
DOE / EIS-O 11 0-0 

DRAFT 
ENVIRONMENTAL IMPACT STATEMENT 

entral aste 

Low-Level 

isposal Facility for 

adioactive aste 

ak Ridge Reservation 

ak Ridge, Tennessee 

September 1984 

u.S. Department of Energy 

Washington, D.C. 





DOE/EIS-OllO-D 

DRAFf 
ENVIRONMENTAL IMPACT STATEMENT 

Central Waste Disposal Facility for 
Low-Level Radioactive Waste 

Oak Ridge Reservation 
Oak Ridge, Tennessee 

September 1984 

u.S. Department of Energy 
Washington, D.C. 



, 



COVER SHEET 

DRAFT ENVIRONMENTAL I MPACT STATEMENT 

CENTRAL WASTE OISPOSAL FAC I LITY FOR LOW- LEVEL RADIOACTIVE WASTE ,  
OAK RIDGE RESERVATION , OAK RIDGE, TENNESSEE 

a) Lead Agency: U. S .  Department of Energy (DOE) 

b) Proposed Action: To construct and operate a Central Waste Di sposal 
Faci l i ty (CWDF) for l ow-level radioactive waste and by-product materi a l  
a t  West Chestnut Ridge within the Oak R i dge Reservation .  

c )  For additional copies or further i nformation on this  statement and program, 
please contact: 

Mr. Doy l e  Brown . Program Manager 
Nuclear Research and Devel opment D i v i s i on 
U . S .  Department of Energy 
Oak Ridge Operations 
P . O .  Box E 
Oak R i dge,  Tennessee 37831 
(615) 576-4876 

For general i n formation on DOE t s  Envi ronmental Impact Statement process , 
pl ease contact: 

Dr. Robert J. Stern, Di rector 
Office of Envi ronmental Comp l i ance 
Office of Ass i stant Secretary for 

POl icy ,  Safety , and Envi ronment 
U . S .  Department of Energy 
1000 Independence Avenue, SW 
Washingto n ,  DC 20585 
(202) 252-4600 

d) Designation: Draft E I S  (DEIS)  

e )  Abstract: This  statement assesses the envi ronmental impacts o f  al terna­
tives for the disposal of low-level waste and by-product materi al genera­
ted by the three major plants on the Oak Ridge Reservation (ORR ) .  I n  
addition to the no-action a l ternative,  two c l asses o f  al ternatives are 
eval uated: faci l i ty design al ternatives and s i te al ternatives.  Two 
faci l i ty design al ternatives are desi gnated as reasonable design al terna­
tives for study: engi neered bel ow-grade trench di sposal and above-grade 
tumul u s  di sposal . The envi ronmental impacts o f  the two design al ternatives 
are compared. Al ternative s i tes within ORR are eval uated and three are 
identified as reasonable  al ternative s i tes--West Chestnut Ridge , Central 
Chestnut Ridge , and East Chestnut R i dge. The ODE preferred al ternative 
is to construct and operate a bel ow-grade d i sposal faci l i ty for l ow-level 
radioactive waste at West Chestnut Ridge. The envi ronmental effects of 



the proposed action and reasonabl e  al ternatives are eval uated relative to 
land use,  a i r  qual i ty ,  water qual i ty ,  ecological systems, health ri s k ,  
endangered speci es , resource dep 1 et i o n ,  and the 1 oca 1 soci a l -economi c 
system. This  evaluation leads to the assessment that the overa l l  envi ron­
mental impacts at the three s i tes would be comparabl e ,  and that neither 
of the two al ternative s i tes offers an obvious envi ronmental advantage 
over the preferred s i te.  

f )  After consideration o f  publ ic  comments on the DEIS ,  a F i nal  EIS  (FEIS)  
wi l l  be  prepared. A Record of Dec i s i on wi l l  be publ i shed i n  the Federal 
Register no sooner than 30 days after i s suance of the Notice of Ava i l ­
abi l i ty for the FEIS .  
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FOREWORD 

Thi s Draft Envi ronmental Impact Statement (DEIS)  ; s  issued by the 
U . S .  Department of Energy (DOE) i n  accordance with the National Envi ronmental 
Pol icy Act of 1969 (NEPA ) ,  as impl emented by the regul ations promul gated by 
the Counc i l  on Envi ronmental Qual i ty (CEQ) (40 CFR 1500-1508, November 1978) 
and DOE ' s  implementing guide l i nes (45 FR 20695 , March 28 , 1980, as ammended 
February 23,  1982 , 47 FR 7976) .  DOE has prepared this  DEIS to provide envi ron­
mental i nput to the dec i s i on on the proposal to construct and operate a Central 
Waste D i sposal Faci l i ty for the di sposal of low-level waste and by-product 
material generated at three pl ants located on the DOE Oak Ridge Reservation.  
A Notice of I ntent to prepare this DElS was i ssued November 3D ,  1983. After 
considering a l l  comments , DOE wi l l  issue a Fi nal E I S  (FEIS) .  DOE wi l l  i ssue a 
Record of Dec i s i on no sooner than 30 days after i ssuance of the Fi nal E IS .  

The format of this  DEIS  fol l ows the suggested format in  the CEQ regula-
tions.  Section 1 documents the purpose and need for a dec i s ion.  Section 2 
summarizes and compares al ternatives and predicted envi ronmental impacts. 
Section 3 summarizes the affected envi ronment. Section 4 provides detai l ed 
information on analyses of the envi ronmental consequences of the various 
a 1 ternat i ves . Section 5 presents the env i ronmenta 1 perm; ts . regu 1 at ions! and 
approval . Section 6 presents the names and professional qual i fi cations of the 
persons responsible for preparing the statement. More deta i l ed descriptive 
i nformation on waste characteristics and design al ternatives is provided i n  
several appendices.  
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SUMMARY 

This  Draft Envi ronmental Impact Statement was prepared to assess the 
potential  envi ronmental impacts associated with the proposed construction and 
operati o n  of a new Central Waste Disposal Faci l i ty (CWDF) for l ow-level radio­
active waste ( LLW) at the Oak Ri dge Reservation (ORR) , Oak Ri dge , Tennessee. 
These impacts wi l l  be consi dered by the U . S. Department of Energy (DOE) i n  i ts 
dec i s ion on whether, where, and how to construct and operate such a fac i l i ty.  
The proposed faci l i ty would be used for the di sposal of  l ow-level radioactive 
waste and by-product material  generated by normal act i v i t i es of the three DOE 
pl ants on the Oak Ri dge Reservation- -Oak Ridge National laboratory (ORNL) . 
Y-12 Producti o n  Pl ant (Y-12 l ,  and Oak R i dge Gaseous Diffusion Pl ant (ORGDPl .  

A seoping process was conducted by DOE to determine the al ternatives to 
be analyzed and the s ignif icant i ssues to be analyzed i n  depth. A range of 
a l ternatives, incl udi ng the four i dentified during the seoping process (no 
action, other s i tes within ORR , an above-ground di sposal faci l i ty .  and waste 
faci l i ties at other DOE s i tes) was developed, and reasonable al ternatives with 
regard to s i te and design were i denti fied from thi s  range. A ri gorous explora­
tion and Objective evaluation of the al ternatives ;n this  range l ed to identi­
fication of three reasonable s i te al ternat;ves--West Chestnut Ridge , Central 
Chestnut Ridge , and East Chestnut Ridge--and two design al ternatives--bel ow­
grade eng; nee red trenches and above-grade tumul i .  From these, a preferred 
al ternative was identified:  construction of bel ow-grade trenches on West 
Chestnut R i dge. 

The no-action al ternative was a l so examined in detai l .  There is an 
accumulation of LlW that w i l l  require di sposal and--apart from shutting down 
a l l  three pl ants within ORR (which would be a separate and unacceptable major 
federal action)--more waste wi l l  continue to accumulate. Hence, the no-action 
al ternative i s  defi ned as a no-change action (or a minimum-change action when 
no change becomes imposs i b l e ,  i . e . , after exi sting disposal faci l i ties  are 
fi l l ed to capacity). The no-action al ternative merely defers the unavoidable 
action of devel opi ng a new waste di sposal fac i l i ty ,  and this  deferral would 
i ncrease the impacts with no consequent benefits .  

The two most s i gn i fi cant impacts i denti fied in  the analys i s  and assess­
ment of envi ronmental impacts are: ( 1 )  potential radiol ogical impacts to 
i nd i viduals who might occupy the s i te after release for unrestricted use and 
to the population who depend on the Cl i nch River for drinking water; and 
(2) the commitment of l and to use for radioactive waste di sposal for an extended 
period of time unt i l  i t  ; s  safe to release the s i te for unrestricted use. 

The potential radiological impacts of greatest concern would occur at a 
time that was at l east 100 years , and more l i kely several hundred years , after 
cl osure of the s i te .  The analys i s  of impacts that might occur at this time 
requires the use of s i mp l i fyi ng assumptions that i ntroduce l arge uncertai nties.  
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Conservat i ve assumpt i Dns ( i .  e . . assumptions that tend to ave res t i mate the 
impacts) are made i n  order to take these uncertai nties i nto accountj hence, 
the radiol ogical impact estimates are bounding values that are expected to 
exceed the actual future impacts by a factor of 10 or more. As a consequence, 
the bounding estimates of the impacts that an i ndividual might i ncur from 
residential use of the s i te after release for unrestricted use exceed current 
radiation protection standards. Prior to release of the s i te for unrestricted 
use,  a reassessment of the probable future impacts , based on monitoring and 
other data acquired during the period of i nsti tutional control , would be made 
and i nsti tutional control woul d be continued until the r i s k  to an onsite 
res i dent woul d  be within the acceptable l i mits specified by radi ation protec­
ti on standards. 

Comparison of the radi ol ogical impacts for the two design al ternatives 
sel ected for detai l ed study i nd i cate that the maximum i ndividual and col l ec­
tive radiation doses would be s l ightly greater for tumu l i  than for trenches. 
Within the range of uncerta i nty i n  the overa l l  radi ol ogical impact estimates, 
the radiolog i cal impacts for the two design al ternatives are essenti al ly  
equivalent. The only s ignificant di fference ;s  the more rap i d  erosion o f  the 
edges of the tumu l i  where the s l ope of the cover ; s  greatest. The trench 
covers, being at ground l evel , are not subject to such erosion. 

Impl ementati on of either design al ternative would expose workers and the 
pub l i c  to a very sma l l  r isk  of i nj ury and death from transportation of the 
wastes. I t  i s  estimated that 0 . 8  i njuries and 0 . 5  deaths wou l d  be associ ated 
with transportation of wastes during the 40-year operation of the CWOF. 

The cumulative radi ol ogical health effects to workers during operation,  
c l osure. and i nsti tutional care correspond to a probab i l i ty of 0 . 005 that a 
single  worker i n  the entire work force i nvolved woul d  d i e  of cancer as a 
consequence of exposure to radioacti v i ty from the waste. The health effects 
for the general population during this period woul d  be neg l i g i b l e .  

The health effects from exposure t o  radioacti v i ty for the max i ma l l y  
exposed i ndividual and for the population during the l ong term are estimated 
based on a pathway analys i s  for a case i n  which i nsti tutional control s  are 
l i fted and the s i te i s  released for unrestricted use 100 years after c l osure. 
The pathway analysis represents a worst-case analysis app l i cabl e  to fail ure of 
a l l  trench or tumulus design features and construction of a residence on the 
site immediately after the removal of institutional control s .  Based on this  
analys i s ,  a bounding estimate of the maximum annual risk  of fatal cancer to an  
individual residing onsite would be 2 x 10-4/yr for bel ow-grade trenches. The 
r i s k  for above-grade tumu l i  i s  comparabl e  or l ess (for a cred i b l e  dri nking 
water scenari o ) .  

The l ong-term health effects for the general population wi l l  b e  from 
release of radionuc l i des i nto the C l i nch  Ri ver. which serves as a dri nking 
water supply for many communities.  A bounding estimate of the resulting 
l i fetime risk  of fatal cancer for an individual in the exposed population i s  
2 x 10-8 for bel ow�grade trenches . whi c h  may be compared with a l i fetime risk  
of 0. 16 that this  i nd i v i dual wi l l  d i e  of  cancer from other causes. This  l evel 
of risk  would continue for a few hundred years and then decrease to a compl etely 
neg l i g i b l e  l evel . The population health effects for above-grade tumu l i  are 
est i mated to be s 1; ght ly greater. but are cons i de red comparabl e  when the 
uncertai nty i n  the estimates i s  taken i nto account. 

vi  



For the bel ow-grade and above-grade des i gn a l ternatives,  i f  al l contro l s  
cease, there would be eventual dispersion o f  the radioactive materi a l s  to the 
envi ronment. Prediction of how and when this  would occur, and the resulting 
env i ronmental impacts , is highly speculative. In a I , OOO-year time frame , 
neither erosive nor nonerosive l and-use patterns (agricul ture or natural 
succession) woul d  result ; n  complete erosion of the protective earthen cover 
over the wastes i n  the trench design.  Only under a very unl i kely erosive 
l and-use pattern (agriculture, four-year crop rotation) would complete erosion 
of the protective cover of the tumu l us occur prior to 1 , 000 years. The l i ke l i ­
hood o f  gul ly erosion after contro l s  are l i fted ; s  much greater for the above­
grade al ternative than for the bel ow-grade a l ternative. 

A comparison of the envi ronmental impacts for the bel ow-grade trenches at 
the preferred West Chestnut Ridge s i te with the a l ternative s i tes l eads to the 
assessment that the overal l envi ronmental impacts would be comparab l e ,  and 
that the al ternative s i tes offer no obvious envi ronmental advantage OVer the 
preferred s i te.  

vi i 
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1.  PURPOSE OF  AND NEEO FOR THE PROPOSEO ACTION 

1 . 1 PURPOSE OF THE PROPOSED ACTION 

The proposed action i s  to design ,  construct, and operate a Central Waste 
Di sposal Faci l ity (CWDF) on the Oak Ridge Reservation (ORR) for di sposal of 
l ow-level radioactive wastes generated at three U . S .  Department of Energy 
(ODE) faci l i ties: the Y-12 Production Pl ant (Y-12 ) ,  the Oak Ridge Gaseous 
Di ffusion Pl ant (ORGDP) , and the Oak R i dge National Laboratory (ORNL) . The 
purpose of the CWOF i s  to provide a l ong-term sol uti on for the di sposal of 
l ow-act i v i ty, high-vol ume radioact i ve sol i d  wastes generated at the three DOE 
fac i l i ties. 

1 . 2 NEED FOR ACTION 

1 . 2 . 1  Introduction 

The Y-12 and ORGOP pl ants are maintai ned on the ORR for the production of 
nuclear materi als  for nalional defense and research and devel opment. The 
ORNl. at the same site ,  i s  i nvol ved i n  research and devel opment. Al l three 
pl ants are with i n  the Oak Ridge city l i mits.  

The Y-12 Plant is  l ocated immediately adjacent to the city of Oak Ridge 
and has four major responsibil i tes:  (1)  production of nuclear weapons compo­
nents , ( 2 )  processi ng of source and spec i al nuclear materi a l s ,  ( 3 )  support to 
the weapons-des i gn l aboratories , and (4) support to other government agencies .  
Activities associated wi th these functions i ncl ude the production of l i thi um 
compounds ,  the recovery of enriched uranium from noni rradiated scrap material s, 
and the fabrication of uranium and other materi a l s  i nto f i n i s hed parts and 
assemb l i e s .  Fabrication operations i nclude vacuum cast i n g ,  arc mel ti n g ,  
powder compacti o n ,  rol l i ng ,  formi ng , heat treati ng,  machi n i n g ,  i nspecti on,  and 
testing. 

The ORGOP is a comp lex of product i o n ,  research, development, and support 
faci l i ties  l ocated at the western edge of the c i ty of Oak Ridge. The pri mary 
function of ORGDP i s  the enrichment of uranium hexafl uoride (UFs) ; n  the 
urani um-235 isotope, and extensive efforts are also expended on research and 
devel opment acti v i ties associ ated with l aser i sotopic separation and the 
gaseous di ffusion and gas centrifuge processes. Numerous other acti v i ties 
(rna i ntenance, ni  trogen product; on,  s team producti o n ,  uran i urn recovery , 
admini stration, etc. ) lend support to these pri mary functions and are thus 
essential to the operation of t h i s  pl ant. 

The ORNL is a l arge multi purpose research l aboratory whose basic m i s s i on 
; s  the di scovery o f  new knowledge, both basic and app l i ed ,  i n  a l l  areas rel ated 
to energy. To accomp l i s h  this  miss ion ,  ORNL conducts research i n  al l f ields 
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of modern sci ence and technol ogy. ORNL faci l i ties consi st of nuclear reactors , 
chemical p i l ot p l ants , research l aboratories,  radi o i sotope producti on l abora­
tori e s ,  and support fac i l i ties .  

Operati ons associ ated with the DOE faci l i ti e s  give  ri se to both radio­
act; ve and nonradi aaet; ve sol ;  d wastes. Thi 5 Envi ronmental Impact Statement 
( ElS) i s  concerned only wi th the disposal of l ow-level radioactive sol i d  
wastes from Y-12 , ORGDP, and ORNL. 

1.2 . 2  Summary Descript i on of Waste to be Received from the Oak Ri dge Pl ants 

The CWOF would be expected to receive a total of approximately 11 ,000 m3/yr 
(380, 000 ft3/yr) o f  sol i d  low-level radioactive waste on a routine bas i s  
excl usive o f  grout and other waste generated on a n  i ntermittent bas i s  from the 
three ODE pl ants. This  waste i s  l ow-level waste ( l lW) originating from the 
various research and devel opment activi ties conducted at the three pl ants and 
from the production operations conducted at the Y-12 and ORGDP. Such waste 
has a surface dose rate of �200 mR/h and transuranic act i v i ty of not more than 
100 nCi/g .  This type of waste comprises about 90% of the total vol ume generated 
but contains only a few percent of the total act i v i ty of al l wastes. Only 
this type of waste woul d  be consi gned to the CWDF. The wastes are essential ly  
equivalent to  Cl ass A wastes as  defined by the Nuclear Regul atory Commi s s i on 
i n  10 CFR Part 61. The only s i gnifi  cant di fference i s  that the TRU 1 i mi ts 
wi l l  be 100 nanocuries per gram ( nC i /g)  rather than 10 nCi/g. Hazardous 
wastes as defi ned by the Resource Conservation and Recovery Act (RCRA) of 1976 
wi l l  not be emplaced i n  the proposed CWDF. The waste i nventory and charac­
teri sti cs of the wastes that typi cal ly might be expected to be di sposed ; n  the 
CWDF are l i sted i n  Appendix C. 

Sol i d  radioactive wastes are generated i n  a number of ways at the three 
Oak Ridge pl ants. The l argest vol ume generated on a routine bas i s  consists of 
gl assware, paper, rags , or other m i scel l aneous mater i a l s  that are either con­
taminated or suspected of bei ng contaminated. Other sources i nc l ude acti v i ties 
that produce sol i d  residues from various physical and chemical processes. 
Contaminated i tems of equipment, machinery, tool s ,  tanks , valves,  p i pes,  etc. 
that are no l onger needed and are uneconomical to decontaminate would a l so be 
di sposed. Other types of radioactive sol i d  waste are soi l ,  concrete, and 
various types of bui l d i ng materia l s  that have become contami nated as a result 
of l eaks , spi l l s ,  or other means. 

Nonroutine waste generation at the three pl ants arises from diss imi l ar 
and unrel ated activities .  Some of the waste now exists i n  unprocessed form, 
awaiting di sposition as discussed below, and additional vol umes of waste may 
be desi gnated for di sposal at the CWDF i n  the future, pending future dec i sions 
regardi ng waste di sposal . At ORNl, various fac i l i ti es are being or wi l l  be 
decontaminated for decommission i ng. Equ i pment and bui l d i ng material s from 
these fac i l i t i es that retai n  l ow leve l s  of radioactivity must be di sposed, 
preferably i n  a waste-di sposal faci l i ty that i s  des i gned to accommodate l arge 
vol umes of waste. A potenti al  major source of waste from Y-12 may be grouted 
s l udges and soi l  s produced duri ng c l eanup of the S-3 ponds. Rout i ne s l udges 
from other fac i l i ties  may a l so be added . . I n  addi tion,  an i nc i nerator i s  
p l anned for construction at ORGDP for the di sposal of radioactively contami­
nated polychlori nated bi phenyl s (PCBs) and other materi al s ( U . S. Oept. Energy 
1981). The ash from the combusted PCBs may be packaged for di sposal i n  a 
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LLW-di sposal faci l i ty. Defense program wastes are generated at Y-12 from a 
vari ety o f  class i fi ed operations.  I t  should be recognized that faci l i ty 
production and remedial actions could i ncrease or decrease these projected 
waste vol umes and types of wastes. 

1. 2 . 3  Need for a Central Waste D i sposal Fac i l i ty at Oak Ri dge 

As part of a nalional effort to improve methods for di sposing of radio­
active wastes, DOE proposes to di spose of wastes generated by i ts three Oak 
Ridge plants i n  a CWOF at Oak R i dge. Several associ ated factors create an 
urgent need for such a disposal fac i l i ty. Among the immediate factors i s  the 
curtailment of use of exi st i ng LlW-d i sposal fac i l i ti es at V-I2, the need to 
process and dispose of radioactive sl udges origi nating from l i quid process 
wastes generated by Y-12 and ORGOP , and the rea l i zati on of the near-term 
l imitation of the d i sposal capacity currently existing at ORNL for norma l l y  
generated LLW. 

At ORNL, the currently used disposal s i te--Sol i d  Waste Storage Area 
No. 6--has a remai n i ng capacity to function for about 2 years (Section 4 ) .  
Neither the Y-12 nor ORGOP has acceptable di sposal fac i l ities .  DOE agreed 
with the state of Tennessee and the EPA to di scontinue operation of the Y-12 
LLW-disposal fac i l i ty by July 1985 ( U . S. Dept. Energy et al . 1983 ) .  Therefore, 
new storage and disposal capacity i s  needed not only for the near term but 
a l so for the l ong term (see Sections 2 . 1 and 4 . 4 ) .  

An add i t i onal impetus for the CWOF arises from the i ncentive to reduce 
di sposal costs , whi ch  can be rea l i zed by uti l i zation of a central fac i l i ty for 
a l l  three Oak Ridge plants. Currently, each pl ant operates i ts own LLW­
di sposal fac i l i ty ,  resul t i ng i n  additional costs associ ated with duplication 
of equipment and operations at each i nd i v i dual s i te. 

The CWOF has been desi gned to meet existing and future needs for a period 
of up to 40 years. It wi l l  provi de i ncreased eff i ci  ency and capac i ty for 
di sposal of sol i d  low-l evel radioactive wastes and by-product material s genera­
ted by the Oak Ridge pl ants. 

In support of this  need and the i nterest of the publ i c ,  this £ IS  i s  
i ntended to ensure that potential envi ronmental impacts associated with the 
construct i o n ,  operation,  c l osure, and custodial care of the proposed CWOF and 
i ts al ternatives are properly addressed. Thi s EIS has been prepared according 
to the requi rements under Sect i on ID2( 2)( c) of the Nat i ona 1 Env i ronmenta 1 
Pol i cy Act of 1969 (NEPA) to provide envi ronmental i nputs to the dec i s i o n  
regarding the proposed action and i ts reasonabl e al ternatives. 

1 . 3  ALTERNATIVES TO THE PROPOSEO ACTION 

During the scoping process for the CWO F ,  a number of potential al terna­
ti ves to the proposed action were consi dered. I n  addition to the no-action 
al ternative, two cl asses of al ternatives were evaluated: faci l i ty design 
al ternatives and s i te al ternatives. Based on technical and pub l i c  i nput, a 
fac i 1 i ty des i gn a 1 ternat i ve-- above-grade di sposa l --was determi ned to be a 
reasonabl e  al ternative for deta i l ed study. A l s o ,  two s i tes within ORR were 
i dent i f i  ed as a l ternat i ve s i tes, S i tes outs i de ORR were e l i  mi nated as not 
bei ng reasonable ( s i te)  alternatives ( see Section 2.1). 
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The DOE preferred al ternative i s  to construct and operate a sha l l ow- l and 
di sposal faci l i ty at West Chestnut Ridge within the ORR. I f  the preferred 
al ternative i s  chosen, DOE wi l l  proceed with the desi g n ,  construction,  and 
operation of faci l i ties to bury the wastes based on the reference design for a 
shal l ow- land (bel ow-grade) faci l ity. 

REFERENCES (Section 1 )  

U.  S.  Department of Energy. 1981. I nc i neration Faci l i ty for Radioacti vely 
Contaminated Polychlori nated Biphenyls and Other Wastes. Oak. Ridge 
Gaseous Di ffus ion Plant , Oak R i dge,  Tennessee. 00E/E I 5-00840. October. 

U . S .  Department of Energy, U . S .  Envi ronmental Protection Agency , and Tennessee 
Department of Health and Envi ronment. 1983. Memorandum of Understanding 
Between the U . S .  Department of Energy and the U . S .  Envi ronmental Protection 
Agency and State of Tennessee Department of Health and Environment Concern­
i ng Camp 1 i ance with Po 11 ut i o n  Control Standards at the Department of 
Energy Y-12 Plant, Anderson and Roane Counties , Tennessee. Si gned May 26,  
1983. 



2. ANALYS IS OF ALTERNATIVES 

The U . S .  Department of Energy (DOE) has identified several al ternatives 
i nc l ud i ng the proposed action for di sposal of low-level radioactive waste 
(lLW) and by-product materi a l  generated by three p l ants l ocated on the DOE 
Oak R i dge Reservation (ORR ) :  the Oak Ri dge National Laboratory (ORNL) . the 
Y-12 Production P l ant (Y-12). and the Oak R i dge Gaseous Di ffusion Pl ant (ORGOP) 
(U. S. Dept. Energy 1983a ) .  The proposed action i s  construction of a Central 
Waste Di sposa 1 Fac i l  i ty (CWDF) on a 508- ha (l253-acre) s i te i nc 1 udi n9 the 
buffer zone on West Chestnut Ridge for sha l l ow-l and burial (SLB) of the waste 
( i . e . , empl acement i n  excavated trenches ) ,  Potential al ternatives identified 
in the notice of i ntent are: ( 1 )  no acti on,  i . e  . •  cance l l ation of pl ans to 
construct and operate the CWDF ; (2) uti l ization of  a s i te ( s )  within ORR for 
the CWDF other than the West Chestnut Ridge s i tei (3) devel opment of an above­
grade radioacti ve-waste-di sposal faci l i ty; and (4)  re l i ance on waste faci l i ties 
at other DOE s i tes.  No other major al ternatives were suggested during the 
publ i c  scoping. and none have been identified subsequently. 

A ri gorous exploration and Objective evaluation of a range of potenti al 
al ternatives. whi c h  i nc l ude but are not restricted to those identified i n  the 
NO!. has been carried out in order to ident i fy reasonabl e  al ternatives that 
meri t deta i l ed study. This  identification and screening process i s  presented 
i n  Section 2 . 1 .  A summary compari son of the impacts of reasonable al ter­
natives i denti fied for detai led study, based on the deta i l ed analyses presented 
i n  Section 4 ,  ; s  gi ven i n  Section 2 . 2 .  Further technical deta i l s  of the 
preferred al ternative are presented i n  Appendi x  0 of this document and i n  an 
engineering report by Ebasco Services I ncorporated ( 1984 ) .  

2 . 1  SYSTEMATIC IDENT I F I CATION OF REASONABLE ALTERNATIVES FOR DETAILED STUDY 

A range of potential al ternatives i s  presented i n  Fi gure 2 . 1. This  range 
was devel oped from a systematic classification of means avai l ab l e  for disposing 
of the waste generated by the three operating plants within ORR. The analysis 
used to i dentify reasonable al ternatives for detai 1 ed study is presented 
below. 

2. 1. 1  No Action 

Cance l l ation of pl ans to construct and operate a CWOF constitutes the 
no-action al ternative .  The action i nvolves management of existing wastes and 
waste that w i l l continue to accrue; hence, the Hno-action" al ternative must be 
i nterpreted as " ' no change' from current management di rection or level of 
management i ntens i ty" (Counc i l  on Envi ronmental Qual i ty 1981) .  This  i nterpre­
tation ; s  app l i cable for the immediate future; however. i t  must be mod i f i ed i n  
the l onger term because ci rcumstances d o  not permit IIno changeU from current 
management di rection or i ntensi ty for a period l onger than about two years 
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(see Section 4 .1) .  Beyond that time , some change i n  the aClion would be 
necessary. For this  l onger period.  the no-action al ternative has been defined 
as the al ternative that i nvolves the l east change in action. The course of 
action consi dered as the no-action al ternative may be specified as fol l ows .  

For the immediate future, the no-action al ternative would consist  of 
continued use of existing di sposal tae i l  ilies within  ORR. low- l evel waste 
(lLW) from ORNL wou l d  continue to be disposed at a s i te i n  Melton Val l ey 
desi gnated as Sol i d  Waste Storage Area No. 6 (SWSA-6). Nonclassified LlW from 
Y-12 and ORGDP i s  currently disposed i n  disposal p i ts l ocated i n  Bear Creek 
Val l ey. Use of these pits must be disconti nued because they are causing 
contami nation of groundwater (McKi nney 1983 ) .  A Memorandum o f  Understandi ng 
between DOE, the U . S .  Envi ronmental Protection Agency, and the State of 
Tennessee Department of Health and Envi ronmental commits DOE to terminate use 
of the Y-12 Bear Creek di sposal pits by August 1985 ( U . S .  Dept. Energy et 01. 
1983) ( see Section 4 . 4 ) .  Di sposa 1 of Y-12 and DRGDP was te i n  the SWSA-6 
disposal s i te used by ORNL i s  an ava i l ab l e  option that consti tutes the least 
change from current practice and i s  defined as the no-action al ternative when 
the Bear Creek di sposal pits are no l onger avai lable.  

Low- level waste w i l l  continue to accumul ate from ongoing operations at 
DRNL, ORGOP, and Y-12 ; hence, al ternative means for managing this  waste w i l l  
be necessary when SWSA-6 i s  fi l l ed to capacity. Shutting down the waste­
generati ng act i v i ti es would be a separate major federal action.  which ; s  not 
consi stent with the concept of no action. (This  possible  option is excl uded 
from the range of potential al ternatives considered because i t  ; s  obviously 
unacceptable i n  view of the conti nuing national need for the services and 
products provi ded by the research. deve I opment.  and producti on faci l ;  ties 0 f 
ORNL. ORGDP. and Y-12. I n  addi tion.  even i f  there were no further need, 
additional di sposal space wou l d  be required for the backlog of wastes that 
al ready exist and for the waste that wou l d  result from decontamination and 
decommi ssioning . ) 

Options for managing the waste subsequent to c l osure of SWSA-6 ,  other 
than those consi dered i n  connection w i th other a l ternatives , consist  of exten­
sion  of the capacity of existing di sposal fac i l ities within  ORR or storage of 
the waste pending di sposal at some future time. Extension of the capacity i s  
not feas i b l e; hence, the only reasonable option i s  storage. This  option also 
represents the l east possible  change from current management practice under 
the ci rcumstances that w i l l occur when existing di sposal faci l i ties are f i l l ed 
to capacity. Thus,  i t  consti tutes the no-action al ternative i n  the longer 
term. 

I t  may be noted that, apart from the option of l eaving the waste i n  
temporary storage i ndefi nitely (which would consti tute a de facto conversion 
of the storage s i tes i nto disposal s i tes ) ,  the no-action al ternative for 
management o f  llW from ORR i s  equivalent to deferring the di sposal action to 
some indefinite future time. The impacts from this  al ternative are discussed 
i n  Section 4. 4 and summarized i n  Section 2 . 2. 

2 . 1 . 2  Use of Existing Offsite D i sposal Faci l i t i es 

Use of exi st i ng disposal fac i l i ti es outside ORR i s  one of the categories 
of potential al ternatives consi dered for d i sposal o f  the waste generated 
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within ORR. This  category incl udes two potential al ternatives: use of exist­
i ng commercial di sposal faci l i ties and use of existing DOE di sposal faci l i ties 
at other locations. These two potenti al al ternatives are di scussed in Sec­
tions 2. 1 . 2 . 1  and 2 . 1 . 2 . 2 ,  respecti vely.  

2 . 1 . 2 . 1  Commerci a l  Fac i l ities 

There are three operating commercial di sposal fac i l ities withi n the 
United Stales. They are located i n  Barnwel l ,  South Carol i n a j  Beatty , Nevada; 
and R ichland,  Washi ngton. Use of one of these faci l i ti es would be only a 
temporary measure because they w i l l ,  within  the next few years , become regional 
fac i l ities operated under regional compacts as provided for under Publ i c  
Law 96- 573. These compacts.  or act ions taken under them, are not app 1 i cab 1 e 
to llW from atomic energy defense act i v i ti es or federal research and develop­
ment activ ities ("DOE waste " ) .  This  introduces a n  unacceptable uncertai nty i n  
the continued avai l abi l ity o f  adequate means for llW di sposal . CUrrent DOE 
pol i cy does not permit di sposal of ODE waste at commerci a l  faci l i t i e s .  Other 
d i sadvantages of using an existing commercial  s i te i ncl ude: (1)  the accelera­
t i on of need for new commerc ial  di sposal fac i l ities ; (2)  the substantial 
i ncrease i n  cost from transport of l arge quantities of waste on publ i c  h i gh­
ways over a considerable d i s tance--500 km (300 mi ) to Barnwel l ,  3200 km 
(2000 m i l  to Beatty, and 3800 km (2400 m i l  to Richl and ; and (3)  the i ncrease 
i n  r isk  from truck accidents. In v i ew of the forego i ng di sadvantages, the 
alternative of di sposal at an existing offsite commercial  faci l i ty i s  not 
con s i dered to be a reasonable a l ternative. 

2 . 1 . 2 . 2  OOE Fac i l i ti es 

The fi ve major ex; sti ng DOE waste-di sposal fac; 1 i ti es (other than those 
wi thi n ORR) are: Hanford Reservation near Hanford, Washington; Idaho National 
Engineering laboratory near Idaho Fal l s ,  Idaho; Nevada Test S i te near Mercury , 
Nevada; los Al amos National laboratory near los A l amos , New Mexi co;  and Savannah 
River Pl ant near A i ke n ,  South Carol i na (U. S .  Dept. Energy 1983c) .  low- level 
waste has , i n  the past. been buried at National lead of Ohio near Ci nci nnati , 
O h i o ;  at the Paducah Gaseous Di ffusion Pl ant near Paducah, Kentucky; and at 
the Portsmouth Gaseous Di ffusion P l ant near Portsmouth, Ohio ( U . S .  Dept. 
Energy 1983c--Fi  gure 4 . 4 ) .  However, the llW di sposa 1 fac i l  i t  i es at these 
s i tes are either c l osed or too smal l to accommodate additional waste from ORR;  
hence, they are not considered to be reasonable prospective s i tes.  

The alternative of  transporting llW from the Oak Ridge pl ants to one of 
the major DOE faci l i ti es for di sposal does not have a l l  of the di sadvantages 
of disposal at an exi sting commerci a l  s i te .  Other DOE s i tes are al so under 
DOE control ; thus , the uncertai nty related to changes i n  l i cens i ng regu l ations 
for commerc ial  s i tes woul d not exi st. However ,  the other d isadvantages remai n  
app l i cabl e ( v i z . , reduction i n  operating l i fetime of ex i sti ng s i tes , substan­
ti a l ly i ncreased cost from transport i ng the waste , and risk  from truck acc i ­
dents ) ,  and there i s  the added d i sadvantage that di sposal faci l i ti es a t  other 
DOE s i tes are designed, managed, and operated i n  conjunction with the disposal 
needs of DOE operations associ ated with these s i tes . Coordination of disposal 
operati ons with needs of research, development, and production operations at a 
di stant s i te under d ifferent management cou l d  i nterfere with ongoing project 
act i v i ties and woul d lead to added i ndi rect costs. Di sposal at another DOE 
fac i l i ty i s  not, therefore, consi dered to be a reasonabl e  al ternative.  
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2 . 1 . 3  Development of New D i sposal Fac i l i ties 

2 . 1 . 3 . 1  Al ternative S i tes 

The procedure for identifying new commercial  llW disposal s i tes , devel oped 
by the U . S .  Nuc 1 ear Regu 1 atory Comm; ss i on (NRC) J proceeds i n  the fa 1 1  ow; n9 
stepwi se manner: ( 1 )  identification of a region of i nterest; (2)  identifica­
tion of candi date areas and potenti al s i tes within  the region of interest; 
(3) identification of a s l ate of candi date s i tes ; and (4) selection of a 
preferred s i te from the s l ate of candi date s i tes (Si efken et a1 . 1982 ; 
U .  S .  Nucl . Reg. Comm. 1983 ) .  The procedure devel oped by DOE for new DOE 
di sposal s i tes i s  adopted from, and consi stent with,  the NRC procedure 
( U . S .  Dept. Energy 1983 b ;  Lee et al . 1983) .  The steps i n  the procedures may 
be characterized as a sequence that starts with a bounding of the problem by 
def i n i ng a l i miti ng area (the region of i nterest) and then focuses , i n  succes­
s i ve steps , on sma l l e r  areas unt i l  a preferred s i te has been i denti f i ed.  The 
major portion of the s i te characteri zation studies are performed at the pre­
ferred s i te after selection from among the candi date s i tes.  Only i f  the 
deta i l ed s i te characterization studies identi fy unanti c i pated adverse condi tions 
at the preferred s i te--which did not occur in the present c i rcumstance--are 
deta i l ed i nvestigations performed at more than one s i te (S iefken et a 1 .  1982--
p. 10) .  

Appl i cation of the s i te-selection analysis to the problem of identifying 
a s i te for the CWDF may be broken down i nto two parts. The f i rst part fol l ows 
steps 1 and 2 of the procedure, and i s  implemented by compar i ng the advantages 
and disadvantages of l ocating a s i te i ns i de or outside ORR. The compari son, 
presented i n  Section 2 . 1 . 3 . 1 . 1 ,  l eads to the concl usion that s i tes wi thin ORR 
are the only reasonable al ternatives. The second part i s  the i dent i f i cation 
of candi date s i tes and a preferred s i te within ORR. This part i s  based on the 
analys i s  of Lee et a 1 .  (1983) and i s  summarized i n  Section 2 . 1 . 3 . 1 . 2 .  The ORR 
i s  treated as the region of interest and the s i te-selection procedure i s  
fol l owed through to the i dentification o f  a preferred s i te for the CWDF. 

2. 1 . 3 . 1 . 1  S i tes Outside the Oak Ridge Reservation 

New Commerci al Fac i l i ti es .  New commerc ial  faci l i ties must be developed 
i n  accordance with the provis i ons of the low-level Radioactive Waste Pol i cy 
Act of 1980 (Pub l i c  law 96-573). This act provides for the estab l i s hment of 
regional compacts between states for the devel opment and operation of waste­
di sposal s i tes for llW generated by the states within a compact. These compacts , 
or actions taken under them, are not app l i cable to llW from atomic energy 
defense activi ties or federal research and devel opment acti vities [PL  96-573, 
Sec. 3( a) , ( b » .  The disadvantages c i ted in Section 2 . 1. 2 . 1  for use of an 
existing commercial faci l i ty for di sposal of llW from ORR are a lso  appl i cabl e  
to a new commerci al fac i l i ty. I n  addition,  new commercial faci l i ties wi l l  not 
be ava i l ab l e  i n  time to meet the need. Thus , use of a new commercial fac i l i ty 
i s  not a reasonable al ternative.  

New D i sposal Faci l i ty at an Existing DOE-OWned Site.  A new DOE di sposal 
fac i lity would not be subject to the institutional restri ctions that preclude 
further cons i derat i on of a new commerci a 1 s i te .  It  caul d be a fac 1 1  i ty on 
land that is currently owned and control l ed by DOE , on federal l and that could 
be transferred to DOE, or on land that is not currently owned by the federal 
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government and wou l d ,  therefore , have to be acquired before the faci l i ty cou l d  
b e  constructed. 

The nearest DOE-owned s i tes (other than ORR) are the Paducah Gaseous 
Di ffusion Pl ant i n  Paducah, Kentucky; the Portsmouth Gaseous Di ffusion Pl ant 
near Portsmouth , O h i o ;  National Lead of Ohio near Ci nci nnati , Ohi o ;  and the 
Savannah River P l ant near A i ken,  South Caro l i na--al l about 500 km ( 300 m i )  
from the ORR s i te .  A LLW-disposal faci l i ty ; s  i n  operation at the Savannah 
Ri ver P l ant;  hence a new fac i l i ty might not be necessary there. The reasons 
for excluding use of thi s existing fac i l i ty from further consideration are 
given i n  Section 2.1. 2 . 2. The Paducah, Portsmouth, and National Lead of Ohio 
pl ants are not currently i n  use as major DOE waste-di sposa 1 fac i l  i t  i es .  
Construction of a new disposal faci l i ty at one of these s i tes wou l d  i ncur 
del ays and additional costs due to the need for coordi nating project acti v i ti es 
at two widely separated l ocations , i n  addition to the substantial cost of 
transport, i ncreased accident r i s k ,  and other d isadvantages noted for the 
Savannah Ri ver Pl ant. The cost and r i s k  of transport become greater for more 
distant s i tes.  On the bas i s  of the foregoi ng consi derat i ons , construction of 
a new di sposal faci l i ty at another s i te currently owned and contro l l ed by DOE 
i s  not consi dered to be a reasonabl e a l ternative .  

New Di sposal Fac i l i ty at a New DOE-Owned Site.  Acquisition  of a new DOE 
s i te for construction of a LLW-disposa1 facility outside ORR i s  one of the 
potential al ternatives considered. I n  this  al ternati v e ,  a new di sposal 
faci l i ty would be developed on a s i te not currently owned by DOE. This  al ter­
native i ncl udes the subalternatives of acquiring federal l and from another 
government agency or purchas i ng l and not presently owned by the federal govern­
ment. The advantage of this  potential a l ternative  i s  that i t  would permit 
selection of a s i te with the most favorabl e  natural envi ronment for contro l l i ng 
migration of the radionuc l i des from the buri al trenches. The dec i s i ve dis­
advantage, when consi dered as an a l ternative for di sposal of waste generated 
within ORR,  i s  the time that woul d  be requi red before such a s i te cou l d  become 
operational , together with the uncertai nty i n  the outcome of the selection and 
budgeting processes , as noted bel ow. 

The selection of a s i te to be purchased by DOE (or a DOE contractor) and 
devel oped for the sale purpose of serving as a LLW faci l i ty would be unprece­
dented, and subject to cl ose scrutiny by the pub l i c  and by el ected state and 
federal offi c i a l s .  The pol i tical processes i nvol ved i n  meeting objections and 
reaching agreement on a preferred s i te could be expected to i ntroduce de l ays 
of at l east one year. and probably more. I f  the l and were not currently owned 
by another federal agency, appropriation of funds i n  the federal budget for 
purchase of the s ite ,  whi c h  wou l d  also be subject to uncertai nty i f  there were 
pub l i c  resi stance to the choice of s i te ,  could l ead to additional de l ays of 
comparable magnitude. A separate envi ronmental impact statement for the s i te 
and fac i l ity, based on a deta i l ed envi ronmental study , would be required and 
woul d take at 1 eas t one year. Deve 1 opment of the fac i 1  i ty woul d i nvo 1 ve 
recrui tment of management and staff and construction of support and service 
fac i l i ties  (which would dup l i cate management, staff, and service fac i l i t i es 
that are al ready i n  pl ace at exi sting DOE faci l i t ies) .  Thi s cou l d  be expected 
to add an addi ti onal year beyond the time that woul d be needed to construct a 
CWDF at ORR. The time required to develop a new faci l i ty woul d ,  therefore, 
be at l east three or four years , and probably longer i f  serious opposi ti on 
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devel oped during the selection and budgeting steps of the process. Additional 
di sposal faci l i ties are urgently needed at ORR within  two years ( see Section 4 . 4 ) .  

In  addition to the d i sadvantage that a new s i te could not be developed i n  
time to meet the need, there are the di sadvantages of substantially i ncreased 
costs from transport of the waste from ORR to another site ,  and the i ncreased 
risk  of truck accidents, as di scussed i n  Seclion 2 . 1 . 2  i n  connection wi th 
potential al ternatives for di sposal at an existing DOE s i le,  The most s u i tabl e  
s i tes for LLW di sposal are i n  arid regions o f  western Uni ted States. The 
transportation costs and traffic accident risks would be greatest for these 
s i tes because of the l ong transport distances involved. These d i sadvantages 
would be l ess for s i tes within the state of Tennessee or adjacent stales , but 
the advantages wou 1 d be 1 ess a 1 so. Po 1 it i ca 1 oppos i lion to transport i ng LLW 
generated within Tennessee to a new DOE s i te i n  another state might i ntroduce 
del ays and make impl ementation of this  option uncertain.  

An exemplary s i te-selection study for a LlW di sposal site,  based on the 
state of Tennessee as the region of i nterest ,  has i ndi cated that there are 
areas i n  western Tennessee with marginal ly superior envi ronmental charac­
teristics (U . S .  Dept. Energy 1983b) .  This  study did  not, however, consider 
potent i a 1 s i tes wi thi n the areas i dent i f i  ed. Because of the cons i derab 1 e 
variance i n  envi ronmental characteristics between di fferent s i tes i n  an area, 
one cannot i nfer from a marginal advantage in area characteristics that s i tes 
outside ORR would be envi ronmental ly superior to those i ns i de ORR. 

In v i ew of the foregoing consi derati ons , in  parti cular ,  the l ong lead 
time before the faci l i ty would be operati onal , the devel opment of a new DOE­
owned s i te outside ORR i s  not consi dered to be a reasonable al ternative for 
disposal of LLW generated at ORR. 

2 . 1. 3 . 1 . 2 S i tes Wi thin the Oak R i dge Reservation 

Separate Waste-Disposal Faci l i ty for Each P l ant. The al ternative of a 
separate waste-disposal facil i ty for each plant offers the fol l owing advantages 
compared to a s i ng l e  CWOF:  the tract for each faci l i ty could be smal ler and 
the transport di stance wi thin ORR coul d  be l ess .  D i sadvantages are that 
overal l 1 and requi rements woul d be greater; development and operating costs 
woul d be greater because each di sposal fac i l i ty would requi re i ts own buffer 
zone, access roads , and support and monitoring faci l i ti e s ;  and record-keepi ng 
and s i te-marking requi rements to prevent future i nappropriate use and i ntrusion 
would be i ncreased. The consequences of these d i sadvantages are that the 
cos ts wou 1 d be greater, the envi ronmenta 1 impacts wou 1 d be comparab 1 e or 
greater, and the constraints on future devel opments that might require l arge 
contiguous tracts of l and would be greater. I n  v i ew of  the preponderance of 
disadvantages over advantages , and l ac k  of any envi ronmental advantages , the 
impl ementation of  separate new di sposal faci l i ti es for the i ndivi dual pl ants 
i s  not consi dered to be a reasonable al ternative.  

Central Waste D i sposal Fac i l i ty for A l l  Three P l ants. An al ternative­
s i tes analys i s  for a (wDF has been carried out by Lee et a1 . (1983) and i s  
used i n  this  EIS  as a bas i s  for identifying a s l ate o f  candi date s i tes within 
ORR.  I n  that analys i s ,  lee et a 1 .  sel ected ORR as the region of i nterest. 
Candi date areas within thi s region of i nterest were i dentified by excl usi onary 
requi rements that el imi nated areas with unacceptabl e  features ( lee et a1 . 
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1983--Table 3 . 2 ) .  Unacceptab le  features i nc l uded f l oodp l a i ns and wetlands , 
i nadequate soi l thickness or unsaturated zone thickness, and lack  of avai l ­
abi l i ty o f  an unused area. Screening requirements used for candidate-site 
identification i nc l ude both exclusi onary requi rements and desirable features 
(Lee et a 1 .  1983--Tab le  3 . 3 ) .  Exclusi onary requi rements i ncl ude: s l ope 
exceed; ng 25%; areas c l ose to ex i st i ng pl ants . pub 1 i c roads , and reservat i on 
boundaries;  and areas adjacent to residential developments. Karst topography 
i s  an undesirable feature, but i t  ; s  not considered to be exc l usi onary unless 
the karst features are so evi dent and widespread that karst-free areas of 
sufficient size  to accommodate the trenches are unl i kely. Des i rable features 
i nc l ude: area greater than 80 ha (200 acres ) i  s l ope l ess than 10%; easy 
access by road j prox i mity to waste generators ; and avai l abi l  i ty of ut i 1  i ties.  

The Oak Ri dge Reservation is  underl a i n  by four different geologic strata 
that i ntersect the ground surface i n  bands extending i n  a southwest to north­
east di rection (see Section 3 ,  Fi gures 3 . 4  and 3 . 5 ) .  O f  the four major strata-­
Conasauga Group, Knox Group, Chickamauga Group. and Rome Formation--only the 
Knox Group and Conasauga Group have characteri stics that are considered suit­
able for pl acement of a waste-di sposal faci l i ty (lee et a l .  1983; lomenick 
et a 1 .  1983 ) .  These format ions occur in  three areas: Me l ton Va 1 1  ey,  Ches tnut 
Ridge , and P i ne R i dge Kno l l s/Bear Creek Val l ey (between P i ne Ridge and Chestnut 
Ri dge--the eastern portion of this  area i s  drained by Bear Creek, the western 
portion by Grassy Creek [U. S .  Dept. Energy 1984-- F i gure 3 . 18 ) ) .  

The current operating di sposal s i te ( SWSA-6) and two c l osed s i tes ( SWSA-4 
and SWSA-5) l i e  i n  Melton Val l ey .  T h i s  area i s  currently under consideration 
for a new waste-di sposal s i te for ORNl ( SWSA- 7 ) .  The potential s i tes that 
have been identified for 5WSA-7 cover al l of the remaining  area i n  Melton 
Val l ey that would be suitable for di sposal of llW. 

The use of potential SW5A-7 s i tes for the CWDF has been consi dered and 
rejected for two reasons. F irst ,  the areas suitab l e  for construction of 
di sposal trenches are smal l and fragmented. The l argest contiguous area with 
a s l ope of 20% or l ess i s  20 ha (50 acre s ) , of which about 6 . 5  ha ( 16 acres) 
i s  sufficiently far above the water tab l e  (>5 m [15 ft] )  to be suitable for 
disposal trenches ( lomeni c k  et al . 1983) .  Several additional contiguous s i tes 
with acceptable sl opes--ranging from 7 to 15 ha (15 to 40 acres) in area--have 
been i dentified,  but the depth to the water tab l e  i s  not known ; hence , the 
sui tabi l i ty of these s i tes for trenches i s  not known. I f  al l  of the non­
classified llW generated within ORR,  together with the contaminated s l udge 
that must be removed from hol d i ng ponds , were pl aced i n  the SWSA-7 s i tes , the 
s i tes would be f i l l ed to capacity within a few years and the need for a new 
CWDF would merely be del ayed. 

