 4 3 , 5 6 0  square feet per acr e ) . The est ima tes in the C i ty ' s  
Ma s ter Plan of build ing-to-l and cover age r a tios for traffic zones 3 2 8  and 3 2 9  
in 1 9 86 are 0 . 4 5 for "healthy economic condi tions " and 0 . 2 5 for "slugg ish 
economic cond i t ions . "  By applying the aver age o f  the cover age r a tios ( 0 . 3 5 )  
to the square fee t o f  land to be developed a s  an indus tr ial par k ( 9 8 0 , 1 0 0 ) , 
3 43 , 0 3 5  square fee t o f  building ar ea w i l l  be cons tr ucted . 

The C ity ' s  Master Plan repor ts tha t 1 , 2 6 5  square feet ar e r equ ired per 
employee for warehous ing and di str ibut ion act iv i ties . Ba sed on a f igure o f  
3 4 3 , 0 3 5  square feet o f  bu ild ing ar ea , t h i s  cor r esponds t o  approxima tely 2 7 1  
employees . Ther efor e , the development of a 2 2 . 5 acr e indus tr ial par k  cater ing 
to warehous ing and d i s tr ibu t ion activ i t ies w i l l  prov ide direc t  employmen t for 
2 71 per sons . 

1 . 8 . 2  Indirect employment 

The est imate of ind i r ect employment ( used her e i n )  a ttr ibutable to the 
proposed industr ial par k w i l l  be based on a s ta t is t i c  used in Economic Impacts 
of Al terna t ive Remed ial Ac t ions for the Vi tro Ta i l ings , Nile Ea tmon , Utah 
State Divis ion of Community Development , Ma rch 21 , 1 9 8 3 . The repor t s tate s 
that d ir ect employment in the area w i l l  gener ate an add i tional 1 . 6  j obs per 
direct employee in the loca l economy . Th i s  s ta t i s t i c  is  a ttr ibu ted to the 
State Pl ann ing Coor d inator ' s  Off ice , State of Utah , 1 9 83 . Applying the factor 
of 1 . 6  to d i r ect employmen t of 2 71 r esults in a figure for ind irect employment 
o f  approxima te ly 434 jobs . That i s , development of the proposed industr ial 
par k w i l l  r esult in the ind irect employment o f  434  per sons w i th in the reg ion . 
D i r ect and ind i r ect employment impacts will  total 7 0 5  jobs . 
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I . 9  PUBLIC REVENUES . 

Th is  sec t ion will del ineate the public f i scal consequences of  the 
proposed i ndu s t r ial par k  i n  terms of  proper ty taxes , sales taxes , i ncome 
taxe s , bus i ness l icenses , water sales , and sewer serv ice charg e s . I t  should 
be noted that the est imates set forth in th i s  sect ion ar e es t ima tes of revenue 
and , therefore , do not ref lect i ncremen tal cap i tal or operat ing cos ts 
occas ioned by the development of  the proposed industr ial par k .  The analys i s  
in th i s  sec t ion is  i n  1 9 8 3  dol lar s .  

I . 9 . 1  Prope r ty taxe s 

The est imate of proper ty taxes attr ibutable to the proposed industr ial 
par k  is  based on the fol low ing a s sump t ions .  

The industr ial par k  w i l l  be 2 2 . 5  acres . Th i s  i s  based o n  a range of 
2 0 -to-25  acres prov ided by the General Manager o f  the CVWRF . 

The bu i ld i ng-to-land cover age r a t io will  be 0 . 3 5 .  This  i s  based on 
data i n  the C ity ' s  Master P lan Phase I I  as  desc r i bed i n  Sec t ion IX , 
Employment . 

Cons t r uc t ion costs will  be $ 3 2 . 0 0 a square foot . Th is  i s  based on 
an e s t imated cons truct ion cos t of $ 3 2 . 0 0 per square foot , wh ich 
appea r s  in Economic Impacts of  Al ter native Remed ial Ac t ions for the 
vitro Ta il ings , Nile Eatmon , Utah State Depar tment of  Commun i ty 
Development , Ma rch 2 1 , 19 8 3 . 

The m i l l  levy i n  tax d i s tr ict 1 4 B  is  8 1 . 2 1 .  This was the 1 9 8 2  m i l l  
levy f o r  tax d is t r ic t  14B . The components o f  the 1 9 8 2  mill  levy for 
tax d i s tr ic t  1 4 B  are set forth below , in mi l l s .  

S a l t  Lake County General Fund 
South Salt La ke C i ty 
Granite school D istr ict 
County Library Fund 
Salt Lake County wa ter Conservancy D i s tr ic t  
Sa l t  La ke Coun ty Mosqu i to D i s t r ict 
Salt Lake C ity Wa te r and Sewe r D i s tr ic t  
Ce ntral Utah Water Conservancy D i s t r ict 
Hansen Planetar ium 
Hogle Zoo 

Total 

17 . 4 2 
6 . 2 5 

4 5 . 2 5  
3 . 3 5 
2 . 0 0  
0 . 18 
4 . 16 
2 . 00 
0 . 2 0 
0 . 40 

81 . 2 1 

The roll-bac k f ig ure , wh ich is  u sed to conver t  current mar ket value to 
1 9 7 8  mar ke t  values , i s  0 . 6 9 .  Th i s  f ig ure was u sed by the Sal t Lake 
Coun ty Asse s sor ' s  Off ice to conve r t  1 9 8 2  mar ke t  values to 1 9 7 8  mar ke t  
value s . Th is  i s  done because asses sments i n  Utah are curren tly based 
on 1 9 7 8  mar ket values . 
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'rh e commerc ial/industr ial assessment will be 2 0 . 0  percent of the 1 9 7 8  
f a i r  mar ket value . The curren t  ( a s  o f  January 1 ,  1 9 8 3 ) 
commerc ial/ind ustr ial assessment is  2 0 . 0  percent of  the 1 9 7 8  fa i r  
ma rket value . 

Table [ - 1 0  details the calculat ion of  the est imated prope r ty taxes 
attr i butable to the proposed i nd u s tr ial par k .  

Table 1-10 . vitro tail i ngs s i te proposed ind us t r i a l  park 
est imated property tax revenues 

1 9 8 3  dollars 

( 1 )  Land 

2 2 . 5  acres @ $ 7 8 , 40 0  per acre 

( 2 )  Improvement 

2 2 . 5  acr es assuming a bu i ld i ng-to-land 
coverage ratio of 0 . 3 5  and a cons truction 
cos t of  $ 3 2 . 0 0 per square foot 

( 3 )  Total Ma r ket Value 

( 1 )  + ( 2 )  

( 4 )  Assessed Valuat ion 

Assumes a roll-back f ig ure of 0 . 6 9 and 
an assessmen t  of  2 0 . 0  percent o f  the 19 7 8  
f a i r  ma r ke t  value 

( 5 )  Mill Levy 

( 6 )  Est imated Proper ty Tax Revenues 
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$ 1 , 76 4 , 0 0 0  

$10 , 9 7 7  , 1 2 0  

$12 , 74 1 , 12 0  

$ 1 , 75 8 , 2 7 5  

8 1 .  2 1  

$ 1 4 2 , 7 90  



I . 9 . 2  Other public r evenues 

Sales tax revenues are assumed to be zero . This is  because an  i ndustr ial 
par k ,  wh ich caters to warehous ing and d is t r ibut ion act iv i t ies , would not 
gene rate sales subject to sales taxes . 

State and federal i ncome tax revenues , a s  wel l  as  corpor ate income tax 
revenues , were e s t imated based on assumptions set forth i n  Economic Impacts of  
Alter nat ive Remed ial Ac tions for the Vitro Ta i l ings , N i le Ea tmon , Utah S tate 
Divis ion of  Commun i ty Development , March 2 1 ,  1 9 8 3 . These assumpt ions are set 
for th below . 

The average annual salary of  each d i rect and i nd irec t emp loyee is  
$1 4 , 3 1 3 . 

S tate ind ividual income tax r evenue i s  three percen t  of  total 
salary . This f igure is sourced to Statis tical Abs tract S tate of  
Utah , Bureau of  Economic and Bus ines s Research , 1 9 8 3 . 

Federal i nd iv idual income tax revenue is  1 1 . 0  pe rcent of  total 
salary . The source is the same as above . 

Corporate earning s  are s ix percent of  tota l g ross sa lar ie s .  The 
source is the same as above . 

Corporate i ncome tax revenues are 4 8 . 0  percent of  e a r n i ng s . 
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Table I-II below ,  sets for th deta ils  w i th regard to the calculat ion of  
est ima ted income tax revenues ar is ing from the developmen t  of  the proposed 
ind u s tr ial par k .  

Table I-II . Vitro t a i l ings s i te proposed industr ial park 
es tima ted income tax revenue 

1 9 8 3  dolla r s  

Individual I ncome Tax Revenues 

( 1  ) Employmen t :  a .  Direct 
b .  I nd irect 
c .  Total 

( 2 )  Average Annual I ncome 

( 3 )  Total Wages 

( l . c . )  x ( 2 )  

( 4 )  State I nd ividual I ncome Tax Revenue 

( 3 )  x 0 . 0 3 

( 5 )  Fede ral I nd ividual I ncome Tax Revenue 

( 3 )  x 0 . 11 

Corporate I ncome Tax Revenues 

( 6 )  Corporate Earn ings 

( 3 )  x 0 . 0 6  

( 7 )  Corporate I ncome Tax 

( 6 )  x 0 . 4 8  

( 8 )  Total I ncome Tax Revenues 

( 4 )  + ( 5 )  + ( 7 )  
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2 7 1  
4 3 4  
7 0 5  