The second reason i s  that 5W5A-7 wi 1 1  be needed for llW from ORNl that 
does not meet the waste-acceptance criteria for the CWDF. The CWDF i s  i ntended 
for the large vol umes of llW with very l ow radi onucl i de concentrations genera­
ted by a l l  three pl ants. New faci l i ties for the much smal l er vol umes of waste 
not suitable for the CWDF wi l l  be provided separately when 5WSA-6 i s  f i l l ed to 
capacity. Al though unsuitable for a CWOF because of the l i mited area avai l ab l e ,  
SW5A-7 i s  expected t o  b e  s u i tabl e  for construction o f  a faci l i ty that woul d 
provide greater confi nement for disposal of the sma l l  vol ume of llW that would 
not be accepted in the CWDF .  
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If the SWSA-7 s i te were used for the CWOF , a new s i te for the CWDF would 
have to be sel ected again within a few years when SWSA-7 was f i l led to capaci ty 
and, i n  addition,  a new s i te for llW that exceeded the waste-acceptance criteri a 
for the CWDF wou 1 d have to be l oeated and deve loped. A 5 i te l oealed in the 
Melton Val l ey area ; s  not, therefore, considered to be a reasonable al ternative 
for the CWDF.  

A screening of the candi date areas ( Lee et  a1 .  1983) led to  a prel imi nary 
identification of f i ve candidate s i tes:  two s i tes i n  the P i ne R i dge Knol l s/ 
Bear Creek Val l ey area ( l abeled "Exxonu and "Bear Creek Val l ey" i n  F i gure 2 . 2)  
and three s i tes on Chestnut R i dge ( l abeled West Chestnut R i dge , Central Chestnut 
Ridge , and East Chestnut Ri dge in F i gure 2 . 2 ) .  The Central Chestnut Ridge 
s i te ; 5  d i v i ded i nto three sections--west, central , and east--for the purpose 
of screening,  but i t  i s  treated as a s i ng l e  s i te for the purpose of potential 
devel opment. 

The prel imi nary s l ate of candidate s i tes was revi ewed and compared on the 
bas i s  of reconnai s sance level data (from a l i terature survey and s i te vi s i t s )  
for the purpose o f  identifying a preferred s i te ( lee e t  a 1 .  1983) .  The factors 
considered i n  the compari son were: hydrology, geology, soi l s ,  l and use , 
soci oeconomi c s ,  and ecol ogy/meteorology. The results of a comparative ranking 
for each parameter are given i n  Table 2 . 1. I t  was found that the ranking 
differences were smal l ,  and the analys i s  did  not provide suffici ent di scrimi­
nation to el imi nate or establ i s h  clear superiority of any of the s i tes.  A low 
ranking in Table 2 . 1  cannot, therefore, be i nterpreted to mean that a site i s  
unsuitable for di sposal , nor can a h i gh ranking be i nterpreted to mean that a 
s i te i s  c l early preferabl e. A subsequent study, based on additional data and 
criteri a ,  was undertaken i n  order to identify a final s l ate of candidate s i tes 
and select a preferred s i te .  

Pre 1 i m i  nary hydro 1 ogi c a  1 character; zat i o n  o f  the Exxon 5 i te revea 1 ed a 
sha l l ow water table about 4 m (12 ft) below the surface ( U . S .  Dept. Energy 
1984) .  T h i s  i s  i nsuffi c i ent for construction of di sposal trenches. Even i f  
the proposed depth ( 9  m [30 ftl) were reduced, the depth woul d be i nsuffici ent 
when seasonal and l onger-term fl uctuations are taken i nto account. The portions 
of the Exxon s i te s u i tabl e  for above-grade disposal , whi c h  must be at l ocations 
with a shal l ow grade that are not subject to f l oodi ng,  are on knol l s  within 
the indicated s i te boundari es.  E l ectric transmi ssion l i nes and an i nterstate 
gas transmi s s i on l i ne cross the s i te and restrict the area ava i l abl e for waste 
emp 1 acement. A study of the feas i b i 1 i ty of usi ng the Exxon s i te for above­
grade di sposal of waste has been carried out for analyzing disposal al terna­
tives for manag i ng radioactive wastes and residues at the Ni agara Fal l s  Storage 
S i te ( U . S .  Dept. Energy 1984-- i n  that study the tlExxonll s i te i s  referred to as 
the " Pi ne Ridge Kno l l s! !  s ite) .  The waste-emplacement area needed for NFSS 
disposal i s  12 ha (30 acres ) ,  which i s  cons i derably sma l l er than the 40 ha 
(100 acres) that would be requi red for the CWDF. (This  area does not i ncl ude 
service areas or the buffer zone. ) I t  was found that a major technical 
uncertainty for NFSS waste di sposal was whether or not there would be suffi­
ci ent space on top of the knol l s  for constructing the tumul i .  One may i nfer 
from this that the ava i l ab l e  area woul d be inadequate for the much greater 
area needed for a CWOF .  On the bas i s  of the foregOi ng considerations , the 
Exxon s i te i s  not consi dered to be a reasonable al ternative for the CWOF. 
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Table 2 . 1 .  Ranking o f  Candi date S i tes within ORR with Respect to S i te-Selection Parameters 

Parameter: 

Significance: 

Highest rank 

Hydrology 

High 

East Chestnut 
Ri dge 

Central Chestnut 
Ri dge-West 

Centra I Chestnut 
Ri dge-Center 

West Chestnut 
RidgE' 

Central Chestnut 
Ridge-East 

lOWE'st rank 

�E"," J BE'ar Creek 
Valley 

r ] """hi, 
L " E'quivalent. 

>ource: Lee et a l .  (I983--Table 1 . U ) .  

(;eology 

High [E"" J 8ear Creek 
Valley [" " ,.1 " ." '"] 
Ridge-Center 

West Chestnut 
Ridge 

East Chestnut 
Ridge 

Central Chestnut 
Ridge-East 

Centra I Chestnut 
Ridge-West 

Soi 1 

Medi lllll 

Central Chestnut 
R i dge-Center 

West Chestnut 
Rioge 

East Chestnut 
Ridge 

Central Chestnut 
RiOge-East 

Central Chestnut LRi dge-West [E'''' 

Bear Creek 
Valley ] 

Land U!>e 

Hedi Uln 

8ear Creek 
Va I l ey 

Central Chestnut 
Ridge-Central 

West Chestnut 
Ridge 

E.ist ChestrlUt 
Ridge 

[.IOI.on 

Central Chestnut 

.
Ridge-West 

Central Chestnut 
Ridge-Easl 

Socioeconomic� 
- - - - - -

low 

["'" J Bur Cruk 
V"lley 

Centr"l Chntnut 
Ri dge-Center 

Central Chestnut 
Ridge-filst 

fast Chntnut 
Ri dge 

West Chestnut 
Ridge 

Central Chestnut 
Ridge-Wnt 

[cologyl 
Meteorology 

l,. 
rEuon 

Ridge 
l'''' ,"m,,, 

Centr,,) Chestnut 
Ri dge-West .J 
Bear Creek 1 Valley 

Central Chestnut 
Ridge-Center 

Central Chestnut 
Ri dge- Eas t 

West Chestnut 
Ridge 

'" , 0-0 0-0 
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The hydrological  characteri stics of the Bear Creek Val l ey s i te (also  
located i n  the Conasauga Group) are similar  to those for the Exxon s i te .  
Sha l l ow depth to the water tabl e and probable artes ian  conditions al so render 
this s i te unsui tab le  for bel ow-grade di sposal i n  trenches. 

The general ly unfavorabl e  hydrol ogical condition appears to be charac­
teri stic of the entire Bear Creek Val l ey and has become the primary reason for 
discontinuing use of the Bear Creek di sposal p i ts , which are l ocated at the 
upper end of Bear Creek Val l ey cl ose to the Y-12 P l ant. 

Suitable terrain on the s i te could be developed for above-grade disposal , 
but i s  consi dered unattractive si nce the sha l l ow water table would require 
extensive subsurface drainage. Moreover, contaminated groundwater and surface 
water i n  the Bear Creek headwaters (McKi nney 1983) would adversely impact the 
moni torab i l i ty of a new waste disposal faci l i ty in that portion of Bear Creek 
Val l ey. Hydrologic di scharges through the val l ey may contain variable and 
unpredictable concentrations ( however l ow) of species that may be common to 
those that are contai ned i n  the CWDF wastes , thus hamperi ng the requi red 
envi ronmental monitoring program. T h i s  characteristic woul d  render the s i te 
unsuitable for waste di sposal as recognized i n  NRC regulations for commercial 
low-level waste fac i l i ties  ( 10 CFR Part 61. 50) , which cal l for avoi d i ng areas 
where nearby fac i l ities s i g n i f i cantly mask the envi ronmental monitoring program. 
Monitorabi l ity and predictabi l i ty (which  depend on basel i ne monitoring data) 
are essential s i te characteri stics for determi n i ng comp l i ance with appropri ate 
regu l ations. For thi s  reason, and because of the sha l l ow water table and the 
exi s tence of s i tes with more suitabl e characteristics , the Bear Creek Val l ey 
s i te i s  not considered to be a reasonabl e  al ternative for the CWDF. 

Prel imi nary geotechnical work led to identification of the West and 
Central Chestnut Ridge s i tes as candidate s i tes and reasonabl e  al ternatives 
for a CWDF. The East Chestnut Ridge s i te i s  s i m i l a r  to the West and Central 
Chestnut Ridge s i tes and i s  j udged to be s l i ghtly superior in hydrol ogical 
characteristics ( Lee et a 1 .  1982) .  The area suitable for waste empl acement i s  
l ess than for the other s i tes , but probably suffi c i ent for the CWDF , which 
requires an area of 40 ha (100 acres) for waste emplacement and about 20 ha 
(50 acres) for the service area and buffer zone. East Chestnut Ridge i s ,  
therefore, a l so considered to be one of the reasonable al ternatives for the 
CWDF. A broad prel imi nary investigation was undertaken i n  order to provide a 
bas i s  for ident i fi cation of a preferred s i te .  

Severa 1 nontechn i ca 1 factors were cons i dered to eva 1 uate whether they 
would have a s ignificant effect on the selection. The criteria cons i dered 
were ( 1 )  usable acreage, (2)  requi rements for transportation of waste, 
( 3 )  access to the site,  and (4) avai l abi l i ty of uti l i ties .  After considera­
tion of these factors , it was concl uded that the West Chestnut Ridge s i te was 
preferred over the other two s i tes , primari ly  on the bas i s  of the combi ned 
merits of a l arger area suitable for waste emplacement and greater ease of 
access. On the basi s  of this  selection, deta i l ed s i te characterization was 
conducted at the West Chestnut Ridge s i te .  

2 . 1 . 3 . 2  Al ternative Designs 

The two major design al ternatives considered are ( 1) an above-grade 
structure i n  which al l of the waste i s  at or above grade l evel , and (2)  a 
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bel ow-grade structure in which a l l  of the waste ;s bel ow grade level . *  Vari­
ants of these two major al ternatives , as described below, are a lso  considered 
as potent; a 1 a l ternat i ves.  A thi rd a l ternat i ve.  i ntermed; a te between the 
bounding a l ternatives , ; s  a faci l i ty i n  which some of the waste i s  placed 
bel ow grade and some of the waste i s  pl aced above grade. This  design i s  used 
i n  France (Van Kate 1982) and i s  appropriate when both low-acti v i ty and high­
activity LlW are pl aced i n  the same faci l i ty. The h i gh-act i v i ty LLW is placed 
bel ow grade ;n a concrete-wal led "basement" and grouted to form a bel ow-grade 
concrete mono 1 ith 1 and the l ow-act i v Hy LlW ; 5 pl aced above grade. Thi 5 
des i go i s  not speci f i ca l 1 y  cons i de red because the ana lys i s needed for an 
assessment i s  provided by the separate analyses of above-grade and bel ow-grade 
structures , and candidate waste for the CWDF i s  a l l  l ow-act i v i ty LLW for which 
a tWo-tiered design is not necessary. 

The potential al ternative designs are intended to span a reasonable range 
of design parameters that wi l l  meet the performance objectives i n  a cost­
effective manner. The performance objectives are to provide conta i n i ng struc­
tures that: ( 1 )  m i n imi ze water infi l tration; ( 2 )  minimize trench subsidence; 
( 3 )  minimize b ioi ntrusion by pl ants and animal s ;  (4) mi nimi ze the l i ke l i hood 
of hUman i ntrusion;  and ( 5 )  maintain the fi rst four performance objectives 
over the time period during which the waste remai ns hazardous. The major 
design parameters that can be varied i n  order to achieve these performance 
objectives are: ( 1 )  pl acement--with respect to grade level and distance from 
bottom of waste l ayer to water tab l e ;  ( 2 )  overall s i te water control--by 
grading, trench pl acement, etc. ; ( 3 )  cover design--thicknes s ,  cover material s ,  
and emplacement of bi obarriers ; (4)  s i dewa l l  design (thickness and material)-­
use of  c l ay ,  membrane,  or  other materi a l  to control i nf i l tration and intrusion ; 
( 5 )  bottom design--use of gravel bed or other permeabl e  material and drains to 
faci l i tate drai nage of any i nfi l trating water; (6)  backfi l l  material--use of 
sand or grout to control i nf i l tration and minimi ze subsidence; and ( 7 )  waste 
container design. 

2 . 1 . 3 . 2 . 1  Above-Grade Designs 

Storage. A variant of the concept of above-grade d i sposal that was 
considered and rejected i s  above-grade storage for an extended period 
(�100 years) fol l owed by permanent di sposal . The storage/disposal concept for 
an above-grade structure is not a reasonable al ternative because storage 
i ntroduces additional costs and risks without compensating benefi ts ; ul timate l y ,  
above- o r  bel ow-grade di sposal would sti l l  b e  necessary. 

D i sposal . Two potential al ternative above-grade designs were considered. 
The bas i c  design would consist of tumu l i  patterned after those used in French 
waste-di sposal operations (Lav i e  and Barthoux 1982; Van Kote 1982; Lavie and 
Marque 1983 ) .  The f l oor o f  each tumul us wou l d  be a concrete s l ab at grade 
level , draining i nto a sump. The wal l s  would be formed by concrete cyl i nders 
stacked to a height of about 6 m (20 tt) . The waste emplaced i n  thi s  unit 

*The IIgradeli and the "groundH are not necessari ly the same; an above-grade 
structure can be covered with a contoured l ayer of soi l that becomes the 
ground l evel and p l aces the waste Hbelow groundH ; i t  would sti l l  be H above 
grade" because the grade i s  defined by the el evation of contiguous ground. 
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would have to be put i n  contai ners, compacted , or grouted in order to prevent 
s l umping after capping.  After fi l l i ng ,  each lumulus would be backfi l l ed with 
gravel and capped. The cap would cons i st of a sequence of l ayers of c l ay ,  
sand, a p l astic membrane , soi l .  cobblestones and gravel , and topso i l  t o  mini­
mize water i nfi l tration and di scourage i ntrusion. Each tumulus would have a 
height of about 9 m ( 30 ft) above the surrounding land. Thi s potential al ter­
nalive i s  consi dered reasonabl e .  

The other potential above-grade al ternative i s  a concrete monol i th formed 
by stacking the waste i n  containers on a concrete pad, grouting the slack as 
successive l evels are emp l aced , and encasing the stack with a concrete cap 
that would be covered with a l ayer of soi l sufficient to support vegetation 
and provide protection from weathering. Grouting may be accompl i shed by 
bui l d i ng a concrete wal l  or a d i ke around the waste and pumping i n  the l i quid 
grout through a hose. The monol i thic  concrete tumulus would provide more 
effective protection from i nadvertent i ntrus ion ,  a reducti on i n  water i nfi l tra­
t i on and consequent l eaching of radionuc l i des from the waste, and greater 
protection from di spersal by erosion. However, the cost would be much greater. 
Because of the l arge vol ume and l ow acti v i ty of the waste for which the CWDF 
i s  i ntended, the more el aborate confi nement capabi l i ti es of a monol i th are 
consi dered to be unnecessary, so that the added cost would not be justi f i ab l e .  
The monol ithic  concrete tumul us i s  not, therefore , consi dered to b e  a reason­
abl e al ternative to the tumulus design described above. 

2 . 1 . 3 . 2 . 2  Bel ow-Grade Designs 

Three potential al ternative bel ow-grade designs were considered: ( 1 )  a 
s i mp l e  trench with no engineered features; ( 2 )  an engi neered trench desi gned 
to reduce water i n f i l tration and the probabi l i ty of i ntrusi o n ;  and ( 3 )  an 
underground rei nforced-concrete structure. 

The fi rst bel ow-grade al ternative design i s  a s i mp l e  design that provides 
no barrier for water i nf i l tration or b i ot i c  ( i nc l ud i ng human) i ntrus ion.  A 
typical design would be an 8-m (25-ft) deep trenc h ,  with waste voids back­
fi l l ed by excavated material ; a p l a i n  cap , a l so of materi a l  excavated from the 
trench; and a topso i l  l ayer to support revegetati on. This  design represents 
the l east-costly bounding case. Al though a trench of s i mp l e  design might be 
abl e  to meet performance objectives for protection of publ ic  health and safety 
( see Section 4 ) ,  impl ementation of such a design i s  i nconsi stent with the DOE 
pol i cy that radiation exposure to i ndividual s  and popul ation groups be l i mi ted 
to l evels that are as- l ow-as-reasonably-achievable (ALARA) (DOE Order 5480.1A ,  
Chapter X I ) .  The risk  of  exposure can be  reduced at reasonabl e  cost by using 
an engi neered trench rather than a trench of s i mp l e  design that makes no 
prov i s ion for reducing water i n f i l tration or the probab i l i ty of human i ntrusion. 
The simple trench al ternative i s  not, therefore , considered to be a reasonable 
design for the CWDF. 

The second design i s  the preferred design al ternative and proposed design 
and provides for control of water i nf i l tration and i ntrusion (Ebasco Services 
1984 ) .  It would consist of a sand fl oor with a gravel drain for removing 
water entering the trench from the s i des or any water that i nfi l trated through 
the waste ( so that water would not col l ect i n  the trench and remai n  i n  contact 
with the waste) j s l op i ng s i des with drai nage mats to divert water entering the 
trench s i des d i rectly to the bottom of the trench ;  an engi neered cover consi st­
i ng of a membrane l i ner to prevent water i n f i l trati o n ;  an i ntruder-resistant 
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l ayer of 0 . 6  m (2 ft) of sand, cobb l e s ,  and boul ders ; and 1 . 8  m (6 ft) of 
compacted earth fi l l  covered by topsoi l to a l l ow revegetation. The ground 
surface and surrounding grade wou l d  be contoured to faci l i tate runoff and 
divert surface water away from the trench. Al though membrane 1 i ners for the 
s i des and the use of c l ay or bentonite for side l i ners and cover are not now 
contempl ated, they are not excl uded from consideration i f  subsequent studies 
and future experience should i ndi cate the need. This  proposed design with 
appropriate maintenance is expected to maintain i s o l ation i ntegrity for the 
near term ( 100 years fol l owing cl o5ure-- except the membrane l i ner, for which 
data are lacking with respect to performance beyond a period of about 30 years ) .  
It  cannot be assumed that this  design wi l l  provide a barrier to water i nfi l tra­
tion i n  the l ong term. 

The third des ign,  an underground rei nforced-concrete structure, would 
provide an effective barrier to water i n f i l tration and migration of the radio­
nucl i des for an extended period of time--poss ibly of the order of 500 years or 
more, al though this  cannot be verified because there are no engineering data 
ava i l abl e regarding the integrity of structures with respect to water i nfi l tra­
tion for time periods of this magnitude. Long-term structural stab i l ity and 
near-complete protection from i nadvertent i ntrusion cou l d  be provided by 
high-qua l i ty rei nforced-concrete si dewa l l s  and cover, with grouting of the 
empl aced waste to provi de a monol ithic  concrete structure. Because crack i ng 
of the concrete--which would permit water i nf i l tration--could occur, additional 
l ayers outside the concrete would be needed. A l ayer of asphalt would tend to 
seal cracks and be resi stant to biotic i ntrusion by roots and burrowing animal s .  
Asphalt can degrade with time,  but the rate o f  degradation for a protected 
l ayer would be much s l ower than for an exposed l ayer. A layer of bentonite 
c l ay outside the asphalt could serve to provide addi tional protecti on. Penetra­
tion and degradation of the c l ay l ayer by biotic i ntrusion (pl ants and bUrrow­
i ng anima l s )  coul d be minimized by using a deeper trench i n  which the top of 
the c l ay l ayer would be 3 m ( 10 ft) or more below the grade surface. Al though 
the c l ay l ayer would not be an effective water barrier during periods of 
extended drought when i t  would shrink and crack, i t  could be expected to 
reseal as the soi l water content returned to normal . A human intruder barrier 
of boul ders and ri prap cou l d  be pl aced above the c l ay l ayer to reduce the 
probab i l i ty of bioi ntrusion and inadvertent human intrus ion.  (No protection 
can be provided against i ntentional human i ntrusion . ) The trench bottom woul d 
be a layer of sand. A barrier to water i n f i l tration on the trench bottom i s  
undesirable because any water that does infi l trate should be al l owed to drain 
out as eas i ly as possible .  The optimum design corresponds to an i nverted 
water- tight container over the waste that prevents water i n f i l tration through 
the top and s i des.  P l acement of the trench bottom wel l  above the water tab l e  
would be an i mportant design consideration. The soi l surface wou l d  be above 
the origi nal grade and contoured to provide optimum runoff. 

The thi rd design al ternative i s  a bounding design that would provide the 
greatest l ong-term i so l ation that i s  currently possible  using near-surface 
d i sposal with state-of-the-art engineering practices. E l aborate structures 
s i m i l a r  to the kind described above constitute a cl ass of design al ternatives 
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known as "greater-confi nement di sposall l  (GeO ) .  * They are considerably more 
costly than a typical design for shal l ow-l and burial (SlB) , such as the second 
al ternative ,  and are i ntended for the sma l l  fraction of LLW that presents a 
greater hazard, primari ly because of high radionucl i de concentrat i ons.  Waste 
of this  ki nd--commonly referred to as uGeD waste"--wi l l  not be accepted at the 
CWD F .  Furthermore, el aborate engineered structures cannot reduce the 10ng­
term ri 5 ks from very 1 ong-l i ved rad; cnuc 1 ides . such as U-238 whi ch has a 
hal f- l i fe of 4 . 5  x 109 years , because there i s  no structure or design that can 
provide confi nement over such long time periods. (U- 238 , at l ow concentra-
t i Dns . i s  a pr; nci pa 1 contami nant of a cons i derab 1 e fraction of the waste 
intended for the CWDF--see Appendix C ) .  For such radionuc l i des . the only 
feasible  objective i s  to control the release rate i n  order to ensure that the 
concentration ; n  the envi ronment remains l ow enough for the r i s k  to be i nsig­
n i f i cant. Use of  a GeO design would i ncrease the cost by an estimated factor 
of 2 or 3 with very l i tt l e  concomitant reduction i n  envi ronmental consequences-­
i n  parti cular ,  the health risks (Gi l bert and luner 1984) .  Thus , GCO i s  not a 
reasonable al ternative for the waste that would be accepted i n  the CWD F .  

2 . 1. 3 . 2 . 3  Other Design Considerations 

Des i gn cons; derat i Dns other than those di scussed above i nc 1 ude waste 
processing,  waste packagi ng , and backfi l l i ng materi a l s  and procedures. Waste 
process i ng ( compaction ,  sol i d i f i cati on,  and/or i nci neration of the waste) and 
waste packaging can affect performance of a di sposal faci l i ty. I t  can i ncrease 
the stab i l i ty of the waste (thereby reducing the l i ke l i hood of i ncreased water 
i nf i l tration due to s l umping of the trench cover) and the rate of l eaching. 
Incineration reduces the vol ume of tras h ,  but has the disadvantage of i ncreas­
i ng the radi onuc 1 ;  de concentration.  Methods for i mprov; ng waste process; ng 
and packaging wi l l  be investi gated as a part of the ongoing DOE program for 
management of 1 ow- l eve 1 was te. The i mprovements ; n performance that can 
result from current practicable means of waste proces s i ng and packaging woul d 
not affect the relative ranking of the s i tes and designs considered herein or 
the need for a CWOF and wi l l  not, therefore, be examined i n  detai l .  

Backfi l l i ng al ternatives refer to the materi a l s  and procedures used to 
f i l l  the i nterstices between the waste packages and provide a cover between 
the top of the uppermost waste or waste packages and the cap. Backfi l l i ng 
procedures and materi a l s  can have a significant effect on the performance of a 
di sposal faci l i ty .  and may be consi dered to be a part of the faci l i ty design. 

Jlil:The term "greater-confi nement di sposalll is app l ied to methods of near-surface 
di sposal that provide greater confi nement than standard shal l ow-l and burial 
practice and are i ntended for hi gh-acti v i ty LLW. Examp l es of  GeD are deep 
trenches , improved waste forms ( e . g . , encapsulation i n  concrete or a polymeric 
med i um) , engi neered concrete structures, boreho l es ,  and hydrofracture ( G i l bert 
and luner 1984) .  Under the NRC ' s  c lassification scheme for commercial l ow­
l evel waste , LLW that meets the NRC waste acceptance criteria for Cl ass A or 
Cl ass B waste does not require GCDj waste that exceeds the NRC waste accept­
ance criteria for Cl ass C waste always requires GCD; Cl ass C waste may or 
may not require GCD , depending on  the natural retention characteri stics of 
the disposal site.  
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Three al ternatives are considered. One ; s  use of the excavated materi al from 
the trenches. The second. wh i eh wou 1 d reduce the 1 i ke 1 ;  hood of VOl ds between 
the waste packages , i s  the use of dry sand. The third ; 5  the use of grout, 
which woul d result i n  a concrete mono l i th encapsulating the waste. This  
mono l i th would actual ly be a honeycomb structure unless grouting or  a simi l ar 
process were used for waste packaging. Grouting ; s  not considered necessary 
for the LLW that would be accepted i n  a CWO F ,  and the di fferences i n  perfor­
mance for the other backfi l l i ng al ternatives are not l arge enough to affect 
the esti mated impacts ; hence, further analys i s  of the backf i l l i ng al ternatives 
i s  not addressed i n  this  E I S .  

2 . 2  COMPARISON OF  ENVIRONMENTAL IMPACTS OF  REASONABLE ALTERNATIVES 

On the basi s  of the screening process described above, three al ternative 
s i tes--West Chestnut Ridge, Central Chestnut Ridge, and East Chestnut Ri dge-­
and two al ternative designs--a bel ow-grade trench and an above-grade tumul us-­
have been identified as reasonable a l ternatives. These al ternatives are 
identi fied by dashed boxes i n  F i gure 2 . 1 .  The West Chestnut Ri dge s i te was 
sel ected as the preferred a l ternati ve,  and the below-grade trench design was 
sel ected as the preferred design. Thus , the preferred al ternative for the 
CWDF,  whi c h  i s  a lso  the proposed action, i s  construction of bel ow-grade trenches 
on West Chestnut Ridge. A summary compari son of the reasonable al ternatives 
for a CWDF i s  given below and summarized i n  Tables 2 . 2  and 2 . 3. 

The envi ronmental i mpacts for the two design al ternatives at the preferred 
s i te (West Chestnut Ridge) were examined using the results of the deta i l ed 
s i te characterizati on , and the results are summarized and compared i n  terms of 
short-term and l ong-term impacts in Table 2 . 2. The short-term impacts are 
those related to the constructi on,  operation,  closure ,  and rna; ntenance and 
monitoring acti v i ti es during the insti tutional-control period. These impacts 
would occur within 100 years after c l osure. During this period, contai nment 
structures would be maintained, radioactive releases to the envi ronment woul d 
be monitored, and periodic corrective remedial actions wou l d  be taken, as 
necessary. Human access to the waste-management areas wou l d  be l i mi ted, and 
the federal government would continue to own the s i tes and use them solely for 
waste-management purposes. At the end of the lOO-year institutional -control 
period, DOE would review the monitoring and operating data and determine 
whether or not the i nstitutional contro l s  can continue. 

long-term impacts are those that would occur during the time periods 
extending beyond the lOO-year period and are rel ated to effects of l ong-term 
i ntegrity of the waste containment, possible  radionucl ide migration from the 
di sposal s i te ,  and l and-use commitment. At some time during this  period,  
monitoring, maintenance, and corrective actions woul d cease. Access ,  land­
use , and ownership contro l s  woul d be lost as wel l .  Human i ntrusion i nto the 
wastes i s  assumed to occur after the i nstitutional-control period. 

The short-term i mpacts for both design al ternatives would be simi l ar 
because most of the activities would be the same. During this  time period, 
construction-rel ated impacts wou l d  probably disturb about 38 ha (94 acres) o f  
wi l dl i fe habitat and temporari ly affect a portion of the l ocal envi ronment. 
Construction act i v i ti es woul d be pl anned to miti gate occurrence of aquatic 
impacts , and a monitoring program would be conducted during construction and 
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Table 2 . 2 .  Compari son of Envi ronmental Impacts of Al ternative Designst 1 

Enviro�ntal ParaMeters 

SHORT·TERM lMPACTS 

Hydrol ogic; 

Ecologic: 

Transportal ion: 

Nonoccupational radiation dose 
in nOrllla] operation, IIIrem/yr 
(% of natural background) 

Occupational radiation dose i n  
normal operati on, .re�/yr 
(% of DOE occupational 11mit) 

Honradiological injuries i n  
40 y r  o f  operalion 

Nonradioloqical deaths i n  
40 yr of operation 

Occupational radiation dose 
to lrenchworker, Mrem/yr 
(X of DOE occupational 
l illlit) 

Occupational radiation dose to 
Maintenance worker during 
5-yr active-�ai ntenance 
(cl osure) period, IIIrem/yr 
(X of background) 

Occupational radiation dose 
during 100-yr institutional 
control period, �r£A/yr 
(l of background) 

LONG-TERM IMPACTS 

Ma�i�um individual whol.-body 
radiation dos. to onsite 
resident, �rem/yr 

Ma�i�um radiation dose to 
critical organ (bone) of 
onsite resident, .re./yr 

Mall.i�UIII whole-body, individual 
radiation dose from drinking 
water supplied by C l i nch River 
(50-yr c�i�ent fr� 1 yr of 
i ngestion) , .rem/yr 

Whole-body population dose from 
drinking water suppl ied by 
C l i nch River, person-re�/yr 

Land use 

Erosion of averaged s l ope of 
tu�ulU5 or trench after 
500 years (agricultural 
use, worst-case scenario),  
lleters 

Be 1 o ___ Grade Trench 
(Preferred) 

Soil erosion resulting in tur­
bidity and sedi.entation in Ish,  
New Zion, and Grassy creeks-­
during construction only. 

Loss of 8\ of trees within CWOF 
boundary. 

1 0. 002 (0. 001%) 

� 20 (0.4%) 

0 . 8  

0 . 5  

S 500 (lOX) 

]0 (B%) 

• (3%) 

375 

2500 

0 . 08 

0 . '  

Pree�tion o f  6 4  ha (160 acres) 
of land fr� alternative uses 

0 . 2  

lmpacLS silllilar t o  but 
s�aller than below­
grade 

Sa",e 

Same 

Same 

5 .. , 

5 .. , 

30-5OX greater than 
bel ow-grade 

, .. , 

Same 

2300 

6400 

11 

2 . 0  

11 The comparison i s  made for both designs located on West Chestnut Ridge, the preferred site. 
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Table 2 . 3 .  Comparison of Envi ronmental Impacts of Al ternative S i tes 
for Below-Grade Trench 

Environmental Parameters 
West Chestnut 

Ridge 
Central Chestnut 

Ridge 

SHORT-TERM IMPACTS 

Hydrol ogic: Soil erosion resulting i n  tUr- COlIIParable 

Ecologic: 

Transportal ion: 

Nonoccupational radiation dose 
in nonnal operation, IIrem/yr 

bidity and sedi�enlation i n  
affected creeks--during construc· 
tion only. 

loss of as of trees wfthin CWOF 
boundary. 

(X of natural background) 'S 0.002 (O. OalX) 

Occupational radiation dose i n  
normal operation, mrem/yr 
(% of ODE occupational l imit) S 20 ( 0 . 41) 

Nonradiological injuries i n  
40 yr of operation 

Nonradiological deaths i n  
40 yr of operation 

Occupational radiation dose 
to trenchworker, �rem/yr 
(I of DOE occupational l illlit) 

Occupational radiation dose to 
mai ntenance worker during 
5-yr active-mai ntenance 
(closure) period, �rem/yr 
(� of background) 

Occupational radiation dose 
during 100-yr i nstitutional 
control period, mrem/yr 
(% of baCkground) 

LONG-TERM IMPACTS 

Maximum indivi dual Whole-body 
radiation dose to onsite 

D . •  

0 . 5  

� 500 (101) 

10 (ax) 

4 (3%) 

resident, mrem/yr 375 

Maximum radiation dose to 
critical organ (bone) of 
ons i te res i dent. ItIrem/yr 2500 

Maximum whole-body, individual 
radiation dose from drinking 
water supplied by C l i nch River 
(50-yr cornnitment from 1 yr of 
i ngestion), �rem/yr 0,08 

Whole-body population dose from 
drinking water supplied by 
C l i nch River, person- rem/yr 0 . 6  

Land use 

Erosion of averaged s l ope of 
tumulus or trench after 
500 years (agricultural 
use, worst-case scenar io),  
meters 

Preemption of 64 hill (160 acres) 
of l and from alternative uses 

0 . 2  

Comparable 

S l i ghtly less 

COIIIParab 1 e 

Comparable 

Greater 

Comparable 

East Chestnut 
Ridge 

Slightly less 

S l i ghtly less 

Slightly less 

COlllparable 

Comparable-

Sl i ghtly 
greater 

Comparable 
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operation to ensure minimum ecological impact (Section 4 . 1 . 1 . 2 . 1 ,  Appendix 0 ,  
Section 0. 5 . 5 ) .  

Operational impacts i nc l ude transportation o f  the wastes to the CWDF and 
di sposal of these wastes. These impacts woul d  a l so be the same for ei ther 
design al ternative.  Radiological estimates of the maximum population exposure 
during rout i ne transport, occupational exposure during di sposal , and maximum 
i nd i v i dual exposure i n  the event of an acci dent--made on the bas i s  of conserva­
tive aS5umpti ons--indi cate that exposure risks woul d be very sma l l  compared 
with exposures from background radi ation. Because of the l ow rate of waste 
shipments, i njuries and fata l i ties due to transportation acci dents woul d al so 
be smal l (see Tables 2 . 2  and 2 . 3  and Section 4 . 1. 2 ) .  

The assessment of l ong-term radi ol ogical impacts ; s  more d i fficult and 
much less  certain than the assessment of short-term rad i o l ogical impacts. The 
potential releases of radi onuclides or the i r  transport pathways for nuc l i des 
over l ong-term periods are uncertain .  The pattern of  act i v i ties that deter­
mine the rad iation dose received by the maximal ly exposed i ndivi dual cannot be 
rel i ably predicted. Probab i l i ties and times of occurrences for rare geologic 
events and for natural processes in the distant future cannot be accurately 
predicted. Simp l i fying assumptions must be i ntroduced i n  order to estimate 
the long-term impacts; these assumptions must be conservative i n  order to 
obtain bounding estimates. The l ong-term radiological impacts were analyzed 
based on the conservative assumption that i nsti tutional contro l s  are l i fted 
100 years after the s i te i s  cl osed and a breakdown of the i ntegrity of the 
trench or tumul us cover and subsequent migration of the radionuc l i des to 
surface waters and groundwater occurs immediately afterward. 

During the l ong term, i f  a l l  contro l s  ceased, the cover would continue to 
erode and would not be repai red. For the above-grade al ternative,  the cover 
i s  projected to erode about 2 m (7 ft) i n  500 years and 3 . 4  m ( 11 tt) i n  
1000 years under the mos t eras i ve 1 and use (an unl i ke l y  event). For the 
bel ow-grade al ternati ve,  the cover i s  projected to erode about 0 . 2 m ( 0 . 7  ft) 
i n  500 years and 0 . 7  m ( 2 . 3 ft) i n  1000 years , a l so under the most erosive 
land use (Section 4 . 2 . 1 . 1) .  

The dominant l ong-term r i s k  occurs for a scenario in  which the s i te i s  
rel eased for unrestricted use 100 years after cl osure, fa i l ure of the trench 
or tumul u s  occurs immed i atel y .  and an i ndividual bui l ds a house on top of the 
trench or tumul us and l i ves i n  i t .  The maximum whole-body dose estimated for 
this  onsi te-resident scenario i s  375 mrem/yr for a bel ow-grade trench and 
2300 mrem/yr for an above-grade tumulus (Section 4 . 2 . 3 . 2 ) .  The maximum bone 
dose (the critical organ) i s  2500 mrem/yr and 6400 mrem/yr for trenches and 
tumul i ,  respectively. The estimate for tumul i ; s  based on the unreal i st i c  
bounding assumption that a l l  drinking water i s  obtained from I s h  Creek; for 
the more real i stic assumption that drinking water i s  obtained from a wel l ,  the 
maximum i ndividual whole-body and bone doses for tumul i drop to 375 mrem/yr 
and 1100 mrem/yr,  respectively.  

With the exception of impacts to i ndividuals residing onsite,  the radio­
l ogical estimates i ndi cate that long-term impacts to the pub l i c  from implemen­
tation of either design al ternative would be relatively small compared to 
impacts attributab l e  to natural background radiation ( Section 4 . 2 . 3 . 3 ) .  
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Long-term impacts can be reduced by extending the period of i nstitutional 
control and continuing to monitor and take corrective actions, as needed. 
Impacts to a person drinking contaminated wel l  or surface water can be miti­
gated by i nsti tuting contro l s  against use of the wel l or surface water near 
the buri al  area. 

The impacts for the bel ow-grade trench are compared for the three s i tes 
i n  Table 2 . 3 .  Relative to short-term ecological impacts , the West Chestnut 
Ridge and Central Chestnut Ri dge s i tes are consi dered to be equivalent because 
of the simi l ar i ty of habi tats present. Ecological impacts for the East Chestnut 
Ridge s i te are cons i dered to be sl i ghtly l ess than those for either of the 
other two s i tes.  This  i s  based on the presence of more extensive areas of 
old-field  habi tat and pastures within  the EeR s i te. Construction-rel ated 
impacts woul d be l ess extensive on the ECR s i te because removal of trees would 
not be needed. Ecological concern over forest fragmentation (Section 4 . 1 . 1 . 2. 1)  
would a lso  be avoided. 

It  is expected that the transportation i mpacts (nonradiological and 
radiologica l )  would be s l ightly less i f  the CWDF were s i ted at ei ther the East 
Chestnut Ridge s i te or the Central Chestnut Ridge s i te rather than at the West 
Ches tnut Ri dge s i te .  Thi s i s because the transportati on ri s k for a gi ven type 
of waste depends primarily on the truck-mi l es the waste i s  transported, and 
both Central Chestnut Ridge and East Chestnut Ridge are c l oser to Y-12 (Sec­
tion 3. 1 ) ,  which has the l argest waste fraction.  It shoul d  be noted that the 
transportation analys i s  for the West Chestnut Ridge s i te shows that the radio­
l ogical impacts are extremely l ow and sma l l  compared to fl uctuations i n  back­
ground dose. A l s o ,  the accidents and resul ti ng i njuries and fata l i ti es anti c i ­
pated are extremely smal l .  

Because the di sposal act i v i ties carried out woul d be the same at a l l  
three s i tes ,  the occupational radiation dose associ ated with those di sposal 
acti vities would be the same at a l l  three Chestnut Ridge l ocations. The 
long-term radiological impacts for al l three s i tes are considered to be equiva­
lent because of the simi larity of the geohydrol ogical characteristics of a l l  
s i tes on Chestnut Ridge (Section 4 . 2 . 3 ) .  

land use impacts would be greater for Central Chestnut Ridge and s l i ghtly 
greater for East Chestnut Ridge relative to West Chestnut Ridge. Over hal f of 
ECR and most of the eastern section of CCR are contained within the Y-12 
security area. Much of the west and central sections of CCR are contained 
within  the security area for ORNl. Extensive aquatic research areas exi s t  
throughout CCR. Additional l y ,  an i ntens i ve research project, i n c l  udi ng 
atmospheric monitoring ,  i s  being conducted i n  the Walker Branch watershed on 
CCR. Construction activ ities , i nc l ud i ng dust emi ss i o n ,  within several ki l o­
meters of the s i te could adversely affect this  research. Terrestrial research 
areas are relatively uni formly di spersed throughout Chestnut Ridge. Two sma l l  
natural areas exi s t  withi n CCR , and a portion of WCR and most o f  CCR are 
contained within  the U . S .  Department of Energy Envi ronmental Research Park 
(Section 4 . 3 . 3 ) .  As the soi l types o n  al l three s i tes of Chestnut Ri dge are 
s i m i l a r ,  the eros ion  rates would a l l  be equivalent (Section 4 . 2. 1 . 1 ) .  

Thus,  compari son o f  the envi ronmental impacts for the bel ow-grade trenches 
at the preferred West Chestnut Ridge s i te with the impacts that would occur 
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for the same design a l ternative at the al ternative s i tes l eads to the assess­
ment that the overa l l  envi ronmental i mpacts would be comparabl e ,  and the 
al ternative s i tes offer no obvious envi ronmental advantage over the preferred 
s i le. 

The no-action al ternative ;s equivalent to a del ayed-action al ternative 
that requires i nterim storage of the wastes; hence, the radi ological impacts 
would be greater by the magnitude of the impacts due to storage. The extra 
waste handl i n g ,  mai ntenance of storage fac i l i ties , and monitoring would l ead 
to significant cost i ncreases and some i ncrease i n  risk.  No compensating 
advantages to offset the disadvantages of the no-action al ternative have been 
identified (Section 4 . 4 ) .  
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3 .  AFFECTED ENVIRONMENT 

3 . 1  SITE LOCATIONS AND CHARACTERISTICS 

Two des ign al ternatives and three s i tes have been identified for study 
and comparison based on the s i te-screeni ng process discussed i n  Section 2 . 1 .  
The preferred s i te al ternative ; s  on West Chestnut Ri dge eWeR). The al terna­
tive s i tes are on Central Chestnut Ridge (CCR) and East Chestnut Ridge (ECR) .  
The s i te characteristics of West Chestnut R i dge have been studied i n  several 
deta i l ed i nvestigations, i nc l ud i ng :  areal geologic mappi n g ,  geomorphy observa­
t i ons , soi l and bedrock i nvestigations, soi l geochemical and mineralogical 
analyses , geohydro l og i c  testi ng,  groundwater fl uctuation monitor i n g ,  and 
surface water d i s charge and prec i p i tation monitoring. Extensive data tabula­
tions and detai led di scussions of i nd i v i dual aspects of the s i te characteri za­
tion of West Chestnut Ridge have been reported, and a synthes i s  of the i n forma­
t i on has been presented by Kete 1 1  e and Huff (1984). I n the fa 1 1  owi ng sect ions,  
s i te characteristics pertinent to the evaluation of potential impacts to the 
envi ronment for the three s i te al ternatives are presented. 

It should be noted that because West Chestnut R i dge i s  the preferred 
site,  more deta i l ed i nformation on s i te characteri stics i s  avai l able.  However, 
because the preferred s i te and the al ternative sites are adjacent to each 
other, they share many of the same s i te characteri stics .  To the extent that 
they di ffer s i gni fi cantly and might affect the envi ronmental impacts, these 
s i te characteri stics of the alternative s i tes wi l l  be noted. 

The preferred s i te ,  West Chestnut Ridge , and the two a l ternative s i tes , 
Central Chestnut Ridge and East Chestnut Ridge , are l ocated i n  Oak Ridge , 
Tennessee ( F i gure 3. 1)--which i s  about 68 km (40 mi ) from the North Caro l i na 
border to the southeast, 115 km (65 m i )  from the Georgi a  border to the south, 
and 76 km (45 mi ) from the Kentucky border to the north. The c i ty of Oak 
Ridge i s  about 14 km (8 m i )  to the northeast of the s i te ,  and the c i ty of 
Knoxv i l l e  i s  about 42 km (25 m i l  to the east. 

The preferred site,  i nc l ud i ng a buffer zone, covers an area of approxi­
mately 508 ha ( 1253 acres) on West Chestnut R i dge within the DOE Oak Ridge 
Reservation (ORR)--bounded by Bear Creek Road to the north, Tennessee 
Hi ghway 95 to the eas t ,  and New Zion  Patrol Road to the south and west (which 
i s  a restri cted access DOE patrol road). The preferred s i te ( F i gure 3 . 1) i s  
approximately 3 km ( 2  mi l from Oak Ridge National Laboratory (ORNL) , 13 km 
(8 m i l  from the Y-12 Producti on Pl ant (Y-12 ) ,  and 5 km (3  mi l from the 
Oak Ridge Gaseous Diffus ion  Plant (ORGDP) ; i t  i s  eas i l y  acces s i b l e  by the 
roadway system surrounding the s i te area. 

Prior to conversion of the area to a federal reservation.  the WCR s i te 
was wooded and undevel oped except as farml and. I n  the 40-year period s i nce 
the ORR was converted for federal use,  the WCR s i te has remai ned essenti a l l y  
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wooded and undevel oped, except for upgrading of the New Z i on Patrol Road and 
of minor roads that traverse the s i te .  Secondary forest growth has occurred 
upon most of the l and that was farmed. A portion of the Oak Ridge National 
Envi ronmental Research Park occupies more than hal f of the WCR s i te (Boyle et 
a1 . 1982) .  

The CCR al ternative site,  i ncl uding a buffer zone, covers a genera1 ly 
rectangular area of about 80 ha (200 acres) on Central Chestnut Ridge within 
ORR.  I t ; s  bounded by Bear Creek Road to the north, Bethel Val l ey Road to the 
south , Tennessee Highway 95 to the west, and the White Oak Creek watershed 
divide to the east. The CCR al ternative s i te i s  adjacent to ORNl , approxi­
mately 7 km (4 mi l from Y-12 , and 7 km (4 mi l from ORGOP. It i s  accessible  by 
the roadway system i n  the area. The CCR s i te i s  l ocated al ong the central 
portion of Chestnut R i dge on the ORR,  and has remained wooded s i nce the ORR 
was conllerted for federal use. Secondary forest growth has occurred on most 
of the l and that was farmed prior to federal ownership.  The s i te i s  within 
the Oak R i dge National Envi ronmental Research Park ( Boyl e et a 1 .  1982 ) .  

The ECR al ternative s i te i s  l ocated on East Chestnut R i dge within the 
ORR. It i s  bounded by Y-12 and Union Val l ey Road to the north , Bethel Val l ey 
road to the south, the McCoy Branch watershed divide to the west ,  and the 
Scarboro Creek watershed divide to the east. The fCR s i te i s  l ocated adjacent 
to Y-12, approximately 8 km (5 m i l  from ORNL, and 13 km (8 m i l  from ORGOP. 
Oller 50% o f  fCR consists of pastures and o l d  f i e l ds ,  with the rema i nder 
cons i sting of wooded habitat. East Chestnut R i dge i s  part of the security 
area for V-I2 , and contains a classified di sposal area. 

3 . 2  GEOLOGY AND SEI SMOLOGY 

3 . 2 . 1  S i te Topography 

Chestnut Ridge i s  l ocated i n  the Appalachian Highl and Physiographic  
Division  of the eastern United States. Withi n the di ll ; s ; on ,  areas of distinc­
tively di fferent l i thology, stratigraphy, structure, and geomorph i c  hi story 
are divided i nto physi ographic provinces ( F i gure 3 . 2 ) .  

The s i tes are l ocated i n  the Val l ey and Ri dge phys i ographi c  province, 
between the B l ue R i dge province to the east and the Cumberland P l ateau, part 
of the Appal achian Pl ateau phys iographic province, to the west. This  sub­
region i s  characterized by a series of northeast-southwest trending ri dges and 
va l l eys that have formed by the combined i nfl uences of the regional geologic 
structure and weathering and erosional processes. The l ong , narrow ridges are 
breached at i rregular i nterval s  by stream channels that otherwise fo l l ow the 
trend of the lIal l eys.  The val l eys have been eroded in areas underl a i n  by the 
less  resistant l i mestone and sha l e  strata. 

Topography i n  the area i s  typical of topography i n  other Knox Group 
outcrop belts of the northwestern portion of the Val l ey and Ridge province. 
Surface e l evations in the area ( F i gure 3 . 3 )  range from about 226 m (740 ft) 
MSL at the C l i nch River to about 329 m ( 1080 ft) MSL at the summit of  the 
Chestnut R i dge (Tenn. Val . Auth. 1974; Kete l l e  and Huff 1984) .  The di fference 
i n  e l evation between the top of a ridge and the base of the adjacent val ley i s  
typically  about 60 m (200 ft) .  General ly ,  the northwest s l opes of the ri dges 
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and val l eys are steeper than the southeast- facing sl opes because of the south­
easterly dipping strata that underl i e  the area. 

3 . 2 . 2  Soi l s  and Geol ogy 

Severa 1 i nves t i gat i cns (Woodward-Clyde 1984 ; Lee et a 1 .  1984 ; Dan i el and 
Broderick 1983; Seeley and Kelmers 1984 ; Kete l l e  and Huff 1984) have been 
conducted at the WCR s i te to determ i ne the 5 0 ; 1  characteristics.  The results 
of these i nvestigations are summarized as fol l ows. The typical soi l types of 
the Val l ey and Ridge province, as in  much of the Southeast, are red-ye l l ow 
podzo l s ,  reddi s h-brown laterites , or l i thoso l s .  The soi l s  have been derived 
from i nsolUble fractions of the parent bedrock--clay minera l s , chert, and 
quartz sand--and are predomi nantly c l ay with traces of some fine to coarse 
sand and chert gravel . Minor amounts of s i l ts and cl ayey sands and gravel s  
have also been encountered. The soi l s  are usual ly mo ist ,  strongly l eached, 
acidi c ,  and l ow i n  organic content, and they have high sorption and ;on-
exchange capacities.  Local soi l s  within the area genera l l y  exhibit  a wide 
range of both phys ical and chemical properti es.  