1 4 , 3 1 3  

$ 1 0 , 0 90 , 66 5  

$ 3 0 2 , 7 2 0  

$ 1 , 1 09 , 9 7 3  

$ 6 0 5 , 44 0  

$ 2 9 0 , 61 1  

$ 1 , 7 0 3 , 30 4  



Revenues f rom bus i ness l icenses a r e  e s t imated ass um i ng an ave r ag e  l icense 
fee of  $ 2 7 5  and 2 9  bus i nesses ope r a t i ng i n  the proposed i ndus tr ial pa r k .  
These est imates were conta ined i n  a Oc tobe r 8 ,  1982 , letter f rom Richard D .  
Chong o f  Richard D .  Chong and Assoc iates to Jonnalyne Wa lker , Commun i ty 
Serv ices Coord inator , C i ty of  South Salt La ke . On the ba s i s  o f  th i s  
i n forma t ion , revenues f rom bus iness l icenses are es t ima ted a t  $ 7 , 97 5  pe r year . 

The e s t imates of  r evenues f rom wa ter sales and sewe r service charges also 
are based on data set forth i n  Richard D. Chong ' s  Oc tober 8 ,  1 9 8 2 ,  letter to 
Jonnalyne Wal ke r . Water sales revenues are est imated as s uming an average 
annual water b i l l  of  $ 2 4 0  and 29 bus inesses . Sewer service revenues are 
est ima ted ass uming an average annual b i l l  of  $150 and 2 9  bus i nesses . Th i s  
cor re sponds to water sales revenues of  $6 , 9 60  per year and sewer service 
r evenues of  $ 4 , 3 5 0  per year . 
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1 . 10 CONCLUS IONS 

I n  th i s  sect ion conclus ions rega rding the development potent ial of 
CVWRF ' s  3 3 0 0  South f rontage prope r ty ,  as wel l  as an e s t imate of the gross 
economic bene f i ts that might result f rom the proposed pro j ec t  are presen ted . 
The development poten tial  will be del ineated i n  terms of  zon i ng , Mas te r  Plan , 
land use and demog r aph ic cons iderat ions . The conclus ions also will  address 
h i s tor ic data on cons truct ion permi t ac t iv i ty . The potential economic 
bene f i t s  to the reg ion will be developed based on e s t ima ted prope r ty values , 
d i rect and i nd i r ect employment impacts , and proj ected public f iscal revenues .  

1 . 10 . 1  Developmen t  potential 

1 . 1 0 . 1 . 1  Zon i ng 

The 3 3 0 0  South f rontage por t ion o f  the v i tr o  s i te i s  currently zoned 
Bus i ness ( A ) . Th is  zon ing des ignat ion is incons i s tent with an indu s t r i a l  
par k ,  as  wel l  as a mun ic ipal sol id was te-to-ene rgy fac i l i ty .  However , mos t  o f  
the pe rmitted uses ( e . g . , o f f ices , restaurants , reta i l )  appear to be 
incons is tent w i th adj acent land uses ( e . g . ,  CVWRF ' s  was te-water treatmen t  
fac i l i ty ,  automob i le j un k  yard ) . There fore , i t  i s  anticipated that the 
prope r ty could be re zoned to accommodate CVWRF ' s  proposed i nd us t r ial  pa r k .  

1 . 10 . 1 . 2  Mas ter Plan 

The C i ty ' s  Master Plan emphas i z es South Sal t Lake ' s  def ic ienc ies i n  terms 
of  attrac t i ng commercial , r e ta i l , and off ice development . Th is  is a t tr ibuted 
to the C i ty ' s  decl ining popula t ion and its modest purchas ing power . The 
Mas ter P lan also notes that the area ' s  mixed land use i s  i ncons istent w i th 
other , more h ighly valued , land uses . The Mas ter Plan iden t i f ies Sou th Salt 
Lake as a locat ion for f i rms seek ing large , plain build ing s i n  a non-pr e s t ige 
area . �t also character i ze s  the C i ty as be ing i n  a good pos i t ion with regard 
to " heavy commerce" ( e . g . , automob i l es , large appliance s )  and warehouse and 
d i s t r ibut ion act ivit ies . Finally , the Master Plan notes tha t add it ional 
operat ing costs will  be incur red by the C i ty as  the result of any commerc ial 
and ind u s t r i a l  g r owth . 

1 . 10 . 1 . 3  Land use 

Current and proj ected land use data ident i fy t r a f f ic zone 3 2 9 , wh ich 
i nc ludes Central Valley ' s  3 3 0 0  South frontage proper ty , as  a l i kely area for 
indu str ial development . Proj ect ions of  land use conve r s ion developed by the 
Wasatch Front Reg ional Counc il  est imate tha t industr ial land use in t r a f f ic 
zone 3 2 9  will  increase 10 . 9  acres per year between 1 9 8 0  and 1 9 9 5 .  Th i s  
cor r esponds t o  mor e than half of  the annual average i ncrease i n  industr i a l  
land u s e  proj ected for the s ix-tr a f f ic-zone analy s i s  a r e a  dur ing th i s  per iod . 

The C i ty ' s  Master P lan conta i ns est imates o f  the annual absorpt ion o f  
vacant i ndustr ial land . These data proj ec t a n  annual ave r age absorpt ion o f  
between 1 0 . 6  ( low est imate ) and 1 4 . 9  ( h igh estimate ) ac res per year between 
1980 and 1 9 9 0  for tra f f ic zone 3 2 9 . Th is  cor responds to approximately 70 . 0  
percent of  the annual average absorpt ion proj ected for the e n t i r e  C ity d u r i ng 
th i s  time per iod . 
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I . 1 0 . l . 4  Cons truct ion permi t activity 

Construction of the pr oposed i ndustr ial  pa r k  w i l l  result in  constr uc t i on 
permits with a comb ined valuat ion o f  approx imately $8 . 4  m i ll ion ( 19 8 3  
dollar s ) . For se lected year s  between 1 9 7 0  and 19 8 2 , the total valua t ion of  
commercial cons truct ion permits i ssued ranged between $2 . 1  mill ion and $6 . 3  
mill ion per year , exclud ing the CVWRF expans ion . Th i s  means that the 
temporary industr ial park proposed by CVWRF would have a perm it valuat ion 
greater than the total commerc ial and industr ial cons truc t i on ac t iv i ty dur ing 
any year for wh ich data were provided s ince 1970 . 

I . 10 . l . 5  Demog raphics 

Recent growth ( 1 970-19 80 ) in  the s ix-tr a f f ic-zone ana lys i s  area has 
favor ed employment ( 167 . 1  percent ) and comme rc ial f loor space ( 4 1 . 9  percent ) .  
However ,  for the per iod 1 9 8 0-19 9 5 , growth is proj ected for populat ion ( 9 1 . 1  
percent ) and the numbe r o f  dwel l ing un its ( 1 29 . 9  percent ) , as  well as 
employment ( 3 4 . 4  percen t )  and commerc ial f loor space ( 2 15 . 4  percen t ,  exclud ing 
tra f f ic zone 3 2 8 ) . 

Proj ect ions for the pe r iod 1980-19 9 5  ind icate a dec l ine i n  the average 
annual rate of  growth in employment f rom 1 0 . 3  pe rcent ( the h i s toric  average 
for the per iod 1 9 7 0 - 1 9 8 0 ) to 2 . 0  percent . I n  add it ion , approx imately 70 . 0  
pe rcent of  the proj ected growth in  commerc ial f loor spac e i s  expec ted to take 
place in the un incorporated por t ion of the s ix-tr a f f ic-zone analys is area . 

I . 1 0 . 2  Economic benef its 

I . 10 . 2 . 1  Proper ty value 

The est imated 1983  mar ket value of  CVWRF ' s  3 3 0 0  South f rontage prope r ty 
is $ 7 8 , 4 0 0  per acr e .  Th is i s  based on the assumpt ion that the property could 
be immed i ately deve loped as a temporary i ndust r ial  park . Th is est imate was 
deve loped based on the follow ing con s iderat ions . 

A 1 9 7 3  Appr a isal Report prepa r ed by Edward P .  Westra  for Salt Lake 
C i ty Subur ban San itat ion D istr ict No . 1 .  Th i s  report concluded that 
the 3 3 0 0  South frontage proper ty had a 1 9 7 3  mar ke t  value of $ 2 2 , 5 0 0  
to $2 5 , 0 0 0  per ac re , based o n  the assumpt ion that the property wa s 
ava i lable for immed iate industr ial deve lopmen t .  Th is cor responds to 
a 1 9 8 3  ma rket value of $ 6 9 , 90 0  to $7 7 , 6 0 0  per acr e based on an 
annual mar ket appr ec iat ion r ate for vacan t indus tr ial prope r ty in  
the area of  1 2 . 0  percen t .  Th i s  mar ket appr ec iat ion r ate wa s 
suppl ied by the Cha i rman of  the Board o f  CVWRF . 