The thickness of the soi l on West Chestnut Ridge s i te is  typical ly 24 m 
(80 ft) , but it  i s  often as small as 3 m (10 ft) or as l arge as 49 m (160 ft) 
(Woodward-Clyde 1984 ) .  In  general , the thinner soi l layers are found at the 
lower ground surface elevations and the thicker soi l  l ayers at the higher 
ground surface el evations. Water moisture content in the s o i l  i s  general ly 
l ess than 20% near the ground surface and increases to about 40% at a depth of  
about 27 m (90 ft) .  The degree of  saturati on.  which i s  defined as the ratio 
of the vol ume of water to the volume of pores , ranges from about 50 to 95% i n  
the upper 3 m (10 ft) o f  soi 1 and about 95% at depths below 3 m (10 ft) 
(Daniel and Broderick 1984) .  These val ues are typ i cal of fi ne-grained soi l s . 
Results of sampl ing and testing of areal soi l s  i ndicated that soi l s  near the 
surface are genera l l y  overconsol i dated and have high bearing strength (Woodward­
Clyde 1984 ) .  As depth i ncreases , soi l s  become norma l l y  consol i dated. The 
average uni t weight of the soi l s  i s  about 1890 kg/m3 (118 lb/ft3 ) .  F i el d-test 
data i ndi cate that permeabi l ity of the soi l s  varies over short di stances and 
decreases as the depth i ncreases. 

Based on prel imi nary data. the soi l thickness at the CCR s i te is comparabl e  
to WCR. The general expectation i s  that at the ECR s i te the overburden i n  the 
copper ridge formation (Knox Group) wi l l  be thick.  

The average permeabi l i ty of the residual soi l s  is about 6 x 10-6 cm/s 
( 2 . 4  x 10-6 i n . /s )  i n  the upper 3 m (10 ft) ,  and i t  decreases to about 
6 x 10-8 cmls (2. 4 x 10-8 i n .  Is)  at depth i n  excess of 20 m (65 ft) (Woodward­
Clyde 1984j Kete l l e  and Huff 1984) .  However. the engineering geol ogy of the 
WCR s i te suggests that l ayers of relatively pervious soi l s  with permeab i 1 ity 
of 5 x 10-4 cmls ( 2  x 10-4 i n .  Is) away be present within  the residual soi l s  
(Woodward- Clyde 1984; Ketel l e  and Huff 1984) .  

The bedrock that i s  exposed over most o f  the ORR consists o f  nearly 
2 . 400 m ( 8 , 000 ft) of Lower and Middle Paleozoic sandstones ,  s i l tstones, 
sha l e s .  and cherty carbonates. Folding and faulting of these units during the 
l ate Paleozoic Era resul ted i n  the al teration of these rock types and the 
creation of an imbri cate pattern of units i nc l i ned 1 i ke shi ngles to the south­
east ( F i gure 3 . 4 ) .  Subsequent differential erosion of these units resu1 ted i n  
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the trel l i s drai nage paltern and the ridge and val l ey topography (Boyle et a 1 .  
1982) .  In  general , the ridges i n  the Oak. Ri dge area are formed by the Rome 
and Knox Group formations and the val l eys are under l a i n  by the Conasauga and 
Chi ckamauga groups ( F i gure 3 . 5 ) .  Detai l ed descriptions o f  these rock units 
are presented in an ORNL report (Boy l e  et a l .  1982) .  Figure 3 . 5  also shows 
the l ocation of the two major thrust faults i n  the area, which are di scussed 
i n  Section 3 . 2. 3 .  

Chestnut Ri dge (West, Central and East s i tes) i s  under l a i n  by the Knox 
Group. primar i l y  cherty dolomites of Cambrian and Ordov i cian Age. The Bethel 
Val l ey to the south i s  under l a i n  princ i pal ly by l i mestones and shales of the 
Ordo v i c i an Chickamauga Group. Bear Creek Val l ey immedi ately north of Chestnut 
Ri dge i s  under l a i n  by cal careous Shales and i nterlayered l i mestones and s i l t­
stones of the Conasauga Group ( F i gure 3 . 5 ) .  

Al though the Knox Group formation has a l ow permeabi l i ty and porosity i n  
the unweathered state , this  group i s  suscepti b l e  to solutioning--especi a l l y  
a l ong fractures caused by fol d i ng and fau l t i ng .  Karst features observed on 
West Chestnut Ri dge i ncl ude solution pl anes, dol i nes,  di sappearing streams, 
swal l ow holes , and s i nkholes. location of karst features that are evi dent at 
the ground surface are shown i n  F i gure 3 . 6  for the West Chestnut R i dge s i te 
( Kete l l e  1982 ; Kete l l e  and Huff 1984) .  The karst features appear to have 
formed over f i ve major stratigraphi c  horizons i n  bedrock that are undergoing 
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gradual d i s sol ution. These hori zons are genera l l y  ori ented para l l e l  to the 
str i ke of the bedrock and occur principal ly on the north s i des of s l opes i n  
Chestnut Ridge. The karst features for East Chestnut Ridge have been obscured 
by agricul tural and land c l earing act i v i t i es .  

The Knox dolomite i s  general ly sol i d  and massive where unweathered, but 
i ts transmi s s i v i ty has been considerably i nc reased in some pl aces by fractur­
ing.  Si nkholes and caverns have been formed by enl argement of the fractures 
by di ssol ution. Results from pumping-we l l  tests at WCR indicate that trans­
m i s s i v i ty for weathered rock i s  approximately 1. 3 m2/day (14 ft2/day) (Woodward­
Clyde 1984) .  The correspondi ng average permeabi l i ty would be about 2 x 10-4 cmls 
(8 x 10-5 i n .  Is) .  The permeabi l ity for unweathered rock., which i s  genera l l y  
found a t  depths exceed; n g  6 1  m (200 ft) .  waul d be about 1 x 10-4 cmls 
(4 x 10- 5 i n . /5) (Woodward-C lyde 1984 ; Kete l l e  and Huff 1984) .  

Al though comparable data are not avai l ab l e  for the Central and East 
Chestnut R i dge s i tes , the underlying formations are s i mi l ar and thus there i s  
no reason to bel i eve that conditions would be s ignificantly different from 
those at West Chestnut Ridge. 

3 . 2 . 3  Seismology 

Based on the hi stori c d i stribution of Modi fied Mercal l i  (MM) i ntens ities 
associ ated with known seismic events i n  the United States, the U . S .  Coast and 
Geodetic Survey desi gnates eastern Tennessee as having a Zone 2 seismic r i s k ,  
which impl ies the potenti al for moderate damage from earthquakes (Al germissen 
1969). This  region I ies  within the Southern Appal achian Sei smo-Tectonic 
Province, which is characterized by a series of northeast-to-southwest­
trending folds and thrust faults i n  Paleozoic rocks. 

The ORR i s  crossed by two major thrust fau l ts :  the Copper Creek fau l t  i n  
the southeastern part o f  the Reservation,  and the Whi teoak Mountai n  faul t  i n  
the northwestern part ( F i gure 3 . 5 ) .  The strata and the faults d i p  to the 
southeast at angles commonly between 30° and 40°. The Copper Creek Faul t 
extends northeastward across the entire width of ORR , bringing the Rome forma­
tion to the surface throughout i ts l ength. The Whi teoak Mountain fault in the 
Oak Ridge area exh i b i ts several subsidi ary features i ncl uding branch faul ts , a 
syncl i ne northwest of the fau l t ,  and two d i sturbances of the Knox Group dolomite 
sequence. The nearest trace of the Whi teoak Mountain fau l t  system i s  0 . 3  I<.m 
( 0 . 2  m i l  northeast of the s i te .  Data from outcrops and deep boreholes i n  the 
v i c i nity of the s i te i ndi cate that the Whi teoak Mountai n  fau l t  and its sub­
si diaries are deeper than 610 m (2700 ft) .  No evi dence of post-Paleozoic 
acti v i ty associated with these faults has been found ( U . S .  Nucl . Reg. Comm. 
1977. 1982 ) ,  Genera l ly ,  no corre 1 a t  i o n  between the mi nor se; s m i  c act i v i  ty 
occurring i n  the region and known tectonic structures has been confi rmed. 

Based on the epi centers and i ntensi ties  of a l l  major recorded earthquakes 
within a 320-km (200-mi ) rad i us of ORNL, the probabi l i ties and i ntensities of 
seismic events for the ORR have been determined ( U . S .  Dept. Energy 1980; 
Beavers et al . 1982 ; F i tzpatrick 1982). The maximum earthquake for the region 
(an event with a 16% probabi l i ty of occurring once in 50 years) was predicted 
as having a maximum acceleration of 15% g ,  an i ntens i ty of VI to V I I I  MM, and 
a Ri chter magnitude o f  4 , 7 .  
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3 . 3  HYDROLOGY 

3 . 3 . 1  Surface Water 

Water that drains from the ORR enters the C l i nch  River and ; s  subse­
quently conveyed to the Tennessee Ri ver (Fi gure 3 . 7 ) .  The Tennessee River i s  
the eighth l argest i n  the Uni ted States and drains an area o f  about 105,000 km2 
(40 , 900 mi 2 ) .  The C l i nch R i ver i s  the source of most water used i n  the Oak Ridge 
area. From i t  are drawn suppl ies for C l i nton , Oak R i dge , and DOE fac i l i ti es .  
The only water i ntakes o n  the C l i nch River downstream o f  the WCR s i te are 
those near the K-25 pl ant. Wastewaters from these areas are discharged to the 
Cl i nch Ri ver. 
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The area around Chestnut Ridge i s  drained by some smal ler  creeks, al l of 
which are tributaries of the C l i nch R i ver ( F igure 3 . 8 ) .  lsh Creek, which ; 5  
the main stream within  the WCR s i te ,  drains the central and northeastern 
sections of that s i te .  Water i n  the creek f l ows to the C l i nch Ri ver to the 
south of the s i te area. New Zion Creek, whi c h  ; s  a disappearing stream (a  
stream that f l ows i nto a bedrock cav i ty system) ,  receives runoff from the 
western part of the s i te .  The northern part of Chestnut R i dge ; s  drained by a 
series of fai rly steep , short val l eys that are tri butary to Grassy Creek. 
Grassy Creek flows southwesterly i nto the C l i nch Ri ver. 

The area around Central Chestnut Ri dge i s  a lso  drained by smal l er streams 
that are tributaries of the C l i nch R i ver.  White Oak Creek drains most. of the 
s i te and flows south through the ORNL faci l i ty before discharging to the 
C l i nch R i ver downstream of the Melton H i l l  Dam. Portions of the central and 
eastern sections of the CCR s i te are drained by Bearden Creek and Wal ker 
Branch,  which f l ow south and discharge to the C l i nch  Ri ver above Melton H i l l  
Dam. The northern part of the s i te i s  drained by minor tributaries of Bear 
Creek. Bear Creek f l ows west before d i scharging to Popular Creek and the 
C l i nch Ri ver at the ORGOP. 

The area around East Chestnut R i dge i s  also  drained by smal l tri butary 
streams of the C l i nch River. Kerr Hol l ow Branch and Scarboro Creek f l ow east 
and south through ECR, respectively. They are the principal drainages in fCR. 
The two streams have their confluence at an embayment area of the C l i nch  
Ri ver. The western portion of the ECR  is  drained by McCoy Branch , which  flows 
south and discharges to the Cl i nch  R i ver above Mel ton Hi l l  Dam. 

C l i nch  Ri ver f l ow ; s  principal ly  regulated by Norris Dam, l ocated about 
90 river km (55 river m i )  upstream from the preferred s i te.  However, the 
immediate i nfl uence on river fl ow i n  the s i te v i c i n i ty i s  Mel ton Hi l l  Dam, 
which ; s  l ocated about 8 river km (5 r i ver mi ) upstream from the WCR s i te. 
The annual average flow bel ow the Melton Hi l l  Oam i s  about 132 m3/s ( 4 , 651 cfs)  
( lowery et a1 .  1983) .  The maximum hourly average release was 1230 m3/s 
(43 , 400 cfs ) ,  and the maximum daily average release was 760 m3/s ( 26 , 900 cfs ) .  
Ri ver flow i n  the s i te v i c i n i ty can be upstream, downstream, or quiescent, 
depending on the mode of operation of dams on the C l i nch and Tennessee rivers. 
Through contro l l ed discharges , the dams have greatly reduced the potential for 
fl oodi ng. The Tennessee Va 1 1  ey Authori ty has conducted s tudi es re 1 at i ve to 
f l ooding within  the Oak R i dge area (U. S .  Dept. Energy 1980 ) .  These studies 
can be used to eval uate potential flood hazards to the proposed di sposal s i te 
at West Chestnut Ridge. The fl ood-prone areas--based on regul ation of dis­
charges through Norri s )  Mel ton Hi l l )  and Watts Bar dams--are shown in  Fig­
ure 3 . 9  (U. S .  Dept. Energy 1980) .  The proposed di sposal faci l i ty, which would 
be located at the m i n i mum elevation of 244 m (800 ft) MS L ,  i s  not in a flood­
p l a i n  at the preferred s i te or either of the two a l ternative s i tes.  

In  July 1982, six streamflow gaging stations were establ i shed on Ish 
Creek and one on a sma l l  tri butary to Grassy Creek ( F i gure 3.8) (Huff et a 1 .  
1983) ,  I n  September 1983) permanent weirs and automatic recording equi pment 
were i nstal l ed at three s i tes (Stations I ,  3 ,  and 4) on Ish Creek, at the s i te 
(Station 7 )  on the Grassy Creek tributary, and at an additional station (on 
New Z i on Creek, which i s  a disappearing stream ( F i gure 3 . 7) ( E l more et a1 . 
1983) .  F l ow data col l ected from al l the stations are useful i n  characterizing 
the hydrol og i c  condition at the WCR s i te.  The time-weighted annual mean f l ows 
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F i gure 3 . 8. Location 
Source: 

of Streamflow Gaging Stations on the 
Adapted from El more et a l .  ( 1983 ) .  

West Chestnut Ridge Site.  
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at al l gaging stations ( El more et a1 . 1983) are summari zed i n  Table 3 . 1. It 
should be noted that time-weighted averages refer to the assumption that each 
measurement represents the average flow rate for approximately two weeks. 
Because these val ues genera l l y  do not represent storm events adequatel y .  they 
are best used for relative comparisons among s i tes. They general ly under­
estimate total flows. 

Table 3 . 1. 
at 

Stalion 

1 

2 

3 

4 

5 

6 

7 

Ti me-Wei ghted Annual Mean 
I sh Creek Gaging Stations 

F l ows 

Annual Mean F l ow ( Lis) 
15 Jul  82 - 8 Oct 82 -

11 Jul 83 30 Sep 83 

38. 9  39. 1 

21 . 8  21. 9 

14. 0  14 . 0  

3 . 2  3 . 1  

1 . 9  1 . 9  

3 . 9  3 . 9  

1 . 6  1 . 6  

Source: El more et al . ( 1983) . 

I n  general , the water qual i ty of the C l i nch Ri ver and most of i ts tribu­
taries ; s  highly turbi d ,  moderately hard, and sl ightly bas i c .  The surface 
water i n  the v i c i n i ty of the ORR has been routinely monitored through the use 
of a network of stream samp l i ng points and by sampl i ng the point-source dis­
charges i nto the stream. Water samp l es are col l ected in  the C l i nch River for 
ana lys i s of both rad i oact i ve and nonradi oact i ve subs tances . Data on radi 0-
active and chemical concentrations measured i n  the river are presented i n  
reports of 80y l e  et a l .  (1982) and Union Carbide Corporation ( 1983 ) .  

Results o f  the samp l i ng analysis i ndi cate that the l evels  o f  pol l ution by 
both radioactive and chemical substances are relatively l ow. The average 
concentration of radionucl i des i n  the C l i nch Ri ver was determined to be l ess 
than one percent of the app l i cabl e  concentration guide for uncontro l l ed areas 
(Union Carbide Corp. 1983) . Analys i s  of  nonradioacti ve substances indicates 
that the average concentrations of most substances were i n  comp l i ance with 
water qua 1 i ty gui de 1 i nes. However, the concentrat ions of cadmi urn . copper. 
i ro n ,  lead . mercury, n i ckel , s i l ver ,  and z i nc exceed the EPA criteria for 
protection of aquatic l i fe and the average concentrations of i ron and manganese 
exceed drinking water standards (Boyle et a 1 .  1982; Union Carbide Corp. 1983) .  
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Only l i mited sampl i ng has been conducted on Ish Creek and on a tri butary 
to Grassy Creek to characterize water qua l i ty. Two sets of data, representing 
l ow- flow and high-flow conditi ons , are avai l able .  Measurements of pH, tempera­
ture, conduct i v i ty ,  and dissol ved oxygen are presented i n  Table 3 . 2 .  No 
samp l i ng of the headwater of White Oak Creek, Bearden Creek, or the minor 
tributaries of Bear Creek that dra i n  through CCR have been performed. White 
Oak Creek is routinely monitored downstream of ORNl, where i ncidents of s i gni­
f i cant pol l ution have been detected and documented (Boyle et a1 .  1982) .  ORNL 
has been i ssued a notice of non-comp l i ance by the state of Tennessee (October 26,  
1983) and is  engaged in a program of correcti ve action to bring ORNL i n  
comp l i ance with existing recommendations . No recent monitoring of the streams 
i n  ECR have been conducted. 

Table 3 . 2. Values of Physicochemical Variables at 
Ish Creek Gaging Stations 

Dissol ved 
Water Temperature Conduct i v i ty Oxygen 

(DC) (�S/cm) �H (mg/L)  

Station 4/18/83 9/11/83 4/18/83 9/11/83 4/18/83 9/11/83 4/18/83 

1 9 . 6  21. 5 125 282 7 . 5  7 . 1  

2 10. 1 20. 5 92 229 6 . 7  7 . 3  

3 11 . 7  23 . 4  50 164 6 . 3  7 . 2  

4 10. 5 21. 3 63 27 6. 5 6 . 3  8. 1 

5 11. 1 21. 7 66 54 6. 5 7 . 0  

6 10. 5 22. 3 26 41 5 . 9  6 . 0  

7 10. 6  18. 4  195 288 8 . 4  7 . 4 

Source: E l more et al . ( 1983 ) .  

The use o f  surface water i n  the ORR area i ncl udes wi thdrawal s for i ndus­
trial and publ i c  supp l i e s ,  as wel l  as commercial and navigation act i v i ties , 
and recreational acti vi ties such as f ishing and swimming. Three pumping 
stations are l ocated on the C l i nch River downstream of the WCR s i te. Makeup 
water for the ORGDP rec i rcul ating coo l i ng system i s  wi thdrawn at River Ki l o­
meters (RK) 11. 5 and 13 [Ri ver M i l es ( RM) 18. 5  and 21. 1J.  None of this water 
i s  used for potabl e  purposes. At RK 14. 5  (RM 23 . 3) ,  0 . 13 m3/s ( 2 . 85 Mgd) of 
water i s  withdrawn for potable and process purposes at ORGDP. This  i ntake ; s  
about 8 km ( 5  m i )  downstream of the confl uence of Ish Creek and C l i nch River. 

There are n i ne pub l i c  water systems serving about 91 , 500 people that 
wi thdraw surface water within  a 32-km (20-mi ) radius of the WCR s i te (Boyle 
et al . 1982) ,  Of these n i ne system s ,  only Ki ngston (population 4 , 440) ; s  
downstream of the Ish Creek di scharge point, The i ntake for Ki ngston i s  



3-17 

located on the Tennessee R i ver at RK 914. 2 (RM 568. 2 ) ,  about 0 . 6  river km 
( 0 . 4 river m i )  above the confl uence of the C l i nch and Tennessee rivers and 
about 3 3 . 3  river km (20 river mi ) bel ow the I s h  Creek di scharge point. The 
average withdrawal rate at Ki ngston is about 0. 014 m3/s ( 0 . 31 Mgd). 

3 . 3 . 2  Groundwater 

I n  the Val l ey and Ridge phys iographic provi nce of Tennessee, groundwater 
general ly occurs ei ther i n  bedrock formations or i n  residual soi l accumula­
tions near the bedrock surface. Al l uvial  aquifers are of minor importance i n  
the region. Poros i ty i n  the shales and carbonate rocks that predominate the 
region ; s  attributed to fractures and sol ution cavities .  The vol ume of ground­
water storage and d i scharge varies widely from aquifer to aquifer, according 
to rock type. 

I n  the Oak R i dge area, the Knox Group i s  the principal water-bearing unit  
and the shale and sandstone rocks of  the Rome formation are the poorest aqui­
fers. Chestnut Ridge is underl a i n  by the Knox Group ( see Section 3 . 2L and 
the hydrogeologic setting i n  this  area i s  comp l i cated. Some s i te charac­
terization studies have been undertaken (Woodward-Clyde 1984 ) .  The results of 
these studies i ndi cate that most of the Chestnut Ridge area i s  covered by 
thick overburden, whi c h  ; s  more than 21-m (lO-ft) thick i n  many areas. The 
overburden has a h i gh s i l t  and c l ay content that would provide substantial 
sorpt i ve and i on-exchange capaci ties.  The fi e 1 d-study resu lts al so i ndi cate 
that the Chestnut Ridge area i s  underl a i n  by a network of developed karst 
( i . e. , s i nkholes and other sol ution features ) .  Al though the complexity and 
extent of this network is not known,  it i s  genera l l y  bel i eved that groundwater 
flow i n  the area i s  contro l l ed by sol ution cav i t i es and fractures. 

Observation of springs and di sappearing streams also suggests that the 
surface drai nage i n  the area tends to be l i n ked directly to the groundwater.  
Based on field i nvestigations of springs i ssuing from the Knox Group 
(DeBuchananne and Ri chardson 1956L 86 of 416 springs i nventoried were esti­
mated to yiel d more than 107 LIs (1700 gpm) and 82 were estimated to yield  
between 24 and 107 Lis (380 and 1700 gpm) . These data suggest that there i s  a 
l arge vol ume of water moving through the Knox Group. 

Groundwater movement i n  the Knox Group of the Val l ey and Ri dge phys io­
graphic region of east Tennessee has been characterized by studies conducted 
by Hol lyday and Goddard (1979 ) .  They found that recharge to the groundwater 
system at topographic highs moves across geologic stri ke to low areas as wel l  
as along strike i n  h i gher-permeab i l i ty beds. I n  the Chestnut Ridge area, this  
pattern probably fl ows from topograph i c  highs to  lower val l ey positions to the 
southeast ,  and then al ong f l owl i nes that para l l el val l ey axes (and geologic 
s tri ke) . Because of the compl ex fracture pattern s .  fo 1 ds . and fau l ts ; n the 
area--as wel l  as the thick overburden that conceal s these features-­
determi nation of deta i l ed ,  sma l l -scale flow patterns i s  not feas i b l e .  However, 
the general pattern of groundwater movement al ong stri ke to the C l i nch  River 
i s  i ndi cated by hydraul i c  gradients in that di recti on.  

Recently, groundwater characteristics in the West Chestnut Ridge area 
were studied by Woodward-Clyde Consul tants ( 1984) .  They i nstal led several 
observation wel l s  to measure water l evels  i n  soi l s  and bedrock and to determine 
groundwater flow paths. The study results i ndi cate that the groundwater table 
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in the s i te area ranges from about 6 m (20 ft) for a ground surface elevation 
of 238 m (780 ftl MSL to about 24 m (80 ftl at elevation 305 m ( 1000 ftl MSL. 
The depth to the groundwater l evel i ncreases markedly at l ocations where the 
ground surface el evation exceeds 305 m ( 1000 ft) MSL. The thickness of the 
bedrock aqui fer vari es , with a typical value ranging from 7 . 6  to 15 m (25 to 
50 ft) (Woodward-Clyde 1984) .  The transmi ssion of water through s i te soi l s  
and bedrock i s  genera l ly very fast. Within  both the soi l and bedrock aqui fers , 
fl ow i s  from the higher topographic areas toward the l ower areas. Gradients 
i nd i cate flow toward the nearest perennial surface water features. 

The use of groundwater for i ndustrial and drinking water suppl ies i n  the 
Oak Ridge area ; s  somewhat l i mited. Most of the water suppl i es are drawn from 
surface water sources (Boyl e et a l .  1982) .  However, i n  rural areas not served 
by publ i c  water supply systems , s i ngl e-fami ly wel l s  are commonly used. The 
locations of some water wel l s  i n  the Oak Ridge v i c i n i ty are shown i n  F i g­
ure 3 . 10 .  Most o f  the wel l s  i n  the Chestnut R i dge area are south of the 
Cl i nch Ri ver. One study (Exxon Nuclear Co. 1976) has i ndi cated that the 
i nc i sed meander of the river i n  bedrock represents a major topographic feature 
that prevents any groundwater f l ow from passing beneath the river. Groundwater 
beneath the ORR area genera l l y  migrates a l ong strike and di scharge to surface 
water bodies (Boyle et a 1 .  1982) .  There are no known publ ic  or private water 
supply wel l s  l ocated along the groundwater pathway between the Chestnut Ridge 
s i tes and the C l i nch Ri ver. 

3 . 4  CLIMATE ANO METEOROLOGY 

3 . 4 . 1 Descriptive Regi onal Cl imato l ogy 

The ORR i s  located i n  the lIGreat Val l eyll of eastern Tennessee, which i s  
broad and funne l - s haped and contains the Tennessee Ri ver and i ts tributari es , 
i ncl uding the Cl i nch Ri ver. The area i n  the immediate v i c i n i ty of Chestnut 
Ri dge may be characterized as rol l i ng h i l l s .  The weather and c l i mate i n  the 
Oak Ri dge v i c i n i ty are greatly i nfl uenced by local and regional terrain .  The 
preva i l i ng wind d i rections i n  the val ley are highly dependent on features of 
the 1 oca 1 terra; n ,  refl ect i ng the a i rfl ow channe 1 i ng brought about by the 
orientation of the val leys and ri dges of the southern Appal achians.  Winds are 
genera l l y  ei ther up-val l ey from the west or southwest or down-val l ey from the 
east or northeast i n  al i gnment with ri dges i n  a northeast-southwest l i ne. 

The Cumberland and Great Smoky mountains provide a conti nental cl imate. 
This moderating infl uence i s  evi dent i n  the temperature at Oak R i dge,  which 
sel dom rises above 100°F or drops below OaF. 

The c l i mate of Oak Ridge has several effects that are i mportant to the 
operat i on of buri a 1 grounds (Jacobs et a 1. 1980) .  I n some areas , the h i  gh 
precipitation causes the water table to occur at shal l ow depths and accounts 
for seasonal ly  l arge streamflow. Stream density i s  high and groundwater 
residence time i s  short. Rainfal l affects the composition of the natural 
vegetative cover. large amounts of acid leachate i n f i l trate the ground from 
decaying vegetati on,  resulting i n  lower soi l  pH and infl uencing the nature of 
the c l ay minerals formed. 



3-19 

, 

, . " . • 

ANDERSON 
MORGAN 

• < 

.. 
CHESTNUT RIDGE 

o 

, LOUDON 

.' 

10 km 

., 

.' 

. .  --

EAST 
CHESTNUT 

. RIDGE 

• KNOX 

10 mi 

Figure 3 . 10 .  Locations of Water Wel l s  i n  the Chestnut Ridge Area. 
Source: Adapted from Boy l e  et a l .  ( 1982 ) .  

3 . 4 . 2  Local Meteorol ogy 

No meteorological  measurement stations are located on Chestnut R i dge ; 
therefore, local conditions are i nferred from data taken at nearby meteoro­
l ogical stations. The nearest meteorol ogical data stations currently i n  
operation i ncl ude (1)  a lOO-m tower near the intersection of Bethel Val l ey 
Road and Tennessee Hi ghway 95,  ( 2 )  surface observations i n  the c i ty o f  Oak. 
Ri dge by the U. S. Weather Bureau and Nat i ana 1 Weather Serv i ce (data 5 i nee 
1947 ) ,  (3)  the meteorol ogical station at the C l i nch R i ver Breeder site ,  
(U.  S .  Nucl . Reg. Comm. 1982) . and ( 4 )  the meteoro l ogical  station operated by 
the NUS Corporation for Exxon (Exxon Nuc l .  Co . 1977) ; a l l  are within 11 km 
( 7  m i )  of ORNL. 
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The most relevant data to the Chestnut Ridge s i tes are those col l ected at 
the lOQ-m tower. I t  i s  the cl osest operating meteorologi cal tower to the 
s i tes and has simi l ar terra i n  features. Data exist from January-December 1983 
and are ava i l abl e i n  hour-by-hour formal (wind speed, wind d i rect i o n ,  atmo­
spheric stabi l i ty .  and precipi tation).  Data were ava i l ab l e  at the 10 , 3� . and 
100 m e l evations. The data at the 10 m l evel (meteorol ogical lower C)  were 
processed to STAR format as i nput i nto radi onucl i de transport calcul ations i n  
the atmosphere. This  format provides the frequency o f  occurrence o f  meteoro­
l ogi cal conditions based on ranges i n  stab i l i ty .  wind speed, and wi nd direction. 

Temperatures at the meteorol ogical station in the c i ty of Oak R i dge 
sel dom rise above 37 .8°C (100°F) or drop below -17. 8°C (OOF ) .  Temperatures i n  
the val l ey can usual ly vary a few degrees from p l ace to p l ace. The annual 
mean temperature at Oak Ri dge is 14.2°C ( 57 . 6°F ) ;  monthly means range from 
2 . 9°C (37. 2°F) i n  January to 28°C (77°F) in  July. A summary of the monthly 
temperature record i s  given i n  Tabl e  3 . 3 .  

Table 3. 3. Temperature Record for the C i ty of 
Oak Ridge, Tennessee, 1947- 1980 

Meant1 MeantJ 
Dai ly Oai l y  Monthly Record Record 

Max;mum Minimum Mean Maximum Minimum 
Month (OC )  (OC)  (OC)  ( 0C )  (OC)  

January 8 . 4  -1 .  6 2 . 9  23. 9 -22. 8 

February 10. 2 - 0 . 8  4 . 6 26. 1 -17. 2 

March 14. 8 2 . 4  8 . 8  29. 4 - 17. 2 

Apr i l  2 1 .  4 7 . 9  14. 7  32. 8 -4. 4 

May 26. 1  12 . 5  19. 0 33. 9 - 1 . 1  

June 29. 7 17. 2 22 . 9  38. 3  3 . 9  

July 30.8  19. 1 24 . 8  40 . 6  10 . 0  

August 30.4 18. 5  24. 3 37 .8  10. 6 

September 27. 5 14. 8 21. 1 38. 9  0 . 6  

October 21. 7 8 . 4  14. 7 32. 2 -6 . 1 

November 14. 4  2 . 4  8 . 4  28. 3 - 17 . 8  

December 9. 1 - 1 . 1  4 . 2 23 . 3 -19. 4 

Annual 20 . 3  8. 3 14 . 2  40 . 6  -22 . 8  

tl Mean based on record for period 1941-1970. 

Source: Data from National Oceanic and Atmospheric 
Admini stration ( 1981). 
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Eastern Tennessee typi cal ly receives sUbstanti al amounts of prec i p i tation 
throughout the year, with peak amounts at Oak R i dge fal l i ng from December 
through March and a secondary peak occurring during July. The vast majority 
of prec i p i tation ( 140 cm [55 i n . ) of water annual ly) i n  Oak Ri dge i s  ra i n .  
Because freezing temperatures sel dom persist for more than a few days , any 
snow and ice that does accumulate wi l l  thaw rapi dly. A quanti tative summary 
of the prec i p i tation record for Oak R i dge i s  presented i n  Table 3 . 4. 

Table 3 .4 .  Prec i p i tation Record for the C i ty of 
Oak Ridge , Tennessee, 1947-1980 

Water egui valent (cm)  Snow1 ice �el l ets (cm) 

Month Mean Maximum Minimum 24-h Maximum Maximum 24-h Maximum 

January 14. 07 33. 7 1  4 . 72 10 . 80 24.4  21. 1 

February 12 . 06 26. 59 2 . 13 7 . 47 43. 7 23. 1 

March 15. 57 31. 09 5 . 41 12. 04 53. 3 30. 5  

Apri l 10 . 87 24.66 2 . 24 15 . 85 0 . 8  0 . 8  

May 10. 77 26. 49 2 . 08 11. 20 

June 10.46 20 . 5 5  2 . 16 9 . 40 

July 13. 74 48. 95 3 . 94 1 2 . 47 

August 9 . 68 26. 57 1. 37 19 . 00 

September 9 . 19 23. 11 1. 04 8 . 71 

October 7 . 34 17. 65 Trace 6 . 76 Trace Trace 

November 11. 71 31 .04 3 . 48 13 .44 16. 5 16. 5 

December 14. 22 26. 19 1. 70 13 .00 37. 6 27. 4  

Annual 139 . 7  193. 9  94. 07 108. 0 

Source: Data from National Oceanic and Atmospheri c Admini stration ( 1981). 

The wind cl i matol ogy of the ORNl area i s  caused by the combined i nfl uences 
of synoptic weather sys terns and the regi on I s camp 1 ex terrai n. As a resul t .  
wind speeds are often i ncreased (due to the phys i cal  channe l i ng effect of the 
region ' s  mountains and ridges) and are di rected predomi nantly up or down the 
val l ey. Howeve r ,  even within an area the s i ze of the ORR, the w i nd can vary 
considerably. The wind records for the ORN l ,  Y-12 1 and ORGDP s i tes during the 
5-year period of 1956-1960 indi cate a much hi gher frequency of northeast wind 
at ORGDP than at ei ther ORNl or Y-12 ( H i l smeier 1963) .  The wind roses ( f igures 
showi ng frequency of occurrence of wind d i rection sectors and wind speed 
cl asses) for ORNl during this  5-year period (for both l apse and i nversion 
cond i tions)  are shown i n  F i gures 3 . 11 and 3. 12 (Boyle et a1 . 1982). These 
figures graphical ly show the predominance of the southwest and northeast winds 
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under l apse and i nversion atmospheric stab i l i ty condi tions.  These data were 
obtained at a meteorol ogical tower at the ORNL s i te.  

3 . 4. 3 Ambient Air  Qual i ty 

Of the EPA ' s  f i ve criteria pol l utants (TSP,  S02 . NOx, CO , and °3) .  al l 
but CO have been subject to ambient concentration monitoring within a roughly 
20-km radius of ORNL during the period 1976-1980. 8ased on 1980 monitoring 
data, the air qual i ty i n  the ORNl v i c i n i ty was within federal pri mary ambient 
air  qual i ty standards for 502 and TSP and within standards for N02 and ozone. 
The EPA has c l assified the Oak Ri dge area as nonattainment for N02 and ozone, 
unclassi f i ed for CO , and attainment for S02 and TSP. Al though the a i r  qual i ty 
i n  the ORNl v i c i n i ty has recently met federal a i r  qual i ty standards, these 
standards have not been met for enough time to a l l ow reclassification of the 
area as attainment for N02 and ozone, 

Of mai n interest are the ambient levels of NOx and TSP. The CWDF project 
invol ves construction which i nevitably l eads to some fug i t i ve dust release 
during dry periods. A l s o ,  the i ncreased vehi c l e  act i v i ty during construction 
and operation wi l l  affect the NOx and TSP concentrations i n  the v i c i n i ty o f  
the CWDF s i te during construction and operation, The remai nder o f  t h i s  section 
identifies the most relevant data for NOx and TSP i n  the v i c i n i ty of Chestnut 
Ridge. 

The Local Air Monitoring ( LAM) network at ORNL consists of 23 monitoring 
s i tes within the ORNL complex in Bethel and Melton val l eys. F i ve of these LAM 
s i tes were used to col l ect TSP samp l es during 1980. The results of this local 
TSP monitoring with comparison to federal standards are shown i n  Table 3 . 5 .  
The 1980 annual average TSP concentrations at these five s i tes were wel l  below 
the federal TSP standards and thus within  acceptabl e l i mi ts .  

Table 3 . 5 .  Annual Average Total Suspended 
Parti cul ate (TSP) Concentrations Observed 

at ORNL Local Air  Monitoring (LAM) 
Network S i tes , 1980t1  

Site 

LAM-l 

LAM-2 

LAM-6 

LAM-7 

LAM-15 

Annual Average 
TSP Concentration 

(�g/m3) 

44 

40 

42 

� 
38 

t1 The pri mary ambient air qua l i ty standard i s  
75 �g/m3 (annual geometric mean). 

Source: Data from Auxier and Dav i s  (1981). 
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NOx concentrations i n  the v i c i n i ty of Oak R i dge varied from 32-45 �g/m3 
; n terms of annua 1 ari thmet; c mean. The ai r qual ; ty 5 tandard for ox i des of 
ni trogen expressed as ni trogen dioxide (N02 ) i s  100 �g/m3 (annual arithmetic 
mean) . 

More deta i l ed i nformation on c l i mate, l ocal meteorology. and ambient a i r  
qua 1 Hy o f  the Oak R i  dge area can be found ; n Jacobs et a 1 .  ( 1980) . Boyl e 
et al . (1982 ) , and Fi tzpatri ck  ( 1982). 

3 . 5  ECOLOGY 

3 . 5 . 1  Terrestrial Ecol ogy 

The Oak Ridge Reservation (ORR) l i es with i n  the boundaries of the oak­
hickory forest seclion of the Temperate Deci duous Forest Bi ome (Bai l ey 1978; 
Gal v i n  1979 ) .  General ly,  this b; ome i s  characterized by tal l  broad-leaved 
trees that form a dense canopy i n  summer. A wel l - devel oped understory of 
trees and shrubs a lso  exists and , prior to ful l canopy development, a dense 
herbaceous l ayer occurs i n  spring. The forest floor i s  covered with a dense 
l i tter of branches and leaves. The dominant pl ant association on the ORR i s  
the oak-h i dory forest (K  i tchi ngs and Mann 1976) , but the actuo 1 pl ant com­
muni ty types are d i verse. The percent composition of major habitats found on 
the ORR i s  presented i n  Table 3 . 6 .  These habitats , particularly the forested 
habitats , have been di scussed i n  other documents pertai ni ng to ORR ( K i tchi ngs 
and Mann 1976; Exxon Nucl . Co. 1977; U . S. Nucl . Reg. Comm. 1977; Boy l e  et a l .  
1982 ) .  

The 15 ,OOO-ha ( 3 7 , 000-acre) ORR was primari ly  a n  agricultural area prior 
to federal acquisition  in 1942. After the l and was wi thdrawn from pub l i c  
access, most of the ORR was al l owed to revert to natural pl ant cover, which i s  
predomi nately forestland (>11, 735 ha [29 , 000 acres ] ) .  Timber management and 
select experimental manipulations are the major i n f l uences currently exi sting 
on or near Chestnut R i dge , whereas other practices such as mai ntenance of 
transmi ssion l i ne corri dors and cultivated grasslands also selectively control 
vegetati ve devel opment and succession on the ORR. A transmi s s i on l i ne corridor 
exists on the WCR and CCR s i tes.  The habitats occurri ng on the exi st i ng ORR 
waste s i tes are culti vated grasslands , which are dominated by grass species 
i ncl udi ng fescue , bl uegrass ,  and orchard grass. 

The major pl ant community occurring on West and Central Chestnut Ridge i s  
the upland hardwoods (Kitchings and Mann 1976). Important tree species i nc l ude 
oak (chestnut, white, bl ack ,  northern red, scarlet, and post) , h i ckory , ash ,  
tul i p  pop l ar ,  red mapl e ,  b l ack gum, dogwood , and beech. Many common east 
Tennessee wi l dfl owers are a lso  essent i a l l y  restri cted to upland hardwood 
forests. Additional habitats occurring on Chestnut R i dge i ncl ude p i ne (both 
natural stands and pl antations)  and early successional grassland/shrubland 
(associ ated with ri ghts-of-way ) .  The East Chestnut Ridge area i n  parti cular 
;s  rich in pastures and old  f ields ,  with over 50% consisting of such habitats. 
The vegetati o n  types and thei r occurrence on the three des i gnated d i sposa 1 
areas within the preferred WCR s i te are l i sted i n  Table 3 . 7 .  No unusual 
mature or prist i ne habi tats occur on the WCR or ECR d i sposal areas. Dahlman 
et a 1 .  (1977) l i sted two smal l natural areas on the CCR,  but did not describe 
them. 
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Table 3 . 6 .  Estimated Percent Abundance of Various Habitats on the 
Oak Ridge Reservation and the West Chestnut Ri dge 51 tet 1 

Percent 

Oak Ri dge 
Habitat Reservationt2 WCR Vi ci n i tyt3 WCR Si tet' 

P i ne 29. 8 34 . 2  47 . 3  
Pl antations 14. 8 16. 4  41. 3 
Natural stands 15. 0 17. 8 6 . 0  

Cedar and open scrub 3 . 7  0 . 9  0 . 0  

Hardwoods 51.  0 49. 7  48. 9  
Upland hardwoods 48. 1 49. 7 48 . 9  
Bottoml and hardwoods 2 . 5  0 . 0  0 . 0  
Scrub hardwoods 0 . 4  0 . 0  0 . 0  

Swamp or marsh 0 . 1  0 . 0  0 . 0  

F ields , o l d-fiel d ,  
pasture, l awns 7 . 6  6 . 8  0 . 0  

Roads 2 . 6  3 . 5  NEtS 

Rights- of-way 5 . 3  4 . 8  3 . 8  

t l Percent abundance of various habitats o n  the Central and East 
Chestnut Ri dge Sites cannot be provided with certai nty as exact 
di sposal areas have not been identified. Habitat compos i tion  can 
be expected to be s i m i l a r  to the WCR v i c i n i ty for the CCR s i te ,  but 
the EeR s i te contains >50% fields and pastures. 

t2 Faci l i ty areas with i n  fences not i ncl uded. There are no fac i l i ty 
areas on the WCR s i te .  

t3 West Chestnut Ri dge buffer zone ( see Appendix 0 ,  F i gure 0 . 1 ) .  

t4 Three desi gnated di sposal areas o f  the WCR s i te ( see Appendix 0 ,  
F i gure 0 . 1 ) .  

t 5  No estimate. 

Source: 80yle  et al . (1982) .  
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Table 3 . 7 .  Vegetation Types on the Three Desi gnated Disposal 
Areas Within  the West Chestnut Ridge Site 

Vegetation Typet l 

P i ne Pl antations: 
LOB 
LOB-WP 

Natural P i ne Stands :  
VP-SLP-NRO-WO-POP 
SLP-VP-HIC-POP 

Upland Hardwood s :  
WO-NRO-SRO 
HIC-RO-WO-MAP-ASH 
NRO-SRO-VP-SLP- POP-MAP-HIC  
WO-NRO-SRO-CO-POP 
CO-NRO-SRO-HIC 
NRO-SRO-CO-WO-HIC 
NRO-SRO-WO-POP 

Rights-of-Way ( Powerl i ne)  and Roads 

Cl earcut and Abandoned Fiel ds 

TOTAL 

A 

6 . 6  

1 . 2  

5 . 6  
1 . 0  

0 . 3  
3 . 7  
9 . 5  

1 . 0  

29 

Vegetation Type (ha) per 
Des ignated D i sposal Area 

B 

6 . 9  

1 . 5  

1 . 0 

4 . 7  

2 . 0  

16 .0  

C 

8 . 0  

0 . 3 

3 . 9  

2 . 5  

2 . 0  

2 . 2 

19 

Total 

14 . 9  
6 . 6  

1 . 5 
1 . 5 

5 . 6  
2 . 0  
3 . 9  
0. 3 
3 .  7 
9. 5 
7 . 2  

5 . 0  

2 . 2  

64 

t l LOB = Lobl o l l y  p i n e ,  WP = White p i n e ,  VP = Virgi n i a  p i n e ,  SLP = Short­
l eaf p i ne ,  NRO = Northern red oak,  WO = White oak, POP = Yel l ow pop l a r ,  
HIC = H i c kory, SRO = Southern red oak, RO = Red oak , MAP = Map l e ,  
ASH = Ash,  CO = Chestnut oak. 

Source: Data from Type-Map of Management Compartment No. 15 ( Undated) and 
Oak Ridge National Laboratory ( 1984 ) .  

The species o f  mammal s ,  b i rds , and herpetofauna, a s  wel l  a s  their 
preferred habitats, that occur i n  the ORR have been l i sted by Kitchi ngs and 
Mann (1976). About 50 of the 70 mammal species that occur i n  Tennessee have 
ranges that coul d  i nc l ude ORR. Mammal s  common to hardwood forests i ncl ude red 
and gray fox , bobcat , l o ng-tai led weasel , white-tai led deer , opossum, white­
footed mouse, eastern chipmunk, and golden mouse (Kitchings and Mann 1976 ; 
Oak Ridge Natl . Lab. 1984) .  P i ne pl antations can maintain a smal l -mammal 
community espec i al ly i f  a dense understory of honeysuckl e and other v i nes 
exists that provides food and cover, espeCial l y  i n  winter (Exxon Nucl . Co. 
1977). Mammal s  common to o l d  fields  and pastures i nc l ude the house mouse, 
eastern harvest mouse, shortta i l  shrew, and cottontai l  rabb i t  (Beckwith 1955; 
Burt 1964 ) .  

More than 250 b i rd species have been reported from eastern Tennessee. 
Many of these species uti l i ze habitat s i mi lar to that occurring on Chestnut 
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R i dge , ei ther as seasonal or permanent residents. B i rd species typi cal of 
hardwood and hardwood- p i ne habitats i ncl ude: red-eyed v i reo , ye l l ow-shafted 
f l i cker, woodpecker ( red-be l l i e d ,  downy . and hai ry ) ,  American crow, bl uejay, 
warb l er ( Kentucky . p i ne ,  and prai rie)  Indigo bunti ng , wood thrush, Swai nson ' s  
thrush, ovenb i rd ,  yel l ow-breasted chat, Caro l i na chickadee, tufted t i tmouse, 
scarlet tanager, and summer tanager. Upland game bi rds i ncl ude: northern 
bobwhi te ,  w i l d  turkey. American woodcock , and mourning dove. Al so common to 
the Chestnut Ri dge area are the red- tai l ed hawk, b l ack vul ture, turkey vul ture, 
eastern screech-owl , great horned owl . and barred owl ( K i tchi ngs and Mann 1976; 
Exxon Nucl . Co. 197 7 ) .  Many bi rds do not prefer p i ne pl antations ( K i tchings 
and Mann 1976 ) .  Species expected to be most numerous are p i ne warblers and 
white-throated sparrows, al though the l atter i s  a mi gratory species and would 
on ly  occur i n  the ORR for about half the year. B i rd speci es common i n  o l d  
f ields and pastures i ncl ude eastern meadowlark, song sparrow, chipp i ng sparrow, 
field  sparrow , common grackl e ,  starl i n g .  and bobwhi te ( Robbins et a1 . 1966 ) .  

The herpetofauna of ORR has been studied by Johnson ( 1964 ) .  Typi cal 
species found on Chestnut Ri dge i ncl ude American toad, Fowl er 1 s  toad, eastern 
narrow-mouthed toad, red-spotted newt , leopard frog, gray treefrog, eastern 
box turtl e ,  northern copperhead , bl ack racer, rat snake, worm snake, five­
l i ned skink .  and northern fence l i zard. 

3 . 5 . 2  Aquatic Ecol ogy 

The ORR i s  i n  the lower part of the C l i nch Ri ver drai nage basi n .  The 
C l i nch Ri ver bounds the ORR on the south and west for about 63 km (39 mi ) ,  
extending from Cl i nch Ri ver mi l e  (CRM) 49 on Melton Hi l l  Reservo i r  to CRM 10 , 
which i s  downstream from the mouth of Poplar Creek ( F i gure 3 . 13) .  

The major surface waters on  ORR are sma l l streams that origi nate from 
springs i n  the l imestone on the ridge s l opes. Two permanent creeks , Ish  and 
Grassy, have the i r  headwaters i n  the West Chestnut Ri dge areaj four permanent 
creeks (Bear Creek, White Oak Creek, Bearden Creek, and Wal ker Branch) have 
the i r  headwaters i n  the Central Chestnut R i dge areaj and three creeks (McCoy 
Branch,  Kerr Ho1 1 ow Branch, and Scarboro Creek) have the i r  headwaters i n  the 
East Chestnut R i dge area ( F i gure 3 . 13 ) .  Grassy Creek origi nates from a series 
of hardwater spri ngs , i s  only about 4 . 0  km ( 2 . 5  mi ) l ong,  and has a drai nage 
basi n  of approxi mately 4. 9 km2 ( 1 . 9  mi 2 ) .  Grassy Creek fl ows i n  a south­
westerly di rection i nto the Cl i nch R i ver at CRM 14. 6 .  As i s  typ i cal o f  sma l l  
streams, most o f  Grassy Creek has al ternati ng r i ffle  and pool habitats with 
substrates consi st i ng of rock, gravel , sand,  and mUd. However , the lower 
0 . 72 km (0. 45 m i )  of the creek i s  essential ly  an embayment of the C l i nch 
Ri ver. The embayment has i ts own characteri st i c  b i ota that more c l osely 
approximates the bi ota of the C l i nch R i ve r ,  and i t  undoubtedly serves as a 
spawn i ng area for C l i nch Ri ver f i sh species that mi grate i nto backwaters or  up 
tributaries (Exxon Nucl . Co. 1977) .  

The b i ota of Grassy Creek have been surveyed by Exxon Nuclear Company 
( 1977) with subsequent fish  s urveys conducted by Oak Ri dge National Laboratory 
( 1984) . The predominant macrophyte i n  Grassy Creek i s  watercress. Both 
phytoplankton and zoopl ankton are l i mi ted i n  the creek, except i n  the embay­
ment area where the more poo l - l i ke conditions a l l ow for devel opment of a 
pl anktoni c  community. Di atoms dominate the peri phyton. The benthic community 
i s  h i ghly di verse with up to 39 genera of aquatic i nsects a l one. The embayment 
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area conta i ns species s i m i l ar to those occurring i n  the Cl i nch R i ver whereas 
the upper reaches of Grassy Creek contains species i nd i cative of a pristine,  
uncontaminated stream. F i s h  species of Grassy Creek i nc l ude three species in  
the upper reach (white sucker, bl acknose dace, and creek chub--with only the 
l a tter two being common) , 15 species i n  the middle  reach ( i nc l ud i ng sunfi s h ,  
bl acknose dace, bl untnose minnow, common shiner,  spotf;n  s h i ner,  darter. and 
banded scul p i n ) ,  and 3 1  species i n  the l ower reach. I n  the embayment area, 
bl uegi l l  i s  the dominant game f i s h ,  carp ; s  the dominant rough f i s h ,  and shad 
(threadfin and gi zzard) i s  the dominant forage fish .  In  al l ,  40 species of 
f ish  have been col l ected. Only s i x  of the species col l ected i n  the l ower 
reach were a l so found upstream i n  Grassy Creek. The rema i n i ng 25 species are 
commonly found i n  the Cl i nch R i ver (Exxon Nucl . Co. 1977). 

I sh Creek i s  a l ow-gradient stream with shal l ow poo l s  and riffles .  Mai n  
channel substrates are predominately sand and f i ne gravel , with occasional 
areas of l arge rubbl e .  The bank areas are compri sed mostly o f  s i l t ,  mud , and 
detri tus. F i s h  were col l ected once duri ng December 1983 and once duri ng 
January 1984 from three l ocations i n  Ish Creek ( F i gure 3 . 14 ) .  S i x  species 
were col l ected (redbreast sunfi s h ,  common s h i ner, bl untnose mi nnow, mountain 
redbel ly dace, bl acknose dace, and creek chub ) .  The number of speci e s  col lec­
ted i ncreased from three upstream, to four at the middle s i te ,  to six at the 
downstream s i te. The bl acknose dace was the most abundant spec i e s ;  and the 
bl acknose dace, mountai n  redbel ly dace, and creek chub were the only species 
col l ected from a l l  three samp l e  s i tes (Oak Ri dge Natl . Lab. 1984) .  I nVerte­
brates of I s h  Creek are numeri cal ly dominated by sna i l s  and mi dges (Newbol d  
1978 ) .  Overal l ,  a moderately di verse i nvertebrate fauna occurs i n  the creek, 
with species and densities simi l ar to those reported for other smal l ,  undi s­
turbed streams on ORR (Cushman et a 1 .  1975; Dahlman et a1 . 1977 ) .  

Two i ntermi ttent (wet-weather) creeks a lso  occur i n  the West Chestnut 
R i dge v i c i nity ( F i gure 3 . 13).  New Z i on Creek has its  headwaters near New Zion 
Cemetery and coul d  be d i rectly affected by surface di scharges from the proposed 
CWDF.  The other creek, Raccoon Creek, is  separated from the WCR s i te by an  
i ntervening ridge. Substrates of New Z i o n  Creek consist ma i nly of c l ay and 
detritus with sand, s i l t ,  and f i ne gravel in the sha l l ow poo l s .  During surveys 
conducted i n  December 1983 and January 1984 (Oak Ridge Natl . Lab. 1984 ) ,  no 
fi sh  species were col l ected from the New Z i on Creek and only three species 
were col l ected at one s i te i n  Raccoon Creek ( F i gure 3 . 14 ) .  Bl uegi l l ,  b l unt­
nose minnow, and mosquitofi sh  were col l ected, but only the bl uegi l l  was common. 

The upper portion of White Oak Creek i s  s i mi l ar to the upper reaches of 
the other permanent creeks i n  the Chestnut Ridge v i c i n i ty. However, only the 
stonero l l er and bl acknose dace were commonly col lected, Additiona l l y ,  only 
24 taxa of macroi nvertebrates were found; although thi s represented the 
greatest d i versity found i n  the White Oak Creek bas i n  (80y 1 e  et a 1 .  1982 ). 
The remai nder of  White Oak Creek contains a bi otic composition l argely 
i nfl uenced by ORNL, White Oak lake, and/or the Cl i nch  Ri ver. Benthic divers i ty 
i s  somewhat restricted and dominated by m i dge larvae. Predominant f i s h  species 
i ncl ude b l uegi l l , redear sunfi s h ,  gi zzard shad, mosquito f i s h ,  l argemouth 
bas s ,  channel catf i s h ,  and carp. 

The biota of the other streams i n  CCR and ECR have not been i nvesti gated 
to date. However, i t  can be assumed that the streams i n  CCR and ECR are 
s i m i l ar to Grassy or Ish creeks at WCR. The upper reaches of the streams 



Figure 3 . 14 .  Fish Samp l i ng S i tes on  Grassy Creek, New Zion Creek, Ish  Creek, and Raccoon 
Creek. Shown are the uppe r ,  middle,  and l ower reaches on Grassy Creek and 
Ish Creek, the upper and l ower reaches on New Z i on Creek, and the lower 
reach on Raccoon Creek. The pool samp l i ng s i te on I s h  Creek i s  at the 
downstream end of the upper reach s i te .  

w , w .... 
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would undoubtedly contain a moderately d i verse invertebrate fauna and a fish  
fauna predominated by several mi nnow species. The lower reaches of the creeks 
would be i nfl uenced by their embayments with the C l i nch River and would contain 
a biota simi l ar to that of l ower While Oak Creek d i scussed previously. This 
has been shown by monitoring in the l ower reaches of McCoy Branch and Scarboro 
Creek ( U . S .  Energy Res. Oev. Adm. 1975) .  

The C l i nch River wi l l  u ltimately receive surface water and groundwater 
di scharges from the CWOF s i le .  The river and i ts biota i n  the v i c i n i ty of the 
ORR have been deta i l ed (U. S .  Nucl . Reg. Comm. 1977; Exxon Nucl . Co. 1977; 
U . S .  Dept. Energy 1979; Boy l e  et a 1 .  19B2). The ecology of the C l i nch Ri ver 
near the ORR i s  l argely i nfl uenced by releases from Melton Hi l l  Dam (Boyle 
et a1 . 1982) .  Daily di scharges can vary from almost zero ( s l ack pond condition)  
to 2B3 to 566 m3/s (10 ,000 to 20, 000 cfs ) ,  which may l ast  for several hours. 
The velocity of this  pul se discharge scours the r i ver channel , resulting i n  a 
substrate cons isting of exposed bedrock ( loar et a 1 .  1981). Howeve r .  the 
banks , espec i a l l y  near tri butary streams. have substrates consi sting of f i ne 
c l ay ,  s i l t .  gravel , and sma l l  rubble.  The phytopl ankton of the C l i nch Ri ver 
i s  dominated by di atoms i n  spri ng. green al gae and Cryptomonas i n  summer .  and 
a return to di atoms with decreasi ng temperatures i n  fall. Blue-green al gae 
are only a mi nor component o f  the phytopl ankton commun i ty. The river zoo­
pl ankton i s  dominated by roti fers (Loar et al . 1981) .  

The benthic i nvertebrate fauna i s  dominated by midge l arvae , Asiatic 
c l ams , aquatic o l i gochaetes, and coel enterates. S i l tation stemming from dam 
devel opment and operation has essent i a l l y  el imi nated the productive commerci a l  
mussel population that once occurred i n  the area (Exxon Nucl . Co. 1977). At 
least 50 species and two hybi rds of fish  occur i n  the Cl i nch Ri ver near the 
ORR . Threadfi n  shad i s  the most numerous species .  Other commonly encountered 
species i ncl ude: b l uegi l l ,  gizzar,d shad, emeral d  shiner.  carp, sauger, and 
skipjack herring. Forage fish numerica l l y  dominate whereas rough f i s h  dominate 
i n  terms of biomass (Exxon Nucl , Co. 1977 ) .  

Commercial f i s h i ng (mainly  for catf i s h ,  buffal o .  carp, drum, and paddle­
fish)  occurs i n  Watts Bar Lake. However. the commercial catch i n  the rive.r 
near the ORR i s  minima l .  The 1972 commerci al catch within  a 16-km (lO-mi ) 
radius of the Exxon s i te was only about 454 kg ( 1000 1b) or 1 . 0% of the com­
mercial catch i n  the entire reservoi r  (Project Manage. Corp. and Tenn. Val . 
Auth, 1975) .  The reservo i r  i s  al so used for recreational f ishing.  with the 
best f ishing occurring i n  the tai lwaters of Melton Hi l l  Dam. Popular sport 
f i s h  i n  the l ower C l i nch River i ncl ude sauger, bl uegi l l ,  white bas s ,  striped 
bass ,  and yel l ow bass ( Loar et a1 . 19B1). 

3 . 5 . 3  Endangered Species 

F i ve terrestrial animal species consi dered endangered by the U . S .  F i sh 
and Wi ldl i fe Service ( 1983) have been observed on or around the ORR. Mammal 
species are l imited to the I ndiana bat and the gray bat. The I ndiana bat 
i nhabits caves and ho 1 1  ow trees , the 1 at ter habitat perhaps a 1 1  owi ng the 
species to occur on the ORR al though neither species has been reported at the 
ORR (Project Manage. Corp. and Tenn. Val . Auth. 1975; Exxon Nucl . Co. 197 7 ;  
U . S .  Nucl . Reg. Comm. 1977; Boyle e t  a l .  19B2). Federal ly endangered and 
threatened b i rd species observed i n  the ORR v i c i n i ty are the bal d eagle 
(endangered, southern race; threatened, northern race--observed along the 
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C l i nch R iver) .  the peregrine fal con (endangered--not observed on ORR,  but 
reported from ne; ghbori n9 Knox County ) . and the red-cockaded woodpecker 
(endangered-- known to occur i n  Cumberland County about 80 kID [50 m i J  from 
ORR). Additional l y .  the eastern cougar has been s ighted on the ORR and thus 
should be consi dered part of the species range. However, the eastern cougar 
may be exti rpated,  with si ghtings actual ly being i nd i v i duals  of the western 
cougar race that have been released or escaped from capti v i ty (Boyle et a l .  
1982) .  

Thi rteen species o f  terrestrial  fauna known or expected to occur on the 
ORR are c l assi fied as endangered or threatened by the state of Tennessee 
(Hatcher. undated) .  These i ncl ude the federal ly 1 i sted species above. Add;­
tiona1 species i nc l ude the Tennesee cave sal amander (threatened) , Bachman ' s  
(pi newoods) sparrow (endangered),  sharp-shinned hawk (threatened) , osprey 
(endangered) ,  marsh hawk ( threatened ) ,  Bewi ck ' s wren (threatened) , Cooper ' s  
hawk (threatened) , and the grasshopper sparrow ( threatened) .  Of  these, the 
osprey , Cooper ' s  hawk, and grasshopper sparrow occur regularly on the ORRj the 
sharp- shi nned hawk and Bachman ' s  sparrow have been observed there; and the 
other b i rd species are expected to occur on the ORR (Kitchings and Mann 1976; 
Boy l e  et al . 1982) .  Cooper ' s  hawk probably breeds on the WCR s i te because i t  
has been observed there during two recent breeding seasons. 

No federal ly l i sted endangered pl ant species are bel i eved to occur on the 
ORR. None of the pl ant spec ies l i sted as endangered by the state of Tennessee 
(Comm. Tenn. Rare Pl ants 1978) have been found on the ORR. Several pl ant 
species found on the ORR are rare, threatened , or of spec ial  concern, but they 
are primari ly found i n  the desi gnated natural areas of ORR ( K i tchings and Mann 
1976). However, Fothergi l l a  major has been identified from the CCR (Parr 
1984 ) .  I n  addition to these specl e s .  Kitchi ngs and Mann (1976) have l i sted 
pl ant species of special i nterest or of l i mi ted di stribution within ORR. Only 
one of these species I the trai l i ng arbutus ,  occurs on Chestnut Ridge (near 
New Zion Cemetery ) .  I t  i s  rare on the ORR,  but ; s  l ocal ly abundant i n  the 
state. 

No federal l y  threatened or endangered aquatic species are known to occur 
in the C l i nch R i ver or i n  ORR creeks. The mountain redbel ly dace, col lected 
from Ish Creek (Oak R i dge Natl . Lab. 1984) , i s  l i sted by the state of Tennessee 
as i n  need of management (Eager and Hatcher 1980) .  Such a c l assi fication 
means that the species should be managed to the opti mum carrying capacity of 
the habitat, but that i t  is not threatened or endangered. 

3 . 6  SOCIOECONOMICS AND LAND USE 

3 . 6 . 1 Demography and Empl oyment 

The ORR i s  l ocated on approximately 15 , 000 ha (37 , 000 acres) of federa l l y  
owned l and i n  Anderson and Roane count i e s .  The c i ty of Oak Ri dge i s  located 
i n  both Anderson and Roane counties and i s  the major population center i n  
Anderson County. Roane County I S  popul at i on ; s di spersed i n  severa 1 smal l er 
towns. The popul ation i n  both Anderson and Roane counties i ncreased from 1960 
to 1980 (Table 3 . 8 ) ,  al though Roane County rural popul ation decreased during 
thi s  period. The population of Oak Ridge i ncreased from 2 7 , 169 in 1960 to 
28 , 319 i n  1970, then decreased to 27 ,662 i n  1980 . 
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Table 3 . B. Populations of Anderson and Roane Counties and 
I ncorporated Municipal i t i es , 1960-1980 

Po!:!u l ati ont1 

County 1960 1970 

Anderson County 60, 032 60 , 300 
C l i nton 4 , 943 4 , 794 
Oak Ri dget3 2 7 , 169 28, 319 
Ol i ver Spri ngst3 1 , 163 3 , 371 
Rural 2 7 , 629 2 6 , 469 

Roane County 39 , 133 38,881 
Harriman 5 , 931 8 , 734 
Ki ngston 2 , 010 4 , 142 
Rockwood 5 , 345 5 , 259 
Rural 2 7 , 812 18,093 

1980t2 

67,346 
5 , 245 

27 , 662 
3 , 600 

34,276 

48,425 
8 , 303 
4 , 441 
5 , 767 

2 6 , 477 

t l  Accord i ng to the 1970 Census o f  Popu l ation,  urban population comprises 
al l persons l i vi ng i n  pl aces of 2 , 500 or more i nhabitants. 

t2 U . S , Bureau of Census, 1980 Census of Popul ation and Housing, Tennessee, 
PHC80-V-44. 

t3 Parts of Oak Ridge and O l i ver Springs are a l so i n  Roane County. 

Source: 80yle et al . (1982 ) .  

The various faci l i ties l ocated on the ORR have an i mportant i nfl uence on 
area employment. The proximity of Anderson and Roane counties to the ORR and 
the relatively sma l l  population bases of these counties make these counties 
particularly sens i t i ve to empl oyment changes at the DOE faci l i ties .  A combined 
regular work force of approximately 16,400 i s  emp l oyed at the various fac i l i ­
ties on the Reservation .  Empl oyment by occupation for Anderson and Roane 
counties and the state of Tennessee i s  g i ven i n  Table 3 . 9 .  Anderson County 
has a high concentration of professi onal/technical workers when compared to 
the state as a who l e ,  probably because of the ORR i nfl uence i n  the area. 
Di stribution of empl oyment by occupation for Roane County i s  s imi l ar to the 
state as a whole and shows minimal  i nf l uence of the ORR. 

Personal i ncome l evels  reflect the effect of DOE empl oyment i n  the area. 
I n  1981, the per capita i ncome i n  Anderson County was $10,439, which was 
greater than the $8,447 per capita i ncome of the state as a who l e  (Tenn. 
Center 8us. Econ. Res . , undated). The 1981 per capita i ncome of Roane County 
($6 , 199) was l ess than that of Anderson County and the state. 

Most i nd i v i dua l s  working at DOE fac i l i ties  i n  Oak Ridge reside i n  communi­
ties other than Oak Ridge , particul arly in Knoxv i l l e  ( Knox County) (Boyle 
et al . 1982) .  I n  1971, 62% of the employees at the three ODE faci l i t i es l i ved 
outside of Oak R i dge. This  i ncreased to 64% i n  1974 and 73% i n  April 1981, 
perhaps l argely because of rapi d residential devel opment i n  western Knox 
County (8oyle et al . 1982) .  
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Tabl e 3 . 9. Empl oyment i n  Anderson and Roane Counties 
and the Stale of Tennessee, 1978 

Occupation  

Profes s i onal , techni cal , 
and related 

Nonfarm managers and 
adm i n i strators 

Sales workers 
Cl erical 
Craftsmen 
Operatives 
Transport operati ves 
Nonfarm l aborers 
Service workerst1 
Farm workers 

Number empl oyed 

t1  Incl udes household workers. 

Anderson 
County 

25 . 6  

6 . 8  
5 . 7  

13 . 4  
18. 0  
10. 4  

2 . 5  
4 . 6  

12. 2  
0 . 8  

- - - -

27,920 

Percent Emel o�ment 

- - - -

Roane 
County 

11. 6 

6 . 2  
4 . 4  

10 . 6  
18 . 0  
27. 4 

4 . 4  
5 . 6  

10 . 8  
1 . 0  

14,050 

Tennessee 

12. 0  

7. 7 
6. 5 

14. 8  
14. 3  
18. 6  

4 . 5 
5 . 1  

12. 5  
3 . 9  

1 , 815 ,000 

Source: Data from Tennessee Department of Empl oyment Security ( 1980 ) .  

The di stribution of popul ation ( 1970 Census) within  a 16-km ( IO-mi )  
radius of ORNL. c l ose to the s i tes , i s  shown in  Fi gure 3 . 15.  

3 . 6 . 2  Pub l i c  Services 

Publ i c  services i n  Oak R i dge and Anderson County i ncl ude sewer,  water, 
pub l i c  uti l i ti e s ,  l aw enforcement, health care , and schoo l s .  A study of the 
qual i ty of publ i c  services i n  Anderson County ( B rewer and Sl usher 1975) con­
cl uded that- - ; n  compari son with adjacent Bl ount, Loudon , and Roane counties-­
Anderson County prov; des hi gher qua 1 i ty educat i ana 1 servi ces wi th a II s tl"'ong . 
bal anced" educational program of lIurban qua l i ty .  II Li kewise,  the study con­
c l uded that the pub l i c  wel fare servi ces i n  Anderson County are of a genera l l y  
h i gh qual i ty and that the I Istatistical profilell  o f  these services i s  s imi l ar 
to that of i ndustrial i zed counties i n  eastern Tennessee and more favorable 
than that found i n  Appal achian counties (Boyle et al . 19B2 ) .  

3 . 6 . 3  Hous i ng 

Hous i ng characteristics for Anderson, Roane , and Knox counties (and 
muni c i pal i ti e s )  are shown ;n  Tabl e 3 . 10 .  The rental vacancy rate for Anderson 
County i s  1 . 8% ,  which i s  l ow gi ven the fact that some of the exi sting housing 
;s substandard. Oak R i dge has a sl ightly h i gher vacancy rate of 2 . 0% ,  and 
Roane County has a vacancy rate of 2 . 6%.  Knoxvi l l e  and Knox County both have 
relatively h i gh rental vacancy rates--7 . 6% and 8 . 4% ,  respectively. Thi s 
i nd i cates that rental hous i ng i s  more readi l y  avai l ab l e  i n  Knoxvi l l e  and the 
Knox County area than i n  the area immediately surrounding ORR. 
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F i gure 3 . 15. Di stribution of Population ( 1970 Census) With i n  a 
16-km (lO-mi ) Radius of Oak Ridge National Laboratory. 
Source: Fitzpatrick ( 1982 ) .  
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Table 3 . 10. Hous i ng Characteri stics for the Oak R i dge 
Reservation Area, 1980 

Total % Vacanc� 

Number of Owner- Owner-
Unitst 1 Occupied Occupiedt2 

Oak Ri dge 11 ,487 61. 7  0 . 9  
Anderson 25 ,829 68. 4  0 . 8  

County 
Roane County 18 , 526 71. 4 1 . 3  
Knoxv i l l e  7 3 , 233 47 . 9  1 . 6  
Knox County 125,777 59. 3  1 . 8  

t 1  Total number o f  year-round housing units.  

t2 Units for sal e .  

Rate 

Median 
Rental Rent/Month 

2 . 0  $164 
1 . 8  $151 

2 . 6  $106 
7 . 6  $156 
8 . 4  $159 

Median 
Valuet3 

$42, 100 
$36 , 200 

$33 , 100 
$32 , 600 
$39 , 900 

t3 Median value i s  for owner-occupied units .  
(10 acres) or more, mob i l e  homes , condos , 
c i al offices.  

Excl udes res i dences on 4 ha 
homes with medical or commer-

Source: U . S .  Bureau of the Census ( 1980 ) .  

Oak Ri dge has the hi ghest median  val ue for residential homes i n  the area. 
Rent in the Oak Ridge area i s  also  hi gher than i n  Anderson County as a who l e ,  
Roane County, Knox County, and Knoxv i l l e .  Oak R i dge a l so has h i gh property 
tax rates , which has contributed to an i nadequate supply of qua l i ty housing ,  
at  affordabl e  prices , to  meet the housi ng needs of  l ocal c i ti zens and people 
who want to both work and l i ve i n  the c i ty ( Fol z 1984) .  

3 . 6 . 4  Transportation 

Roads i n  the v i c i n i ty of the preferred and alternative s i tes are shown i n  
Figure 3 . 16 .  The ma i n  pub l i c  road i n  the immediate v i c i ni ty ; s  State High­
way 95 , which i ntersects two major i n terstate hi ghways , 1-40 and 1-75,  8 km 
(5  mi l and 24 km (15 mi l to the south, respectively. The WCR s i te i s  located 
just to the southwest of Hi ghway 95,  whi c h  is an important commuting route for 
employees working at ORNl and ORGDP. The cl osest access to the WCR s i te ; s  
via  Bear Creek Road (which i ntersects Highway 95) to New Zion  Patrol Road to 
Lou Cagle Road. New Z ion  Patrol and lou Cagle are nonpub l i c  gravel roads used 
for security patrol and forest management. Bear Creek Road i s  a tWo-l ane 
paved road running east and west of State Highway 95;  the eastern segment i s  
a l so a nonpub l i c  road and i s  maintai ned for the Y-12 weapons faci l i ty. Average 
da i l y traffic on State H ighway 95 just southeast of the 95/58 i ntersection was 
4190 veh i c l es i n  1982. 

The eCR a l ternative s i te i s  access i b l e  v i a  uni mproved roads from Bear 
Creek Road and Bethel Val l ey Road. By this  route the s i te i s  approximately 
10 km (6 m i l  from ORGDP , 3 . 2  km ( 2  mi l from ORN L ,  and 3 . 2  km (2 m i l  from Y-12. 
The ECR a l ternative s i te i s  accessible  v i a  unimproved roads from Bethel Val l ey 
Road, Scarboro Road, Oak Ridge Road, and from roads within  Y-12. By these 
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routes the s i te i s  approximately 8 km ( 5  mi l from ORNL and 16 km (10 m i l  from 
ORGOP. Most of the ECR l i es within  1 . 6  km (1 mi l from Y-12. 

3 . 6 . 5  Land Use 

The area surrounding the c i ty of Oak Ri dge i s  rural i n  character ,  with 
agricultural , forest, and recreational lands compri s i ng 95% of the 16-county 
area i n  1979 (Boyle et a 1 .  1982 ) .  The land-use category breakdown for Anderson 
and Roane counties i s  shown i n  Table 3. 11. Forested l and accounts for the 
majority of land i n  both Anderson and Roane counti es--54 . 0  and 31. 1% .  
respectively--whereas agricul tural land accounts for 26. 5% ; n  Anderson County 
and 30% i n  Roane County. The ORR occupies a relatively sma l l  percentage of 
the land i n  both counties--7% i n  Anderson and 9 . 3% ; n  Roane. 

Table 3 . 11 .  land-Use Data for Anderson and 
Roane Counties , Tennesseet1 

Land-Use Anderson Countx Roane 

Category Hectares Percentage Hectares 

Residential 3 , 255 3 . 8  2 , 097 
Commerci a l  146 0. 2 93 
Industrial 134 0 . 2  413 
Recreational 4 , 170 4 . 8  28, 749 
Agricul tural 22 ,834 26. 5 33,887 
Publ i c  and 3 , 053 3 . 5  1 , 968 

quasipub l i c  
Forested 46 ,567 54. 0 35 , 126 
Oak Ridge 6 , 077 7 . 0  10,453 

Reservation 

Countx: 

Percentage 

1 . 9  
0 . 1  
0 . 4  

25. 5  
30 . 0  

1 . 7  

31 . 1  
9 . 3  

t'  Source: Data from East Tennessee Devel opment Di strict 
( 1979 ) .  

Land-use patterns i n  the immediate v i c i n i ty o f  the s i tes are control led 
by DOE pol icy, whi ch admini sters the 15 , 000 ha ( 30 , 000 acres) compri s i ng the 
ORR. Thus , i n  the immediate v i c i n i ty of the s i tes , devel opment i s  restricted 
to government-control l ed acti vities .  The nearest faci l i ty to the WCR s i te i s  
ORNL, approximately 2 . 5  km ( 1. 5  m i )  to the east. ORNL i s  a l so the nearest 
faci l i ty to the CCR s ite ,  being l ocated approximately 1. 6 km ( 1 . 0  m i )  south­
east of the s i te .  The Y-12 pl ant i s  the nearest faci l i ty to the EeR site,  
l ocated within 1 . 6  km ( 1 . 0  mi)  north of the s i te. The Cl i nch River runs 
approximately 1 km ( 0 . 6  mi ) to the southwest of the WCR site ,  approximately 
3 . 6  km (2 mi l to the south of the CCR s ite ,  and approximately 2 . 4  km ( 1 . 5 m i l  
to the south o f  the ECR s i te. The majority o f  l and i n  the v i c i n i ty of the 
s i tes and throughout most of the undevel oped parts of the ORR i s  under a 
forest management p l an administered by the ORNL Operations � i v i s i on .  This 
management plan  i nvolves harvesting both hardwood and p i ne forests and pl anting 
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of pine. Most of the eastern section of CCR and over hal f of EeR are contained 
within the Y-12 security area, whi l e  much of the western section and a portion 
of the central section of CCR are contained within the ORNL security area 
(Oak R i dge Land-Use Committee 1980 ) .  

Twenty-five natural areas wi thin the Reservation have been identified as  
having scient i f i c  value because of  species composition or stage of ecological 
devel opment ( U . S .  Dept. Energy 1982) .  Two sma l l  natural areas occur within 
CCR (Dahlman et a1 . 197 7 ) .  The Envi ronmental Science Divi s i on at ORNL currently 
i s  involved i n  research acti v i ti es i n  the National Envi ronmental Research Park 
located within the ORR. Terrestrial research areas occur extensively over 
much of Chestnut R i dge , whi l e  aquatic research areas are i nten s i fi ed within 
CCR (Oak R i dge land-Use Committee 1980). A l ong-term multidiscipl i nary research 
project i s  being conducted on Walker Branch i n  the CCR. Various portions of 
the Oak Ridge Reservation also  are used for the storage and di sposal of wastes , 
i n c l uding:  disposal of sol i d  wastes in  near-surface l andfi l l s ;  disposal of 
l i quid wastes i n  underground rock formations (by the hydrofracture method) ; 
and di sposal of fly ash, c i nders , construction waste s ,  o i l ,  chemical l i qu i d  
wastes (treated prior to di scharge) , and combusti b l e  and decomposable wastes 
by various methods (U.  S. Dept, Energy 1980 ) .  These exi sting waste di sposal 
activities would have l i ttl e  or no impacts on the usab l e  areas of the WCR, 
CCR ,  or ECR s i tes.  

3 . 6 , 6  Parks, Recreation, and Hi storic Sites 

The National Regi ster of Hi storic Pl aces l i sts four s i tes that occur 
within about a 16- km (lO-ml) radius of Chestnut Ridge (U. S .  Dept. Energy 
1979). Additional l y ,  there are 45 known s i tes of archaeo l ogical s ignificance 
on the ORR ( F i elder 1974) .  The American Museum of Science and Energy i s  
l ocated i n  Oak Ridge , about 14 km ( 9  m i )  northeast of the ORR,  and was v i s i ted 
by about 210,000 persons i n  1981. The Graphite Reactor, a national hi storic 
l andmark l ocated at ORNL,  attracts 1 3 , 000 v i s i tors annual ly. 

A review of the archaeological survey and hi storical s i te reconnaissance 
documents for the Oak R i dge Reservation ( F i e l der 1974; F i e l der et a l .  1977) 
i nd i cates that only one structure i s  located within the boundary area of the 
West Chestnut Ridge s i te. This  structure consists of a u foundation onlyH s i te 
and i s  cons i dered Condition 2 ,  i . e. , mater i a l s  ava i l ab l e  cou ld  be used for 
restoring another cabi n ,  i f  required. A number of hi storical structures occur 
on Central Chestnut R i dge. Ni neteen of these structures are consi dered 
Condition 2 ,  ten structures are Condition 3 (part i a l l y  standing structures ) ,  
and four structures are Condition 4 ( standing structures ) .  The majority of 
these structures are cl ustered in the eastern section and the eastern portion 
of the central section of Central Chestnut Ridge ( F i e l der et a 1 .  1977). 
Historical structures were not surveyed to any degree in the ECR si te. The 
archaeol ogical survey of ORR ( F i e l der 1974) did  not extensi vely survey either 
the CCR or ECR s i tes .  However, most archaeol ogical  s i tes in the area are 
centered more al ong the C l i nch River areas than al ong the ri dge areas ( F i el der 
1974) . 

Al though there are no hunting areas , wi l d l i fe preserves , or sanctuari es 
in the immediate v i c i n i ty of Chestnut R i dge,  a waterfowl refuge i s  l ocated on 
the Tennessee River about 16 km (10 mi ) to the west-northwest. About 69 ha 
(170 acres) of the Chestnut R i dge are a l so used as a natural study l ocation 
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for ecological observation and experimentati on. Information on recreational 
areas l ocated near the s i te may be found i n  other pub l i cations ( U . S .  Dept. 
Energy 1979; Project Manage. Authori ty and Tenn. Val . Auth. 1975). 

There are no federal ly maintained w i l dl i fe refuges , parks , or forests 
within the v i c i n i ty of the ORR,  and there are no federa l l y  desi gnated national 
wetlands i n  eastern Tennessee. Several swampy areas are l ocated within  the 
ORR,  but they are sma l l --the l a rgest being approximately 0 . 2  ha (0. 5 acres) i n  
s i  ze. 

About 5 , 550 ha ( 13 , 600 acres) of the Reservation were desi gnated by DOE 
i n  1980 as the Oak Ri dge National Envi ronmental Research Park (Boyle et a 1 .  
1982). This consists of areas that ( 1 )  are habitats for regi onal ly uni que , 
rare, Of endangered species and (2)  are representative of vegetative communi­
ties of the southern Appal achian region. A portion of the National Envi ron­
mental Research Park i s  contained within the preferred WCR s i te and the al ter­
native CCR s i te. 
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4. ENVI RONMENTAL IMPACTS OF  ALTERNATIVES 

This section presents the envi ronmental impacts of the reasonabl e  al ter­
natives, i nc l ud i ng the proposed action. The analysis i n  Section 2 of a range 
of potenti al al ternatives for di sposal of waste generated within  the Oak Ridge 
Reservation (ORR) led to identification of three s i tes for a central waste 
di sposal faci l i ty ( CWDF) within ORR and two faci l i ty designs as the reasonable 
a l ternatives. The al ternative s i tes are West Chestnut R i dge (WeR) , Central 
Chestnut Ridge (CCR ) .  and East Chestnut R i dge (ECR) ( see F i gure 2 . 2 ) ; the 
a l ternative designs are below-grade trenches and above-grade tumu l ;  (see Sec­
tions 2 . 1 . 3 . 2 . 1  and 2 . 1 . 3 . 2 . 2 ) ,  Reasons for el imi nating other potential 
al ternatives are presented i n  Section 2. West Chestnut R i dge and bel ow-grade 
trenches were i dentified as the preferred s i te and preferred des i gn ,  respec­
tively. 

Al l reasonabl e  al ternatives are rigorously explored and objectively 
eval uated. A detai l ed s i te characterization was carried out for the preferred 
s i te .  Thi s substant i al treatment , which did  not reveal any unantici pated 
impacts for ei ther fac i l i ty des i g n ,  provided the base l i ne for a comparative 
evaluation of the envi ronmental impacts. The comparative evaluation did  not 
require deta i l ed s i te characterization studies for the other al ternative 
s i tes.  

The impacts for the preferred s i te are examined for both faci l i ty designs. 
It was not found necessary to examine in deta i l  a l l  combi nations of s i te and 
faci l i ty designs (which would y i e l d  a total of s i x  al ternatives) .  Such a 
comparison would be needed only i f  the ranking of the s i tes cou l d  reasonably 
be expected to be di fferent for a di fferent design and/or vice versa. The 
only characteristic used for s i te ranking that i s  sen s i t i ve to di fferences 
between the above-grade and bel ow-grade designs i s  the hydrology- - i n  particular ,  
a water table depth that i s  i nsuffici ent to permit use of  trenches .  This  
sens i t i v i ty does not occur in  the present ci rcumstance because the depth to 
the water tabl e i s  suffi cient,  for a l l  three candidate s i tes , to a l l ow use of 
trenches. One may reasonably i nfer from thi s  fact that the comparative rank­
i ng of the candidate designs would be the same for a l l  three candi date s i tes 
and that the comparative ranking of the candi date s i tes woul d be the same for 
ei ther candi date des i gn. 

Potenti al impacts to the envi ronment are described i n  this section i n  
terms of short-term and 1 ong- term impacts. Short-term impacts a re those 
related to the constructi o n ,  operation , and cl osure of the d i sposal faci l i ty 
and i nc l ude mai ntenance and monitoring acti v i ti es for a period of 100 years 
after c l osure. Long-term impacts are impacts that would occur during time 
periods extending beyond 100 years and are related to effects of long-term 
i ntegrity of the waste contai nment system, possible  radionuc l i de migration 
from the di sposal s ite ,  and l and commitment. 
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It i s  assumed that i nsti tutional control would be maintai ned for a period 
of at l east 100 years, and that the condition of the waste-disposal s i te and 
potenti al for future impacts would be reviewed prior to release from i nsti­
tutional control . The l ong-term impacts are esti mated for the case i n  which 
i nstitutional controls are l ost after 100 years or are removed and the waste­
disposal s i te is released for unrestricted use at the end o f  a IOO-year period. 
The assumptions on which the estimates of radi ol ogical impacts for this case 
are based are very conservative and may overestimate, by an order of magnitude 
or more, the rate at which radionuclides mi grate from the trenches or tumu l ;  
and the radi 0 log; ca 1 impacts. Moni tori ng data accumul ated duri ng the peri od 
of i nstitutional control , during whi c h  time the release of radionucl i des and 
radi ol ogical impacts coul d be contro l l ed and wou l d  be very smal l ,  would enable 
a more accurate estimate of the long-term impacts to be made at the time of 
review. DOE i ntends that i nstitutional control would be continued beyond the 
100-year period i f  the review i nd i cated that removal of i nsti tutional contro l s  
might l ead to radiological impacts that did  not comp ly with standards for 
protect ion of pub l i c  health and safety. 

The no-action a l ternative,  described i n  Section 2 . 1 . 1 ,  i s  defined as that 
alternative which corresponds to no change from current LlW management proce­
dures for as l ong as possible  and management procedures that i nvol ve the l east 
change i n  action thereafter. The no-action al ternative ;s actua l l y  a del ayed­
action al ternative because LlW would continue to accumul ate,  current disposal 
s i tes  woul d  become f i l l ed to capacity, and safe disposal of this waste woul d 
u ltimately be necessary. Thus , apart from the additional impacts from the 
del ay i n  disposal of the waste, the impacts wou l d  be the same as for the other 
al ternati ves. The only impacts i nvol ved in a comparison of the no-action 
al ternative with the other al ternatives are , therefore, the addi tional impacts 
that would res u l t  from the delay i n  di sposal . 

4 . 1 SHORT-TERM IMPACTS 

Most of the s hort-term impacts would take pl ace during the devel opment 
and construction of the CWOF. The CWDF i s  expected to be developed i n  two 
phases. Phase I would extend through the emplacement of the fi rst two years 
vol ume of waste, Phase I I  would extend through the balance of the faci l i ty ' s  
l i fetime. A ful l description of the activities during the two phases is given 
i n  Appendix O. 

4. 1 . 1  S i te Preparation and Construction 

4 . 1 . 1 . 1  Hydrology 

4. 1 . 1 . 1 . 1  Surface Water 

Construction of ei ther bel ow-grade trenches or above-grade tumul i would 
result i n  some temporary adverse impacts on surface water. Disturbed areas 
woul d be subject to wind and water eros ion ,  with subsequent i ncreases i n  
turbidity, sedimentati on,  and di ssol ved sol i ds i n  surface waters. The potential 
for such temporary impacts would occur i n  late wi nter and early spring during 
periods of high potential runoff and i n  the summer months during the thunder­
storm season (Table 3 . 4 ) .  The magnitude o f  potential erosion impacts would 
depend on the steepness of s l ope,  timing of construction,  and amount of material 
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exposed. Impacts to water qual i ty cou l d  occur from release of oi l s ,  greases, 
and fue l s  during operation and mai ntenance of construction equipment and from 
improper management of domestic  wastes generated by construction workers. 
These contaminants would cause a short-term reduction i n  water qual i ty. 

Surface runoff at the di sposal s i te woul d  be s l i ghtly i ncreased due to 
the loss of vegetation and ground cover, res u l ti ng i n  reduced evapotranspira­
tion and i nterception and i ncreased imperviousness of the ground surface. The 
mean annual evaporation in the s i te area i s  about 122 em (48 i n . ) ( U . S .  Geel . 
Surv. 1970). Al terations i n  streamflow regimes and drainage patterns i n  the 
creeks coul d a l so be expected. local surface drainages might be temporari ly 
or permanently al tered by access roads and construction activities .  Most 
impacts would be short-term, but even permanent al terat i ons woul d  cause only 
minor impacts l ocal ly. During the i ni ti a l  phase of construction,  the vol ume 
of excavation for the construction of bel ow-grade trenches i s  expected to be 
l arger than that for the above-grade tumul i .  The potential adverse i mpacts 
associated with trench construction are expected to be greater than impacts 
for the above-grade di sposal al ternative. 

Impacts would be comparabl e  between either the WCR or CCR s i tes because 
habi tats , s tream types ,  and number of streams are s i mi l ar .  Potent i a l l y ,  
i mpacts a t  ECR wou l d  b e  s l ightly l ess because past act i v i ties , such a s  cl ear­
i ng and agriculture, have del i neated sma l l  stream drainages and spri ngs that 
are often covered with l i tter i n  the present areas of WCR and CCR. Also,  
stream drainage systems are not as extensive within  ECR as compared with WCR 
and CCR (Fi gure 3 . 13 ) .  Additional l y ,  the upper reaches of the streams within 
the ECR s i te are not truly perennial in nature, and usua l l y  only flow during 
moister spring months. 

4 . 1 . 1 . 1 . 2  Mitigation (Surface Water) 

Eros i on and sedi mentation associated with the construction of disposal 
fac i l i ties would be contro l l ed through measures such as: minimi z i ng the 
disturbance of vegetative cover; l i mi t i ng clearing and grading;  minimizing the 
time that excavated areas are exposed; minimizing creek crossing and fording; 
l imiting the operation of construction vehicles and other equi pment during 
unfavorabl e  weather condi tions ; minimizing the time that the construction 
areas are exposed; using swales and berms in the excavation areas; using 
i nterceptor di tches , water bars, seeding,  gravel , crushed stone, or mats to 
control erosion and runoff; and using straw bal es downslope from the excava­
ti on. Appropriate measures would be incorporated i nto the des ign.  

Efforts would be made to restrict refue l i ng of construction vehi c l e s ,  
storage o f  construction materi a l s ,  disposal o f  waste material s ,  and handl ing 
of any potentially contaminating materi al near surface waters i n  order to 
prevent contamination of these creeks. Fue l s ,  chemi cal s ,  oi l s ,  greases , sol i d  
wastes , and materi a l s  needed at construction s i tes would be stored and handled 
i n  a manner to prevent accidental spi l l s . Sel f-contained sanitation toi l ets 
would be provided where required to ensure protection of surface water qual i ty .  
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4 . 1 . 1. 2  Ecol ogy 

4 . 1 . 1 . 2 . 1  Terrestrial 

The disposal areas would requi re about 64 ha (160 acres) of land to be 
committed for the l i fe of the project. Construction of the CWOF at WCR would 
resu 1 t  i n  the 1 on9- term 1 ass of a mi xture of upland hardwoods ( 32 . 2  ha 
[80 acres ] ) ,  p i ne pl antations (21. 5 ha [53 acres ] ) ,  natural pine stands (3  ha 
[8 acres ] ) ,  cl earcut and abandoned fields  (2. 2 ha [ 5 . 4  acres ] ) ,  and ri ghts-of­
way (5 ha [13 acres] )  (Table 3 . 7 ) .  Simi l ar habitats woul d be l ost  i f  construc­
tion occurs i n  the CCR or feR. However,  the percentage of each type of habitat 
affected cannot be determined with certainty because def i n i t i ve di sposal areas 
within CCR and ECR have not been identi fied,  and habitat composition varies 
among the s i tes.  For examp l e ,  more than 50% of EeR consists of pastures and 
fields ,  whi l e  most areas of WCR and CCR are forested (Section 3 . 5 . 1 ) .  The 
habi tats to be l ost  to construction are common on the ORR and comprise only 
about 12 . 6% of the l and area occurring within  the WCR boundary, l es s  than 4% 
of the land occurring within the CCR boundary, and approximately 25% of the 
l and area occurring within the ECR boundary. 

The s i tes provide breeding habitat for many b i rd species due to the 
vari ety of forest types present. Forest c l earing for s i te development would 
reduce breeding habitat and cause adjustments i n  popul ation distri butions i n  
general . Common to abundant b i rd species of the s i te whose breeding habitat 
would be affected by cl earing i ncl ude red-ta i l ed hawk, yel l ow-bi l l ed cuckoo, 
eastern screech-owl , great horned owl , woodpecker ( red-be l l i ed ,  downy, hairy, 
and p i l eated) ,  great crested flycatcher, Caro l i na chi ckadee, white-breasted 
nuthatc h ,  Caro l i na wren, wood thrush, p i ne warbler, ovenbird,  yel l ow-breasted 
chat, summer tanager ,  and scarlet tanager. Affected species would be forced 
into unaffected areas where, depending on existing carry i ng capacity, they 
might be subject to greater i ntra- and i n terspeci f i c  competition for nesting 
habitat and food resources. I f  a given species i s  at i ts carrying capacity, 
then the total number of i nd i v i dual s would l i kely be reduced (Dvorak et al . 
1978 ) .  I t  i s  antici pated that the ORR cou l d  support displaced i ndividual s .  
Al though tree clearing might cause adjustments i n  population distributi ons , 
general ly the total popul ation for any given species within  Reservation would 
not be affected. Forest fragmentati on within  the CWDF buffer zone, due to 
loss  of  patches of forest habitat, might result i n  l ocal ly reduced populations 
of those species i ndi genous to such habitat. 

The cl eared areas would not i n i t i a l l y  provide habitat for b i rd species 
that i nhabit f i e l ds and open areas due to the presence of construction and 
subsequent di sposal operations.  However, the creation of forest edge shoul d  
enhance habitat for b i rd species such as cardi nal , f i e l d  sparrow, American 
gol df i nch,  i ndigo bunting, b l ue grosbeak, rufous- s i ded towhee , whip-poor-wi l ' ,  
common crow, prai rie warbler,  whi te-eyed v i reo,  and common yel l owthroat. The 
creation of edge habitat might be somewhat detrimental to wi l d l i fe species 
that are more restricted to forest habitat. This  would occur either through 
compet i t  i ve i nteractions with edge-i nhabi t i ng spec i es or through habitat 
reduction. Such occurrences are somewhat commonplace (or widespread) on the 
Reservation due to timber-management operations.  

Construction 
dwel l i ng mamma l s .  

o f  the di sposal areas would simi l arly affect the forest­
Commonly occurring hardwood and/or p i ne forest mammal s  
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i nc l ude: opossum, short-tai led shrew, southern flying squi rrel , gol den mouse, 
whi te-footed mouse, gray squl rrel , and easlern chipmunk. The more common 
large mammal s  such as red fox, gray fox, whi te-tai led deer, and striped skunk 
would be l ess l i kely to be affected due to their wide-ranging habitats and 
vari ety of preferred habitats. Thi s simi l arly would apply to the common bat 
species of the ORR. 

Several of the smal l mammal species--including the while-footed mouse, 
cotton rat, l east shrew, p i ne mouse, easlern cottontai l  rabb i t ,  and woodchuck-­
might reoccupy portions of the disposal area after the area was capped and 
revegetated. The presence of woodchuck and other burrowi ng species might be 
of concern relative to trench cover i n tegr i ty (see Section 4 . 2. 1 . 4 ) .  However , 
other species such as the short-tai l ed shrew, gol den mouse, and gray squirrel 
might be displaced from the disturbed areas unti l forest habi tat were reestab­
l i shed. While-ta i l ed deer would i n i t i a l l y  leave the area of construction , but 
woul d  probably accl imate to the activities associ ated with waste del i very and 
di sposal . Other wide-ranging mammal s  such as opposum, skunk, and racoon would 
behave s i mi l arly. Al though a local i zed di spl acement of mamma l s  i s  expected,  
the overal l effect on mammal popul ations within Chestnut Ridge is  expected to 
be minimal . 

Repti l es and amphibians from the construction areas would be displaced or 
destroyed. Most species that occur i n  upland or  mixed hardwood and p i ne 
forests a lso  occur i n  other habitats-- e . g. , ruderal areas , o l d  f i e l ds , and 
floodp l a i n  forests. Therefore, habitats to be di sturbed by construction would 
represent only a very sma l l  portion of habitat avai l ab l e  to the herpetofauna. 
Some repti les  such as the b l ack racer, corn snake, and rat snake might increase 
i n  the area after the capped disposal area was revegetated. This  would be 
particularly l i kely to occur i f  whi te-footed mice and other sma l l  mamma l s  
i ncreased on the s i te .  American and Fowl e r ' s  toads might a l so i ncrease o n  the 
s i te after enclosure of  each disposal area. 

Fauna i nhabiting areas adjacent to active s i te construction areas might 
a 1 so be di s turbed i f  w; th; n audi tory or vi sua 1 detect; on of construct; on 
activities .  This could cause anima l s  to leave or avoid such areas, thereby 
impacting areas that were not physical ly  disturbed by construction. Those 
animals that remai ned ; n  these areas might have the i r  feeding or reproductive 
acti v i ti es affected , al though actual prediction of such effects i s  d i fficult  
(Soholt and Bynoe 1982) .  

Based upon habitat types contained within WCR, CCR, and EeR, i t  could be 
antici pated that construction impacts to terrestrial fauna and flora wou l d  be 
l ess for the ECR al ternative. This i s  based partly on the fact that ECR has 
been extens i ve 1y di s turbed i n  the past (e .  g .  used for hay production) and i s  
now l argely i n  an old-field  cond i tion.  The ECR a l so i s  not contained within 
the boundaries of the U . S. Department of Energy Envi ronmental Research Park. 
Overall construction act i v i ties would be l ess i f  extensive removal of trees i s  
not required. 

4 . 1 . 1 . 2 . 2  Aquatic 

Aquatic ecosystems i n  the vici n i ty of the preferred WCR s i te or al terna­
tive CCR and ECR s i tes would be affected by construction of the three disposal 
areas , access roads . and anci l l  ary fac i l  it ies .  Description of the di sposa 1 
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areas , access roads , and anci l l ary fac i l i ties are given i n  Appendix O. The 
potenti al impacts associ ated with construction woul d  primari ly i nvolve 
(1) i ncreased erosion and subsequent s i l tation of rece i v i ng streams, 
(2) disturbance or destruction of sma l l er tributaries or springs that feed the 
major v i c i n i ty creeks , and ( 3 )  water chemi stry changes and i ncreased f l ows i n  
streams recei ving groundwater or surface water from trench dewatering and s i te 
rai nfa l 1  runoff. Streams that would be potenti a l l y  impacted by construction 
acti v i ties at the WCR s i te are Grassy Creek (by Area A and anci l l ary faci l i ­
ties ) ,  �ew Zion Creek (by Areas A and C) , and I s h  Creek ( by Areas B and C)  
( see Fi gure 4. 1 i n  Section 4 . 2 . 2 ) .  The streams that cou l d  be impacted by 
construction acti vi ties at the CCR s i te are White Oak Creek, Bearden Creek, 
Walker Branch ,  and Bear Creek. Exactly which streams would be i mpacted and 
the extent to whi c h  they would be i mpacted would depend upon di sposal area 
si ting within the CCR. Streams that could be i mpacted by construction at the 
ECR s i te are McCoy Branch, Kerr Hol l ow Branch, and Scarboro Creek. Aga i n ,  
actual s i t i ng of waste disposal fac i l i ties within the ECR would determine the 
extent of impact to any spec i f i c  stream. The di sposal areas wou l d  be sur­
rounded by water di version ditches , with temporary sett l i ng ponds for col l ec­
tion of surface water runoff as needed. 

Most adverse impacts associ ated with i ncreased suspended sol i ds and 
s i l tation--even under cond i ti ons o f  di rect i nstream disturbance (e. g . •  h ighway 
crossing constructi on)--are temporary. and biota usua l l y  recol onize affected 
areas within  a year after d isturbance has ceased (Barton et al . 1972; Barton 
1977; Reed 1977) .  Therefore, negative impacts to affected creeks are expected 
to be mi nor, temporary, and revers i b l e .  Construction impacts woul d be neg l i ­
gible  to the C l i nch  River because any i ntroduced sol i d s  would be within  
concentration ranges that currently exist in  the river. 

Al though sma l l  feeder streams and springs might be destroyed by con­
struction acti vities ,  it i s  not expected that any f i s h  i nhabit these areas. 
However, these systems often conta i n  a diverse assemblage of i nvertebrate 
species as wel l  as many of the ORR sal amander and frog species. Construction 
acti vi ties would local ly destroy some of these habi tats and associ ated biota,  
but the overa l l  impact to the s i te would be minimal because ( 1 )  springs and 
spring seeps are numerous within the ORR ridge areas , and (2)  the di sposal 
areas would be s i ted so as to avoid the moister areas of Chestnut Ridge where 
most of the seeps and spri ngs are l ocated. 

Chemical effects to rece i v i ng streams related to construction should be 
neg l i gibl e .  The streams i n  the v i c i n i ty of these s i tes are groundwater-fed 
via the springs and seeps on Chestnut Ridge. Therefore, chemical constituents 
contained i n  s i te dewater i ng di scharges would be s i mi l ar to the constituents 
of the springs and seeps that feed i nto the streams. 

Based upon the amount of aquati c  habitat contained within the WCR, CCR , 
and ECR s i tes . i t  can be anti ci  pated that construct i on impacts to aquatic 
biota would be l ess dramati c  for the ECR alternative. This  i s  because fewer 
streams are present within the ECR s i te than within ei ther the WCR and CCR 
s i te s ,  and because many stream reaches on the ECR are not actua l l y  perennial 
f l owing streams. However, the relative degree of impact rel ated to construc­
tion acti vities wi 1 1  be comparable because adequate mitigative measures wi l l  
be taken to mi nimize impacts to aquatic systems. 
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4. 1 . 1 . 2 . 3 Mitigation (Ecol ogy) 

Measures that would be taken during construction to rnln1mlZe potenti al  
impacts to both aquatic and terrestrial ecosystems are similar  to  those dis­
cussed in  Seclion 4 . 1 . 1 , 1 . 2  for surface water. After i ni ti al s i te preparation 
during Phase I ( Section 0 . 2. 3 . 1 ) ,  the areas would be seeded to establ i s h  a 
vegetative cover to mi nimize erosion. Other s i te construction practices would 
incl ude features to minimize erosion and runoff, i nc l udi ng: ( 1 )  constructing 
paral lel  to l and contours to minimize exposure of trenches to rai n  runoff; 
(2 ) control of surf ace fl OWS by ; nterceptor or di vers i on di tches , checkdams . 
and/or other simi l ar structure s ;  (3)  l evel i ng of rutted areas ; (4)  mai ntenance 
of existing gradients or contours where poss i b l e ;  ( 5 )  conf i n i ng traffic to 
establ i shed roads ; and ( 6 )  water spri nkl i ng for dust control . Impacts to 
receiving streams woul d  be minimi zed because s i te drainage patterns would be 
establ i shed to lessen onsite erosion. I f  excess i ve quantities of sol i ds were 
being transported i n  the drai nage di tches , a drai nage bas i n  woul d be made to 
contai n  most sol i ds ons i te .  