In 1 9 8 3  an Appr a isal Report was prepar ed by the Salt Lake County 
Assessor ' s  Land Depa rtmen t .  Th i s  report concluded that , based on 
development as an indust r ial  par k ,  the prope r ty in the vic in ity of  
3300  South and 9 0 0  West had a 1982  mar ket value of  $ 4 0 , 0 0 0  to 
$ 7 0 , 0 0 0  per acr e .  Based on the ass umption that vacant indust r ial 
prope r ty apprec iates at 1 2 . 0  percent per year , this corr espond s to a 
1 9 8 3  mar k et value of  $ 4 2 , 4 0 0  to $ 7 4 , 2 00 per acr e .  
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Based on d i scuss ions w i th a local real e s tate developer , the 3 3 0 0  
South f rontage prope r ty h a s  a 1 9 8 3  mar ket value o f  $3 . 7 5  pe r squar e  
foot ( $ 1 6 3 , 3 50 per acre)  i f  developed a s  a loc ation for a n  of f ice 
bu i ld ing and $1 . 2 5 per  square foot ( $54 , 4 5 0  pe r acr e )  if  developed 
for warehous ing and d istr ibut ion act ivi t i es . The presence of  
CVWRF ' s  waste-wa ter treatment fac i l i ty ,  as well as other  adj acent 
prope r t ies ( e . g . , j un kyard ) , was thought to prec lude the development 
of  o f f ice space on the land . 

A 22 . 7 1-acre parcel a t  the nor thwe s t  corne r of  3 3 0 0  Sou th and 9 0 0  
Wes t  i s  being o f fered for sale b y  the Utah Sta te Re t i r ement Fund for 
$1 , 9 7 8 , 4 9 5  or $ 8 7 , 120  per acr e . This prope r ty is compa rable to the 
3 3 0 0  South f rontage proper ty .  Howeve r ,  it is not adj acent to 
CVWRF ' s  was te-water treatment fac i l i ty .  

I n  19 8 1 ,  CVWRF purchased mos t  of  the 3 3 0 0  South f rontage property 
f rom R ichards-Moench for $ 6 2 , 50 0  per acre . Based on s tatements made 
by CVWRF ' s  General Manager , this  proper ty was purchased w i th the 
unde r s tand ing that it would be immed iately c leaned up by the Fede ral 
government , wh ich wou ld a llow CVWRF to use the prope r ty .  Per 
CVWRF ' s  approved Mas ter  Plan , the in tended use of the prope r ty i s ,  
i n  par t ,  the development o f  a temporary indus t r i a l  par k .  Adj usted 
for the local mar ket apprec iat ion r ate for vac an t indus tr ial 
prope r ty prov ided by the Chai rman of  the Board of  CVWRF , this 
cor re sponds to a 1983  mar k e t  value of  $78 , 40 0  pe r ac re . This i s  the 
pr ice (adj usted to 1983 dolla r s )  wh i ch CVWRF pa i d  for the 3 3 0 0  South 
frontage prope r ty under the assumpt ion that it would be c leaned up 
by the Fede ral government and ava i lable for deve lopment as a 
tempor ary industr ial par k  ( i . e . , the 1983  mar ke t  value) . 

I . 10 . 2 . 2  Employment impacts 

The est ima te of  d i rect employment attr ibutable to the development of the 
proposed temporary industr ial  par k is based on the following assumpt ions . 

A 2 2 . 5-acre ( 9 80 , 10 0  square fee t)  indus tr ial  par k .  

A bu i ld ing -to-land cover age r a t io of 0 . 3 5 .  

- 1 , 2 6 5  square feet of building per employee for war ehous ing and 
d i s tr ibut ion ac t iv i t i es . 

Th i s  results in an estima te for d i rect employmen t  of 2 7 1  j obs . 

The est imate of ind i r ect employmen t assumes tha t  each d i r ec t  j ob c rea ted 
by the proposed indu s t r i a l  par k w i l l  result in 1 . 6  ind i rect j obs in the loc al 
economy . Th i s  corresponds to an ind i rec t employment impac t of approx imately 
4 3 4  j obs . I t  should be noted tha t the local economy refers  to a geog r aphic 
area cons ider ably larger than South Salt Lake . Th i s  i s  because the 
commun i t ies in wh ich the ind irect employment impac ts w i l l  be felt depend on 
the geog r aphic d i s tr ibut ion of  the res idences of  the 2 71 d i r ec t employees . To 
the extent that the geogr aphic d i str ibut ion includes all  of  Salt Lake County , 
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the economic benef i t s  in terms of empl oyment and , ther efo r e , pr ivate sector 
income will be widely disper sed . 

1 . 10 . 2 . 3  P ub l i c  f i s cal revenues 

Based on th e following assumpt ions , pr oper ty tax r evenues are estimated 
at $ 1 4 2 , 8 0 0  a year . 

L and value of $78 , 4 0 0  per acr e .  

A 2 2 . 5  acr e indus tr ial par k with a b u i lding-to-land cover age r atio 
of 0 . 3 5 .  

c on str uct ion costs of $32 . 0 0  per square foot ( 19 8 3 ) . 