4 . 1 . 2  Faci l i ty Operation 

4 . 1 . 2 . 1  Radiological Impacts 

Impl ementation of any one of the al ternatives would require that operating 
personnel be exposed to low l evels of radioactivity and thus i ncur radiation 
doses. These doses would be incurred by workers i nvol ved in waste treatment,  
pack.aging,  l oading,  transporting,  unloading, and d i spos i ng of the waste. I n  
addition ,  workers woul d  be i nvol ved i n  performing various tasks during the 
mai ntenance and monitoring period. I n  this frS , only the occupational doses 
for transportation,  di sposal at the CWO F ,  and mai ntenance and monitoring at 
the s i te are estimated because these are the activi ties considered to be 
d i rectly associ ated with the operational act i v i ties at the CWDF. The other 
ongoing activiti es (waste treatment , packaging ,  and l oading) are subject to 
procedures devel oped for those activities at other faci l i ti e s .  

4 . 1 . 2. 1. 1 Transportation 

Al though di sposal operations at the CWDF woul d  i nvolve separating the 
wastes i nto three categories based on proposed operating procedures ,  only two 
categories--based on the phys ical form of the waste--were used to estimate 
transportation impacts: ( 1 )  semi sol i d  grout, and (2)  a l l  other waste forms. 
A l arge portion of the grout waste woul d  be transported i n  a semisol i d  form 
that woul d  sol i d i fy and cure after it was di scharged i nto the di sposal units 
of the CWDF.  The semi sol id grout woul d be transported in  cement-mixer trucks 
that had been modified to permit use for transport of radioactive material s on 
publ ic  h i ghways . Furthermore , the capab i l i ty of the trucks for carry i ng out 
this task would meet U . S .  Department of Transportation requi rements. 

Transporting the waste from Y-12, ORGDP, and ORNl to the disposal s i te 
(see Appendix D ,  Section D . 2 . 1) would produce envi ronmental impacts resulting 
from both the radiological character of the wastes and the nonrad i o l ogical 
aspects o f  transportation.  The radiological impacts of transportation are 
di scussed i n  this section; the nonradiological impacts are di scussed i n  Sec­
tion 4 . 3 . 4 .  
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Regulations.  DOE has di rected that the shipments wi l l  conform to 
standards equal to those speci fied by the regulations of NRC and DOT. The 
dose-rate l im i ts of 49 CFR Part 173. 441 deal i ng with radiation l evel l imita­
tions woul d  not be exceeded by the wastes because the CWOF waste-acceptance 
criteria « 200 mrem/h) would be adhered to. The dose-rate l i mits of 49 CFR 
Part 177--Carriage by Publ i c  Hi ghway--wDuld be fol l owed because part of the 
rouling i s  on publ i c  roads. I n  particular,  Part 177. 842 requires that the 
dose rate must not exceed 2 mrem/h i n  any pos ition  norma l l y  occupied i n  the 
veh i c l e .  The dose rate i n  the cabs of trucks transporting wastes to the CWOF 
i s  expected to be about 0 . 1% of thi s  l i mit for grout waste and l es s  than 0 . 2% 
of this l i mit  for other wastes. Part 177. 843 requires that the dose rate at 
each access i b 1 e surf ace of a vehi cl e be �O. 5 mrem/h before reuse. Exceedi ng 
this  l i m i t  by buil dup of residual waste on surfaces i s  very unl i kely,  consi der­
i ng that the dose rate at the l ateral surface of a ful l l oad of waste i s  only 
about 2 x 10-2 mrem/h for grout and about 2 mrem/h for other waste. 

Radiologi cal Impacts of Normal Transportation Operations. Radiological 
impacts for transportation are based on approaches outlined i n reports of the 
U . S .  Atomic Energy Commission  ( 1972) and U . S .  Nuclear Regul atory Comm i s s i on 
( 1977b ) ,  with parti cular reference to the methods of Chen et al . ( 1981). The 
radiological  impacts that were accounted for i ncl ude (1) the dose to persons 
surrounding the road (offl i nk)  whi l e  the shipment i s  mov i n g ,  ( 2 )  the dose to 
persons sharing the road ( o n l i n k )  trave l i ng i n  the same or opposi te d i rection 
as the shipment, and ( 3 )  the dose to workers transporting the wastes. These 
dose estimates are for penetrating radiation only; doses from i nhalation and 
i ngestion are assumed to be negl igible  because the phys ical forms of the 
wastes are expected to be such that l i ttle  or no dispersion would occur. 

The dose at the surface of a truckload of waste i s  based only on the 
Cs-137 content, the predomi nant gamma emitter i n  the wastes. The typical l oad 
i s  assumed to have a cyl i ndrical shape with a vol ume of 6 . 9  m3 (9 yd3L a 
radius of 91 em ( 3  ft) , and a l ength of 265 em (8. 7 ft) .  Gamma fl uxes and 
doses are calcul ated from the geometry described above, assuming 8 x 10-4 Ci  
Cs-137 per load of  grout and 6 x 10-2 Ci Cs-137 per l oad of  other waste and 
usi ng publ i shed graphs of (1)  functions of geometry and gamma absorption 
coefficients ( B l i zard 1958 ) ,  and ( 2 )  f l ux equivalents of dose rate ( U . S .  Oept. 
Health Educ. Welfare 1970 ) .  The esti mated dose to transportation workers i s  
based on the effects from gamma f l ux of a typical load on two cab occupants 
s h i e l ded by a 0 . 16-cm ( 1/16- ; n. ) sheet of steel . Estimates of total dose are 
based on loaded d i s tance only. Doses were calcul ated for two categories of 
waste: grout and a l l  other wastes. 

The radi o l ogical impacts of normal operations i n  transportation of wastes 
to the CWOF are summarized i n  Table 4 . 1  i n  terms of unit dose factors for 
persons partiCipating i n  the work (occupational , crew) and a l so for persons 
not participating i n  the work (nonoccupational , offl i n k  and onl i nk ) .  The 
total dose was obtained by mul ti plying the unit dose factor by the distance 
travel ed .  The transportation dose i s  the same for both d i sposal a l ternatives. 
The doses l i sted i n  Table 4 . 1  for crew members are �0.4% of the dose that 
woul d  be permitted by the whol e-body l imit  for occupationa l l y  related exposure, 
defined by DOE Order 5480. lA , Chapter X I .  Furthermore, the doses i n  Table 4 . 1  
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Table 4 . 1. Radiological Impacts Associated with Normal Operations 
i n  Transportation of Wastes to the West Chestnut Ri dge S i te 

Occu2ational 

Crew 

Nonoccupational 

Offl i nkt2 

Onl i nkt3 

Unit Dose Factors 
(person- rem/km) 

Grout Waste Other Waste 

1 . 0  x 10- 7 l. 7 x 10- s 

2 . 3  x 10-' 2 . 8  X 10-6 

6 . 9  x 10-9 8 . 3  x 10- 7 

Total Dose Incurred During 
CWOF Operating lifetime 

(person-rem) 

Grout Waste Other Waste 

2 . 6  x 10-2 8 . 5t ' 

6 . 0  x 10-3 1 . 4  

1 . 8 x 10-3 4 . 2  x 10-1 

tl This dose ; s  � 0 . 4% of the dose permitted by the whole-body l im i t  for 
occupati onal ly rel ated exposure (OOE Order 5480. 1A , Chapter X I ) .  
Further, assuming a crew o f  2 persons per truck, this dose would be 
divided among at l east 12 persons over the l i fetime of the CWDF. 

t2 Perta i n i ng to persons occupying positions i n  a 70Q-m band al ong both 
s i des of the road during shipment. 

t3 Perta i n i ng to persons travel ing on the roads i n  the same or opposite 
d i rection as the shipment. 

for nonoccupational exposures are a l l  �O. OOI% of the dose that the same popula­
tion wou l d  receive from natural background. An i ndividual res i d i ng i n  the ORR 
area receives an average radiation dose from natural background of about 
130 mremlyr (Boyle et al . 1982) .  

Radiol ogi cal Impacts of Transportation Accidents. During transport of 
the wastes , it is possible  for an accident to occur that coul d res u l t  i n  the 
re 1 ease of rad; oact; ve mater; a 1 s. I f  an ace i dent occurred duri ng t ransporta­
tion of wastes to the CWDF , i t  would be necessary for workers to c l ean up any 
material s that spi l l ed .  The l argest radi o l ogical impact resulting from a 
transportati on acci dent would be the dose incurred by these workers , but this  
dose is  expected to be smal l .  The accident rate for trucks transporting 
radioactive wastes i s  assumed to be that suggested by the U . S .  Nuclear Regula­
tory Commission (l977b) for truck travel , i . e . ,  1 . 06 x 10- 6 accidents per 
ki l ometer. The projected numbers of accidents are l i sted i n  Table 4 . 2. 

Two accident-recovery scenarios are postulated, and the rad i ol ogical 
impacts per occurrence are esti mated for both. I n  the fi rst scenario ,  50% of 
the load i s  spi l l ed .  For grout waste, such a l arge spi l l  woul d  probably 
involve sol i d i f i cation of grout at the accident s i te and require the help of 



Tabl e 4 . 2 .  Projected Numbers o f  Transportation Accidents 

One-Way Total Potential Acci dents Total Accidents 
Material  Number of Di stance Di stance Invol v i ng Release Invo l v i ng Release 

Transported Shi pments ( km) ( km) of Wastest1 of Wastest1 

Grout (Y-12) 12 x 103 13 1. 6 X 105 8 . 5  X 10-2 } 
1 . 4  X 10-1 (Grout) 

Grout (ORNL, ORGDP) 25 x 103 4 (avg. ) 1. 0 x 105 5 . 5  X 10- 2 

Non-grout (Y-12) 32 x 103 13 4. 1 X 105 2 . 2  X 10- 1 

2 . 6  X 10- 2 ! 
"-

Non-grout (ORNL) 16 x 103 3 0 . 5  X 105 2 . 7  X 10-1 (Non-grout) , .... '" 
Non-grout (ORGDP) 8 x 103 5 0 . 4  X 105 2 . 1 X 10-2 

tl Assuming 50% of the acci dents i nvolve release of wastes. 
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heavy equi pment to recover it. The recovery i s  assumed to require s i x  persons 
and two days. The dose from grout wastes would be 0 , 0009 person-rem, and the 
dose from non-grout wastes would be 0 . 11 person-rem. For comparison,  these 
doses are about 0 . 1% and 14%, respectively.  of the annual dose the workers 
woul d  rece i ve from natural background. Dispersion of spi l l ed grout by rain­
fal l i s  expected to add 1 i tt 1 e to the impact of thi 5 scenari 0 because the 
semi sol i d  grout would be capabl e  of absorbing a relatively large vol ume of 
water and also  because dispers ion,  i f  a sufficiently l arge amount of water 
were supp l i ed to cause i t ,  woul d  be l i mited to a relatively sma l l  area, 

I n  the second scenario ,  a mixer truck carrying semi sol i d  grout ; s  i nvol ved 
in an accident and its load sol i di f i es before recovery operations can get 
underway. The mixer i s  detached from the truck and buried whole at the CWOF , 
requiring three persons u s i ng heavy equi pment to spend three hours recovering 
i t .  The dose from the waste would be 2 . 3 x 10-4 person-rem, which i s  about 
O. I% of the annual dose the three persons woul d  receive from natural background. 

These scenarios suggest that radi ol ogical i mpacts from spi l l s  i n  trans­
portation accidents would be smal l .  One potential sequel to any spi l l  of 
radioactive materi a l s  in a transportation accident i s  the spread of radio­
acti v i ty to surface streams by runoff from precipitation. The r i s k  of wastes 
bei ng spi 1 1  ed onto the ground and subsequently spread by surface runoff of 
prec i p i tation i s  also expected to be smal l .  The spread o f  radioactive mater i a l s  
by such a n  event would b e  l i mited not only by the short time required for 
recovery of spi l l ed materi a l s  but a l so by restricting waste shipment during 
i nc l ement weather--as spec i fied in the operating criteria. 

The waste forms transported to the CWDF would be of l i mited' mob i l i ty 
because of the requi rements of the waste-acceptance criteria.  Therefore, i t  
i s  unl i kely that the wastes woul d  spread readi l y  i n  any spi l l s ,  i ncl uding 
those res ul ting from transportation accidents. 

I n  addition to occupational exposure resulting from a transportation 
accident, the possi b i l i ty of rad i o l ogical impact on nonoccupational personnel 
must be recogni zed. Because the popul ation density a l ong the route and the 
exposure dose rate of the wastes would be smal l ,  i t  i s  reasonable to expect 
that the rad; 0 1 ogi ca 1 impact of a transportat i on acci dent on nonoccupat i ona 1 
personnel wou l d  be smal l .  The maximum i nd i v i dual dose resulting from l oss of 
contents i n  a transportation acci dent ; s  assumed to be i ncurred by an onl ooker 
at the scene of the accident who i s  exposed to the penetrating radiation of a 
ful l  l oad for 10 mi nutes at a di stance of 6. 1 m (20 ft) before bei ng warned to 
move away. The. resulti ng maximum i ndivi dual nonoccupational dose would be 
9 x 10-8 person-rem for grout and 9 x 10-6 person- rem for non-grout. I n  
compari son,  these doses are 0 . 00007% and 0 . 007%, respect i vely,  of the annual 
i ndividual dose from natural background. 

A maximum i nd i v i dual dose to nonoccupati onal personnel has a l s o  been 
esti mated for a transportation scenario i n  which the waste carrier i s  not 
di rectly i nvol ved i n  an accident. For this  scenari o ,  it i s  assumed that one 
person spends 1 hour at the surface of the l oad whi l e  the f l ow of traffic i s  
stopped. Under these condi tions , the maximum i ndividual nonoccupational dose 
for each occurrence would be 0 . 000002 person-rem for grout waste and 
0 . 0003 person- rem for non-grout. I n  compari son,  these doses are 0 . 001% and 
0 . 2%, respecti vely, of the annual i ndivi dual dose from natural background. 
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It i s  expected that the transportation impacts would be s l i ghtly l ess i f  
the CWOF were s i ted at either East Chestnut R i dge or Central Chestnut Ridge 
rather than at the West Chestnut Ridge s i te. The reason for this is that the 
transportation risk. ( for a given type of waste) depends primar i l y  on the 
truck-mi l es transported. Both Central Chestnut Ridge and East Chestnut Ridge 
are cl oser to V-I2 , which has the l argest waste fracti on. It  should be noted 
that the transportation analysis for the West Chestnut Ridge shows that the 
radi ol ogical impacts are extremely low and sma l l  compared to fl uctuations i n  
background dose. Also ,  the accidents and resul t i ng i njuries and fatal ities 
anticipated are extremely smal l .  

4 . 1. 2 . 1 . 2 Di sposal 

Di sposal of the low-level waste would be made according to operational 
procedures developed spec i f ;  cal ly for the CWO F .  These procedures woul d 
emphas ; ze--among other things--minimi z i ng contami nation , u s i ng good house­
keepi ng technique s ,  and m i n i mi z i ng occupational exposure. Al though the AlARA 
concept would be fol l owed during operation of the CWO F ,  there would be radio­
l ogi cal impacts associ ated with disposal of the wastes. For this  E I S ,  only 
di sposal act i v i ties at the CWOF w i l l be considered. It is recogni zed , however.  
that additional radiological impacts woul d  be i ncurred by workers in  the 
treatment and hand l i ng of the wastes prior to shipment and empl acement at the 
di sposal s i te .  These impacts would take p l ace i rrespective of the CWOF , and 
wou l d  be subject to procedures developed at the fac i l i ties  that generate the 
LLW. 

The occupati onal exposure for di sposing of the wastes were estimated from 
the cal culated dose rates at the l ateral surface of a load of waste and based 
on the assumption that two persons would be i n  c l ose contact with a ful l load 
for 0 . 5  hour during unloading operations.  The estimates were made separately 
for grout waste and al l other wastes because of the relatively l arge di ffer­
ences i n  the; r radi oacti vi ty content. The occupationa I exposure i ncurred 
during the 40-year operational l i fe of the CWOF for the bel ow-grade al ternative 
would be 0 . 2  person-rem for the grout waste and 40 person-rem for a l l  other 
wastes. These doses are 0 . 05% and 10%, respecti vely ,  of the dose that wou l d  
be permitted by the whole- body l imit  for occupational ly rel ated exposure as 
defined by DOE Order 5480 . 1A Chapter X I .  I t  i s  esti mated that the occupa­
tional dose would be approximately 30-50% larger for the above-grade al terna­
t i ve because: ( 1 )  a trench would offer greater shi e l di ng ,  and (2)  above-grade 
di sposal would require l onger personnel exposure t i me for better stacking. 

4 . 1 . 2 . 1. 3 Potential Impacts to the General Publ i c  from 
Operational Accidents 

During operation of the CWD F ,  potential releases of radioactive material 
to the envi ronment could occur through onsite accidents , i ncl uding: (1) the 
sudden and complete rupturing of a waste package, or ( 2 )  an onsite f i re that 
would consume a number of waste packages. Both accidents coul d  result i n  the 
subsequent release of a portion of the contained radioactivity. 

In the fi rst category, the types and magnitude of acci dents potenti a l l y  
occurring at the di sposal s i te are genera l l y  s i m i l a r  to those potenti a l 1 y  
occurring during transportation of the LLW to the disposal s i te .  Impacts from 
such potential acci dents have been addressed i n  Section 4 . 1 . 2 . 1 . 1  and would be 
sma l l .  
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I n  the second category . an ace i denta 1 fi re i n a trench or tumu 1 us cou l d  
res u l t  i n  a short-term release o f  radioac t i v i ty t o  the atmosphere and subse­
quent radiation exposure to offsite i nd i v i dual s .  The maximum amount of LlW 
uncovered at any time i s  estimated to be about 1 . 1  x 104 ft3, Of this  amount , 
about 50% i s  conservatively assumed to be combust i b l e .  I f  a l l  o f  the radio­
nucl i des expected to be buried at the CWOF were present i n  maximum concentra­
ti ons , the quanti ties  of radionuc l i des gi ven i n  Table 4 . 3  woul d  be rel eased to 
the atmosphere by a f i re .  

It  is  assumed that during the fire ,  conservative meteoro l ogi cal conditions 
exist. A D-stabi l i ty cl ass ( neutral wind) and a I-m/s wi nd speed were assumed 
to transport a l l  of the rad ioact i v i ty to i nd i v idua l s  on Hi ghway 95 (at 1024 m ,  
the nearest poi nt at whi ch  a member o f  the pub l i c  mi ght be exposed and to 
i ndivi dua l s  at the nearest s i te boundary (2073 m di stance ) ,  Radiation doses 
to these maximal ly exposed i nd i v i dual s are gi ven i n  Table 4 . 4 .  Inhalation 
wou l d  account for about 98% of the dose, wi th submersion i n  radioactive a i r  
and exposure from contami nated ground surfaces accounting for the remai nder of 
the dose. 

Whole- body doses woul d  be due mai nly to thori um-232 (60%) and americi um-241 
(14%). These same radionuc l ides woul d domi nate the dose to red marrow. The 
dose to l ungs woul d be mai nly from pl uton i um radionuc l i des ( 51%) and thori um-232 
(24%) , whereas the dose to kidney woul d  be mostly from uranium radionuc 1 i des  
(87%). 

A l l  the doses are we l l  below the annual dose l im i t  a l l owed to an i nd i v i dual 
i n  an uncontro l l ed area by DOE Order 5480. 1A. 

4 . 1 . 2 . 2  Ecol ogy 

4. 1 . 2 . 2 . 1  Terrestrial 

Impacts to terrestr i al ecosystems wou l d  be less severe duri ng the opera­
tional phase of the CWOF than during the construction phase. Chemi cal wastes 
( e . g. I grease, oi l ,  and fue l )  could arise from equipment washdown, spi l l s ,  and 
so forth , but very l i tt l e ,  i f  any, should escape i nto offs i te surroundings 
because m i t i gative measures such as drai nage divers i on d i tches would be employed. 
Thus , no detrimental chemical impacts to terrestrial  systems are expected. 
Atmospheric rel eases from di esel engines wou l d  be sma l l  and are not expected 
to have adverse envi ronmental impacts. Use of gravel or d i rt roads wi thi n the 
immediate di sposal areas would generate dust al ong the roadsides.  

S i te i nsti tutional care woul d  continue 100 years past Area C cl osure ( see 
Appendi x  D) and would i nc l ude mai ntenance of the di sposal areas i n  early 
successional stages or i n  a cultivated l awn- l i ke condition,  Such habitat 
would l im i t  wi l d l i fe di vers i ty and use of the area relative to that whi ch 
currently ex i sts . However , a number of early successional p l ant species coul d  
occur on the affected areas , l argely dependent on the amount of l andscaping 
and vegetative control conducted duri ng the i nst i tutiona l -care period. 
Resul tant habi tat could vary from a l andscaped l awn (as exists on some of the 
other di sposal s i tes on the Reservati on) to that resembl i ng an ol d f i e l d .  
Potential early successional pl ant species that coul d occur i nc l ude: grasses 
and herbs (broomsedge, mi l kweed , aster, goldenrod, panic-gras s ,  Kentucky 
bl uegrass , and fescue) and l ow-growi ng trees and shrubs ( common persimmon, 
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Table 4 . 3 .  Radionuc l i des Released i n  a Fi retl 

Radi onuc l i de pC; released Radionucl ide pCi released 

H-3 L O x 1013  Sm-151 7 . 4  x 10 10 

C-14 9 . 0  x 10 '0 Eu-152 4 . 2  x 107 

Na-22 4 . 2  x 10' Eu-154 2 . 1  < 10" 

P-32 2. 1 x 10' Ir-l92 2 . 1  < 101 1  

Ca-45 2 . 1  x 10' Po-210 1. 1 x 108 

Mn-54 2 . 7  < 107 Ra-226 1. 3 <  10· 

Fe-55 4 . 2 x 10' Pa-231 2 . 1  < 10' 

Fe-59 6 . 1  x 107 U-232 2 . 1  x 10' 

Co-60 7 . 8  < 1010 Th-232 3 . 0  < 101 0 

Ni -63 4 . 2  x 10' U-233 8 . 5  < 108 

Sr-85 1 . 2 x 10" U-234 3 . 8  x 10" 

Sr-90 1 . 6 x 101 2 U-235 6 . 4  x 10' 

Y-90 1 . 6  x 101 2 Np-235 6 . 7  < lOs 

Zr-93 6 . 2  x 101 0 U-236 2 . 7  x 1010 

Nb-95 2 . 1  x 10" Np-237 1 . 6 x 10-' 

Tc-99 3. 2 x 1012 U-238 1 . 9 x 101 1  

Sn-121 1 . 1 < 101 0 Pu-238 1 . 9 x 10" 

Sn- 121m 4 . 2  < 10 10 Pu-239 6 . 2  x 108 

Te-123 1. 5 x 107 Pu-241 2 . 1  x 107 

1 - 131 1 . 6 x 108 Am-241 3 . 0  x 10" 

Ce-133 2 . 1  x 10" Pu-242 2 . 1  x 108 

Cs-134 8 . 9  x 101 0 Am-243 1 . 5 x 10" 

Cs-137 3 . 8  x 101 2 Cm-244 3 . 0  x 10" 

8a-140 2 . 1  < 105 Cf-249 8 . 5  x 10' 

Ce-144 1 . 5 x 1010 Cf-252 1 . 4  x 107 

Pm-147 l . l x 101 0 

t' Assumes that 5 . 6 < 103 ft3 of the waste i s  combusted. 
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Table 4 . 4 .  Doses to Maxima l l y  Exposed Indivi dual 
from a F i re i n  a Burial Trench 

Dose (mrem) 

location of Indivi dual Whole-Body Red Marrow Kidney 

Highway 95 (1024 m di stance) 

S i te boundary (2073 m distance) 

54 

17 

348 

108 

49 

15 

lungs 

84 

26 

bl ackberry . sassafras, sumac, hawthorn, and red mul berry (Ga l v i n  1979). Fauna 
that cou l d  occur i n  such habitats i nc l ude: deer mouse, whi te-footed mouse, 
eastern cottontai l rabb i t ,  woodchuck, l east shrew, f i e l d  sparrow, American 
goldfinch , common grack l e ,  star l i ng .  robi n ,  eastern meadowlark,  Ameri can toad, 
and eastern garter snake (Burt 1964; Conant 1975; Robbins et a1 . 1983 ) ,  The 
type of use of the di sposal s i te fol l owing the i nstituti ona l - care period would 
determine biotic devel opment. Restricted use ( a l l owing no development of the 
s i te )  would a l l ow secondary succession to occur. I n  this  case, either an 
upland hardwood or a mixed hardwood and p i ne forest would l i kely devel op ,  
resul t i ng i n  the reestab l i shment of habitat and biota s i m i l a r  to that whi ch 
currently exists on much of Chestnut Ridge. Unrestricted use would potenti a l l y  
al l ow for onsite development, e . g  . •  p i ne pl antations , agricul tural farming,  or 
housi ng .  Biotic assemblages uni que to each type o f  devel opment would become 
establ i s hed , but would be less di verse than that currently existi ng. 

It  i s  antici pated that impacts to terrestrial habitats associ ated with 
operation of the CWDF would be relatively the same regardl ess of whi c h  Chestnut 
Ridge s i te was used for the CWDF. 

4 . 1 . 2 . 2 . 2  Aquatic 

Chemical wastes ( see Section 4 . 1. 2 . 2 . 1) cou l d  also potential ly impact 
aquatic systems. However, because of s i te drai nage control and the low vol umes 
of such wastes , the potential for aquatic systems to be contaminated would be 
smal l .  Conti nued erosion would a lso  be possible  during operation but it i s  
expected to be less than during construction due to such measures a s  revegeta­
tion and drai nage control . 

Drought-i nduced pl ant dieoff coul d  occur on the di sposal covers (espec i a l ly 
for the tumu l i  al ternati ve) .  T h i s  cou l d  cause bare areas which i n  turn cou l d  
cause accel erated erosion. However, the amount of erosion would be less than 
during construction when a greater area of unvegetated l and would exist.  
Erosion control would continue to some extent during the lOO-year i nstitutional­
care period. For erosion potential fol l owing the i nsti tutional -care period, 
see Section 4. 2 . 1 . 1 . 

No s ignificant d i fference i n  the degree of impact to aquatic habitat 
rel ated to operation of the CWDF on the al ternative s i tes i s  foreseen because 
activities wi l l  be confined to the immediate di sposal area and not near water 
bodi es . 
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4 . 1 . 2 . 2 . 3  Mitigation ( Ecol ogy) 

With proper design and mitigative measures , the maximum potenti al 
contai nment--with m i nimal envi ronmental d i sturbance or conlamination--can be 
obtained over the longest time poss i b l e .  I n  this  regard , the trenches have 
been desi gned for: ( 1 )  l ong-term i so l at i o n ,  ( 2 )  minimum active maintenance 
and remedi a l  acti on,  ( 3 )  enhancement o f  natural phys ical advantage, (4) creation 
of surface drai nage patterns that would minimize trench i n fi l tration , and 
( 5 )  minimi z i ng of erosion. 

The trenches and grounds would be i nspected and receive mai n tenance on a 
regular schedule to control trench i n f i l tration. Erosional impacts to terres­
trial and aquatic habitats wou l d  be control led after s i te cl osure due to 
maintenance , monitoring, and cl earing of drai nage ditches during the 100-year 
institutional -care period. 

4 . 1 . 3  Cl osure and Insti tutional Control 

4 . 1. 3 . 1  Site Cl osure 

Site c l osure genera l l y  i nvolves ensuring that the di sposal units are 
securely cl osed and that the s i te i s  capabl e  of contai n i ng the wastes over a 
l ong-term period with a minimum of mai ntenance. S i te-closure acti v i ties would 
start at the end of the operating l i fetime and continue through a 5-year 
active-maintenance period. These activities would i nc l ude ( 1 )  decontami nating, 
di smantl i n g ,  and di sposal of a l l  structures that are not required i n  the 
fol l owing i nstitutional -control period; ( 2 )  i nspection of trenches and grounds 
and remedial action wherever necessary; (3)  observation of water-runoff 
patterns and adjustment of surfaces wherever necessary; (4) envi ronmental 
monitoring and decontami nation i f  required; (5)  pumping and , i f  necessary, 
treatment of contaminated water col l ected i n  trench sump s ;  and ( 6 )  repair  or 
repl acement of fencing. The radi ol ogical impact of the s i te-closure period i s  
expected to be even l ess than the relatively low impact expected for the 
operating period. Experience at commerci a l  sha l l ow-land burial grounds 
(Hadlock et a l .  1983) has shown that during normal operations at a l ow- l evel­
waste disposal s i te ,  the l argest doses are received by persons working in  the 
area of active trenches and by persons i nvol ved i n  offloading of i ndividual 
contai ners. In the cl osure period,  these two activities would be carried out 
only i nfrequently to d i spose of the relatively l ow vol ume of wastes that would 
be generated in decontami nat i ng and di smant 1 i ng equi pment and structures. 

F i ve potential sources of mi nor rad i o l ogical exposure i n  the c l osure 
period can be categorized according to the activities  i nvolved. One category 
i nvolves the exposure that would be i ncurred during the hand l i ng of l i quids 
pumped out of sumps. I n  cases where the radioacti v i ty i n  these l i quids pro­
h i b i ted their di scharge to the envi ronment,  they would be transported to the 
l i qui d-waste-treatment system at ORNl. The average concentration of radio­
activity i n  l eachate, however, i s  expected to be l ess than the average concen­
tration of radioacti v i ty ; n  buried wastes. A second category i nvol ves exposure 
i ncurred during the decontamination and di smant l i ng of equipment and structures. 
The decontamination operations might require such operations as sandblasting,  
hydrolyzing,  and scrubbing with decon sol utions. These acti v i ti es would 
i nvolve m i nimal quantities of radioacti v i ty because operating criteria would 
1 i mi t the accumul at i on of radi oacti vi  ty on surfaces duri ng the operating 
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l i fetime of the CWOF. A third category of exposure would occur during disposal 
of the mater i a l s  from decontaminating and di smantl i ng the l ast  di sposal unit.  
The dose rate from such act i v i ties  shou l d  be small because of the smal l 
quanti ties of radioacti v i ty. A fourth category of exposure would result from 
monitoring act i v i ti es ; this source also ; s  expected to contribute only a smal l 
dose. The fi fth category of exposure would result from cl osed disposal units 
i n  such operations as (a) f i nal  grading and seedi ng,  ( b )  fi nal surveying,  
( c )  f i nal  i nspection of al l  trenches , and Cd)  repa i r  of  trench caps. The 
exposure from c l osed trenches i s  expected to be less than that experienced at 
commercial LLW di sposal s i tes because the average concentration of radio­
activity would be l ower. 

The major radiol ogical impact of the cl osure period i s  expected to consist  
of the external dose to the work force. This  impact can be estimated by 
assuming that the exposure dose rate for the cl osure work force woul d  be about 
equal to the exposure dose rate for the maintenance work force during the 
operat i ona 1 peri od ( 0 . 05 person- rem/yr) . Thus , i f  the c l osure peri od i s  the 
pl anned 5-year active-mai ntenance period, the total radi ol ogical impact would 
be expected to be about 0 . 25 person-rem. I n  compari son,  i f  a crew of five 
persons i s  i nvolved, t h i s  dose i s  about 8% of the dose that t h i s  group of 
workers would receive during the 5-year period from natural background. 

4 . 1 . 3 . 2  Institutional Control 

Just as the radiological impacts of the s i te-closure period are expected 
to be less than those of the operati ng period because of reduced operational 
acti v i ty ,  the radiological impacts of the insti tuti onal-control period are 
a l so expected to be l es s  than those of the s i te-closure period because of 
further reduction i n  acti vities .  I f  the i nstitutional-control period proceeds 
as expected , there woul d be no handl i ng of radioactive materi a l s  during this 
time. The mai n acti vities would consist  of ( 1 )  routine i nspections , (2) mainte­
nance of fences , ( 3 )  repa i r of any caps that deve l op subs i dence, ( 4 )  rna; nte­
nance of vegetative cover, and ( 5 )  post-closure envi ronmental monitoring. The 
mai n  type of exposure expected from such acti v i ties would be mi nimal radiation 
from covered disposal units.  As described above, the dose rate from a covered 
disposal unit  at the CWDF is expected to be l ess than the 0 . 01 mR/h experienced 
i n  operation of the Barnwe l l  l ow-level -waste disposal s i tes (Chern-Nuclear 1980) .  
I f  the i nstitutional-control period requi red exposure o f  two persons to covered 
di sposal units for 2 hours per day for 200 days per year at 0 . 01 mrem/h ,  the 
total dose over a 100-year i nstituti onal-control period would be less  than 
0 . 8 person-rem. For compari son , this  dose i s  about 3% of the dose that 
two persons would received i n  100 years from natural background. 

4 . 2  LONG-TERM IMPACTS 

Assessments of l o ng-term envi ronmental impacts must take i nto account the 
large uncertainties i n  the esti mates of those impacts. There are three major 
sources of these uncerta i nties .  One i s  the inherent l i m i tations i n  the model s  
used: even the most sophisti cated model s  are very s i mpl i f ied representations 
of the comp l i cated phenomena that determine the impacts. A second source o f  
uncertai nty i s  l ack o f  spec i f i c  data for parameters needed for the model . For 
examp l e ,  the rate at which radionuc l i des are l eached from the waste by i nfi l ­
trating water i s  a criti cal parameter that i s  not known ( i n  part because i t  
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depends on a number of other unknown parameters , such as the chemical and 
physi cal  properties of the waste at the time that the l eaching occurs ) .  A 
third source of uncertainty i s  l ack of specific  knowledge about factors 
contro l l i  ng n scenari OS" . i .  e. , of condi t i cns , events . and human act i v i t  i es , 
that might occur 100 years or more i n  the future. The greatest uncertai nty i n  
impact prediction ; s  from the second and third sources. 

The general approach taken to solve the problem of lack of data or 
inabi l i ty to foresee future scenarios i s  to use parameter values based on 
extrapol ations from past or current experience, rel ated data, or expert opinion. 
Two strategies are commonly adopted for laking i nto account the unavoidably 
large uncertainties i n  these j udgmental estimates. One--the "best estimate" 
strategy-- i s  to attempt to make rea l i st i c  estimates o f  the data and scenario 
parameters . The uncertai nty in the estimates i s  tempered by i ntroducing a 
conservative bias into each estimate, but otherwise attempting to be as 
real istic  as poss i b l e .  The other--the "worst casel! strategy-- i s  t o  i ntroduce 
a upper bounding estimate for each parameter i n  order to ensure that the f i nal  
estimate of the i mpact is  bounding. 

The optimum choice of strategy depends on the i ntended appl ication and 
the ci rcumstances. The overal l objective of prov i di ng envi ronmental i nforma­
tion needed for dec i s i on-making l eads to two applications: for comparing the 
envi ronmental consequences of di fferent al ternatives and for assess i ng the 
need for mi tigative action. The best-estimate strategy ;s marginal ly advan­
tageous for comparative assessment of al ternatives because the errors i n  the 
differences between impact predictions for the al ternatives are genera l l y  l ess 
for a best-estimate strategy than for a worst-case strategy. The advantages 
and d i sadvantages o f  the two strategies are approximately bal anced for assess­
i ng the need for mitigative action i f  the impacts are not eas i ly quanti fied or 
i f  wel l - defined standards do not exi st.  A best-estimate strategy provides a 
more real i st i c  picture of what i s  l i kely to happen; a worst-case strategy 
provides insi ght i nto the worst s i tuation that i s  l i kely to occur. In ci rcum­
stances for which the impacts can be expressed i n  quantitative terms and 
standards i n  the form of quantitative l imits have been estab l i shed, the worst­
case strategy i s  c l early preferable i f  the bounding esti mate of the impact 
turns out to be less  than the establ i shed l i mi t. I f  the bounding estimate of 
the impact exceeds the establ i shed l i mit ,  then there is no c l ear advantage of 
one strategy over the other. However, for ei ther choice i t  i s  then important 
to have an estimate of the probable error i n  order to be abl e  to assess the 
l i ke l i hood that long-term impacts might exceed establ i s hed l imits .  Credible  
estimates of the errors are di fficul t ,  and sometimes impos s i b l e ,  to obta i n .  

A best-estimate strategy was adopted i n  t h i s  document for al l envi ron­
mental impacts except estimates of radionucl i de concentrations i n  water and 
radiological impacts , for which a worst-case strategy was adopted because 
wel l - defined quantitative l imits have been estab l i shed for these impacts. The 
esti mated upper bounds for some of the radiological impacts were found to be 
l arger than the l imits imposed by current radiation protection standards. A 
di scussion of the i mp l i cations of these results i s ,  therefore , i n  order. 

The impl i cations depend on the error i n  the estimates. Data needed to 
carry through a deta i l ed error analysis that woul d provide case-spec i f i c  error 
estimates are l acking.  However,  a judgmental estimate can be based on the 
fol l owing considerations. For a best-esti mate strategy . it i s  genera l l y  
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accepted that state-of-the-art model s  used for eval uat i ng radial; on doses 
received v i a  terrestrial and aquatic pathways overestimate the doses by any­
where from two to s i x  orders of magnitude (Vaughan et a1 . 1981) ,  Some authori­
ties have estimated that the absolute error band i n  calcul ated radiation 
exposure to a population exposed through aquatic food chains might be a 
m i l 1 ionfo l d  (Hoffman 1978 ) .  Underesti mates are consi dered much less l i kely 
because conservative assumptions are made even in the best-esti mate approach; 
however, they cannot be ruled out, and underesti mates by a factor of up to 100 
are considered possible  ( U . S .  Dept. Energy Undated) .  These esti mates have yet 
to be proven or di sproven,  but they represent a cross section o f  expert judg­
ment. 

The quanti ty of i nterest for i nterpreting worst-case estimates ; s  the 
ratio of the bounding dose estimate obtained by a worst-case strategy to the 
probable maximum radiological impact ( specified as the dose to the maxima l l y  
exposed i ndi vi  dua 1 ) .  T h i  s rat i 0 w i  1 1  a 1 ways be greater than un i ty i f  a 
consi stent worst-case strategy i s  used. I f  the bounding estimate for a worst­
case strategy corresponded to a least upper bound ( i . e .  I a shift i ng of the 
estimate from the best-esti mate value to a value corresponding to the outer 
l i mit  of the error band for the best-esti mate case ) ,  then one coul d reasonably 
set the ratio equal to the square root of the total error band for a best­
esti mate strategy. On the bas i s  of the preceding considerations , one may 
reasonably i nfer that the ratio of the worst-case bounding est i mate to the 
probable maximum i nd i v i dual dose i s  at l east 10 and probably cl oser to 1000. 
The assumed parameter values used i n  a worst-case strategy are nearly always 
more conservative than the values one woul d  obtain by using values at the 
l i mits o f  estimated error bounds. When this  added conservatism i s  taken i nto 
account, one can be reasonably assured that the bounding estimates are over­
estimates by at l east a factor of 10 and probably 1000 or more. This over­
estimate of the hydrological and radi o l og i cal impacts must be kept i n  mind i n  
assessing the need for action to miti gate the potenti al l ong-term radiological 
impacts. 

Regardl ess of the reasons one mi ght give i n  support of the expectation 
that the actual dose to a maxima1 1y exposed i ndivi dual wi l l  be l es s  than the 
regul atory l i mit  even though the bounding estimate exceeds the regul atory 
l i mi t ,  the i rremovabl e  uncertai nty i n  the estimates imposes the need to examine 
possible  mitigating measures. These are di scussed i n  connection with the 
estimates of the various impacts i n  the fol l owing sections. The duration of 
i nstituti onal contro l s  is a key factor in some of the miti gative measures 
proposed, and merits mention at thi s  point. 

An i nstitutional control period of 100 years is assumed for this E I S .  
Impacts are cal culated o n  the assumption that i nstitutional controls w i l l  end 
after 100 years and that immediate fai l ure of al l measures to i s o l ate the 
radionucl i des from the envi ronment wi l l  occur at that time. However, i n  view 
of the uncertai nties i n  the impact estimates, the option of conti nued i nsti­
tutional control i s  i nc l uded as a pos s i b l e  mitigative measure. Thi s option i s  
not commonly consi dered for commerci a l  low-level radioactive waste ( 10 CFR 61) ; 
however, i t  i s  i mpl i c i t  i n  the l i cens i ng provi si ons and standards for mi l l  
tai l i ngs (40 CFR 192 ) .  S i nce the problem arises i n  the present c i rcumstances 
as a consequence of the presence of U-238 i n  the waste, which presents a 
potential hazard that i s  more nearly l i ke mi l l  tai l i ngs than commerci al llW 



4-20 

with respect to i ts duration,  i t  ; s  consi dered appropriate to consider exten­
sion  of institutional control beyond 100 years as a possible  option. A control 
system desi gned to be effective for at l east 200 years and , to the extent 
reasonably achievab l e ,  for up to 1000 years i s  requi red for m i l l  tai l i ngs 
(40 CFR 192) .  It i s  unl i kely to be necessary to i nvoke this  opti on. The more 
l i kely occurrence i s  that more rea l i st i c  estimates w i l l  become possible  before 
the end of the i nstituti onal control period , and that these estimates wou l d  
provide a credible  basi s  for unrestricted release o f  the s i te at the end of a 
IOO-year period. Use of bounding estimates serves to emphasize the uncertai nty 
i n  l o ng-term estimates and the i mportance of monitoring activiti es to provide 
data that can be used to reduce the uncertai nty i n  the estimates before the 
end of the i nstitutional control period. 

4. 2 . 1  S i te I ntegri ty 

After cl osure of the bel ow-grade trenches or above-grade tumul i ,  phys ical 
and biological processes can affect s i te i ntegrity over the l ong term. Fol l ow­
i ng is  a general di scussion of these processes and the i r  potential impact on 
s i te i ntegrity. The resul tant radi o l ogical impacts associ ated with s i te­
i ntegrity fai l ures caused by such mechanisms as eros i o n ,  human i ntrus ion ,  
subs i dence due to karst format i o n ,  and biolog i c  and seismic effects are 
evaluated i n  Section 4 . 2 . 2. Because these fai l ures are l i kely to be i nter­
related, the analysis of radiological impacts i n  Section 4 . 2 . 2  addresses a 
possible  worst-case scenario bounding al l such fai l ure mechanisms. 

4 . 2 . 1 . 1  Erosion 

4 . 2 . 1 . 1 . 1  Sheet and R i l l  Erosion 

Soi l  eros i on, by the action of water, cou 1 d prove to be an important 
factor i n  the l ong-term i ntegrity of the s i te. The soil  eros ion process can 
degrade the stabi l i ty of the protective cap. and the gradual loss and degra­
dation of the barriers pl aced over the wastes wou l d  eventual ly al l ow penetra­
tion of the wastes by pl ant roots. The subsequent uptake, transl ocati o n ,  and 
accumulation of waste constituents by pl ants cou l d  serve to transport these 
materials  i nto food cha i ns and the surrounding envi ronment. With complete 
erosion of the cap (or portions thereof) , contaminated wastes could al so be 
eroded and transported i nto the surrounding envi ronment. To eval uate the 
effects of soi l erosion on the integrity of the waste-containment design ,  
potential soi l loss  is  estimated for each al ternative des ign.  

The U . S .  Department of Agricul ture ' s  Uni versal Soi l Loss Equation (USlE) 
has been used to eval uate the erosion potential of cover at disposal faci l i ti es 
and to demonstrate the l ongevity of such covers. Al though i ni tial ly  developed 
for evaluating average annual soil  l oss on cropland due to water eros ion ,  the 
equation has been found to yiel d good estimates of long-term average sheet and 
ri l l  erosion rates on uni form s l opes such as those at waste-burial s i tes i n  
the eastern United States ( Foster 1979). The USlE has been used by the 
U . S .  Nuclear Regul atory Comm i s s i on (1980) , the U . S .  Envi ronmental Protection 
Agency (1982 ) ,  and the U . S .  Department of Energy ( 1983b ) .  

I n  this analys i s ,  the average annual o r  l ong-term average seasonal erosion 
rate for the West Chestnut Ridge s i te is esti mated u s i ng the USlE (Wischmeier 
and Smith 1978) according to the assumptions detai l ed by Knight (1983a ) .  Soi l 
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loss (per unit area per year) due to water erosion ; s  computed as the product 
of five major factors: 

Soil  Loss = ( R J  (K)  ( LS )  (e)  ( P )  

where R ;  rai nfal l and runoff factor, K = soi l erodi b i l i ty factor, LS = topo­
graphic or s l ope-l ength factor, C = vegetative cover/management factor ,  and 
P = eros ion control practice factor. 

Damage of the covers caused by water erosion are eval uated only for the 
l ong-term period (100 to 1000 years , or a total of 900 years ) .  During the 
i n i tial IOO-year period .  i t  ; s  assumed that there wi l l  be no net l oss of soi l 
from the caps because 5 i te rna; ntenance act; v i t; es wi 1 1  i nc 1 ude add; t; on of 
soi l material to the caps to replace any eroded soi l s .  

The dominant surface soi l  at the Chestnut Ridge s i tes  i s  the Ful l erton 
cherty s i l t  l oam ( Luxmoore et al . 1981) .  I t  i s  assumed that F u l l erton loam 
wi l l  be used as the 1. 8-m (6-ft) topsoi l cover on the disposal si te. 

During construction of the cap, the cover soi l s  wi l l  be compacted to 
varying extents by trucks and heavy earth-mov i ng equi pment. Such compaction 
wi l l  drasti cal ly a l ter the phys i cal characteri stics of the soi l such as bul k 
density, thereby a l tering the soi l erodi b i l i ty factor ( K ) .  With time,  however, 
the phys ical characteristics of the cover soi l s  w i l l  return to a state s i m i l a r  
to that o f  undi sturbed native so i l s  of the same soi l c l assi fication due to 
such processes as the action of pl ant roots penetrati ng the cap surface, frost 
heave, and soil  desiccation. For the l ong-term period, therefore, the bul k 
density of  undi sturbed F u l l erton l oam soi l s  wi l l  be used to estimate the 
K factor. 

Long-term vegeta t i on management ( i .  e . , 1 and use) i s  the s i ngl e mas t 
important determ i nant of the rate o f  water eros i on at a waste-burial s i te 
(Knight 1983a) .  The  range of  soi l l oss that can be expected at the West 
Chestnut Ridge site for the l ong-term p�riod (200 to 1000 years) i s  estimated 
by assuming that erosive and nonerosive l and uses (agricul ture and natural 
succession to forest , respectively) represent the extreme bounds of poss i b l e  
uses affecting l ong-term erosion rates. The erosive l and use assumes that the 
West Chestnut Ridge s i te is used for 4-year crop rotation of wheat, meadow, 
and corn (grown i n  two successive years) using good soi l management practices 
( e . g . , contour pl antings) (Wischmeier and Smith 1978). This l and-use pattern 
i s  eval uated as a worst-case erosion scenario only and i s  not expected to 
occur. The noneros;ve land use i s  assumed to be a mature oak-hi ckory forest ,  
the l ocal c l i max vegetation for the West Chestnut Ridge s i te (Whi ttaker 1975) .  
The values of the vegetative cover factor (C)  for each o f  the various succes­
s i onal stages i nvolved i n  the development of mature forests of the s i tes have 
been determined using i nformation presented i n  Wischmeier and Smith ( 1978) and 
are presented f n  Tab l e  4 . 5. 

The erosion calcul ations do not a l l ow for variations of the soi l erodi­
bi l i ty factor ( K )  for the various cover l ayers. It  i s  possible  that the rate 
of erosion may be reduced by the cobble-gravel l ayer. Agricul ture may not be 
poss i b l e  i n  such l ayers but, simi larly,  pl ant devel opment may be reduced on 
these l ayers , thereby reducing vegetative cover and i ncreasing erosion losses.  
Natural succession rates would a l so be s l owed by these layers. 
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Table 4 . 5 . Land Use,  Stage of Succession ,  and Universal Soil  Loss Equation (USlE ) 
Factors Used i n  Estimating Water Erosion from the CWDF 

Length of USLE Factorst2 
Stage of Stage 

Land Use Successiont1 (yr) R Kt3 LSt4 

Agricul turet5 900 470 0 . 28 6. 0 , 0 . 3 , 5 . 0  
(4-yr crop rotation) 

Natural succession O l d  fiel d/meadow 50 470 0 . 28 6 . 0 , 0 . 3 , 5 . 0  
(oak-hickory forest) Shrub 250 470 0 . 28 6 . 0 , 0 . 3 , 5 . 0  

Early forest 200 470 0 . 28 6 . 0 , 0 . 3 , 5 . 0  
Mature forest 400 470 0 . 28 6 . 0 , 0 . 3 , 5 . 0  

Agri c u  1 turet s 900 470 0 . 28 0 . 5  
(4-yr crop rotation) 

Natural succession O l d  f i el d/meadow 50 470 0 . 28 0 . 5  
(oak- h i c kory forest) Shrub 250 470 0 . 28 0 . 5  

Early forest 200 470 0 . 28 0 . 5  
Mature forest 400 470 0 . 28 0 . 5  

C p 

0. 35 0 . 5  

0 . 011 1 . 0  
0 . 04 1 . 0  
0. 011 1 . 0  
0 . 001 1 . 0  

0 . 35 0 . 5  

0 . 011 1 . 0  
0 . 04 1 . 0  
0 . 011 1 . 0  
0 . 001 1 . 0 

t l  General successional patterns developed from i nformation i n  Daubenmire (1968) , Wh i ttaker (1975 ) .  and 
VanKat ( 1979 ) .  

t2 R = rainfal l and runoff factor; K = s o i l  erodi bi l i ty factor ;  lS = topograph i c  o r  s l ope/length 
factor; C = vegetative cover/management factor; P = erosion control practice factor. A l l  data from 
Wischmeier and Smith (1978) , except K factors obtained from state soi l conservation services for 
the Ful l erton s i l t  l oam and LS factors estimated u s i ng Wischmeier and Smith (1978) and burial s i te 
dimensions and structural detai l s .  

t3 No account has been taken of the effectiveness of the cobble/gravel l ayer i n  reduc i ng the erosion 
rate. The weathering rate of such a l ayer i s  dependent upon the rock type used. 

t4 Three lS factors g i ven for the tumul u s  desi gn represent the LS factor for the steep outer s l ope of 
the mound, the top s l ope of the mound, and the average tumu l us s l op e ,  respectively. 

t5 Agricul tural erosion rates are con s i dered here to represent a worst case for sheet and ri l l  
eros ion.  Such l and use i s  not expected to occur at the Chestnut Ridge s i tes.  

... , N N 
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The average annual soil  l osses are calcul ated using the val ues presented 
i n  Table 4 . 5 .  The l ong-term soi l l osses , which are derived by extrapolation 
of the average annual s o i l  loss esti mates , are presented in Table  4 . 6 .  Such 
estimates are used solely to compare the relative potential for loss of contain­
ment under the trench and tumu l us scenarios and are not intended to predict 
the actual l ongev i ty of containment. 

It shou l d  be noted that the USLE can be used to estimate an idea l i zed 
average rate of soil  1 055 from a s l op i ng surface. I n  actua l i ty .  however,  
locali zed variations i n  soi l texture , vegetative cover, drainage, etc . •  along 
a given s l ope could i ncrease or decrease 50; 1 erosion rates at spec i fi c  l oca­
tions along the s l ope. Erosion rates a l ong a given s l ope may a l s o  be sma l l er 
downsl ope as the material eroded from upsl ope areas i s  redepos i ted. 

Because the USLf cannot be used with any val idity to analyze erosion 
rates for s l opes i n  excess of 18% and because of the change of  the s l ope 
parameter ( lS )  with time , *  an averaged sl ope for the tumul us p i l es was also  
eval uated, Thi s  averaged s l ope esti mate reflects an underestimation of the 
erosion rates for the steep s i de s l opes of the tumu l us and an overestimation 
of the erosion rates for the more gentle top s l opes .  Such averaged s l opes , 
however, may more closely approximate the u l t i mate shape of the tumu l us i n  the 
l ong-term period. 

Changes i n  envi ronmental factors such as c l i mate and topographic rel i ef 
that could occur during the long- term period would subsequently a l ter the 
composition and structure of pl ant communi ti es on the Chestnut Ridge s i tes. 
Changes in these factors wou l d ,  in turn, al ter the rate of soi l erosion. 
Unfortunately.  current state-of-the-art mode l i ng is not capab l e  of predicting 
such change s .  

Al though the constraints o f  the USlE (foster 1979) l i mit  the accuracy of 
the soi l erosion esti mate for the Chestnut Ridge s i tes , a number of general 
conc l usi ons can be made. Neither erosive nor nonerosive l and-use patterns 
(agricul tural or natural succession)  would result i n  the complete erosion of 
the protective earthen cover over the wastes i n  the trench design.  Only under 
the unl i kely erosive l and-use pattern would complete erosion of the protective 
cover of the tumu l us occur prior to 1 , 000 years. Sheet and ri l l  eros ion 
losses would be greatest for the tumul us design under an agricultural land-use 
regime and woul d  be m i n i mal for the trench design under both agricul tural or 
natural succession regimes. 

4 . 2 . 1. 1 . 2  Gul ly  Erosion 

Although the USlE can be used to approximate l o ng-term soi l erosion l oss 
from the cover systems by sheet and ri l l  eros i o n ,  i t  cannot be used to esti­
mate the potenti a l l y  severe l osses due to g u l l y  erosion. There are two forms 
of gul ly erosion: ( 1 )  "headcutting" or erosion of gul l i es from adjacent 
drainage areas and subsequent i ntrusion i nto the di sposal area, and ( 2 )  "di rect 

*Upslope erosion and subsequent downslope deposition would  result i n  i ncreases 
i n  s l ope length and decreases i n  s l ope height. 



Tab l e  4. 6 .  Estimates o f  Annual and long-Term Erosion o f  the Earthen Cover Systems 
for the Tumul us and Trench and Cover Thi ckness at 500 and 1 , 000 Years 

for the Trench and Tumul u s  Al ternatives at the Chestnut Ridge S i tes 

Parameter 

Steep outer s l ope of tumulus (4:1) 

Top slope o f  tumul u 5  

A�eraged s l ope of tumul u s  or trench 

Parameter 

Steep outer s l ope of tumul u s  (4:1) 

Top s l ope of tumulus 

A�eraged s l ope of tumulus or trench 

. _ - - - - - - - - - - - - - - - -

Parameter 

Steep outer s l ope of tumul u s  (4:1)  

Top s l ope o f  tumulus 

Averaged s l ope of tU/llulus or trench 

Annual Erosion Rate (cli/yr) RelatiYe to land Use (Vegetati on) 

Agricul ture12 

1 . 0  - 0 . 3  

0.09 

1 . 0  - 0 . 3  

Tumul u s  

Natural 
Successi ont3 

0 . 2  - 0.006 

0 . 09 - 0 . 0003 

0 . 2  - 0. 005 

Trench 

Agricul ture12 

0.09 

Natural 
Successi ont3 

0.04 

Total Erosion 1�. R,' atl�_�l_a!l_d Use (Ve.Qe.\.ati ol)l 

Tumulus Trench 

Natural 
Agr i c u l turet2 

Natural 
Succession13 Agricul ture12 Successi on13 

500 yr 

2 . 1  

0 . '  

2 . 0  

1000 yr 500 yr 1000 yr 500 yr 1000 yr 500 yr 1000 yr 

3 . 5  0 . 7  0 . 8  

0.75 0 . 04 0.04 

3 . '  0 . 6  0 . 6  0 . 2  0 . 7  

Esti.ated Co�er Thickness (m) 

TUllulus Trench 

Natural 

0.03 0.04 

Natura 1 
Agricul turet2 Successiont3 Agricul turet2 Succt'Ssionfl 

500 yr 1000 yr 500 yr 1000 yr 500 yr 1000 yr 500 '1r 1000 yr 

0 . '  - 0 . 5  2 . 3  2 . 2  

2 . '  2.25 2 . 96 2.96 

1 . 0  -0.4 2.' 2.' 2 . 8  2 . 3  2 . 97 2 . 96 

l' Estimates are i ntended for purposes of comparing the relative potential  for the loss of contai nment result­
ing from sheet and r i l l  erosion only, not for predicting the actual longevity of containment. lhese esti· 
mates do not eval uate the effectiveness of the cobble/gravel layer in slowing the rates of erosion for 
either the tumulus o r  trench design. 

12 Four-year crop rotation. This land-use pattern i s  eval uated as a worst-case erosion scenario and is not 
expected to occur at the Chestnut R i dge s i tes. 

13 Oak-hickory forest. 

... , N ... 
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gul ly erosion" or the formation of gul l i es di rectly on the di sposal fac i l i ty 
cover. At present, there are no mode l s  that can predict the poss i b i l i ty or 
extent of erosion losses by gul ly erosion. 

Because of the topograph i c  rel i ef and drainage networks at the Chestnut 
Ridge s i tes.  "HeadcuttingU gUl lying i s  possible  and cou l d  affect both the 
trench and tumul U5 cover designs. However,  because there ; s  mature c l i max 
vegetati on cover i n  the areas surrounding the s i t e ,  there ; s  less poss i b i l i ty 
that such g u l l y  erosion would develop. Removal of this vegetation by fire or 
changes i n  land use cou l d  trigger " headcuttingll gul lyi ng of drai nage systems 
adjacent to the waste-disposal fac i l i ties .  

The potential for I Idi rectl! gul ly erosion to occur at the Chestnut Ridge 
s i tes would be dependent upon the stab i l i ty of the vegetative cover of both 
the trench and tumulus designs and on the s l ope stabi l i ty of the tumulus 
design. Loss or reduction of the vegetative cover as a result of drought, 
f ire ,  l and-use changes, etc . , as wel l  as seasona l l y  heavy rai ns cou l d  trigger 
II  di rectI! gu l ly deve 1 opment i n  ei ther the trench or tumul us fac i l  i ties al though 
the losses would be potential ly more severe for the tumulus des i gn because of 
the greater topograph i c  re l i ef.  The steep outer s l opes of the tumul u s  pi l e  
would be espec i a l ly vul nerable to gul ly  eros ion. Fai l ure of the tumulus s i de 
s l op�s as a result of saturation or seismic events coul d  also i n i ti ate gul ly  
erO S l on .  

The magnitude o f  gul ly erosion possible  a t  the Chestnut Ridge s i tes 
cannot be esti mated at this  time. If  a s i te i s  not under active routine 
surve i l l ance , gul ly erosion losses may be substantial , and such l osses cou l d  
jeopardize the contai nment systems . The probabi l i ty of gul ly  erosion after 
controls are l i fted i s  con s i derably greater for the above-grade al ternative 
than for the bel ow-grade al ternati ve. 

4 . 2 . 1. 2  Geologic Effects Appl icabl e to the Trench and Tumul us Designs 

Although deta i l ed geologic i nvestigations conducted ; n  the disposal area 
have fai l ed to l ocate any solution features ; n  the immediate v i c i n i ty of the 
West Chestnut di sposal faci l i ty (Woodward-Clyde 1984 ; Ketel l e  and Huff 1984 ) ,  
such sol ution features are known to occur i n  the Knox Formation ( see Sec­
tion 3 . 2 . 2 ) .  Any karst features, i f  present under the di sposal area, cou l d  
pose a potential threat to the i ntegrity o f  ei ther the tumulus o r  trench 
di sposal fac i l i ty des igns.  Enl argement and col l apse of any such karst features 
under the di sposal faci l i ties cou l d  result i n  the partial or possibly total 
subsidence of either the trench or tumulus type fac i l i ty over the sol ution 
feature. Depending on the extent of such subsi dence , the cover systems of 
ei ther type of disposal faci l i ty cou l d  be disrupted--al l owing i ncreased 
i nfi l tration of surface waters to the wastes. Such i nc i dents , however, are 
considered unl i kely for the proposed trench or tumulus designs because of the 
phys i cal  properties of residuum soi l s  and the mitigative measures consi dered 
i n  the selection and design of the disposal faci l i ty. 

The range of age of soi l formation on the Chestnut R i dge s i tes is bel i eved 
to have extended from l ate Tertiary or early Plei stocence ( 1  mi l l i on years) to 
Hol ocene or Recent (post European settlement) ( Lee et al . 1984 ) .  The residuum 
so i l s  are composed of the i nsoluble residue resulti ng from weathering of the 
carbonate rock over a certa i n  time period. A conservative estimate of the 
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rate of bedrock weathering and soi l formation i ndicates that several tens of 
thousands of years were requi red to form the existing soi l mass (Kete l 1 e  and 
Huff 1984). This time span suggests that the soi l s  at West Chestnut Ridge 
s i te have remained i n  p l ace for the i r  formations for periods of lime far 
exceedi ng the performance period of a LLW-di sposal faci l i ty. I n  addi t i o n ,  
measures have been taken to avoid l ocating potential disposal areas i n  proximity 
of known karst features. The s i te has al so been desi gned to exclude the 
mapped karst features from the areas usable for trench or tumu l us l ayout. The 
exclusions extend from the center of the karst feature to the peri meter of the 
area of topographic i nfl uence of the karst features. With these considera­
tions , i t  i s  expected that the occurrence o f  karst features on the s i te and 
the potential consequence of a karst soi l col l apse would be al l e v i ated. 
Nevertheless , the pathway analyses as presented i n  Section 4 . 2 . 2  considers a 
wars t-case ana lys i s app 1 i cab 1 e to fai l ure of a l l  di sposa 1 desi gn features 
i nc l ud i ng occurrence of karst subsidence. 

The potential for moderate damage from earthquakes i n  eastern Tennessee 
(see Section 3 . 2 . 3 )  suggests the poss i b i l i ty of fail ure of the steep outer 
s l opes of the tumulus di sposal uni t during the l ong-term period. Se i smical ly 
tri ggered fail ure of  the tumu l us woul d  be most l i kely to  occur if  the tumu l us 
became saturated fol l owing fail ure of the i nternal drai nage system of this 
design ( see Section 4 . 2 . 1 . 3) .  Sei smic activity might a lso  trigger settling o f  
the sand l ayers i n  the cover systems o f  both the trench and tumulus  des igns , 
resu I t  i ng i n  di 5 turbance of the drai nage sys terns of the di sposa 1 f aci l  ity. 

4 . 2 . 1 . 3  Potential Design Fail ures 

4 . 2. 1 . 3 . 1 Tumulus 

The existence of ceremon ial  mounds found throughout the world demonstrates 
the survivabi 1 i ty of man-made earthen structures for periods exceedi ng 
1 , 000 years. Thousands of such mounds have been found i n  the eastern Uni ted 
States and ava i l ab l e  evi dence i ndi cates a h i gh survival rate for these mounds 
( Li ndsey et a 1 .  1983 ) .  Excavation of some of these U . S .  mounds has reveal ed 
structures s i mi l ar to those consi dered for the West Chestnut Ridge tumul us 
fac i l i ty (e. g. , l ayering or mante l i ng of soi l s  i n  compacted l ayers a few feet 
thick.  c l ay caps , vegetative cover). 

Despite the hi storic evidence to substantiate the possible  survivab i l i ty 
of such mound features , i t  ; s  necessary to analyze the potential fail ure 
mechanisms that may affect the lang-term i ntegrity of the tumulus-type faci l i ty 
at West Chestnut Ridge. With time , el uviation of f i ne soi l parti c l es from one 
l ayer to the next would result i n  the eventual c l ogging of the tumu l us i n ternal 
drainage systems. Beyond the i n i ti al mai ntenance period,  maintenance of the 
external drainage systems woul d  a l so stop and these drai nage systems woul d  
eventual ly  fi l l .  Fai l ure of these drai nage systems would al ter the surface 
and groundwater f l ow regime i n  and around the tumulus and might eventual ly 
result in ponding of surface water, poor drainage in the tumu l u s ,  and satura­
tion of the wastes. Fai l ure of the drai nage system underlying the mound that 
drains the sand l ayer might result i n  a bl owout fai l ure of the toe of the 
mound. The rate at which such fai l ures might occur ; s  uncertai n .  

Some seismical ly  related tumu l us fail ures might al so be expected to occur 
over the l i fe of the disposal faci l i ty .  Li quefaction fai l ure of the sand 
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l ayer might be pos s i b l e ,  espec i a l ly i f  the l ayer were saturated at the time of 
the sei smi c event, causing pos s i b l e  outer s l ope fail ure. Cracking of the 
concrete pad or di sturbance of the peri pheral or i nterior wal l s  could a lso  
occur. Such damage wou l d ,  if  severe, jeopard i ze the cover system i ntegrity by 
di srupting the drai nage systems. 

Settl ement of the bul k or conta i nerized wastes might also l ead to the 
development of cracks or depressi ons i n  the cover system that cou l d  di srupt 
the i nternal drai nage systems of the tumulus and i ncrease water i nfi l tration 
i nto the wastes. Settl ement of the sand or cobbl e/gravel l ayers woul d  be 
expected to be smal l .  

4 . 2. 1. 3 . 2  Trench 

As with the tumulus des i g n ,  el uviation of f i ne soi l parti c l es woul d  
eventual l y result i n  cl ogging of the i nternal drai nage systems o f  the trenches. 
Past the i n i t i a l  mai ntenance period, mai ntenance of external drainage systems 
would be stopped and external drai nage systems would a l so fai l .  Fai l ure of 
these drai nage systems wou l d  al ter the surface water and groundwater regimes 
around the waste trenches and cou l d  eventua l l y  res u l t  i n  i ncreased saturati on 
of the wastes. 

The seismic acti v i ty expected for this region for the long-term period 
mi ght trigger sett l i ng of wastes or the sand or cobble/gravel l ayer i n  the 
cover systems. Settl i ng of the cover would result i n  d i s turbance of the cover 
system i ntegrity and might result i n  ponding of water on the trench cover and 
i ncreased i nfi l tration i nto the trench. Compact i on of the bul k wastes dur i ng 
empl acement and grouting of the interstitial  spaces between the waste containers 
would m i n i m i ze such sett l i ng of wastes. 

It should  be noted that the radi ol ogical pathway analys i s  bounds design 
fai l ures as a result of seismic acti v i ty for both the trench and tumu l us 
a 1 ternat i ves . 

4 . 2 . 1 . 4  Bi otic Effects 

Bi ota can ei ther benef i c i al ly  or adversely affect the l ong-term i ntegrity 
of the proposed contai nment systems by phys i c a l l y  and chemical ly a l tering the 
cover 1 ayers. Benefi c i a  1 aspects i ncl ude: i ncreased soi l stab i l  i ty ,  decreased 
eros i ona 1 l osses . and i mproved t i l th whi ch a l l ows for potent; a 1 productive 
land use of the cover surface. On the other hand, pl ant and ani mal i ntrusion 
through the cover system coul d  result i n  the devel opment of phys i cal and 
b i o l ogical pathways for the mobi l i zation and di spersion of contaminants from 
the system. 

Di sturbance of the cap by burrowing animal s ,  the creation of channels by 
pl ant roots , and the formation of soi l aggregates by microorganisms a l l  would 
have the effect of decreasi ng soi l bul k  dens i ty and produci ng i nterconnected 
voids of various s i zes.  Increased water i nf i l tration i nto the tumulus cap 
could i nc rease the l i kel i hoOd of s l i ppage or s l umping of the cap mater i a l s  
al ong the c l ay/sand i nterface, espec i a l l y  i n  the steeper peri meter s l opes of 
the tumulu5 di sposal design. 
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Increased i nfi l tration m i ght al so result i n  more water moving through the 
cover l ayers i nto the stored wastes where accel erated l eaching and contamina­
tion of groundwater could occur. These effects coul d  be balanced by the 
enhanced water storage capac i ty of 50i 1 s  due to modification by biological 
activity. as we1 1 as by the abi l i ty of vegetation to absorb and transpi re 
large amounts of 50; 1  moi s ture back to the atmosphere. 

Numerous exampl e s  of pl ant root i ntrusion i nto buried radioactive wastes 
have been reported (Cl i ne and Uresk 1979; F i tzner et al . 1979; Breedlow et al . 
1982 ; Yamamoto 1982) .  I f  the riprap and other layers of the contai nment 
covers over the wastes were breached by deep-rooted pl ant spec i e s 1  uptake of 
radioactive and other waste constituents might take p l ac e ,  with transport of 
some fraction of these consti tuents to above-ground or near-SUrface pl ant 
organs (Knight 1983b) .  Waste consti tuents coul d  then be di spersed ei ther 
di rectly to the atmosphere (as  i n  the case of tritium)  or to food webs v i a  a 
vari ety of conventional herbivores ( mamma l s ,  repti l e s ,  i nsects , etc . ) .  Phys ical 
di spersal of contami nated pl ant parts by wi nd and water cou l d  also occur. 

Burrowing rodents, carni vores , ants , and termites have been reported as 
i ntruding i nto buried radioactive wastes ( F i tzner et a 1 .  1979) and , as such,  
are a potential problem with regard to i sol ating such wastes for extended 
periods of time (Oak Ridge Natl . Lab. 1979). Tunnel i ng activi t i es of animal s 
cause s o i l  pulveri zat i o n ,  transfer of materi a l s  between l ayers of the con­
tai nment structure , and creation of voids as tunnel s and nest chambers. loose 
soil  and/or waste mater i a l s  brought to the surface by burrowing activity wi l l  
be subject to accel erated erosion and di spersal i n  the envi ronment compared to 
undi s turbed, vegetated soi 1 surfaces (Hakanson et a 1 .  1983). Sma 1 1  mamma l s  
have been reported t o  excavate anywhere from 4 to 5 5 , 000 k g  soi l /ha/yr ( 3 . 56 to 
49 , 090 l b/acre/yr) ( El l i son 1946; Abaturov 1972). Contaminated animal bi omass 
entering food webs i s  another route of waste constituent di ssemination. 

Both the trench and tumul u s  caps would be i nvaded by pl ant roots and 
anima l s .  The effective rooting zone would be only about 0 . 9  m ,  which would 
precl ude the devel opment of most mature native trees ( Spurr and Barnes 1973) 
and would be l i miti ng to many other pl ants except grasses , forbs , and some 
shal l ow-rooted shrubs and sma l l  trees. Shrubs and trees woul d germi nate and 
become estab l i shed i n  this  soi l  depth but the i r  growth would s l ow when the 
roots encountered the topso i l  and cobble-gravel i nterface. Local species that 
are adapted to heavy soi l s  would continue to grow on the compacted topso i l  
l ayer. As the i ni ti al i ntruding roots died and l eft channels through the 
topso i l  l ayer , other plant roots could fol l ow. Eventual l y .  s o i l  sett l i ng and 
rock fragmentation would f i l l  the i nterstices withi n the cobble-gravel l ayer 
and provide a soi l pathway for pl ant roots (Hakanson et a 1 .  1983 ) .  

The early pl ant communities  o n  the disposal unit areas would be s l ightly 
more susceptible to erosion and would provide poorer wi l d l i fe habitat than the 
surrounding area. The i ni ti al pl ant community, and the l ater mature communities 
that devel oped on ei ther type of cap , would be particul arly suscept i b l e  to 
drought because of the sha l l ow depth and drai nage of the caps. Fol l owing l ong 
periods without prec i p i tation , l arge areas of bare ground m i ght be produced 
that would be subject to accel erated erosion. The stressed p l ant communities 
on the caps woul d a lso  be more susceptible  to the adverse effects of herbivores 
(grazing anima l s  and i nsects ) ,  di sease, and f i re than the surrounding pl ant 
communities growing on normal soi l s  of the area. 
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The p l ant communities on the covers would undergo pl ant succession fol l ow­
i ng the cessation of active s i te maintenance. However, the successional 
patterns would l i kely be di fferent than those i n  the surrounding pl ant 
commun i ti es on normal soi l s .  During the mai ntenance period,  this succession 
woul d  be regularly i nterrupted by acti vities ai med at precl ud i ng or destroying 
1 arge. deep-rooted pl ants. Our; n9 the 1 cng-term peri od after rna i nlenance 
ceased, cover communities might i n i t i a l l y  " stagnate" i n  a grass/forb/sma l 1 -
shrub/smal l -tree stage , with a few i ndividuals of l arger tree species usual ly 
present. These young trees might not reach maturity because of the i r  suscepti­
b i l i ty to drought. When adequate moi s ture was restore d ,  the cycl e  would begin 
again with new seed l i ngs repl ac i ng the pl ants that died. During the first 
300 years of the l ong-term period,  b i o l og i cal modification of the cover l ayers 
woul d  continue and adapted p l ant species would colonize the cover. Even­
tual l y ,  deep-rooted mature trees would develop. Continued soi l modi ficati o n ,  
development, and sett l i ng combined with vegetation succession might res u l t  i n  
the establ i s hment o f  a c l i max forest. However, thi s commun i ty wou l d  continue 
to be more susceptible  to drought than a simi l ar one on normal soi l s  of the 
area. 

The cobble-gravel l ayer i n  the tumulus and trench covers would i nitial ly 
deter burrowing animals from i ntruding i nto the wastes and residues. However, 
as root growth modi fi ed and di srupted these 1 ayers , mamma I 5 ,  ants . and other 
i nsects wou l d  i ntrude i nto the contaminated materi a l s  because the materi a l s  
woul d be with; n the known tunnel i ng depths of  these organ; sms ( C  1 i ne et a l .  
1982 ) .  As the thicknesses of the covers became apprec i ably reduced by eros ion ,  
the l i ke l i hood of animal i ntrus ion  woul d  i ncrease. 

4 . 2 . 1 . 5  Mitigation ( S i te Integrity) 

Mai ntenance and mitigative measures would ensure against adverse phys ical 
and biotic effects unti l the end of  the i nsti tutional-care period. Main­
tai n i ng the physi cal  i ntegrity of the di sposal trenches or tumu l i  i s  important 
because the covers wou l d  be desi gned to l essen the potential  of bioi ntrus ion.  
Such measures to be i n i t iated at s i te closure i ncl ude: compaction of trenche s ,  
remedi al  action for any observed threats to trench i ntegrity ( e . g  . •  pondi n g ,  
subsidence, and i nadequate vegetation cover) , observation o f  drai nage patterns 
to ensure avoidance of i nfi l tration and eros i o n ,  and l eaving earthen checkdams 
upstream of each trench to divert surface runoff. The fol l owing m i t i gative 
measures coul d  be considered to control bioi ntrusion: ( 1 )  removal of l arge, 
deep-rooted pl ants , (2) herbicide treatment to prevent regrowth of such p l ants , 
(3)  trapping and/or poisoni ng of burrowing animal s ,  ( 4 )  i nsecticide treatment 
to control burrowing i nsects, and ( 5 )  addition to and recompaction of the soi l 
l ayers. 

4 . 2 . 2  Groundwater Impacts 

Contami nation of area groundwater and/or surface water as a res u l t  of the 
transport of radionuc l i des from the CWDF s i te could result i n  exposure of an 
i nd i vi dua 1 and the general pub 1 i c .  Exposure of an i ndi v i dua 1 may occur after 
i nstitutional contro l s  have ceased. The i nd i v i dual cou l d  i nhabit the CWDF 
s i te and consume contaminated water from a s i te surface water body or from an 
onsite wel l .  The general publ i c  cou l d  consume contaminated water from a 
pub l i c  water supply source that receives contaminated groundwater and/or 
surface water discharges. The nearest potential publ i c  water supply source i s  
the C l i nch River. 
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In this  sect i o n ,  the potential impacts of waste l eachate from the Chestnut 
Ridge s i tes on groundwater and surface water are analyzed for two di sposal 
al ternati ves--bel ow-grade burial in trenches and above-grade di sposal i n  
tumul ; are consi dered i n  the analys i s .  The analysis considers that the s i te 
would be under i nstitutional control for at least 100 years fol l owing cl osure 
of the di sposal s i le. During this  period,  it i s  expected that s i te i ntegrity 
would be properly maintai ned and the d i sposal units wou l d  operate sat i s factori l y .  
Any leachate from the waste would be minimal  and would b e  col l ected and pumped 
out of the burial ground, resulting ; n  i nsigni ficant contaminant migration. 
Therefore, the analys i s  of groundwater impacts assumes that the l eachate 
migration occurs after the fi rst 100 years of the i nsti tutional -control period. 

The estimates of released quantities of materi al and the scenarios l eading 
to such releases depend on many factors, some of which are not precisely known 
at this  time--such as the exact i nventory of the LlW, l each rate s ,  retardation 
factors,  etc. Therefore, assumptions are required when the data are l acki ng. 
These assumptions were made based on engineering j udgment and ava i l ab l e  data 
and are considered conservative--that i s ,  the values overstate rather than 
understate the quantities of a radiological release. However,  because of the 
assumptions that had to be made, the quanti ties of radiological release given 
i n  this section must be regarded as estimated maxima rather than confident 
predictions of expected values.  

4 . 2 . 2 . 1  Waste Streams - Source Term 

The wastes to be di sposed at the s i te wou l d  be l ow-level radioactive 
wastes generated from V-12, ORGOP, and ORNL. An analysis of radi onucl ide 
migration ( P i n  and Witherspoon 1984) has been based on a representative portion 
of the waste. The vol ume of wastes received on a routine schedule i s  expected 
to eventua l l y  reach 11,000 m3/yr (380, 000 ft3/yr) .  I n  addition ,  the vol ume of 
wastes received on a nonroutine schedule may reach a l evel of 20,000 m3/yr 
(700 , 000 ft3/yr) .  A portion o f  these totals would consist  of s l udges fixed i n  
grout to be received o n  a routine schedule at a rate o f  6 , 000 m3/yr 
(200 , 000 ft3/yr). An addi tional vol ume of Qrout may be received on a non­
routine schedule at a rate of about 10,000 m�/yr (40 , 000 ft3/yr) for a l i mited 
period of 3 . 5 years. The rema i n ing waste mass i s  expected to be di sposed in  
bul k or  baled form with  l i ttl e or no  containment. Thi s l a tter type of waste 
i s  unstabi l i zed and i s  consi dered most l i kely to experience sl ump i ng ,  subs i ­
dence, and degradati on--thus potenti a l l y  generating h i gher percol ation and 
leaching rates than grouted wastes. Therefore, the wastes i n  bul k and baled 
form are used to produce conservative source terms for the groundwater impact 
analys i s .  

The waste acceptance criteri a for the CWDF wi l l  l i mit  the waste streams 
to those that are equivalent to Cl ass A waste i n  the NRC waste c l as s i f i cation 
scheme, with the exception of the l i mit  on the al l owed concentration of trans­
uranic (TRU) el ements. This  l i m i t  would be 100 nCi/g rather than 10 nCi/g, 
whi c h  is the l im i t  a l l owed for NRC C l as s  8 waste. Waste correspondi ng to NRC 
Cl ass C waste woul d  not be a l l owed. 

Analysis of waste streams i ndicates that the wastes expected to be buried 
at the s i te i ncl ude an assortment of radionucl i des. These radi onucl i des and 
the i r  average concentration i n  the unstab i l ized waste form lOa, 500 , and 
1 , 000 years after c l osure of the. CWOF are given i n  Table 4 . 7 .  A complete 



Table 4 . 7 .  Average Concentration of Sel ected Radionuc l i des for 
CWDF Groundwater Impact Analysis 

Yearly Expected 
Act i v i ty .  Average Average Concentration (pCi/mL) Del i vered Concentration Ha I f- Li fe 

Radionuc l i de ( C i /yr) (pCi/mL) (yr) 100 yr 500 yr 1000 yr 

H-3 210 3 . 0  x 10' 1 . 23 X 10' 1 . 1  X 10' 1 .  7 X 10-B 1 x 10-20 

C- 14 2 2 . 8  X 10' 5 . 73 x 10' 2 . 8  x 10' 2 . 6  x 10' 2 . 5 ' 10' 

Co-60 2 2 . 8  x 10' 5 . 30 5 . 8  x 10-' 1 . 1  X 10-'" 4 . 5  X 10-55 

C-137 82 I. 2 x 10' 3 . 02 X 10' 1 .  2 x 10' 1 . 2  X 10-'  1 . 3  x 10-" 

Sn-121m 1 1 . 4  x 10' 5 . 5  X 101  3 . 9 x l0 ' 2 . 6  x 10-1 4 . 7  X 10-4 

5r-90 34 4 . 8  x 103 2 . 86 X 10 ' 4 . 2  X 10' 2 . 6  X 10-' 1.  4 x 10-7 ..,. , w 
Tc-99 2 2 . 8  x 10' 2. 13 X 105 2 . 8  x 10' 2 . 8  X 10' 2 . 8  x 10' 

>-' 

Zr-93 2 2 . 8  X 10' 1 .  53 x 10" 2 . 8  x 10' 2 . 8  X 10' 2 . 8  x 10' 

Pu-238 0 . 03 4 . 3 8. 78 x 10' 1 . 9  8 . 3  x 10-2 1 . 6  x 10-' 

Pu-239 0 . 11 1 . 6 x 101  2 . 41 x 10' 1 . 6  X 10' 1 . 5  X 10' 1 . 5  X 10' 

Am-241 0 . 05 7 . 1  4 . 32 x 10' 6 . 1  3 . 2  1 . 4  

Cm-244 0 . 05 7 . 1  1 .  81 x 10' 1.  5 X 10- ' 3 . 4  x 10-B 1 . 7 x lO- 1 6  

U-234 0 . 01 1 . 4  2 . 47 x 105 1 . 4  1 . 4  1 . 4  

U-235 0 . 23 3 . 2 x l01 7 . 00 x lOB 3 . 2  X 10' 3 .  2 x 10' 3 . 2  X 101 

U-238 2 . 73 3 . 8  x 10' 4 . 4  X 109 3 . 8  x 10' 3 . 8  x 10' 3 . 8  x 10' 

Source: P i n  and Wi therspoon (1984 ) .  



4-32 

description of waste streams that would be empl aced i n  the CWDF i s  given i n  
Appendix c.  

4.2 , 2 . 2  General Model Description 

4 . 2. 2 . 2 . 1  Hydrogeol ogical Conditions at the West Chestnut R i dge Si te 

As di scussed i n  Section 3 . 3 . 2 .  shal l ow unconfined aquifers occur below 
the preferred CWOF s i te. These aquifers are l ocal i zed with recharge Dccuring 
i n  the hi gher el evations and are most susceptible  to contami nation resul ti ng 
from the vertical migration of waste leachate from the burial trenches or 
tumul i .  Any contami nation that may occur i n  the unconfined aqui fers can 
potenti a l l y  reach the a l l uv i um of three nearby creeks: Grassy Creek, New Z i on 
Creek, and I s h  Creek. These creeks dra i n  the s i te and, i n  lurn, d ischarge 
i nto the C l i nch R i ver. The l ocations of these creeks , relative to the WCR 
s i te and the Cl inch R i ver,  are shown i n  F i gure 3 . 8. 

The i n terconnecting pathway through groundwater and then surface water 
appears to be the most critical  pathway for contami nating the water system i n  
the area. Therefore, thi s pathway was considered i n  the analysis of the 
transport of radionucl ides from the trenches or tumul i l ocated within  the 
proposed s i te .  A di rect subsurface hydrau l i c  connection between the shal l ow 
aquifers and the Cl i nch Ri ver has not been estab l i shed, al though one may exi st 
( P i n  and Wi therspoon 1984) .  A l s o ,  any radionucl i des that may be transported 
from the sha l l ow aquifers to a deeper regional bedrock aqui fer and then to the 
Cl i nch Ri ver are l i kely to be d i l uted to a l arge extent by the deeper aquifer 
and, therefore, would not create s i g n i fi cant contami nati on. 

A p l ot p l an show; ng the proposed 1 DC at i ons for the trenches (or tumu 1 i )  
i n  the WCR s i te i s  shown i n  F i gure 4 . 1. Three separate di sposal areas have 
been i denti f i ed:  Area A consists of 29 ha (71 acres ) ,  Area B i s  16 ha 
(40 acres) .  and Area C ; s  19 ha (46 acres ) .  Exami nation of the p l ot p l an 
i ndi cates that the trenches (or tumul i )  woul d  be located i n  two di sti nct r i dge 
areas w i th trenches extending from the ri dgetop down one s i de of each hi l l  
only_ Because the l ocal i zed sha l l ow aquifers are a subdued image of the 
surface topography (Kete l l e  and Huff 1984 ) ,  i t  i s  antici pated that most of the 
radi onuc l i des reachi ng the sha l l ow aquifer from the trenches (or tumul i )  i n  
Area A would be di scharged to the al l uv i um of New Z i on Creek. Simi l arly,  most 
of the radionuclides reaching the shal l ow aqui fer below Areas B and C wou l d  be 
di scharged to the a l l uv i um of Ish Creek ( F i gure 4 . 1 ) .  

A two-dimensional vertical cross section was sel ected t o  study radionuc l ide 
migration. The l ocation of this cross section is i nd i cated by the dashed l i ne 
A-A' i n  Fi gure 4 . 1 ,  and a cross-sectional drawing depicting the major geologic 
and hydrogeologic features is shown in F i gure 4 . 2 .  The lateral boundaries o f  
the cross section coincide with area stream channels--Grassy Creek o n  the 
ri ght and New Zion Creek on the l eft. The location and extent of thi s cross 
section were sel ected to represent the s i te l ayout and the uni form hydro­
geologic characteristics of the WCR s i te. 

4 . 2 . 2 . 2 . 2  Mathematical Model s 

Model i ng the migration of rad;onuc l i des from burial  trenches (or tumul i )  
to the groundwater system at the WCR s i te i nvolves two princ i pal  phases: 
groundwater hydrau l i cs and sol ute transport. The hydraul i c  model , which gi ves 
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the sol ution to the two-dimensional ( l ongitudinal and verti cal ) partial d i f­
ferential equation of groundwater flow ,  generates groundwater f l ow velocities 
at various times and l ocations in the subsurface system. These f l ow rates and 
d i rections are then used ; n  the sol ute transport model to s i mu l ate the migra­
tion of radionucl i des i n  time and two-dimensi onal space. The sol ute transport 
mode 1 ; nc 1 udes the e ffeets of convective transport, hydrodynami c di spers; on I 
radioactive decay, and chemical sorption. The f l ow and solute transport 
equations have been described i n  detai l by Yeh and W.ard (1980, 1981) ,  Bear 
( 1979) , and Robertson (1974). For the current study, sol utions of the flow 
and sol ute transport equations were obtained by using the fini te-el ement 
model s  FEMWATER and FEMWASTE developed at Oak Ri dge National Laboratory (Yeh 
and Ward 1980, 1981) .  

The FEMWATER and FEMWASTE model s  are des igned to simulate contaminant 
transport i n  a saturated or unsaturated porous medium subject to variable 
i nitial  or boundary condi tions.  These two codes have been verified and are 
genera l l y  considered to be good mode l s  for s i mul ating contaminant transport i n  
aquifer systems, espec i a l l y  i n  the unsaturated zone (Thomas et al . 1982; Oster 
1982) . 

For the f ini te-el ement computation , the schematic  cross section shown i n  
Fi gure 4 . 2  was subdivided i nto a n  assembl age o f  smal l el ements o f  various 
s i zes. Constant head conditions are assumed at Grassy Creek and New Z i on 
Creek based on the observed water l evels i n  these streams. The upper boundary 
corresponds to s i te surface topography. Sl ope-dependent i nfi l trati on rates 
are imposed on this  boundary. The l ower boundary i s  assumed to l i e  within 
sound bedrock below which water movement and flow rates are neg l i gi bl e .  

The source term that defines the boundary conditions at the bottom o f  the 
burial trenches (or tumul i )  i s  a major factor i n  determ i ni ng the radi onuc l ide 
concentrations in the aquifer system. For model s i mu l ation ,  the disposal 
faci l i ty ;s assumed to be under i nstitutional control for a period of at l east 
100 years. During this  time period, the integrity of trench (or tumulus) caps 
and dra i n  systems are maintained, and hence, no l eachate i s  generated and no 
radi onuc l i des wi l l  mi grate from the burial s i te .  However, the radi onuc l i des 
i n  the trench (or tumulus)  wi l l  undergo radioactive decay. For the purpose of 
estab l i shing a bounding (worst) case , the i n tegrity of trench (or tumu l u s )  
caps i s  assumed to fai l  after 100 years--a l l owi ng water t o  enter the trenches, 
saturati ng the waste. and generating l eachate and radi onucl ide migrati on. 

4 . 2 . 2 . 3  Hydrogeo l ogical  Parameter Values for the West Chestnut R i dge Site 

The values of various hydrogeological  parameters were sel ected to generate 
conservative estimates of radionuclide concentrations i n  groundwater. For the 
model calculation ,  it i s  assumed that immediately fol l ow i ng the i nstituti onal­
control period, water i n  the amount equal to the average annual rai n fa l l  rate 
of 4 . 4  x 10-6 cm/s ( 1 . 7  x 10-6 i n . /s )  wi l l  enter the burial waste. The wastes 
are assumed to be uni formly distri buted i n  the trench (or tumu l u s )  and com­
pacted to a porosity of 0 . 5. For the assumed i nfi l tration rate and waste 
porosity, total waste saturation i s  estimated to occur after 1 . 6  years ( P i n  
and Witherspoon 1984) .  The i n f i l trating water wi l l  leach out the radionucl i des 
contained in the wastes. I t  is assumed that the waste form wi l l  not l i mit  the 
l eachab i l i ty of the radionuc l i des.  The amounts of radi onucl i des that wi l l  be 
l eached from the wastes are conservatively estimated by the sol ubi l i ty l imits 
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of the rad; onuc 1 i des .  Sol ub i 1 i ty 1 ;  mits i n  WCR groundwater have been es tab­
l i shed for some radionuc l i des ( P i n  and Witherspoon 1984) .  For the current 
study. 1 eachi n9 of rad; onuc 1 i des i nto the soi l bel ow the di sposa 1 area i s  
assumed to occur continuously unt i l  the total mass o f  the radionucl i de has 
been removed from the trenches (or tumul i ) .  For those radionuc l i des with 
unknown so 1 ubi l i ty 1 i mi ts . ; t ; 5 assumed that the rad; onuc 1 i de wi l l  di sso 1 ve 
completely during the 1 . 6  years requi red for waste saturation .  

The di spersivi ties in  both longitudinal and vertical di recti ons , which 
contribute to the d i l ution of the radionuc l i de s .  are conservatively assumed to 
be zero because s i te-spec i f i c  values are unknown. In addi tion ,  s i te charac­
terization studies have shown that the sha l l ow unconfined aquifers bel ow the 
WCR s i te occur in weathered bedrock and exh i b i t  h i gh transmi s s i v i t i es { Kete l l e  
and Huff 1984; Woodward-Clyde 1984 } ;  therefore, l ongitudinal advection rather 
than dispersion appears to be the dominant mechanism i n  the transport and 
mixing of radionucl i des i n  the aquifers. Tracer tests (Kete l l e  and Huff 1984) 
have shown that the rate of advection within  the sha l l ow aquifer can approach 
300 mId { I , OOO ft/d} .  For thi s reason, i t  i s  conservatively assumed i n  the 
groundwater analys i s  that once a radionucl i de reaches the sha l l ow aquifer, i t  
i s  rapidly transported to a nearby stream and to a potenti a l  pub l i c  dri nking 
water supply system l ocated i n  the C l i nch River. The radi onuc l i des , upon 
entering the r i ver,  are assumed to be completely mixed by the river flow. 
Based on s i te characterization studies {Kete l l e  and Huff 1984} and hi storical 
C l i nch River flow (Boyle et a 1 .  1982 ) ,  i t  is estimated that the d i l ution 
factor i n  the C l i nch River is about 2 ,400 ( P i n  and Witherspoon 1984 ) .  This  
factor was used i n  determi n i ng the radionucl ide concentrations i n  the C l i nch  
Ri  ver. 

Another parameter that i s  important i n  determi ni ng the radionucl i de 
concentrations i n  the aquifer and i n  the C l i nch River i s  the distribution 
coefficient Kd. This  coeff i c i ent represents the ralio o f  the concentration of 
a radionuc l ide absorbed on soi l  parti cles to the radi onuc l ide concentrati on of 
the percolating water in the saturated waste materi al . The values of Kd for 
specific s i tes genera l l y  vary depending on the soi l properties , chemical 
content, pH of the water, and nature of the radionuc l i des . The Kd val ues for 
some radionuclides l i kely to be present i n  waste to be di sposed at the CWOF 
have been determined by Oak R i dge National laboratory u s i ng batch contact 
methodol ogy (Seeley and Kelmers 1984) .  Based on the tests for pH range of 5 
to 7 ,  favorably h i gh Kd values of  1 , 600 to 11 ,000 L/kg were obtained for 
stronti um , cesium, and cobal t-- i ndi cating that good retention cou l d  be expected 
at the s i te .  Very high Kd values of 11 ,000 to 61 , 000 l/kg were obtained for 
uranium, europ i um ,  and thorium. Howeve r ,  Kd val ues of l ess than 2 l/kg were 
obtained for technetium and iodine. 

For the groundwater impact analysi s ,  the radi onucl i des l i sted in Table 4 . 7  
were divided i nto seven groups (Table 4 . 8 )  because the number of radionuc l i des 
i s  too l arge to be considered on an i nd i v i dual bas i s .  The representative 
radionuc l i de i n  each group was sel ected based on anti c ipated waste mas s ,  
hal f- l i fe ,  solubi l i ty ,  maximum permi s s i b l e  concentration , and mobi l i ty i n  the 
soi l /groundwater system ( P i n  and Witherspoon 1984) .  A representative Kd value 
was selected for each of the f i rst s i x  groups. For the radionuc l i des i nc l uded 
i n  Group 7 ,  an appropriate Kd value was used for each i nd i v i dual radionuc l ide 
and the s i mul ations were performed on an i nd i v i dual bas i s .  
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Table 4 . 8 .  Di stribution Coeffici ents (Kd)  
for Representative Radionucl i des  at 

the West Chestnut R i dge S i te 

Representative Kd 
Group Radionuc l i de ( L/kg) 

1 H-3 0 

2 Tc-99 1 

3 C-14 10 

4 5r-90 690 

5 Cm-244 1 , 200 

6 C5-137 1 1 , 000 

7 U-238 -t' 
tl Appropriate Kd value was used for each 

i ndivi dual radi onucl ide i n  this group. 

4 . 2 . 2 . 4  Di scussion of Results 

The time variations of radi anucl i de concentrations i n  the subsurface 
aquifer system beneath the burial trenches (or tumul i )  and in the nearby 
surface water were calcul ated using the model i ng procedures and hydrogeologic 
parameters described above. The numerical s imulations start at the l apse of 
the lOG-year institutional-control period. The results of the calculated 
concentrations are summarized as fol l ows.  

4 . 2 . 2 . 4 . 1  Bel ow-Grade Di sposal (Trenches) 

The predicted time variations of the ratio of the maximum concentration 
i n  the aquifer to the leachate concentration for radionuc l i des i ncl uded in  
Groups 1 through 6 are shown i n  Figure 4 . 3. These results were obtained for a 
constant rate of l eaching over a period of 1 . 6  years and with the assumption 
that the radionucl i des do not decay. The appropriate decay was consi dered i n  
calculating the maximum concentration. For the uranium isotopes i ncl uded i n  
Group 7 ,  a longer leaching period was consi dered because the i r  sol ubi l i ty 
l i mits extend the l eaching period beyond 1 . 6  years. The maximum val ues of the 
nondecayed dimensionless concentrations are i nd i cated i n  the figures and are 
presented i n  Table 4 . 9 .  No values are presented for Sr-90, Cs-137 , and Cm-244 
because these radionucl ides have short hal f- l ives and relatively high retarda­
tion rates and would not mi grate a s i gni fi cant di stance before the radionuclide 
concentration was reduced to an i nsignificant l evel by radioactive decay. For 
the other radionuc l i des , the maximum concentrations i n  the aqui fer are shown 
i n  Tab le  4 . 9 .  These values were obtained by scal i ng the dimens i onl ess concen­
trations with the appropriate l eachate concentration and the appropriate decay 
constant for each radionuc l i de .  The times to reach the maximum concentrations 
are also presented in Table 4 . 9.  



10-4 

H I GH Kd 

Z Z - 0  z o:: O .  - 0: :t .... o: Z  
10-5 .... w Z U  w Z  u O  z u  O w  u .... 

,. . ", "  ,. U - �  :l �  10-6 ,. 0  
.. .... 0 0:  o lf  
� 5  · 0  0: .  

10-7 

10' 

1 0' 

LOW Kd 

4-38 

3.42 x 10-5 

3.13 >< 10-& 

Group 5 
(Kd - 1200) 

Group 6 
(Kd ' 1 1 ,ooo) 

10' 10' 10' 

TIME (years) AFTER WETTING EVENT 

5.0 x 10-1 

Group 1 
(Nonretarded, Kd - 0) 

Group 2 
(Kd - 1 )  

"-
1.0 

4.54 )( 10-2 

J 

TIME (years) AFTER WETTING EVENT 

4.1 )( 10-3 

Group 3 
(Kd - 10) 

F i gure 4. 3. T i me Variation for Concentrations of Radionucl i des with 
H i gh (top) and low (bottom) Kd Val ues for Bel ow-Grade 
Trench Disposa l .  

10' 



Radionuc l ide 

H-3 

Tc-99 

C-14 

U-234 

U-235 

U-238 

4-39 

Table 4 . 9 .  Predicted Radionucl ide Concentrations for 
Bel ow-Grade Trench Di sposal 

Ratio of 
Maximum 

Concentration T;  me to Reach 
i n  Aquifer Maximum Maximum Maximum 

to Concentration Concentrat; on Concentrat i on 
Leachate ; n Aquifer i n  Aquifer i n  Cl i nch River 

Concentration (pCi/L) (yr) (pCi/L) 

5 . 0  x 10- 1 3 . 6  X 10' 7 1 . 5 x 101 

4 . 5  x 10-2 2. 5 X 10' 96 L O x 10-1 

4. 1 x 10-3 1. 0 x 103 850 4 . 2  x 10- 1 

1 . 0  6 . 5  x 101 150 2 . 7  x 10-2 

1 . 0  1 .  6 x 102 150 6 . 7  x 10-2 

1. 0 1 .  6 x 102 150 6 . 7  x 10-2 

The maximum radionuc l i de concentrations i n  the C l i nch R i ver resulting 
from groundwater discharge were calcul ated for a d i l ution factor of 2 , 400. 
T h i s  d i l ution was based on the average annual f l ow of the C l i nch Ri ver. (The 
water flow i n  the Cl i nch Ri ver i s  control l ed by upstream dams; hence the 
di fference between the low flow and average flow ; s  smal l . )  T h i s  d i l ution 
factor, as previously discussed , represents the ratio of the C l i nch River 
di scharge to the groundwater di scharge from the CWDF s i te .  The radionuc l i de 
concentrations i n  C l i nch Ri ver are wel l  below the MPC l i mits .  

4 . 2 . 2 . 4 . 2  Above-Grade Disposal (Tumul i )  

For above-grade di sposal . the waste characteri zation and pathways from 
the CWDF to the pub l i c  water supply system are basi cal ly  the same as for 
bel ow-grade di sposal . The mai n  di fference between these two disposal al terna­
tives ; s  the potential exposure to man as a result of the di fferent perfor­
mance characteristics of the two al ternati ves. 

The i sol ation of the waste by tumulus i s  less l i kely to be maintai ned 
because of the i ncreased potential for water erosion to reduce the overal l 
i ntegrity of the tumulus cap (See Section 4 . 2 . 1 . 1 ) .  Exposure of the waste 
from tumulus  to man through a l l  pathways would be possi ble .  Because the 
tumul us i s  above grade and has a concrete floor and i nsta l l ed drai nage system , 
the waste i s  less  l i kely to be i nundated by i nf i l trating water as i n  the case 
of the bel ow-grade trench. Consequently ,  the l eaching period would be extended 
and the l eachate woul d not necessari ly be transported solely through the 
gl'oundwater system. During the i nsti tutional -control period,  any l eachate 
that was generated would be drai ned by the i nternal drai nage system of the 
tumu l u s .  If any contamination was present, the col l ected l eachate would be 
remove d ,  properly treated, and returned to the tumu l us .  Fol l owing the end of 
the control period ,  the dra i n  system i s  assumed to d i scharge l eachate directly 
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to the nearby surface water system and the surface water i s  used as a drinking 
water supply by an ensile resident. 

The i ni t i al concentration of radionucl ides in the leachate generated i n  
the tumul U5 i s  assumed to be the same a s  for the trench. Because the tumulus 
i s  analogous to a fixed l each bed, the leachate i s  further assumed to be 
leached out exponent i a l l y  i n  lime , with 90% of the origi nal acti v i ty l eached 
50 years after the l apse of the i nsti tutional-control period, A l s o ,  the 
l eachate f l ux i s  assumed to be only 50% of the annual average rai nfal l of 
139 em (55 i n . ) to give credit to the effects of overland runoff, evaporation . 
and i n f i l tration to groundwater. 