A roll-back figure of 0 . 6 9  ( 19 83 mar ket value to 19 7 8  mar k et value ) . 

A mill  levy of 8 1 . 2 1 .  

Bas ed on the fol lowing assumpt ion , sales tax r evenues will be z er o .  

A n  industr ial par k cater ing t o  war ehousing and di str ibution 
activi t i es will not h ave any taxable sales . 

Based on the fol lowing assumpt i ons , in come tax revenues will be 
$1 , 7 0 3 , 0 0 0 per year . 

Average annual wages of $14 , 3 13 for d i r ect and indirect j ob s .  

s tate in come tax i s  3 . 0  percent o f  total wage s . 

Feder al income tax i s  11 . 0  per cent of total wages .  

Corpor ate earn ings ar e 6 percent o f  total wages . 

Corpor ate in come tax i s  4 8 . 0  per cent . 

Based on the following assumpt ions , annual revenues from bus iness 
l i censes , water fees and sewer ch arges will be $8 , 0 0 0 , $7 , 0 0 0  and $4 , 4 0 0 , 
r espect ively . 

2 9  bus inesses in the industr ial par k .  

Aver age business l i cense fee of $ 2 7 5/year . 

Aver age water bill of $ 2 4 6/year . 

Aver age sewer charge of $ 1 5 0/year . 

Based on the follow ing assumpt ions , after- tax wag es w i l l  be $8 , 6 7 8 , 0 0 0  
per year . 

Aver age annual wages of $14 , 3 13 for dir ect and indir ect j obs . 
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2 7 1  d i rect j obs . 

4 3 4  ind irect j obs . 

State and Federal income taxes a r e  3 . 0  percent and 11 . 0  percent of 
total wages , respect ively . 

Af ter -tax corporate prof i ts of the compan ies provid ing the 7 0 5  j obs will  
be $ 2 9 0 , 60 0  per  year based on  the fol lowing assumpt ion . 

Annual corpor ate earnings are s ix pe rcent of  total wages . 

Th e corporate tax r a te is  4 8 . 0  percent .  

Based on the fol lowing assumpt ions , rental income from the industr ial 
park will be $176 , 4 0 0  per year . 

A 2 2 . 5  acr e  indus tr ial par k .  

A ma r ke t  value of $ 7 8 , 4 0 0  per ac r e .  

An annual ren tal rate per acr e equal to 10 . 0  percent of  the ma r ke t  
value per acr e .  

Table I-12 summa r i zes the est imated annual economic benef i ts .  Total 
pub l ic revenues are e s t imated to be $1 , 86 5 , 0 0 0  per year , to tal af ter -tax 
pr ivate sector benef i ts are est ima ted to be $ 8 , 993 , 0 0 0  and annual ren tal 
payments to CVWRF are e s t imated to be $176 , 00 0 . 

Table I-12 clearly illustr ates tha t the maj or i ty of  the economic bene f i t s  
a r e  a funct ion of  af ter-tax pr ivate sector income . The geog raph i c  
d i s t r ibu t ion of  th is  bene f i t  is  dependent upon the geogr aph ic d i s tr ibut ion of  
the d i r ect employee s .  Therefore , i t  was not d i str ibu ted be tween the C i ty of  
Sou th Salt Lake and the rest o f  Sal t La ke County . I n  add i t ion , the e s t ima te 
of economic bene f i t s  assoc ia ted w i th the proposed industr ial pa r k  is no t 
dependent upon est imated land values . Th is  is because only two components of 
e s t ima ted economic ben e f its are d i rectly rela ted to property values . They a r e  
proper ty taxes est imated a t  $143 , 0 0 0  per year  and rental payments t o  CVWRF 
est imated at $1 7 6 , 0 0 0  per year . 

Finally , construction expend i tures for the proposed i nd ustr ial pa r k  a r e  
estimated at approx ima tely $11 . 0  mill ion ( see Tabl e I-IO , L ine 2 ) . I t  i s  
es t ima ted tha t each dollar inves ted i n  the proposed industr ial par k will  
result in $1 . 4 0 o f  add i t ional economic act ivity due  to  the mul t ipl ier e f f ec t .  
(See Economic Impacts of Alternat ive Remed ial Ac t ions for the Vi tro Ta i l i ng s ,  

Utah State D i v i s ion of  Commun i ty Development , Nile Ea tmon , March 21 , 1983 . )  
Th is  cor responds to an est imated $1 5 . 4  mi l l ion in add i t ional economic ac t iv i ty 
due to the construct ion of CVWRF ' s  tempor ary indus tr ial pa r k .  The geogr aph ic 
d i s t r ibut ion of th is  ac t i v i ty will depend on the geograph ic d is t r ibution of  
the construct ion employee ' s  res idences , as  well as  the geog raphic d i str ibut ion 
of  con s t ruct ion ma ter ial purchases . 