For the tumu l U5 , i t  ; s  assumed that the surface water pathway i s  more 
s i gni ficant than other pathways for transport of radionucl i des.  Once the 
l eachate has entered the surface water system, the l eachate is assumed to be 
completely mixed and d i l uted by the noncontami nated surface water. The d i l u­
tion factors were calculated to be about 30 and 5 , 900 for I s h  Creek and 
C l i nch  River,  respectively. New Zion Creek i s  not consi dered a potential 
drinking water supply because of its l ow f l ow. The d i l ution factor for the 
C l i nch  River i s  greater for above-grade di sposal than for bel ow-grade disposal . 
This  i s  to be expected because , as d i scussed above, the amount of l eachate 
di scharge to the surface water system i s  much l ess for the tumulus disposal 
al ternative. 

Based on the above assumptions , the predicted maximum concentration of 
radi onuc l i des i n  both Ish Creek and the C l i nch  River are presented i n  
Table 4 . 10. Because o f  the assumed scenario for the l eaching proces s ,  these 
maximum concentrations would decrease rapidly as time progressed. Al though 
Sr-90, Cs-137. and Cm-244 have short hal f-l i ves . thei r concentrati ons are 
i nc l uded for the tumulus di sposal al ternative because the surface water path­
way i s  consi dered to be the dominant pathway i n  this  al ternative and the 
l eachate would be di scharged i nto the surface-water body before these radio­
nuc 1 ides i ncurred any s i gnifi cant decay. The concentration of rad; onuc 1 i des 
i n  the C l i nch  River would be higher during the fi rst 100 years for the above­
grade tumulus al ternative than for the bel ow-grade trench a l ternative. After 
this time period, the radionucl i de concentration would decrease rapidly and 
would be smal l er than that for the bel ow-grade al ternative. Compari son of the 
results shown i n  Tables 4 . 9  and 4 . 10 i ndi cates that the predicted maximum 
concentrations for radionuc l i des i n  the Cl i nch  River would be h i gher for the 
above-grade tumul u s  than for the bel ow-grade trench (see Section 4 . 2 . 3 ) .  

4 . 2. 2 . 5  Mitigative Measures 

In order to val i date the mode l i ng results ,  the wastes to be disposed at 
the CWOF shoul d  be cl osely monitored, incl uding seasonal evaluation of ground­
water characteri stics.  Effective monitoring of the CWDF wi l l  be required to 
refine model predictions and confirm s i te i ntegrity. 

Measures to miti gate the migration of contaminants would be requi red only 
i f  contaminants were found to be migrating at an unacceptabl e  rate and concen­
tration from the s ite .  Such mitigative measures might i ncl ude reengineeri ng/ 
reconstruction of the waste-containment system. 
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Table 4. 10. Predicted Maximum Concentration of 
Radionuclides ; n  Ish Creek and C l i nch River 

for Tumu l us Oi sposalt 1 

Maximum Concentration Maximum Concentration 
i n  Ish Creek i n  C l i nch River 

Radionucl i des (pCi/L) (pCi/L) 

H-3 3 . 5  x 103 1 .  8 X 101 

Tc-99 1 . 9 x 10' 9 . 5  x 102 

C-14 9 . 3  x 103 4 . 7  x 10 1 

Sr-90 1 . 4 x 10' 7 . 2  X 101 

Cm-244 5 . 0  2 . 5  x 10-2 

Cs-137 3 . 9  x 10' 2 . 0  x 102 

U-234 4 . 7  x 101 2 . 4  X 10-1 

U-235 1 . 9 x 10 1 L O x 10- 1 

U-238 1 . 2 x 102 5 . 9  x 10-1 

t1 The maximum concentration is assumed to occur immediately 
after the end of the i nstitutional-control period. 1he concen­
tration i s  further assumed to decrease exponenti al ly with time. 

4 . 2 . 3  Radiologi cal I mpacts 

The two potent i al l Dng-term rad; 01 og; ca 1 impacts of pri nci pa 1 concern 
are: ( 1 )  the potential radiation dose to i ndi vidua l s  u s i ng the s i te after i t  
has been released for unrestri cted use , and (2)  potential contami nation of 
publ i c  dri nking water suppl ies by groundwater or surface water conta i n i ng 
radionuclides leached from the waste. 

The estimate of risk  to i ndividual s using the s i te after i t  has been 
released for unrestri cted use i s  based on an l Ionsi te-resident (OR) scenariou 
devel oped from known patterns of human acti v i ty and chosen to provide an 
estimate of the annual radiation dose that would be received by the maxima l l y  
exposed i nd i v i dual . (Scenarios of this  k i nd are commonly referred to as 
H i ntruderU scenari os. This terminol ogy has not been used because i t  impl i es a 
wrongful act, which would not be the case for the postulated ci rcumstance of 
release for unrestricted use . ) 

I n  the OR scenario ,  an i ndiv;dual-- unaware of the presence of the radio­
active waste--would construct and l i ve in a house located on top of a trench 
or tumu l u s .  For the purpose of estimating the dose, i t  i s  assumed that the 
house has a basement prOjecting 0 . 9  m (3 ft) i nto the trench or tumulus and 
that the residents consume produce from a vegetabl e  garden l ocated i n  the 
contaminated area and obtai n their dri nking water from surface water from a 
nearby stream ( i n  the case of a tumu l us )  or from a wel l  located on the edge of 
the contaminated area in the d i rection of the groundwater ( i n  the case of a 
trench) (see Section 4 . 2 . 2 ) .  
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The i ndividual exposure resulting from i nhalation of suspended parti cles  
of contaminated dus t ,  i ngestion of  vegetabl es produced on the contaminated 
soi l , and di rect gamma exposure would be s i m i l a r  for both the trench and 
tumu 1 us di sposa 1 des i 9ns . However. i n  the case of the tumu 1 us des i g n .  the 
drinking water supply used by the i nadvertent i ntruder is surface water because 
this  pathway i s  the most l i kely transport mechanism for the leachate; i n  the 
case of the trench design,  the most l i kely pathway i s  through the groundwater 
( see Section 4 . 2 . 2 ) .  I n  this  case, drinking water i s  obtained from a wel l  i n  
a sha l l ow aquifer near the di sposal area. 

Interpretation of the s ignificance of the radiol ogical impact estimates 
requi res cons i derat i on of the probab 1 e errors i n  the estimates. Gener; c 
estimates were gi ven i n  the i ntroduction to Section 4 ;  further consi derations 
that apply to the pathway analysis used herein are as fol l ows . 

Dose esti mates for the water pathways are very conservative and correspond 
to a consi stent app l i cation of the worst-case strategy. I n  addi tion to the 
very conservative assumptions of ( 1 )  immediate and complete fai l ure of the 
trench or tumu l us cover after 100 years, leaving no barrier to water i nfi l tra­
t i o n ,  and (2)  the unreal i stical ly high leach rate--contro l l ed only by the 
s o l ubi l i ty l imits of the i nfi l trating water, which i s  assumed to become 
saturated with the radi onuc l i des as i t  passes through the waste--the drinki ng 
water scenario i s ,  by i tsel f ,  quite conservative.  Use of surface water from a 
nearby stream or sha l l ow aquifer i s  an unl i kely source of dri n k i ng water 
because much more productive water sources can be found i n  conti nguous areas 
( P i n  and Witherspoon 1984) .  A judgmental estimate of the error (overestimate) 
i n  the drinki ng water contribution to the radiation dose to the onsite resident 
i s  that it i s  at l east a factor of 100 ( see di scussion i n  the i ntroduction to 
Section 4 ) .  

The esti mate of the dose contribution from the other pathways , i n  
particular the i ngestion pathway , i s  l ess conservati v e ,  primarily because of 
the assumption that the resident i nd i v i dual obtains only 10% of h i s  food from 
the garden. Contamination of food grown i n  the garden i s  from soi l that has 
been contaminated by waste exhumed and distri buted during excavation of the 
basement. The contaminated area would not be sufficient to contaminate al l 
food (which i ncl udes meat and mi l k) ;  however, contamination of 50% of the food 
might be more appropriate as a bounding esti mate. The i ngestion pathway 
estimates are, therefore, judged to be less conservative than the dri n ki ng 
water pathway estimates. Indi v i dual food i ngestion dose contributions cl ose 
to the bounding estimates cou l d  not be reasonably excl uded i f  the OR scenario 
were real i zed immediately fol l owing cessation of i nstitutional contro l s .  The 
critical  event that control s  this  pathway i s  construction of a house that 
requires excavation for a basement. 

The OR scenario could occur only after i nstitutional contro l s  were removed 
and would be l i kely to occur only after records of prior use of the s i te were 
l ost.  I t  i s  not possible  to predict when the OR scenario woul d occur nor the 
probabi l i ty of occurrence because there are too many uncertai nties with respect 
to cessation of control s and l oss of l and-use records. 

Two di fferent assumptions are used for the el apsed time between release 
from i nstitutional control (and loss of cover i ntegrity )  and the time that the 
house i s  b u i l t .  One assumption i s  that the OR scenario occurs immediately. 
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This  assumption l eads to a very conservative bounding esti mate. The second 
assumption i s  that the OR scenario occurs 400 years after release from i nsti­
tutional control (500 years after cl osure of the waste-disposal site).  Thi s 
second assumption does not necessari l y  give a bounding estimate; i t  ; s  i ntro­
duced i n  order to provide data on the effect of delaying the OR scenari o .  
T h i s  delay would reduce the dose to the maxima l l y  exposed i nd i vi dual for two 
reasons. One reason i s  that the short-l i ved rad; Dnuc 1 i des wou 1 d decay to 
i nsignificant concentrations by thi s  lime. (Th i s  decay would occur whether or 
not i nstitutional contro l s  were rel i nqui shed--i . e  . •  it i s  unrel ated to degra­
dation of the cover and di spersal of the radionucl i des .  No credit was taken 
for any decay of the radionucl i des prior to c l osure. ) The other reason i s  
that fai l ure o f  the trench o r  tumul us cap wou l d  l ead to dispersal o f  the 
radi onucl i des during the period from 100 to 500 years , which would reduce the 
source terms and, therefore, the dose. It shoul d be noted that i f  the OR 
scenario occurred immedi ately after release from i nstitutional control , the 
dose from uranium waste would be nearly i ndependent of the time at which 
i nstitutional control was rel i nqui shed--unless a program of pl anned and 
contro l l ed water i nf i l tration and radionuc l i de release was carried out during 
the period of institutional control . 

The only source of publ i c  drinking water that wi l l  be affected by release 
of radionucl i des from the CWOF i s  the Cl i nch R i ver. The potential col l ective 
dose can be estimated by a pathway analys i s .  I t  i s  contro l l ed by the rate at 
which radionucl i des are leached from the CWDF by i n f i l trating water, the 
transport and di l ution of the l eachate by groundwater or surface water that 
di scharge i nto the C l i nch River,  and d i l ution of thi s  di scharge by the water 
flowing i n  the Cl i nch River.  The contribution to the col l ective dose from the 
short- l i ved radionuc l i des (those with half- l i ves of about 3D years or l es s )  
wi l l  depend o n  the time that i nstituti onal contro l s  are rel i nqui shed and 
re 1 ease of radi onuc 1 ;  des from the CWDF beg; ns. The contri but i on to the 
col l ective dose from the l ong- l i ved radi onuc l i des (e . g . ) U-238) wi l l  be 
i ndependent of the time at which this event occurs. 

4 . 2. 3 . 1  Method Used for Dose Calculations 

Radiation effects can occur either by exposure to external radiation from 
radionucl i des in  the envi ronment or by exposure to i nternal radiation from 
i nhaled or ingested radi onuc l i des. The dose-equi va l ent,  i n  units of rems , i s  
used as a measure of the biol ogical damage from external radi ation. The 
50-year dose-equivalent commi tment, a l so measured i n  rems , i s  used as a measure 
of the biol ogical damage for i nternal radi ation. The 50-year dose-equivalent 
commitment i s  the internal dose received from the time of i ntake unt i l  the 
radionucl i de i s  el imi nated from the body or 50 years has el apsed, whichever 
comes sooner. The annual 50-year dose-equi val ent commitment i s  the 50-year 
dose-equi valent commi tment from one year! s i ntake of radi onucl i des. I nternal 
and external doses are considered equivalent and are summed for the purpose of 
risk estimation. For reasons of brevity, the term "dose!! i s  used in the 
fol l owing di scuss ion  for both the external dose�equivalent and the i nternal 
50-year dose-equival ent commitment. 

The methodology used for making esti mates of radiation dose fol l owing the 
release of radionuc l i des to the envi ronment was that given i n  reports by Adams 
and Rogers (1978) and K i l l ough and McKay (1976 ) .  The dose conversion factors 
used for estimating doses from the i ntake of radionucl i des through i nhalation 
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and i ngestion are those given by Dunning et a1 . (1981 ) ;  the factor for esti­
mating dose from external radiation is that given by Kocher (1981). 

The envi ronmental parameters used in estimating doses are gi ven i n  
Regul atory Guide 1. 109 (U . S .  Nucl . Reg. Comm. 1977 c ) .  Many o f  the basi c  paTa­
meters are conservative--that i s ,  where s i te-spec i f i c  i n formation i s  unknown , 
the values are chosen to maximize i ntake or exposure to man. I n  estimating 
the dose via i ngestion of vegetabl es and water, an i nd i v i dual i s  assumed to 
have obtained 10% of h i s  food and a l l  of h i s  dri nking water at the l ocation of 
contaminati on. 

I n  estimating the dose from i nhalation of resuspended contaminated soi l ,  
i t  i s  assumed that the ; ndi v i dua 1 1 i yes on the 1 and. Resuspens i on factors 
used for l i vi ng on land (normal act i v i ty) are 1 x 10-9 m- 1 (U. S .  At. Energy 
Comm. 1974) and for mechani cal ly di sturbing the l and ( p l owing) 1 x 10-7 m- 1 
(Healey 1977 ) .  

The methodol ogy for determ i n i ng di rect gamma exposure to an i ndividual 
res i d i ng in a house bui l t  di rectly i nto the di sposal units i s  based on i nfor­
mation gi ven i n  a report by Adams and Rogers ( 1978 ) .  

The exposure and resulting dose to the resident-i ntruder o r  the general 
publ i c  as a result of drinki ng water from a wel l  or surface water was deter­
m i ned by fi rst cal culating the radionucl i de concentrations l ocated i n  the 
region of maxi mum radionuclide concentration predicted i n  the aquifer or 
surface water. The methodology used to obtain these concentrations i s  summa­
r i zed i n  Section 4 . 2 . 2 . 2 . 2  and gi ven more compl etely i n  a report by P i n  and 
Wi therspoon (1984 ) .  

4 . 2 . 3 . 2  Doses to I ndi vidual s and the General Publ i c  

Envi ronmental assessment pathways , methodo 1 09Y, and assumptions are 
di scussed i n  Section 4 . 2 . 2 .  Additional detai l s  can be found i n  a report by 
P i n  and Witherspoon (1984 ) .  

4. 2 . 3 . 2 . 1  West Chestnut R i dge 

Indivi dual Dose 

The dose to the maxima l l y  exposed i ndivi dual for the OR scenario i s  
tabul ated for d ifferent pathways and organs i n  Tabl e  4 . 11. Tabulations for a 
bel ow-grade trench and an above-grade tumu l us are compared for i n i t i ation of 
the OR scenario 100 years after cl osure ( i mmediately after assumed release 
from i nstitutional control s and cover fai l ure) and 500 years after c l osure 
(400 years after assumed release of i nsti tutional contro l s  and cover fai l ure) .  

The values l i sted i n  Table 4 . 11 are the maximum annual dose to di fferent 
organs of an onsite resident for di fferent pathways and scenario- i n i tiation 
times. These maxima occur at di fferent times for di fferent pathways.  

The time dependence is  determi ned by three processes: rad i oact i ve decay 
of the radionucl ides,  the rate of l eaching of the radionuc l i des from the waste 
by i nfi l trating water, and the rate of migration of radionuclides from the 
waste to the dri n k i ng water source. There ; s  i nsuffici ent data on rates of 
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Table 4 . 11. Comparison of Long-Term Radiological Impacts 
to an Onsite Residentf1 

Maximum Annual Dose (mrem/yr) 

Organ Exposed Ingestiont2 Inhalationt3 Externalt4 
Orinkin9 

Watert" 

Whole body 

Bone 

Ki dney 

lung 

Who l e  body 

Bone 

Ki dney 

Lung 

Whole body 

Bone 

Ki dney 

Lung 

Whole body 

Bone 

Ki dney 

lung 

Bel ow-Grade Trench, 100 Years After C l osure 

210 

920 

230 

130 

5 . 3  

6 . 2  

0 . 92 

130 

160 

180 

150 

150 

Above-Grade Tumul us, 100 Years After Cl osure 

210 

920 

230 

130 

5 . 3  

6 . 2  

0 . 92 

130 

160 

180 

150 

150 

Bel ow-Grade Trench, 500 Years After Cl osure 

160 

560 

200 

77 

5 . 3  

6 . 2  

0 . 92 

130 

<6 

<6 

<6 

<6 

Above-Grade Tumulus, 500 Years After Cl osure 

160 

560 

220 

77 

5 . 3  

6 . 2  

0 . 92 

130 

<6 

<6 

<6 

<6 

190 

2500 

540 

17 

2300 

6400 

3800 

4000 

22 

280 

59 

20 

0 . 00007 

0 . 001 

0 . 0002 

0 . 000002 

tl Based on release from institutional control and fai l ure of trench or 
tumulus cover at 100 years (with consequent water i nfi l tration and l each­
i ng) , and i n i tiation of the OR scenario immediately (100 years after 
cl osure) or 400 years l ater (500 years after cl osure) , as i ndicated. 

t2 Assumes that 10% of the vegetables consumed are grown i n  contaminated 
soi l .  

t3 Based on a resuspension rate of 1 x lO�9/m for normal activity and 
1 x lO- 7/m for mechan ically di sturbing the soi l .  

t4 Assumes that the i ndividual spends 10% of hi s/her time out-of-doors and 
90% ; ndoors. 

tS Assumes that the drinking water supply i s  a nearby wel l  i n  a shal l ow 
aquifer for the bel ow-grade trench and surface water from a nearby 
stream for the above-grade tumulus .  
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l eaching from the waste to permit a quantitative determi nation of the times at 
which the maxima occur. A qua l i tative characterization of the time dependence 
may be given as fol l ows . 

The time dependence from radioactive decay wi l l  depend on the mix  of  
radi onuc l i des at the point  of  exposure (which may be di fferent for different 
pathways because of di ffering l each and transport rates ) ,  but wi l l  be s i m i l a r  
for a l l  pathways and may be approximately characterized as fol lows . During 
the fi rst few decades after waste generation,  there wi l l  be a pronounced 
decrease from decay of short- l ived radi onucl i des ( such as Co-60 with a half­
l i fe of 5 . 3  years and H-3 with a hal f- l i fe of  12. 3 years� ) .  The concentra­
tions of these radionucl i des w i l l be negl igible  by the end of a 100-year 
institutional control period. The concentrations of radionuc l i des with 
moderately short half- l i ves ( such as Sr-gO with a hal f- l i fe of 28. 8  years and 
Cs-137 with a hal f- l i fe of 30 . 2  years) wi l l  decrease by a factor of about 10 
during a 100-year i nstitutional control peri od,  and w i l l  decay to neg l i g i b l e  
concentrati ons (to 1/100 , 000 of the i nitial  concentration) within 500 years. 
Radioactive decay of the l ong- l i ved rad;onucl i des ( e . g . , C-14 with a hal f- l i fe 
of 5730 years , Tc-99 with a hal f- l i fe of 214,000 years , and U-238 with a 
hal f- l i fe of 4 , 468 ,000 , 000 years) wi l l  have a negl i gi bl e effect on the time­
dependence. A s i gnif;  cant reduct i on i n  the concentrat ions of these rad; 0-
nuc l i des by radioactive decay wi l l  not occur within the t i me during whi c h  
credible  dose predictions can be made. 

The time dependence of the dose from the drinking water pathway wi l l  be 
determined by the concentrati ons of radi onuclides i n  the aquifer, which are , 
i n  turn, determined by the rate of l eaching of radionuclides from the waste 
and the rate of migration through the unsaturated zone to the aqui fer. A 
model i n  which the concentrati ons of the rad i onucl i des i n  the i nf; l trating 
water reach saturat i on before the water 1 eaves the was te (unt; 1 the rad i 0-
nuc l i des have been compl etely l eached out) i s  used to determine the rate of 
leaching. It is a lso  assumed that cover fai l ure is i nstantaneous , so that a l l  
water from prec i p i tation i nfi l trates and passes through the waste after the 
time of cover fai l ure. With this model , a l l  radionuc l i des except the uranium 
isotopes are compl etely l eached out of the waste within  a time span of 1 . 6  years. 
The leaching times are 1 . 6 ,  14. 7 ,  and 175 years for U-234, U-235 and U-238, 
respectively. The maximum concentrati on i n  the aquifer wi l l  occur at a l ater 
time,  as determined by the rate of migration of the radionuclides through the 
unsaturated zone and the aquifer. The time dependence of the drinking water 
dose wi l l  be the same as the time dependence of the aquifer concentration , 
whi c h  i s  shown i n  F i gure 4 . 3  for the above-described model . The general form 
wi l l  be a sharp ri se to a maximum, fol l owed by a sharp drop (except for U-238, 
for which a pl ateau extend i ng over about 175 years rather than a sharp maximum 
wi l l  occur) . The times at which the maxima occur are given i n  Tab l e  4 . 9 .  An 
i mportant point i s  that the maxima are of l i mi ted duration; after the maxima 
have passed, the risk  from u s i ng drinking water from the aquifer wi l l  decrease. 

*The half- l i fe i s  the time for the concentration to decrease by radioactive 
decay by a factor of 2. T hus , in 5 . 3  years the concentration of Co-60 
wi l l  be 1/2 of the i ni ti al val ue,  i n  10 . 6  years i t  wi l l  be 1/4 of the i ni ti al 
value, i n  15. 9 years 1/8. etc. 
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In real i ty .  cover fai l ure wi l l  be gradual and the concentrations of 
radionuclides i n  the i nfi l trating water as it leaves the waste wi l l  be wel l  
below the saturation l i mi t .  The bounding assumptions of i nstantaneous fai l ure 
and saturation concentration were used because data on cover fail ure rates and 
l each rates are l acking. The time dependence of the drink i ng water dose for a 
more real i stic  model woul d  have the same form, but the maximum dose wou l d  be 
much l ess (probably by many factors of 10) , and the limes to maximum concen­
trati on wou l d  be much longer. 

The contribution from the i nhalation pathway wi l l  be maximum immediately 
after construction of the resi dence on top of a trench or tumul u s  and wi l l  
decrease thereafter as the radionuclides are l eached from the soi l .  I t  i s  
assumed that some of the waste wi l l  be excavated and di stri buted on the surface 
as a consequence of construction of the basement;  i nhalation exposure would 
occur as a consequence of dust resuspension from di sturbance of the surface 
l ayer of this  soi l .  The radi onucl i des wi l l  be l eached from the surface l ayer 
of the so i l  before they are leached from the remainder of the waste; hence, 
the i nhalation contribution wi l l  decrease to a negl igible  val ue wel l  before 
the dose due to dri nki ng water from a shal l ow wel l  has reached a maximum. The 
i nhalation dose contributions are consi dered to be very conservative bounding 
estimates. 

The external exposure wi l l  come from exposure i n  the basement of the 
house, which i s  assumed to project i nto the waste, and exposure to gamma 
rad i ation from the contaminated soi l that was di spersed during construction of 
the basement. (A s i mp l i fied model of a house constructed on the contaminated 
l ayer was used to estimate the dose from both of these sources . ) This  exposure 
wi l l  a l so be maximum immediately after construction.  Radionuc l i des in  the 
soi l under the house wi l l  be protected from further l eaching.  However, most 
of the exposure (97%) i s  from Cs- 137 ; hence, this contribution wi l l  decrease 
by an order of magnitude during an additional IOO-year period fol l owing the 
end of the assumed lOO-year i nstitutional control period. 

I f  the time de 1 ay between construction of the res i dence and ha rves t i ng 
crops from the garden i s  negl ected, then the time dependence of the i ngestion 
and i nhalation pathways wi l l  fol l ow the same curve, which wi l l  be maximum at 
the time of i n i tiation of the OR scenario and decrease stead i l y  thereafter as 
the rad i onuc l i des are l eached from the so i l .  

I t  may be seen from the forego i ng considerations that the maxima for the 
fi rst three pathways i n  Table 4 . 11 ( i ngestion,  i nhalati o n ,  and externa l )  for a 
bel ow-grade trench can reasonably be added together for estimating the maximum 
dos e ,  but that thi s contribution should  not be added to the maximum drinki ng 
water contribution. By the time the contribution from the dri nki ng water 
pathway becomes signi ficant , the contribution from the other pathways wi l l  be 
i ns i g n i f i cant. 

The maxima for the di fferent pathways wi l l  not be as widely separated for 
an above-grade tumul us because the drinki ng-water contamination i s  assumed to 
be from surface water contami nation. The retardation delay. whi c h  accounts 
for most of the separation of the maxima i n  the trench case , wi l l  not occur. 
However,  the l i ke l i hood that a resident would obtai n drinki ng water by impound­
ing the water from I s h  Creek i s  consi dered to be so l ow that thi s  scenario can 
be di scounted as not being credible for predi cting a future dose to the 
maximal ly exposed i ndividual . 
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The most significant comparison of a l ternatives i n  Table 4 . 11 i s  for the 
dose to the critical  organ, i . e. ,  the organ rece i v i ng the l argest dose. The 
criti cal organ for al l pathways except the inhalation pathway i s  the bone. 
The l argest dose for the i nhalation pathway i s  to the l ung ; howeve r ,  thi s  
comparison ; 5  not s ignif icant because i t  does not di scrimi nate between the 
a l ternatives. 

The drinking water dose for the IOO-year case is estimated to be much 
greater for the tumu l us than for the trench. The reason for this i s  that 
radionucl i des l eached from the trench would be transported to the drinking 
water supply ( a  wel l )  by the groundwater ,  whi ch i s  a s l ower process and subject 
to greater d i l ution than the radionucl i des l eached from the tumu l u s ,  whi ch 
wou l d  be transported to the drinking water supply (surface water) more rapidly 
wi th l ess d i l ution.  The compari son i s  not consi dered s i gn i f i cant in view of 
the l ow probab i l  ity that a stream would be used as a drinking water supply. 
If i t  were assumed that a wel l  i n  the sha l l ow aquifer were used for both 
al ternatives , then the dose for the tumul u s  would be much l ess than the dose 
for the trench. For the SOD-year case, the dose for the tumul us woul d  be much 
l ess than for the trench regardless of the supply source for drinking water. 
This  i s  because the radionucl i des would l each out of the tumulus  during the 
400-year period, and any residue i n  the stream bed would be i nsufficient to 
cause appreciable contamination. Migration of the radionucl i des through the 
aquifer would be retarded by adsorption on the pore and part i c l e  surfaces i n  
the aquifer; hence, the aqui fer and we l l  water would sti l l  be contaminated 
after 500 years. 

The estimated bounding doses for a maxi mal ly exposed i ndivi dual (the 
ons He resident) may be compared wi th radi at i on protection standards. The 
app l i cabl e  radiation protection standards are specified in DOE Order 54BO. 1A,  
Chapter XI.  These standards specify an annual dose equivalent or committed 
dose equivalent to an i nd i v i dual at poi nts of maximum probable exposure of 
500 mrem to the whole body , gonads, or bone marrow and 1500 mrem to other 
organs. Comparison of these l i mits with the sum of the contributions from the 
ingest i on .  i nha 1 at ion,  and external pathways shows that the 1 i m i ls wou 1 d not 
be exceeded during the period immediately after construction of the residence, 
before the radi onuc l i des had been leached from the waste or soi l .  

The l o ng- term predictions for bounding dose contributions from drinking 
water, which wi l l  not atta i n  the maximum values shown i n  Table 4 . 11  unt i l  
after the radi onuc l i des have been l eached from the waste and so; l , * do not 
exceed the current DOE radiation protection standards. I n  asses s i ng this  
result ,  the fol l owing considerations should be taken i nto account. F i rs t ,  the 
assumptions used to obtain bounding "worst case" estimates l ead to severe 
overestimates. This  overesti mate i s  judged to be at least a factor of 10, and 
probably much larger for the drinking water pathway ( see i ntroduction to 

*It  may be noted that i n  a model for which leaching occurred over a very 
extended period of time, there cou l d  be an overlap between the contribution 
from the fi rst three pathways and the l ast pathway in  Table 4. 11 .  However,  
for such a model the maxima would be much l e s s ,  and the total would be  very 
unl i kely to exceed DOE radiation protection standards. 
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Sect i on 4 ) .  Second, i t ; 5 ; mprobab 1 e that the contami nated sha 1 1  ow aquifer 
would be used for the drinki ng water supply, and extremely i mprobable--to the 
point that one can consider the scenario as not being credibl e--that impounded 
water from a creek. woul d  be used as a drinki ng water supply. If one used the 
more cred i b l e  scenario that the water supply for a residence constructed on an 
above-grade tumu l us came from a wel l  rather than from a creek, the contribu­
tions to the dose from drinking water for an above-grade tumulus ; n  Table 4 . 11 
would become ni l .  

The dominant pathway for the dose to the general publ i c  i s  the groundwater 
pathway or the pathway i n  whi ch  surface water i s  l eached from the waste field  
by i nfi l trating water and transported by groundwater through the aquifer or 
surface water to the C l i nch River. The esti mated bounds for the maximum 
i ndivi dual doses from i nd i vidua l s  dri nking water from a potential publ ic  water 
supply from the C l i nch River are gi ven i n  Table 4. 12. The estimated dose to 
the genera 1 pub 1 i c for the be low-grade trench a Hernat; ve duri ng 100- to 
500-year time frame would be wel l  bel ow the 25 mrem/yr whol e-body and organ 
dose l i m i t  specified by NRC (10 CFR 61. 41c ) ;  the esti mated bounding dose to 
the general publ i c  for the above-grade tumu l us al ternative would be marginal ly  
above the l imit  100 years after i nsti tutional contro l s  were l i fted but wel l 
be 1 ow these 1 i mits 500 years after i n s  t i tut i ana 1 contro l s  were 1 i f  ted. As 
noted earl i e r ,  i t  i s  judged that a bounding estimate exceeds the actual maximum 
dose by a factor of 10 or more. 

Organ Exposed 

Whole body 

Bone 

Kidney 

lung 

Table 4 . 12.  Maximum Annual Individual Dose from 
Drinking Water from a Potential Pub l i c  Water 

Supply from the C l i nch  Ri ver 

Maximum Annual I nd i v idual Ooset' (mremllr) 

100 Years After Cl osure 500 Years After C l osure 

Bel ow-Grade Above-Grade Bel ow-Grade Above-Grade 
Trench Tumulus Trench Tumulus 

0 . 08 11 0 . 009 3 x 10-7 

1 . 0  29 0 . 12 5 x 10-6 

0 . 2  17 0 . 02 1 x 10-6 

0 . 008 18 0 . 0009 1 x 10-8 

tl The 50-year dose-equi val ent commitment to a maximal ly exposed i ndi vidual 
from radionucl i de i ntake from drinking water for a period of  one year. 

Popul ation Dose 

The population dose i s  the c o l l ective dose received by the general publ i c  
as a consequence of releases o f  radionuc l i des from the waste-disposal fac i l i ty.  
The  population dose of pri mary concern wi l l  occur after the trenches or tumul i 
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have been c l osed and operations have ceased; the pub l i c  exposure that can 
occur during operation of the faci l i ty or as a consequence of acci dents (which 
can l ead to s ignificant releases only during the operating period) are dis­
cussed in  Seclion 4 . 1 . 2 . 1 .  

There are three processes by which radionucl i des can be released from the 
waste-di sposal fae i l  i ty i nto the envi ronment and subsequently transported to 
locations where members of the general publ i c  can rece i ve radialion doses: 
di spersion of eroded surface materi al (by water or ai r ) ,  b i otic transport, and 
water i nfi l trati on. Surface dispersion wi l l  not occur unti l the waste i s  
uncovered by erosion. Assuming that erosion rates are not l arge enough for 
this  to occur within the time span of concern, surface dispersion can be 
negl ected. S i gnifi cant releases can occur by biot i c  transport only i f  crops 
are raised on the s i te. (Biotic transport by natural growth or i ntrusion of 
wi l d  anima l s  wou l d  be l ocal and much less  than that caused by farmi ng. ) The 
West Chestnut Ridge area i s  not suitable for commercial farming and would not 
be expected to become so i n  the foreseeable future. The popul ation that cou l d  
be affected by home gardening o r  local sale o r  exchange of  garden produce by 
an onsite resident woul d be too sma l l  (a few tens o r ,  at most, hundreds of 
i ndividual s )  to be of concern compared to the at-risk  population for the 
population dose (thousands or  more). The estimate of the popul ation dose i s ,  
therefore, l i mi ted to the dose received by the general publ i c  as a consequence 
of release and transport of radionucl ides by i nf i l trating water. The dominant 
population-dose contribution from this  process wi l l  res u l t  from radionuclides 
that are transported by water that i nfi l trates the waste and carries the 
radionuclides to the C l i nch  River,  either as surface water or groundwater 
percol ating through the local , unconfined aqui fer. 

Radionuc l i des that reach the Cl inch River lead to exposure by several 
envi ronmental pathways that can transport the radi onucl i des from the point of 
entry i nto the r i ver to the poi nt of i ndivi dual exposure by i ngestion,  i nhala­
tion,  or external radiation. These i ncl ude i ngestion of f i s h  taken from the 
river, recreation (fi shing,  swimming,  boating) , food from crops watered with 
water from the river, or drinking water from municipal systems with i ntakes i n  
the C l i nch River (or downstream rivers ) .  The drinking water pathway accounts 
for 80% of the dose ( U . S .  Nucl . Reg. Comm. 1977a--Tabl e  5 . 13).  (This  di stri­
bution is for the mix of radi onucl ides for a breeder reactor and may be s l ightly 
di fferent for the mix for a LLW di sposal s ite ,  but not sufficiently d i f ferent 
to i nval idate the conc l usion that the dominant pathway for the population dose 
i s  the drinking water pathway . )  The popul ation dose estimate i s ,  therefore, 
l i mi ted to an estimate of the dose received by means of drinking water from 
downstream i ntakes i n  the C l i nch  and Tennessee rivers. 

The pathway analys i s  methods for the popul ation dose are the same as 
those that were used to estimate the expected population dose for the C l i nch 
River Breeder Reactor ( U . S .  Nuc l .  Reg. Comm. 1977a) .  The year 2010 projected 
popul ation (one mi l l ion)  within 80 km of ORR was used. The maximum annual 
popul ation dose to the total body for this population was conservatively 
esti mated to be 0 . 6  person-rem for bel ow-grade trench d i sposal and 80 person­
rem for above-grade tumul u s  di sposal . For comparison,  the annual population 
dose that woul d be received by the same population from natural environmental 
radi ation (natura l l y  occurring radi onucl i des and cosmic rays) would be about 
105 person-rem. Thus , the added population dose from waste i n  the CWOF would 
be 0 . 006% and 0. 08% of the dose from natural background sources for the bel ow­
grade and above-grade desi gns , respectively. The variations i n  natural back-
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ground dose i n  di fferent regions of the country due to di fferences i n  al ti tude 
and i n  concentrations of natura l l y  occurring radionuc l i des i n  the soi l  i s  of 
the order of 50% ( U . S. Dept. Energy 1980) .  

4 . 2 . 3 . 2 . 2  Central and East Chestnut Ri dge 

The i nges t; on . i nha 1 at; on .  and exlerna 1 exposure pathways are the same 
for a trench or tumulus located anywhere on Chestnut R i dge;  hence, the dose 
estimates for these pathways , as g i ven i n  Table 4 . 11 ,  are equa l l y  app l i cabl e 
to al l of the reasonable al ternative s i tes i denti fied i n  this EIS .  The dose 
contribution from dri nking water, both for the maxi mal ly exposed i ndivi dual 
(an onsile resident) and for the general population wi l l  depend on the hydro­
l ogical conditions at a s i te .  There are no s i gnificant di fferences i n  the 
soil  characteri st i c s  between the di fferent s i tes on Chestnut R i dge ; the same 
geological strata and soi l types extend for the entire l ength of the ridge. 
The only di fferences that could lead to di fferent esti mates by the mode l s  used 
for the hydrogeological calculations would be di fferences i n  the geological 
cross section ( see F i gure 4 . 2 ) .  Reconnai ssance-level data and prel imi nary 
seismic studies i ndi cated that the thickness of the soi l l ayer and the geo­
l ogi cal cross sections for the three different s i tes were comparab l e ,  so that 
one could reasonably expect the i nput for model calculations , for a l l  three 
s i tes , and , hence , the dose contributions from drinking water, to be approxi­
mately the same. The results gi ven i n  Section 4 . 2. 3 . 2. 1 are , therefore, 
app l i cable to al l three al ternative s i tes on Chestnut Ridge. 

4 . 2 . 3 . 3  Health Effects 

The health effects of primary concern are those due to radiation doses 
received by i ndivi dua l s  as a consequence of exposure to ioni z i ng radiation 
from rad;onuclides i n  the waste. These health effects are cancer and genetic 
effects. About hal f of a l l  cancer cases are nonfatal (Am. Cancer Soc. 1978) ; 
the health r i s k  estimates g i ven below are based on stati st i cs for the fatal 
cancers, The number of geneti c  effects (gene mutations and chromosome aberra­
t i ons that can cause disease and abnormal i t i es i n  progeny) for a gi ven low­
level radiation dose i s  approximately twice the number o f  cancer fatal i ties  
(Nat l .  Acad. Sci . 1980 ) .  Hence, an assessment o f  geneti c  health effects can 
be i nferred di rectly from an assessment of the cancer fata l i ties .  The fol l ow­
i ng di scuss i on of hea l th effects i s ,  therefore , 1 ;  mi  ted to cons i derat i on of 
cancer fata l i ti e s .  The number of cancer fata l i ties  due to low-level i oni z i ng 
radiation i s  approximately proporti onal to the radiation dose-equival ent. * 

*A radiation dose i s  defined i n  terms of the energy absorbed by bone or 
ti ssue from i o n i z i ng rad i at i o n ,  and i s  commonly expressed i n  units of 
"rads" or uGrays (Gy) " ,  where 1 Gy :: 100 rad. A radiation dose-equival ent 
i s  obta i ned by mu I t  i p lyi ng the radi at i on dose by a "qua 1 i ty factor" , whi ch  
i s  used to take i nto account di fferences in  the biologi cal damage from 
di fferent kinds of i on i z i ng radiation and i s  commonly expressed i n  units 
of "rems" or  "Si everts (Sv)" , where 1 Sv :: 100 rem. The qual i ty factor for 
gamma radiation i s  1 ;  a qua l i ty factor of 20 i s  used for a l pha parti c l es 
emitted i ns i de the body by i nhaled or i ngested radionuc l i de s .  Thus , for 
radionucl i des i n s i de the body, a dose of 1 rad from gamma radiation and 
0 . 05 rad from al pha parti cle  emi ssion  both give a dose-equival ent of 1 rem 
and cause approximately the same b i o l ogi cal damage. 
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Thi s relation i s  expressed as a quantity cal l ed a I Irisk  esti mator" or " r i s K  
factoru • which  gives the estimated number of cancer fatal i t i es for a given 
dose. The current recommended value for the r i s k  factor is  1O-4/rem ( I nt. 
Comm. Radi o l .  Prot. 1977) . *  

The i n terpretation of this  r i s k  factor i s  that i f  one i nd i vi dual receives 
a dose-equivalent of 10,000 rem of l ow-level radi ation,  that person i s  almost 
certain to develop a fatal cancer. ( I t  shou l d  be noted, however ,  that there 
; 5 a 1 alent per; ad. i .  e . . a de 1 ay between the t; me the dose ; 5 rece; ved and 
the time at which the cancer appears;  hence, the consequences are more serious 
for a young person than for an e l derly person because the l atter might die  
from natural causes before the cancer developed. ) I f  a person received a dose 
of only 100 mrem, then the probabi l i ty that this  i ndivi dual would develop a 
fatal cancer as a consequence of the radiation dose would be 10-5 (one chance 
i n  100 ,000 ) .  Equ i va l ently . i f  100,000 i nd i v i duals  were each exposed to an 
i ndivi dual dose-equivalent of 100 mrem, then one of these i ndividual s coul d  be 
expected to develop a fatal cancer as a consequence of this  exposure . ** 

The short-term radiological impacts are almost entirely occupational . 
The health effects ( fatal cancers) associ ated with these short-term radio­
l ogical impacts may be obtained di rectly from the dose estimates. The dose 
estimates are 40. 2  person-rem from di sposal operations (Section 4 . 1 . 2 . 1. 2 )  and 
8 . 5  person-rem from waste transport (Table 4 . 1 )  over a 40-year peri od ; 
0 . 25 person-rem over a 5-year period for cl osure operations , and 0 . 8  person­
rem over a IOO-year period for subsequent monitoring and survei l l ance , for a 
total occupational dose of 50 person-rem. T h i s  would result  i n  a probab i l i ty 
of  5 x 10- 3 that a s i ngle worker from the total work force i nvolved would 
suffer a fatal cancer. 

*Boundi ng r i s k  factors for l ow-level , l ow-energy transfer ( LET) ioni z i ng 
radiation ( i . e. , l ow-level gamma radiation )--obtained by two di fferent 
l i near-quadratic model s--have been esti mated to be 7 . 7  x 10- s/rad and 
2 . 3  x 10-4/rad (Nat l .  Acad. Sci . 1980--Table V-I) .  The geometric mean 
of these values ; s  1. 3 x IO-4/rad. Because of the uncertai nty i n  the 
value,  as indicated by the range, i t  may be rounded to one s i gni f i cant 
digit .  S i nce the qual i ty factor for LET radiation ;s  I ,  this  l eads to a 
r isk  factor of lO-4/rem. 

**It should be noted that estimates of health effects at l ow doses (below 
about 10 rem) are based on prudent extrapol ations from observed effects 
at high doses; health effects i n  hUmans at such l ow dose rates have never 
been observed. There i s  some scient i f i c  evi dence that very low radiation 
doses are not harmful ( Luckey 1982) .  It may a 1 so be noted that the annua 1 
effective dose equivalent that everyone receives as a consequence of natural 
background radiation i s  about 100 mrem/yr. 
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Using the risk  factor, the health effects for the maxima l l y  exposed 
i ndividual may be i nferred directly from the i nd i v i dual doses i n  Table 4 . 11 . *  
For a maximal ly exposed indivi dual the r i s k  o f  fatal cancer during the year o f  
maximum exposure i s  2 x lO-4/yr for a bel ow-grade trench and 1 x lO-3/yr for 
an above-grade tumulus i f  the OR scenario occurs 100 years after c l osure and 
9 x lO- s/yr for e i ther i f  the scenario occurs 500 years after c l osure. These 
bounding values are somewhat h i gher than the r i s k  leve l s  of lO-6/yr to lO-5/yr 
that are consi dered acceptabl e  for i nvoluntary r i s k  ( I nt. Camm. Radiol . Prot. 
1977 ) .  As noted earl ier ,  this  i s  consi dered to be a consequence of the very 
conserval; ve "worst case" assumptions used to ensure that the est ;mates would 
be bounding. 

The l i fetime risk  for continuous exposure may be estimated by multiplying 
the annual ri sks by a l i fe expectancy of 70 years, Thi s l eads to bounding 
estimates of the probab i l i ty that the maximal ly exposed i ndivi dual would die  
of cancer as  a consequence of exposure to ionizing radiation from radionuc l i des 
in the waste of 0. 005 for bel ow-grade trenches and 0 . 03 for above-grade tumul i .  
These estimates assume that the maximum dose would be maintained for 70 years. 
I f  the worst-case assumptions used to estimate the dose were appl icab l e ,  the 
durat i on of the max i rna wou 1 d be 1 ess (except for U-238 i n  the we 1 1  water) .  
These estimates may be compared with the probab i l ity of 0 . 16 that an i nd i ­
vidual wi l l  die  o f  cancer from other causes (Natl . Acad. Sc i ,  1980) .  

The number of overa l l  health effects ( fatal cancers) i n  the general 
population that are attributab l e  to the CWOF are obtained by mul tiplying the 
annual popul ation dose by the duration of the ri s k  (to obtain the total popula­
tion dose, integrated over time) and the risk  factor. The duration of the 
r i s k  i s  not accurately known. For bel ow-grade trenches i t  wi l l  be a few 
hundred years--somewhat l onger than the 175 years required for the U-238 to 
l each out of the trench because migration through the aquifer wi l l  i ncrease 
the time (but decrease the maximum dose ) ,  The only radionuclides that reach 
the C l i nch River wi l l  be the very l ong- l i ved radionucl i des  (primari ly U-238) 
because the other radi onucl i des wi l l  decay to i nsignifi cant concentrations 
before reaching the C l i nch  River. For the above-grade tumul i .  rad;onucl i des 
l eached from the waste wi l l  be transported by stream to the C l i nch  River;  
hence, the delay wi l l  be sma l l  and the time during which contami nation of  the 

*The risk  factor of 10-4/rem i s  appl i cable to the effective dose-equivalent 
cal cul ated by means of the dosimetry mode l s  recommended by the International 
Commission on Radiological Protection ( ICRP) i n  ICRP 26 and ICRP 30 (1977, 
1978 ) .  The dose-equi va l ent in Table 4 . 11 has been cal cul ated using the o l der 
dosimetry mode l s  recommended in ICRP 2 (1960) because DOE radiation protec­
tion standards are currently based on this  model (DOE Order 5480 . 1A ) .  The 
effective dose-equivalent calcul ated using the new dosi metry mode l s  usua l l y  
l i es between the whol e- body and bone dose-equivalents calculated with the 
o l der dosimetry mode l s .  For i ngestion of U-2381 the effective dose­
equivalent i s  about f i ve times as large as the ICRP-2 whole- body dose equiva­
lent and one-third as l arge as the ICRP-2 bone dose equivalent. For the 
purpose of obta i n i ng risk  estimates , the effective dose equivalent has been 
assumed to be five times the whole-body dose, i . e  . •  a r i s k  factor of 
5 x 10-4/rem has been appl ied to the whol e-body dose. 
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ri ver occurs wi 1 1  correspond c l ose ly to the 1 eachout t ; me. Contri but; Dns from 
the short- l i ved radionuc l i des can occur. There 101; 1 1  be a sharp peak of short 
duration (a few years) i n  the river concentration due to the short- l i ved 
rad i onuc 1 ides . then a broad max; mum of about 200 years due to U-238. ( I t 
should be recal l ed that these time estimates are based on a model that greatly 
Dverestimates peak concentrations , with a correspondi ng underesti mate of the 
durati ons. ) 

The duration of the el evated radionuclide concentrations have not been 
es t; mated wi th suff; c; ent accuracy to permi t quanti tat i ve est; mat i on of the 
overa l l  health effects. The population health effects for the lumul i wi l l  be 
greater than for the trenches because of the contribution from the short- l i ved 
radionucl ides , but not by a factor as l arge as the rat i o  of the maximum popula­
tion dose rates (80/0 . 6  � 130) because the duration of the contribution from 
the short- l i ved radionuclides wi l l  be much l ess .  The contribution to the dose 
from U-238 wi l l  be the same for both design al ternatives because the total 
amount of U-238 released i nto the C l i nch River wi l l  be the same; only the 
duration and peak concentrations wi l l  be different. The dUration of the 
hazard w i l l  be f i n i te because it wi l l  disappear when the U-238 has been d i l uted 
to concentrations comparabl e  to the concentration of natura l l y  occurring U-238 
i n  freshwater sources (0. 1 pCi/L ) .  

An i ndication o f  the magni tude o f  the population health effects may be 
obtained by considering the number of fatal cancers attributab l e  to the CWOF 
that would occur i n  the at- r i s k  popul ation (1 m i l l ion  persons) over a l i fetime 
(70 years ) .  This  r isk  i s  esti mated to be 0 . 02 for the bel ow-grade trenches ; 
i . e. , there would be a probab i l ity of 0 . 02 that a si ngl e i ndividual i n  the 
at- r i s k  population would die  from cancer attributabl e  to exposure to radio­
nucl ides from the CWDF rather than from some other cause. Thus , the l i fetime 
risk  for each i nd i v i dual in the at- r i s k  popul ation would be 2 x 10-8 . These 
r i s k  esti mates may be compared with the 160,000 fatal cancers that w i l l  develop 
i n  this  same population from a l l  other causes, or the l i fetime r i s k  of 0. 16 
for a s i ng l e  i ndividual .  

The release of U-238 would continue for several hundred years ; hence, the 
total r i s k  might be as much as a factor of 10 greater. The popul ation health 
effects from the tumu l i  wi l l  be greater by the contribution from short- l i ved 
radi onuc l i des. The peak population dose from the tumu l i  (80 person-rem/yr) 
wi l l  last only for about two years. Using thi s  duration .  the added health 
effects from the short- l i ved radionucl i des i s  esti mated to be 0. 08 cancer 
fatal ities .  Thus . the overal l population r i s k  for the tumu l t  ; s  only sl i ghtly 
greater than for the trenche s ;  a factor of about 2 or l ess would be a reason­
abl e  estimate. 

4 . 2 . 3 . 4  Mitigation 

During the l ong-term period,  the most effective mitigative measure woul d  
be to continue mai ntenance, monitoring, and corrective actions--such as compac­
tion of trenches or tumul i ,  repai r of caps , and possi bl e reengineering of 
waste-conta i n i ng systems--and to mi nimize the potenti al  for human i ntrusion 
i nto the wastes. The potential l ong-term need for mitigation i s  primari ly a 
consequence of the U- 238, whi ch  has a ha I f- l  i fe of 4 .  5 bi 1 1  i on years. It  i s  
obviously impossible  to provide effective containment of such l ong- l i ved 
radionuc l i des unti l they decay to i nnocuous concentrations.  I n  fact. compl ete 
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i sol ation represents a worst case i n  the sense that the r i s k  at the lime of 
fai l ure of i so l ation ,  which wi l l  i nevi tably occur, w i l l  be greater for this  
case. The only feas i b l e  m i t i gati on measure is  to l im i t  di spersal i nto the 
envi ronment to a rate such that the concentration at a point of potential 
human exposure remai n s  bel ow the l evel that presents a hazard to human health. 