Finally , constr uc t ion of  an i ndustr ial par k on an a l ternate por t ion of  
the Vi tro s i te or on a comparable vic i n i ty property could m i t igate the 
potent ial loss of all of  the economic bene f i t s  estimated above . 
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Table 1-12 . Vitro ta i l ings s i te proposed indus tr ial park 
s ummary of  annual benef i ts 

Bene f i t  

Public Revenues 

Prope rty Taxes 
Sales Taxe s 
I ncome Taxes 
Bus iness L icenses 
water Fees 
Sewer Serv ice Charges 

Subtotal 

After-Tax Wages 

1 9 8 3  dollars 
( O O O )  

After -Tax Corpor ate Prof i t s  

Rental Income 

Total 

South 
Salt 
Lak e 

( 1 )  

1 1  
o 
1 )  
8 
7 
4 

1 )  

$ 3 15 

176 

1 )  Depends on geogr aph ic d is tr ibut ion of d i rect employees . 
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Salt 
Lake 
County Total 

( 2 ) ( 3 )  

13 2 1 4 3  
o 

1 )  1 , 7 0 3  
o 8 
o 7 
o 4 

$ 1 3 2  $ 1 , 8 6 5  

1 )  $ 8 , 6 7 8  

o 3 1 5  

o 1 7 6  

$ 1 3 2  $11 , 0 3 4  
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Federal Agenc ies 

Corps of Eng i neers 
Tom Skordal 

Depar tment of the Inter ior 
Bureau of Land Manag ement 

Frank Snel l 
Gary wicks 
Joe Sovick 

F i sh and wild l i fe Service 
Larry England 

Env ironmental Pr otect ion Agency 
Headquarter s ,  Wash ing ton , D . C .  ( 5 )  
Stanley Lich tman 

Reg ion V I I I  ( 5 )  
John We lles 
John Ge idt 
Phillip Nyberg 

Depar tment of  Energy 
Donald H .  Groel sema 
Steven Mi l ler 
Steve Woodbury 
E .  L. Keller 
John Baubl i t z  

UMTRA Proj ect , Al buquerque Ope rat ions 
J. A. Mor ley 
M. L .  Ma t thews 

Hous ing and Urban D evelopmen t 
Headquarter s ,  Wa s h i ng ton , D . C .  

Nuc lear Reg ulatory Commiss ion 
Leo B. H igg inbotham ( 1 0 )  

O f f ice o f  Management and Budget 
Richard Brozen 

Sand ia Na t ional Labora tor ies 
F .  W.  B i ngham 
M .  L .  Me r r i tt 
M .  S.  Tierney 
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Off ice of Technology Assessment , U . S .  Congress  
Fr an Rudo f f  

U . S .  House of Repr esenta t ives 
James Han sen 
Dan Marr iott 
Howar d  C .  Nielson 

U . S .  Senate 
E .  Ja k e  Ga r n  
Or r i n G .  Hatch 

Utah Gover nor 
Scott M. Ma theson 

Utah House of Representat ives 
George L. Gyg i 
Viv ian N .  Jensen 
Ervin M.  Skousen 
Samuel S .  Taylor 
Bever ly Wh ite 

Utah Senate 
K . S .  Cor naby 
Fr ed W.  Finlinson 
Kar l G. Swan 

Salt La ke County Commiss ion 
Bart Barker 
C. Scott Brown 
D . M .  Stewar t ,  Cha irman 

Tooele County Comm i s s ion 
Reed Russell 
Ch ar les Stromberg ,  Cha irman 

C ity of Sou th Salt Lake 
James W. Dav i s , Mayor 

C i ty of Tooele 
John Cluf f ,  Mayor 

C ity of Grantsville 
Ke ith Brown , Mayor 

Utah Gover nor ' s  Off ice 
Kent Br iggs 

Jim Butler 
L i sa Fa gerlund 

Elected Of f ici als 

State Agencies 
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utah Depar tmen t  of Health 
Mi ke Stapley , Ac t i ng Direc tor 
Divis ion of Commun i ty Health Services 

Richard E. Johns ,  Jr . ,  M . D .  
Divis ion o f  Envi ronmental Health 

Ken Al kema 
Bu r eau of A i r  Qual i ty ,  Brent C .  Br adford 
Bureau of Public Wa ter Suppl ies , Gayle J. Smi th 
Bur eau of Rad iat ion Control , Da r rell War ren 

Bureau of Sanitation , Mer v i n  R.  Re id 
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Utah Depar tmen t o f  Na tural Resources 
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Divis ion of State Lands and Forestry 

Donald G .  Pr i nce 
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Chr i s  Daffy 

Utah Depar tment o f  Public Sa fety 
Larry E. Lunnen 

Utah Depar tment of Tr anspor tat ion 
LeGrand Jones 
Rober t  A.  Chaney 
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Utah S tate C lear i ng House 
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Ar i zona Rad iat ion Reg ulatory Agency 
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Co lorado Depar tmen t  of Health 
A . J .  Ha zle 
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Commonwealth of Pennsylvan ia 
B ureau of Rad iation Protec t ion ,  Thomas M .  Gerusky 

Idaho Depar tment of Health and Welfare 
Rober t Funderburg 

Navaj o  Envi ronmental Protection Administration 
Lou ise L i n k i n  

New Mex ico Depar tment of Health and Env ironment 
Thomas E. Buhl 

Nor th Da kota Depar tment of Health 
Dana K .  Mount 

Oregon Depar tment of Energy 
Lynn Frank 

Texas Depar tment of Heal th 
Edgar D .  Ba i ley 

wyoming Depar tment of Environmental Qual i ty 
Lyle Randen 

Local Agenc ies 

Central Val ley wa ter Rec lama t ion Fac i l i ty Board 
Rodney Dahl ( 2 )  

Salt Lake C i ty-County Health Depa r tment 
Ha rry L. G i bbons , M . D . , M . P . H .  
Jeff V .  Throckmor ton 

Sal t  Lake County Admi n i s t r at ive Services 
Gregg Goodwin 

Tooele Coun ty Bu i ld ing and Zon ing 
Joe U rban i k  

Tooele County Human Services 
Gary Dalton 

uranium Mill  Ta i l i ngs Task Force 
Rober t  Immitt 
Richard We lls 

Wasa tch Front Range Counc i l  
Ed Blaney 
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Organ izat ions 

Env ir onmental Ac t ion , Inc . 

Env ir onmental De fense Fund 

Fr iends of the Ear th 

League of Women Vote r s  

Nat ional Audubon Soc iety 

Na t ional Wildl i fe Federat ion 

Na tural Resources Defense Counc il , Inc . 

New Mex ico Min ing Association 

S i erra Club 

Southwes t  Research and In formation Center 
Paul Rob inson 

Two Rivers C i t i zens Assoc i a t ion 

Librar i e s  

Freedom of In forma t ion Read ing Room 
U . S .  Depa r tment o f  Energy 
Washington , D . C .  

Salt La ke County Library 
2 0 9  East 4 0 0  South , Salt Lake C ity , UT 

Salt Lake County Library 
2 4 8 0  South State , Salt Lake C i ty ,  UT 

Tooele Publ ic Library 
Tooele , UT 

Br igham Young Un iver s i ty 
Harold B .  Lee Libr ary 

Un iver s i ty of Utah Library Of f ice 
Salt Lake C i ty ,  UT 

Utah State Un iver s i ty Library Of f ice 
Logan , UT 

Weber State Co llege Library Of f ice 
Ogden , UT 
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Albuquerque Operat ions Off ice 
u . s .  Depa r tment of Energy 
Albuquerque , NM 

Ch icago Ope rat ions Of f ice 
u . s .  Depar tment of  Energy 
Argonne , IL 

Idaho Ope r at ions Off ice 
u . s .  Depar tment of Energy 
Idaho Falls , I D  

Nevada Oper at ions Of f ice 
u . s .  Depar tment of Energy 
Las Vegas , NM 

Oak Ridge Operat ions Of f ice 
u . s .  Depar tment of Energy 
Oak Ridg e ,  TN 

Richland Operat ions Of f ice 
u . s .  Department of Energy 
Richland , WA 

Savannah River Operat ions O f f ice 
u . s .  Depar tment of Energy 
A i k en , SC 

Energy Resource Center 
U . S .  Depar tment of Energy 
Oakland , CA 

Reg ional Energy/Env i ronment Center 
Denver Publ ic L ibrary 
Denver , CO 

I nd ividuals 

Vivian Abele 
Sherry Adderly 
Carl S .  Ander son 
Eldon R. Ander son 
Jer ron Atk in 
Jim Baker 
Howa rd Ber k e s  
Devan Ber rett 
Nancy Bloyer 
Jack Br atcher 
Alv i n  Br i tton 
J. Keith Brown 
George Bourne 
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Margaret Casper 
Br enda Chamber l a i n  
Den n i s  Chr i s tensen 
Golda Ch r i stensen 
Laur ie Chr i ste nsen 
Mary Ch r i ste nsen 
Joyce Chr ist iansen 
Robert W.  Church 
J .  H .  Cof fman 
T .  Tr uman Cope 
Monroe Cotten 
Kar l C .  Dean 
P .  M. DeDyc ker 
John C.  Dempsey 
John F. Doherty 
Dr . Ge rman Dominguez 
Dav id K .  Dougherty 
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