Di spersal of U-238 i nto the envi ronment at concentrations comparable to 
the concentrations of natural ly occurring U-238 would e l i m i nate the hazard 
without creating a new hazard. The normal range of natural ly occurring U-238 
i n  the s o i l  i s  0 . 2 to 3 pei/g ,  with a median of 0 . 7  pel/g,  and the mean 
concentration i n  freshwater sources ; s  about 0 . 1 pCi/L (Bowen 1979). The rate 
of release would have to be contro l l ed to prevent a l ocal bui l dup of radio­
nucl ide concentrati ons that exceeded safe l imits.  One app l i cabl e  l i mi t i s  on 
the concentration  of U-238 i n  l i quid effl uent that may be discharged i nto a 
sanitary sewer system i n  an uncontro l l ed area; this  l i mit  i s  600 pCi/L (DOE 
Order 5480. lA, Chapter X I ) .  The discharge woul d have to be monitored so that 
the safe l i m i ts for the concentrati on i n  any dri n k i ng water supply was not 
exceeded. A safe dri n k i ng water l im i t  for U-238 has not yet been establ i shed . *  

Actual experience o n  the leach rate of radionucl i des from the emplaced 
waste prior to removal of i nsti tutional control s  wi l l  enable more real i stic  
estimates of the radi o l ogical impacts. I t  i s  expected that the more real i s t i c  
estimates wi l l  be much lower than the bounding esti mates gi ven i n  t h i s  E I S ,  
and w i l l ,  therefore, el imi nate the need for mi tigative measures. 

4. 3 SOCIOECONOMICS ANO LANO USE 

A waste-di sposal fac i l i ty of the s i ze of the CWDF requires few workers 
for i ni ti a l  construction or operati o n ,  so there wi 1 '  be no s igni ficant impacts 
caused by i n-migration of workers. Add i ti ona l l y ,  the uni que hi storical develop­
ment of the Oak R i dge area has raised publ i c  awareness of waste management. 
Thu s ,  the soci oeconomic impacts of this  project are not demographi c ,  but 
i nstitutional and econom i c ,  and rel ated to the residents I qual i ty of l i fe .  

4 . 3 . 1 Popul ation and Empl oyment 

The i ni t i a l  construction phase i s  expected to last one year. During this  
phase, the fi rst trench would be  excavated and the necessary bui l d i ngs erected. 

*A dri nking water concentration l i mit  for U-238 may be estimated from the 
EPA dose l i m i t  of 4 mremlyr to a cri tical organ for man-made radionuclides 
i ngested i n  dri n ki ng water (40 CFR 141. 16(b) ; the estimated value i s  
20 pCi/L. This estimate is based on a consumption of 2 L/day of water and a 
dose convers i o n  factor of 2 . 55 x 10-4 mrem/pCi for U-238. The dose-conversion 
factor i s  based on dosimetry mode l s  recommended by the International Comm i s­
s i on on Radiological Protecti on ( ICRP 1977, 1978) ; hence, i t  requires a re­
i nterpretati on of the EPA dose l im i t  of 4 mrem/yr to a criti cal organ as an 
effective dose equivalent l i m i t  of 4 mrem/yr. The EPA l i mi t ,  which may 
d i ffer from this  estimate, wi l l  be app l i cable as soon as i t  i s  estab l i shed. 
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Addi tional trenches would be excavated as the need arises on an annual bas i s .  
The peak construction work force for the proposed action i s  expected to be 
60 workers,  and l ocal contractors would be used as much as poss i b l e .  Thu s ,  
negl igible  effects o n  the local population are expected because of the rela­
tively sma l l  s i ze of the construction work force, short duration of the 
construction activities , and predomi nately l ocal work force. 

The operational work force requi red for the CWDF would be about 35 persons. 
It i s  expected that about 15 workers would be drawn from other ongoing waste­
management act i v i ti es at ORR.  The 20 new additional workers expected to be 
drawn from the l ocal work force represent only 0 . 05% of the Anderson and Roane 
county work force. Thus , no effect on the area population i s  antici pated from 
operation of the CWDF. Because the number of workers would be approximately 
the same for each a l ternative,  the soci oeconomic  impacts of the al ternatives 
would be s i mi l ar .  

4 . 3 . 2  Publ ic  Services 

No effect on publ i c  services i n  the surrounding areas ; s  anti ci pated from 
construction or operation  because no i ncrease i n  the area popul ation i s  
expected. 

4 . 3 . 3  Land Use 

The major effect of the proposed and al ternative actions (both construc­
tion and operation phases) would be to preempt the l and from future al terna­
tive uses. Because o f  the ki nd of waste to be di sposed, the l and on which the 
CWDF i s  bui l t  must be considered to be dedicated to waste management for the 
foreseeabl e  future. In order to conta i n  the CWOF wastes , the l and above, 
under, and surrounding the contai nment area must remai n  undi sturbed. Improper 
onsite surface or subsurface development could stress engi neered barriers and 
al low for migration of the wastes offs i te. Therefore , certain onsite human 
acti vi ties ( e . g . , excavation or agricul tural activities)  must be prevented 
during the period of potential radiological impact (see Section 4 . 1 . 2 . 1) .  

Commitment of a site that has potential industrial or publ i c  use may be a 
s i gni f; cant impact because of growth and fi nanc i a 1 opportunit i es foregone. 
Anderson County requested 1 and on the ORR for a 1 andfi 1 1  s i te but was turned 
down for l ac k  o f  ava i l ab l e  land (Bol l i ng 1984 ) .  local c i t i zens and govern­
ments have objected to commitment of potential i ndustrial l and during the EIS  
scoping process on the Niagara Fal l s  Storage S i te E I S  ( U . S .  Dept. Energy 1984) 
and the CWDF (U . S .  Dept. Energy 1983a) .  The Tennessee Technical Corridor 
Foundation h i red an archi tectural and engineering f i rm (Adams Craft Herz 
Walker) to l ocate potential i ndustrial s i tes al ong the technical corridor 
(which ends ; n  Oak R i dge).  One of the principal partners in the f i rm is on 
the Roane-Anderson Economic Counc i l  and has identi f i ed two potential i ndus­
trial  areas within the boundaries of the CWDF buffer zone at WCR (Adams 1984) .  
The potential i ndustrial areas account for approximately 61 ha (150 acres ) .  
The trench areas where the waste would be buried have not been c i ted as a 
potential i ndustrial devel opment s i te but do have the potential for a com­
mercial waste faci l i ty (Wi l l i ams 1984) .  

There are three important caveats 
uses of the West Chestnut Ridge s i te. 

rel ated to potential i ndustri a l /commerci a l  
F i r s t ,  i ndustry must be i nterested i n  
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l ocating i n  the Oak Ridge area before potential i ndustrial l and ; s  important. 
Second, al though developable l and i s  l imited ; n  the Oak R i dge area, the c i ty 
of Oak Ri dge has enough ava i l ab l e  l and i n  i ts i ndustrial park and other hold­
ings to meet needs for the next few years (Faust 1984 ) .  A l s o ,  Martin Marietta 
Corporation (1983) has proposed the development of an i ndustrial park with the 
c i ty of Oak Ridge. Third,  al though the s i te may be a good l ocation for a 
commerc i al waste faci l i ty ,  i t  ; s  uncertain whether area residents wou ld  want a 
commercial faci l i ty that would accept radioactive waste from outside the area. 
It shou l d  be pointed out that DOE does not expect the entire 508-ha ( 1 , 253-acre) 
5 He to be excluded from other poss i b 1 e uses i n  the future. I f  it can be 
demonstrated that other proposed faci l i ties can safely coexist  with the CWDF 
and not d i srupt routine operations,  such faci l i ties might be a l l owed within 
the buffer lone. 

Vi sual resources of the Chestnut Ridge area would be adversely affected 
by construction activities .  The ri dge i s  v i s i b l e  from Bear Creek Road (west 
of Hi ghway 95) and the i ni tial  CWDF woul d  cover part o f  the top of West Chestnut 
R i dge. Trees and vegetation would be removed from the affected portion of the 
ridge during the construction phase of the project. This i ni ti al development 
of the CWDF would be v i s i b l e  from Bear Creek Road and would distract from the 
undeveloped wooded,  h i l ly terra i n .  The major portion of the CWDF woul d not be 
v i s i b l e  from the road. 

S i t i ng of the CWDF at the CCR or ECR s i tes could confl ict with security 
areas for the ORNL or Y-12 Pl ant (Section 3 . 6 . 5 ) .  

4. 3 . 4  Transportation 

In the preferred site ,  the CWOF would be l ocated on the far west end of 
the ORR away from downtown Oak Ridge. Transportation routes for construction 
and operation can eas i l y  avoid the downtown area. 

Construction of the CWOF at any one of the three s i tes might result i n  
i ncreased traffic congestion and road deterioration i n  the area of the CWOF. 
A number of large pi eces o f  equi pment and veh icles would either be driven i n  
o r  hauled to the s i te. This  might cause traffic congestion at certa i n  inter­
sections during peak hours. However ,  i f  the equipment were brought i n  during 
off-peak hours, the impact woul d  be m i nimal . Transport of fi l l  material 
needed for trench construction would a l so result i n  i ncreased truck traffi c .  

Potential impacts 
phase of the CWDF are: 
and ( 2 )  a i r  pol l ution. 

resul t i ng from transportation during the operational 
(1)  deaths and i njuries resulting from transportati on,  

Transportation of low-level wastes to the CWDF has the potential to 
i ncrease the r i s k  of human i njury and death because of transportation accidents. 
Based on acc ident stati stics for the United States (rural and urban areas ) ,  
the i njury rate for truck accidents i s  5 . 1  x 10-7 i njuries per ki l ometer and 
the fata l i ty rate i s  3 . 0  x 10-8 per ki l ometer. I f  i t  i s  assumed that the 
potential for transportation accidents i nvol v i ng shipments of radioactive 
wastes is comparable to the general truck transportation i n  the Uni ted States , 
then--based on the above rates--about 0 . 8  i njuries and 0 . 5  deaths woul d  be 
associ ated with the 40-year operation of the CWDF .  The actual accident rate 
and injury rate at ORR has been less  than the projected rates. 
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It i s  expected that the nonradiological transportation impacts would be 
s l i ghtly l ess i f  the CWOF were s i ted at ei ther East Chestnut Ridge or Central 
Chestnut Ri dge rather than at the West Chestnut Ridge s i te. The reason for 
thi s  i s  that the transportation risk  ( for a given type of waste) depends 
primarily on the truck-mi l es transported. Both Central Chestnut Ridge and 
East Chestnut R i dge are cl oser to Y-12, which has the l argest waste fraction.  
From the Y-12 P l ant it  i s  about 10. 5 km ( 6 . 5  m i l  to West Chestnut R i dge , 8 km 
( 5  m i l  to Central Chestnut R i dge,  and 4 . 8  km (3  m i l  to East Chestnut R i dge. 
It should be noted that the transportation analys i s  for the West Chestnut 
Ri dge s i te shows that the projected accidents and resulting i njuries and 
fata l i ti es antici pated are extremely smal l .  

Pol 1 utants--such as carbon monoxide,  particul ates , ni trogen dioxide,  
sul fur dioxide,  and hydrocarbons--woul d  be generated from combustion of diesel 
fuel during truck transport. In addition .  fugitive dust from roads and from 
t i re abras ion woul d  be generated. A l l  these pol l utants have the potential to 
cause a i r  pol l ution. However, taking into consideration the l ow frequency of 
shipments of waste ( two trucks per hour per 8-hour shift for the first four 
years ) ,  the current traffic patterns over the proposed routes, and the rural 
nature of the area, no adverse air  pol l ution impacts or v i o l ations of a i r­
qual i ty standards are expected. 

4 . 3 . 5  Parks, Recreation, and Hi storical S i tes 

The proposed construction and operation of the CWDF at the preferred s i te 
i s  not expected to impact currently exi st i ng publ i c  access parks , recreation , 
or hi s tori c si tes. Future park and recreat; ona 1 deve 1 opment opportun i ties at 
the West Chestnut R i dge s i te wou l d  be foregone for the foreseeable future. An 
archaeol ogical survey was conducted al ong the transmission l i ne corridor that 
crosses the preferred site,  and no archaeo l ogical s i te was di scovered i n  the 
area of the proposed CWDF ( F i e l der 1974 ) .  

In  v i ew of the fact that hi storic structures are located within  the WCR 
and CCR s i tes (see Section 3 . 6 . 6) , necessary precautions would be taken to 
protect them from pos s;  b 1 e damage duri ng the cons truct i on and operat i ana 1 
phases of  the CWDF (Brown 1984 ) .  

Implementation o f  the proposed action at either WCR or CCR would impact a 
portion ( 1 . 2%) of the Oak Ridge National Envi ronmental Research Park (see 
Section 3 . 6 . 6 ) .  Al though loss of any portion of  a national envi ronmental 
research park may be v i ewed as important, the permanence of these parks i s  not 
ensured by DOE (Boyle et al . 1982 ) .  As di scussed i n  Section 4 . 1 . 1 . 2. 1 ,  fol l ow­
i ng the i nstitutional-care period, the affected areas may be al l owed to return 
to the types of habi tat currently ex i st i ng at the proposed s i te through natural 
succession. Construction and operation of the proposed CWDF would afford 
potential research opportunities for scientists wi thin the Oak Ridge National 
Envi ronmental Research Park ( e . g . , revegetation ,  faunal distributions ) .  
Impl ementation of the proposed action on CCR cou l d  adversely affect research 
i n  progress on Walker Branch. 

4 . 4  IMPACTS FROM THE NO-ACTION ALTERNATIVE 

The i ncremental impacts from the no-action al ternative--which i s ,  i n  
fact, a delayed-action al ternative--are primar i ly the additional impacts that 



4-59 

would res u l t  from storage of the waste. Storage for an extended period can 
reduce the inventory of short- l i ved radionucl i des pl aced in the di sposal s i te 
by radi oaet i ve decay; however ,  thi 5 does not reduce the avera 1 1  impact when 
the potent i a 1 ; mpacts due to mi grat; on of these radi onuc 1 ;  des from faci l ;  t; es 
i n  current use or from a storage s i te are taken into account. No new methods 
for di sposal of LlW, other than those considered i n  i dentifying the range of 
potential al ternatives for this  E I S ,  can be antici pated i n  the foreseeab le  
future; hence, the impacts for immediate di sposal and del ayed di sposal are 
otherwise comparabl e .  The net di fference i s  the i ncreased cost and risk.  of 
the additional step of p l ac i ng the waste at the storage l ocation, from whi ch 
it must be removed for final di sposal , and the i ncreased cost and r i s k  of 
monitoring and mai ntenance of the waste at a l ocation that is l ess suitab l e  
than a permanent di sposal s i te for l ong-term retention o f  the radioacti vity. 

At the present time , separate di sposal faci l i ties are maintained for the 
di sposal of waste from the three pl ants within ORR.  One faci l i ty is maintained 
for waste from ORNL. A separate shared faci l i ty i s  maintained for waste from 
Y-12 and ORGDP. The i ncremental impacts from continued use of these faci l i ties , 
and the changes i n  operation and i ncremental impacts that occur as they become 
unava i l ab l e  or f i l l ed to capacity . are presented below. 

4 . 4 . 1 Impacts Prior to F i l l i ng of CUrrent D i sposal Faci l i ties to Capacity 

4 . 4 . 1 . 1  X-I0 Faci l i ti es (Oak Ridge National Laboratory) 

Currently.  s i x  burial grounds and several waste pits and trenches are 
located i n  Melton and Bethel val l eys within ORR ( F i gure 4 . 4 ) .  The earl iest 
burial faci l i ti es--$o l i d  Waste Storage Areas No.  I,  No. 2 ,  and No. 3 ( 5W5A- l ,  
- 2 ,  -3) --were l ocated i n  Bethel Val l ey near the source of the wastes. Because 
convenience was the primary consideration ,  preoperational geological i nvesti­
gations were not undertaken. 5WSA- 3 ,  the l ast to be operated in Bethel Val l ey ,  
was c l osed i n  1951 when geologic considerations prompted devel opment of burial 
grounds in the more favorable Conasauga shales in Melton Val l ey .  Waste di sposal 
i n  Melton Val ley began i n  1951 with the operation of an 11-ha (28-acre) tract 
cal l ed 5W5A-4. Thi s area was c l osed i n  1960. 5ubsequently,  5W5A-5 (15 ha 
[37 acres))  and 5W5A-6 (28 ha [68 acre s ) )  were developed nearby. Large portions 
of the area i n  5W5A-5 are topographical ly or hydro l ogical ly unsuitable for 
trench di sposal and have not been used for burial of waste. 5W5A-6 was pl aced 
i n  operation i n  1973 and i s  currently used for routine waste buri al . Only 
about 5 . 9  ha ( 14 . 5  acres) of 5W5A-6 i s  usable due to rough terrai n. 

The total vol ume of sol i d  debris LlW generated by ORNL i s  currently 
2 , 800 m3/yr (100, 000 ft3/yr).  The unused di sposal area in  5W5A-6 was esti mated 
to be 2 . 6  ha ( 6 . 5  acres) as of May 1983. Based on the estimated area capaci ty 
of about 5 , 000 m3/ha (70 , 000 ft3/acre) , 5W5A-6 would become f i l l ed to capaci ty 
i n  1987 by LLW from ORNL alone. 

4 . 4 . 1 . 2  Y-12 Fac i l i ties (Y-12 P l ant and Oak R i dge Gaseous Di ffusion Pl ant) 

5eparate fac i l i ties are provided for c l as s i fied and nonclassified waste 
generated by Y-12 and ORGDP. C l as s i fied waste consists of waste that i s  
c l assified for security purposes. It  i s ,  and wi l l  continue to be , di sposed of 
or stored i n  faci l i ties within the p l ant security fences .  The l i mi ted space 
within these areas and the need to reserve them for c lassified waste precl udes 
the i r  use for noncl assi fied waste. Nonc l assi fied waste of potent ial  economic 
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Sol i d  Waste Storage (Di sposal ) 
Oak Ridge National laboratory. 
Boyle et al . ( 19B2 ) .  

Areas at 
Source: 

waste 
Thi s 

and uranium chips from Y·12 and contami nated 
waste i s  stored for future recovery operations. 

Low- l evel waste from ORGOP was pl aced i n  a burial ground at the ORGOP 
s i te prior to 1975. Use of this  burial ground was disconti nued i n  1975, and 
burial act i v i ty was transferred to the Y-12 site.  The burial ground for Y-12 
radioactive waste, which receives llW from both Y-12 and ORGOP, i s  l ocated i n  
the Bear Creek Val l ey area west of Y-12. 

In a recent compl i ance review by the State of Tennessee Department of 
Health and Envi ronment, i t  was determined that the Bear Creek d i sposal p i ts 
were unsuitable for continued use with current operati ng practice ,  primari ly 
because of standing groundwater i n  the pit areas (McKinney 1983) .  Measure­
ments of groundwater contami nation from this  condition are not avai l ab l e ,  but 
one may reasonably i nfer that continued use of these p i ts without corrective 
action woul d  l ead to radiological impacts that are greater than wou l d  res u l t  
from di sposal o f  the same amount o f  wastes i n  a new CWDF. 

Corrective action to bring the performance of the Bear Creek di sposal 
pits may be poss i b l e ;  however, this  option i s  moot because a Memorandum of 
Understanding between DOE , the U . S . Envi ronmental Protection Agency, and the 
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State of Tennessee Department of Health and Envi ronment commits DOE to termi­
nate use of the Y-12 Bear Creek di sposal pits by August 1985 (U . S .  Dept. 
Energy et a 1 .  1983 ) .  A l oss of credibi l i ty and strong negative publ i c  percep­
tion coul d  be expected to occur i f  there were a del ay i n  impl ementing the 
commitments i n  the Memorandum of Understandi ng. 

It  i s  assumed that under the no-action al ternati ve,  nonclassified sol i d  
waste from ORGDP and Y-12 would be pl aced i n  the 5WSA-6 burial ground used by 
ORNL. T h i s  practice would i nvolve very 1 i tt l e  change from current practi ce ,  
and cou l d  continue unt i l  5WSA-6 was f i l l ed to capacity. During this  period. 
the impact from waste di sposal ; s  assumed to be comparable to the impact that 
would occur i f  the same amount of waste were p l aced i n  a new CWDF.  

The vol ume of  sol i d  LLW from Y-12 and ORGOP, which i nc l udes di scarded 
process equipment and mater i a l s  as wel l  as radioactive trash, i s  currently 
about 4 , 700 rn3/yr ( 170 , 000 ft3/yr) (see Appendix C ) .  I f  this  waste--together 
with the waste from ORNL·-were di sposed i n  SWSA-6 starting i n  Aupust 1985 (at 
which time the remai ning capacity would be approximately 6 , 700 m [240, 000 ft3 ) ,  
SWSA-6 would be fi l l ed to capac i ty by the end of June 1986. 

The preceding estimate does not i nc l ude ( 1 )  a sma l l  vol ume of waste con­
taminated w i th asbestos , for which segregated di sposal i s  desirable to minimi ze 
the nonradi oactive hazard, nor (2)  the l arge vol ume of grout waste from the 
s l udge generated by settl i ng and scrubbing operations . Sl udge di sposal would 
generate so l i d  waste at an i rregular rate dependi ng on the schedule for remov­
i ng the s l udge from holding ponds where i t  i s  now stored and for treating i t  
t o  form a grout mixture suitab l e  for di sposal as sol i d  waste. The accumulated 
vol ume of s l udge i n  the 5-3 hol d i ng ponds alone i s  34 , 000 rn3 ( 1 ,200, 000 ft3) .  
The projected annual vol ume o f  grout waste for which a di sposal faci l i ty wi l l  
be needed i s  15 , 000 m3/yr (525 , 000 ft3/yr) starting i n  August 1986, i ncreasing 
to 1 7 , 000 m3/yr (585,000 ft3/yr) in 1988, and then dropping to 6 , 000 m3/yr 
(215 , 000 ft3/yr) thereafter. 

The no-action al ternative does not provide for removal and di sposal of 
the s l udge from the hol d i ng ponds. These ponds are, at present, l eaking i nto 
8ear Creek, thereby resulting i n  di scharges to the waters of the state of 
Tennessee (McKi nney 1983) .  An additional , and potent i a l l y  severe , impact i s  
that i f  a CWOF i s  not ava i l ab l e  for di sposal of the s l udge grout, a del ay 
mi ght occur i n  implementing the Memorandum of Understandi ng ,  which covers the 
Y-12 holding ponds as wel l  as the Bear Creek di sposal p its .  

4 . 4 . 2  D i sposal Options and Impacts When Existing Fac i l i ties  Are 
Fil l ed to Capaci ty 

After eXisting di sposal fac i l i ties are f i l led to capacity, conti nued use 
of these faci l i ties within ORR is no l onger pos s i b l e .  The options avai l ab l e  
a t  t h i s  point i n  time for manag i ng radioactive wastes generated by ORNL, V-12,  
and ORGDP are to: ( 1 )  expand the capacity of existing fac i l i ti es j  ( 2 )  provide 
temporary storage faci l i ties ; and ( 3 )  develop new di sposal fac i l i ties .  Al l 
three of these options necessari ly i nvolve some action that di ffers from 
current pract i ce. The fi rs t two opt i ons i nvo l ve the 1 eas t act i on and may . 
therefore, be consi dered to be a continuation of the "no-changell pol i cy of the 
no-action al ternative .  The third option i s  outside the scope of the no-action 
a 1 ternat ; ve. 
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4 . 4 . 2 . 1  Expansion of Existing Di sposal Faci l i ties 

There i s  no acceptable practice for i ncreasing the bel ow�grade capaci ty 
of SWSA-6 , the only existing acceptabl e  site ,  beyond i ts nominal capacity. 
The use of unexcavated areas between current trenches for additional capacity 
has been consi dered but di smissed as having too high a potential for causing 
s l umping of existing trench wal l s .  Construction o f  above-grade faci l i ties on 
top of existing fi l l ed trenches ; s  not feas i b l e  because the existing trenches 
were desi gned according to standard practice that does not i nc l ude grouting or 
other measures to provide sufficient support for an above-grade structure. 
Expans i on of the capaci ties of current ORNl disposal areas i n  order to permit 
continued use i s ,  therefore, el imi nated from further consideration. 

4 . 4 . 2 . 2  Storage of Waste 

Storage of radioactive waste i ntroduces an additional step i n  the sequence 
of actions between generation and di sposal . I t  does not lead to a reduction 
in the costs of the rema i n i ng steps and can , therefore, be justi fied only if 
i t  l eads to a reduction in the overal l radi ol ogical risks or if unforeseen 
del ays i n  the development of new di sposal fac i l  i ties make the extra step 
unavoidable.  The radiological risks from LLW are not reduced by storage 
because the occupational risk  for placing the waste i n  storage i s  comparabl e  
to the occupational r i s k  for disposal , and unless the waste i s  stored for 
several hundred years (which i s  tantamount to converting the storage si tes 
i nto di sposal s i tes ) ,  there w i l l  be additional radiol ogical r i s ks when the 
stored waste i s  exhumed for disposal . For some of the wastes ( e . g . , the 
depleted uranium waste ) ,  there w i l l  be essent i a l l y  no reduction i n  radiological 
risks during the storage period. The r i s k  of publ i c  exposure from stored 
waste i s  at least as great as , and usual ly  greater than, the risk  from di sposed 
waste because the faci l i ti es are not i ntended, or designed, to provide l ong­
term i sol ation of the waste. 

4 . 4 . 2 . 3  Conc l usi ons Regarding the No-Action Alternative 

The foregoi ng reasons--which may be summarily stated as: ( 1 )  waste 
generated within ORR by ORNL , ORGDP. and the Y-12 Pl ant wi l l  continue to 
accumul ate; ( 2 )  existing waste faci l i ties w i l l  be f i l led to capac i ty with i n  
two years ; ( 3 )  expansion of existing faci l i ties i s  not feas i b l e ;  and ( 4 )  storage 
of waste would i ncrease the cost and risk  of waste disposal . 

I n  addition to the aforementioned additional impacts for the no-action 
al ternative relative to the proposed acti o n ,  there is the unquant i f ; ab l e  
impact associ ated with the publ i c  perception of the i nabi l i ty o f  DOE t o  resolve 
the problem of provi d i ng for waste di sposal of LLW generated with i n  ORR. T h i s  
impact could have an adverse effect on publ i c  perception of the abi l i ty of DOE 
to manage the LlW generated by i ts activites. 

4. 5 CUMULATIVE IMPACTS 

The cumulative impacts of a l l  i nsta l l ations i n  the v i c i n i ty of the CWDF 
were revi ewed for two mai n  concerns: ( 1 )  comparison o f  the total radiological 
impact at ORR to that of the CWDF and ( 2 )  potential for synergism,  i . e . , the 
potential for creating a total radiological impact greater than the sum of the 
impacts of i ndividual i nstal l ations.  
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Cumu l ative radiological impacts can be assessed from the impacts of the 
i ndi vidual fac i l ities , i n c l ud i ng ORNL, ORGDP, and Y-12. The impacts of these 
three pl ants have been esti mated for gaseous and l i qu i d  pathways (Boyle et a1 . 
1982 ) .  The radiological impact of the CWDF by gaseous pathways i s  expected to 
be negl igible  compared to these three pl ants because there wi l l  not be any 
gaseous releases as i n  the other faci l i ti es .  Furthermore, the phys ical proper­
ties of the wastes handled by the CWDF are not expected to contribute to the 
atmospheric di spersion of particul ates under normal conditions. A l s o ,  the 
radiological impact of the CWDF by l i quid pathways , i nvol v i ng s l ow processes 
of seepage through 50; 1 ,  i s  expected to be negl i gible  during the l i fetime of 
the other plants now operati ng on the ORR (see Section 4 . 2 . 2 ) .  For these 
reasons, the contribution of the CWDF to the cumulative envi ronmental impact 
at ORR i s  expected to be i nconsequenti al . 

The potential for synergi sm i n  envi ronmental impacts can be i n ferred from 
the functions of these instal lati ons , their relative di stances, and their 
i nteractions. The functions of the ORN L ,  ORGDP ,  and Y-12 fac i l i ties are 
described i n  Section 1 . 2 . 1 .  The i r  di stances from the WCR s i te are l i sted i n  
Table 4 . 2  and the relative l ocations are i nd i cated i n  F i gure 3 . 2 .  I n  these 
descriptions , several facts related to the possibi l i ty of synergi sm are note­
worthy: ( 1 )  the total impact of the CWDF i s  sma l l  compared to the other three 
pl ants , (2)  an envi ronmental analysis of ORNL, which i ncl uded an assessment of 
cumulative effects of the major faci l i ties  in the area (Boyle 1982) concl uded 
that the composite dose to the maxima l l y  exposed i ndivi dual d i d  not exceed the 
sum of the doses to i ndividuals  res i d i ng at the boundaries of ORN L ,  ORGD P ,  and 
Y-12, (3) the only i nteraction of the CWDF with the three plants would be the 
acceptance of wastes from them, and ( 4 )  the three plants would produce waste 
requ i ri ng appropriate treatment and di sposal regardless of whether the CWDF 
were constructed. From these considerations , there i s  no i ndication that the 
operation o f  the CWDF would cause the total radi o l og i cal impact to be greater 
than the sum of those of the separate fac i l i ti es .  

Al though not pl anned, there ; s  a potential for overlap wi th another 
projec t ,  the di sposal of NFSS wastes at the P i ne R i dge Knol l s  s i te ( U . S .  Dept. 
Energy 1984 ) .  I f  the NFSS project i s  implemented with di sposal of the wastes 
at ORR,  one truck haul i ng radioactive wastes wi l l  be brought i nto ORR every 
mi nute during two summers (the CWOF project would i nvolve about 2 trucks per 
hour per 8-hour s h i ft for the f i rst 4 years. Thu s ,  the cumulative trans­
portation impact would result  i n  i ncreased traffic congestion,  i ncreased 
acci dents , and accel erated deterioration of the roads , pri mari ly due to the 
NFSS project. 

4 . 6  UNAVOIDABLE ADVERSE ENVIRONMENTAL IMPACTS 

No matter which of the al ternatives i s  impl emented, certa i n  adverse 
impacts wou 1 d be unavoi dab 1 e. The impacts wou 1 d occur even wi tn the bes t 
pos s i b  1 e overa 1 1  program pl anni ng ,  eng; neering des i g n .  qual i ty assurance 
programs , sa fety programs , and other mi t i ga ti ve measures. F 0 1 1  owi ng i s  a 
summary of major unavoidable adverse envi ronmental impacts (deta i l s  given i n  
Section 4 . 1  and 4 . 2 ) .  

S i te construction would di sturb about 64 ha (160 acres) o f  
exi st i ng terrestrial habitat and cause di spl acement o r  death o f  
bi ota withi n t h i s  habitat. A l s o ,  smal l springs and creek 
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tributaries that exist wi thin the desi gnated disposal areas of 
the CWOF would be modified Dr destroyed by construction acti v i ties 
(Section 4 . 1. 2. 2) .  

Workers would be exposed to  radiation above the amount they 
would norma l l y  rece i ve from natural background (Section 4 . 1 . 2 ) .  

The genera 1 pub 1 i c wou 1 d be exposed to a very sma 1 1  amount of 
rad; at i on above the amount they wou 1 d norma 1 1y reee; ve from 
natural background ( Section 4 . 2 . 3 ) ,  

Accidents might occur, resulting i n  release of radioactive 
materials  to the envi ronment (Section 4 , 1 . 2 ) .  

Worker i njuries cou l d  occur , such a s  those that occur during 
any i ndustrial project. 

Potential i ndustrial uses would be preempted. 

There would be a need for l ong-term commitment for mai ntenance 
and monitori ng. 

4 . 7  IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

The types of resources committed for the proposed project and i ts 
al ternatiVes can be i denti f i ed as:  (1)  materi al resources-- i nc l ud i ng materi a l s  
of contruction ,  renewabl e  resource material s consumed i n  operati o n ,  and nonrenew­
abl e  resources consumed , and ( 2 )  nonmaterial resources , incl uding a range of 
beneficial  uses of the envi ronment. Resources that may be considered i rrever­
sibly or i rretrievably committed are: (1)  biological resources destroyed i n  
the v i c i ni ty ,  ( 2 )  construction materi a l s  that cannot be recovered or recycl ed 
with current techno logy I ( 3 )  materi a 1 s that are rendered radi oact i ve but 
cannot be decontaminated, (4)  materials  consumed or reduced to unrecoverabl e  
forms o f  waste, and (5) l and areas rendered unfi t for other use. 

Waste di sposal would restrict use of approximately 64 ha (160 acres) of 
l and. A few springs or portions of sma l l  tri butary streams would be l ost 
(Section 4 . 1 . 2 . 1 ) .  No other i rrevers i b l e  or i rretrievab l e  commitment of 
bi otic resources associ ated with the the any of the s i tes has been i denti f i ed .  
Cl ean soi l that is  to be used i n  the d i sposal areas a s  covering and f i l l  for 
i nterstices would be i rretrievably committed to the site. Simi l arly.  mater i a l s  
( e . g . , concrete, sand, and gravel ) for the l i ners and caps would b e  permanently 
affixed to the s i te and not usable for any future purposes. Transport of 
wastes would require commitments of fuel to run the trucks for a total of 
about 2 mi l l i on ki l ometers ( 1 . 2  m i l l ion m i l es ) .  

4 . 8  SHORT-TERM AND LONG-TERM PRODUCTIVITY O F  THE ENVI RONMENT 

Devel opment of any of the al ternati ve s i tes would result  i n  short-term 
and long-term envl ronmental gains and losses.  Short-term effects are those 
that would occur during construction,  operation,  and the i nstituti onal-care 
period. long-term effects are those that wou l d  extend past the i nstitutional-
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care period into the i ndefinite future. Short- term effects are general ly 
considered i n  terms of trade-offs relative to envi ronmental impacts , land use , 
and cost. long-term effects are related to conservation of energy reserves , 
envi ronmental effects , and l and use. 

The pri mary purpose for impl ementi ng the CWOF ;s to p l ace wastes from the 
Y-12 Pl ant, ORGOP, and ORNL i n  an envi ronmenta l l y  acceptabl e ,  l ong-term d i s­
posal s i le. The pos i tive short-term and l ong-term effects of the CWOF are 
that wastes would be placed i n  trenches or tumu l i  that would enhance the i r  
i solation from the human envi ronment. Implementation would cause consumption 
of some depletable resources such as cement and steel ; however, these are a l l  
common i ndustrial products and consumption for the CWDF woul d  not signi ficantly 
affect the i r  supply. A l s o ,  impl ementation of the CWoF would require short-term 
dedi cation of l and during constructi o n ,  operation ,  and i nstitutional care of 
the fac i l i ty .  Di sposal of wastes at the CWoF would commit the subsurface area 
to that purpose i ndefi n i tely and would restrict the devel opment at that location 
of potential mineral resources by dri l l i ng or m i n i ng. 

Use o f  any of the al ternative s i tes for di sposal woul d  result i n  a l ess 
favorabl e  envi ronment and have a local i zed effect on the b i ot i c  community. 
Creation of the fac i l i ty would a lso  prevent the use of affected di sposal areas 
for timber management, at least through the i nstituti onal-care period. 

Fol lowing the institutional -care period, the s i te might be a l l owed to 
revert back to habitat currently existing on the s i te (espec i a l ly i f  access 
were restricted). On the other hand, the area might be used for limber 
management or agricul tural devel opment. 
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5 .  ENVI RONMENTAL PERMITS , REGULATIONS, AND APPROVAL 

The permits ,  certi fications , l i censes , and other approvals from the 
federal government or slate of Tennessee that may be needed for the CWDF are 
discussed i n  this  section. Emphas i s  i s  on ai r qua l i ty .  water qua l i ty .  di sposal 
of sol i d  and hazardous wastes , protection of critical w i l dl i fe habitats , and 
preservation of c u l tural resources (Tab l e  5 . 1 ) .  

Many o f  the regulations and orders discussed here i n  are i nternal to DOE. 
thus res u l t i ng i n  sel f-regulation in most i nstances. With regard to the 
health and safety aspects of hand l i ng radioactive materi a l s ,  OOE l s  sel f­
regulation derives primari ly from Section 110(a) of the Atomic Energy Act (AEA) 
of 1954 as amended (4D USC 20ll et seq. ) ,  wherein DOE-owned,  contractor­
operated faci l i ties are excl uded from l i cens i ng and other regul atory functions 
of the U . S .  Nucl ear Regul atory Commi ssion (NRC ) .  This  exc l usion also app l i es 
to the NRC "agreement states!! that have derived authority from NRC to carry 
out certa i n  regu 1 atory funct ions.  However,  the ODE has fol l owed the genera 1 
guide l i nes of 10 CFR Part 61 i n  the devel opment of the CWDF. 

DOE ' s  pri mary standards for radiation protection are contai ned i n  DOE 
Order 5480. 1A ,  Chapter Xl,  URequi rements for Radiation Protection , "  Envi ron-
mental Protection, Safety and Health Protection for DOE Operations. This 
order speCifies that personnel exposures be kept as- l ow-as- reasonably-achievable 
(AlARA) and l i sts the a l l owab l e  concentrations of various radionuc l i des in a i r  
and water ,  both onsite and offsite. The CWOF operations wi l l  b e  desi gned to 
meet the radiation standards of the order, and wi l l  be no higher than the 
current practices. 

DOE Order 5820. 2 ,  Radioactive Waste Management, assigns respons i b i l i ties 
and mandates procedures for various DOE radioactive waste management acti vi­
ties .  It  addresses waste-acceptance criteri a ,  s i te selecti on,  s i te des ign,  
s i te operation , and s i te-closure/post-closure p l ans. The CWDF wi l l  meet or  
exceed the requi rements of  this  order. These requi rements are i n  general 
comparable to the NRC regulation 10 CFR Part 61,  which deals with l i cens i ng 
requi rements for l and di sposal of radioactive waste. 

DOE Order 5481. lA , Safetr Analys i s  Review System, estab l i shes uni form 
requi rements for the preparatlon and review of safety analyses of DOE opera­
tions. This  order wi l l  apply to the CWO F .  

DOE Order 5482. lA, Envi ronmental , Safety, and Health Appraisal Program 
(ES&H) appl i es to a l l  contractors performing work for DOE where DOE has 
establ i shed envi ronmenta 1 ,  safety, and health control under the contractual 
arrangements for the work to be performed. The ES&H appra i sal requi rement 
wi l l  apply to the CWO F .  

As a federal agency , DOE i s  required to comply with a number of environ­
mental requi rements under various federal l aws . These requi rements i ncl ude, 
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Table 5 . 1. Required Regul atory Permits and Notifications 

Requi rement Agency 

CWoF project E I S  requi red for 
"major federal actionll 

Counc i l  on Envi ronmental 
Qua l i ty/U . S .  Envi ron­
mental Protection Agency 

WCR s i te Hi storic and archaeol ogical 
s i te survey 

5;  te use perm; t 

Endangered species 
consultation 

Tennessee Stale Hi storic 
Preservation Officer 

u . s. Department of Energy. 
Oak R i dge Reservation 

U . S .  F i s h  and Wi l d l i fe 
Service 

Construction/ 
operational 
activi ties 

Under negotiation Tennessee Department of 
Health and Envi ronment/EPA 

but are not l i m i ted to,  those outl i ned i n  the s i x  l aws and three executive 
orders described below. 

National Envi ronmental Pol i c  Act of 1969 as amended (NEPA 42 USC 4321 
et seq. requl res al l agencles of the ederal government to prepare a detal ed 
statement on the env; ronmenta 1 effects of proposed "maj or federa 1 act ions 
s igni f i  cantly affecti ng the qual i ty of the human envi ronment. I I  In accordance 
with the requi rements of NEPA, DOE i s  f i l i ng with the U . S .  Envi ronmental 
Protection Agency (EPA) and c i rculating to the publ ic this  environmental 
impact statement (EIS)  on the CWDF. This  EIS  has been prepared i n  accordance 
with the Counc i l  on Envi ronmental Qua l i ty ( CEQ) Regulations on Imp l ementing 
National Envi ronmental Pol i cy Act Procedures (40 CFR 1500-1508) and DOE Guide­
l i nes for Compl iance with the National Envi ronmental Pol i cy Act ( U . S .  Dept. 
Energy 1980 ) .  

Executive Order 12088 (October 13, 1978) requires every federal agency to 
comply with applicable administrative and procedural pol l ution control standards 
estab l i shed by, but not l i mited to , the fol l owing federal l aws : 

Toxic Substances Control Act (15 USC 2601 et seq. ) 

Federal Water Poll ution Control Act (33 USC 1251 et seq. ) 

Pub 1 i c Hea l th 5erv; ce Act .  as amended by the Safe Dr; nk; ng 
Water Act [42 USC 300 ( f )  et seq. ] 
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C l ean A i r  Act (42 USC 7401 et seq . ) 

Noise Control Act (42 USC 4901 et seq . ) 

Sol i d  Waste Di sposal Act (42 USC 6901 et seq. ) 

Executive Order 12088 a l so requires federal comp l i ance with radiation gui dance 
pursuant to Section 2174(h)  of the Atomi c  Energy Act of 1954, as amended 
[42 USC 2021( h ) ] .  

Executive Orders 11988 F l ood l a i n  Mana ement and 11990 (Protection of 
Wetlands Ma 24 1977 reqUlre government agenC 1eS  to avold to the extent 
possible  any short-term and l ong-term adverse impacts on f l oodp l a i ns and 
wetlands wherever there i s  a practicabl e al ternative.  

Cl ean Air Act (42 USC 7401 et se . as amended b the C l ean Air Act Amend-
ments of 19 7 ub lC Law - 5 provldes for the contro 0 a n  po utl0n by 
federa aCl 1 1 tl es Sectlen 118 . Each federal agency , such as DOE , having 
juri sdiction over any property or faci l i ty that may result i n  the di scharge o f  
a i r  pol l utants i s  requi red to comply with "al l federal , state, i nterstate, and 
l ocal requi rements" with regard to the control and abatement of a i r  pol l ution.  
Authority for regulation of a i r  emi ssions has been del egated by the EPA to the 
Tennessee Department of Health and Envi ronmental . 

Federal Water Pol l ution Control Act as amended b the C l ean Water Act of 
1977 33 US 12 1 et se . requ1 re� a branc es of the ederal government 
engaged 1 "  any act l v l ty that may r�sult i n  a di scharge or runoff of pol l utants , 
exc l ud i ng materi al s regulated under �he Atomic Energy Act of 1954, to comply 
with  federal , state, i nterstate, and l ocal requirements. Authority for i mple­
mentation of  these requi rements resides with EPA for the DOE faci l i ti es at 
ORR. The U. S. Army Corps of Engi neers has been del egated authority over 
dredge or fi l l  operations.  

Resource Conservation and Recovery Act (RCRA) of 1976 (42 USC 3251 et seg. ) 
governs the generation.  management,  transportation,  and disposal of hazardous 
wastes. I t  does not apply to source, by- product, or special nuclear materi a l  
as defined by the Atomic Energy Act of 1954 (42 USC 2011 e t  seq. ) .  The CWDF 
wi l l  not handle hazardous or hazardous and radioactive mixed waste. 

Noise Control Act of 1972 (42 USC 4901 et seg. ) di rects a l l  federal 
agencies to carry out programs within the i r  jurisdiction lito the fu1 1 est 
extent within  the i r  authority" i n  a manner that furthers a national po l i cy of 
promoting an envi ronment free from noise that jeopard i zes health or  wel fare 
(Section 4 ) .  DOE wi l l  comply with such requi rements to the ful lest extent 
possible .  

Endangered Species Act of 1973 (16 USC 1531 et seg. ) ,  as amended , i s  
intended to prevent the further decline of endangered and threatened species 
and to bring about the restoration of these species and the i r  habitats. This  
Act,  which i s  joi ntly admini stered by the Departments of Commerce and Interior . 
does not require a permi t ,  certi fication, l i cense , or other formal approval . 
Section 7 does , however, require a consultation to determine whether endangered 
and threatened species are known to have critical habi tats on or i n  the v i c i n i ty 
o f  the s i te .  ODE wi 1 1  camp ly  with thi s l aw by undertak i ng the Sect i on 7 
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consultation process to ensure that i ts proposed action wi l l  not jeopard i ze 
the conti nued existence of any threatened or endangered species and/or the i r  
critical habitats. 

Com rehensive Environmental Res Dnse Com ensat;on and Liabi l i t  Act 
(CERCLA . DOE wl l l  comply wl th a l l  appl icable portions of CERCLA, and pl ans 
for comp l i ance are being developed. 

REFERENCES (Chapter 5)  

U . S .  Department of  Energy. 1980. Guideli nes for Comp l i ance with the National 
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Tennessee Val l ey Authority 
ATTN: Mr. John R .  Thurman 

Group Head, NEPA 
Envi ronmental Qua l i ty Staff 
Norri s ,  TN 37828 

Tennessee Val l ey Authority 
Di rector of land and Forest 

Resources 
Norri s ,  TN 37828 



Tennessee Val l ey Authority 
Nuclear Regul ation & Safety 
ATTN: Mr. Larry M. Mi l l s ,  Mg. 
400 Chestnut Tower No. 2 
Chattanooga, TN 37401 

U . S . Advi sory Counc i l  on Hi storic 
Preservation 

1522 K Street, N.W.  
Washington, DC 20005 

U . S .  Army Corps of Engi neers 
ATTN: Lt. Gen. John W. Morris 

Chief of Engi neers 
20 Massachusetts Avenue NW 
Washington, DC 20545 

U . S .  Army Corps of Engi neers 
Lower M i s s i s s ippi D i v i s ion 
ATTN: Maj. Gen. Robert C .  Marshal l 

D i v i sion  Engi neer 
P . O .  Box 80 
V i c ksburg, MS 39180 

U . S .  Army Corps of Engineers 
Nashvi l l e  Di strict 
ATTN:  Col . Lee W. Tucker 
P . O .  Box 1070 
Nashvi l l e ,  TN 37202 

U . S .  Department of Agricul ture 
ATTN: D i rector, Office of 

Envi ronmental Qual i ty 
Washingto n ,  DC 20250 

U . S .  Department of Commerce 
Deputy Assi stant Secretary , 

Envi ronmental Affairs 
Washington, DC 20230 

U . S .  Department of Commerce 
Economic Development Administration 
ATTN: Mr. Charles E .  Oxley, Di rector 

Southeastern Region 
1365 Peachtree Street, NE 
Atlanta, GA 30309 

U . S .  Department of Commerce 
Natl . Oceanic & Atmospheric Adm i n .  
ATTN: Mr. Paul Hemman 
Sui te 300, 1365 Peachtree St. , NE  
Atlanta, GA 30309 
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u . S .  Department of Energy 
Region IV 
Office of the Regional Representative 
1655 Peachtree Street, NE 
Atlanta, GA 30309 

u . S .  Department of Energy (20) 
ATTN: Envi ronmental Protecti on 

Branch 
Post Office Box E 
Oak R i dg e ,  TN 37831 

u. S .  Department of Health and 
Human Servi ces 

Principal Regional Official  
ATTN: Ms. Sara Craig 
101 Marietta Tower 
Atlanta, GA 30323 

U. S .  Department of Health and 
Human Services 

ATTN: Di rector 
Office of Envi ronmental Affairs 
Washi ngton, DC 20201 

U. S .  Department of Housing and 
Urban Development 

ATTN: D i rector 
Office of Envi ronmental Qua l i ty 
Washi ngton, DC 20410 

u . s .  Department of Housing and 
Urban Development 

ATTN : Mr. Richard W. Lippo l d  
107 Del aware Avenue, 
Statler Bui l di ng 
Buffal o ,  NY 14202 

U. S .  Department of the Interior 
Forest Service 
ATTN : Mr. Lawrence M. Whitfield 
Suite 800 
1720 Peachtree Road , NW 
Atlanta , GA 30309 

U . s .  Department of the Interior 
Office of Environ. Project Review 
ATTN: Mr. James H .  Lee 
75 Spring Street, SW 
Atlanta, GA 30303 



U . S .  Department of the Interior 
F i s h  & Wi l dl i fe Service 
75 Spring Street, SW 
Atlanta, GA 30303 

U . S . Department of the Interior 
ATTN: Di rector 

F i s h  and Wi l d l i fe Service 
17 Executive Park Drive,  NE 
Atlanta, GA 30347 

U . S .  Department of the Interior 
ATTN: Mr. Kenneth E. Bl ack 

Regional Di rector 
F i s h  & Wi l dl i fe Service 

Room 279 , Federal Bui l di ng 
Ashevi l l e ,  NC 28801 

U . S .  Department of the Interior 
F i s h  and Wi l d l i fe Service 
Ecological Services 
ATTN: Mr. T. Tal l ey 

F i e l d  Superv i sor 
Post Office Box 845 
Cookev i l l e ,  TN 37502 

U . S .  Department of Interior 
National Park Service 
ATTN: Mr. Paul C. Swartz , Chief 

P l anning Services D i v i sion 
Southeast Region 

75 Spring Street, SW 
Atlanta, GA 30303 

U . S .  Department of I nterior 
U . S .  Geological Survey 
National Center 
12002 Sunrise Val l ey Drive 
Reston, VA 22092 

U . S. Department of Transportation 
ATTN: Di rector 
Office of Envi ronmental Qua l i ty 
Washington, DC 20690 

U . S .  Department of Transportation 
Office of Envi ronmental Affairs 
400 7th Street, SW 
Washington, DC 20540 
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U. S .  Department of Transportation 
ATTN: Mr. LaMar Baker 

Regional Representative 
of the Secretary 

1720 Peachtree Road NW, Suite 515 
Al tanta , GA 30309 

U . S .  Department of Transportation 
Regional Di rector of Rai l road Safety 
Federal Rai l road Admini stration 
ATTN: Charles R. MeyricK 
Suite 440 A North Tower 
1720 Peachtree Road, NW 
Atlanta, GA 30309 

U . S .  Department of Transportation 
Materi a l s  Transportation Bureau, 

Central D i v i s i on 
ATTN: Mr. Mars ha l l  W. Tay l or I I I ,  O i r .  
911 Walnut Street 
Kansas City, MO 64106 

U. S .  Envi ronmental Protection Agency ( 5 )  
Federal Acti vities  Office 
ATTN: Mr. A l l an H i rsch,  Di rector 
Rm 2119, Waterside Mal l  
401 M Street, SW 
Washi ngton , DC 20460 

U . S .  Envi ronmental Protection Agency 
ATTN: Or.  W. Al exander Wi l l iams 
401 M Street, SW 
Mai l  Stop A-104 
Washi ngto n ,  DC 20460 

U . S .  Envi ronmental Protection Agency 
Region IV 
ATTN: Mr. Charles R ,  Jeter 

Regional Admi ni strator 
345 Courtland Street, NE 
Atlanta, GA 30365 

U . S .  Envi ronmental Protection Agency ( 5 )  
Region I V  
E I S  Review Section 
ATTN: Mr. Shepard N. Moore 
345 Courtland Street NE 
Atlanta, GA 30365 

U . S .  Envi ronmental Protection Agency 
Region IV 
Federal Acti v i ties Coordinator 
ATTN: Mr. A. G ,  L i nton. P . E .  
345 Courtland Street, NE 
Atlanta, GA 30365 



U . S .  Envi ronmental Protection Agency 
Region I V  
New Source Permits Coordinator 
ATTN: J. Franmathes 
345 Courtland Street, NE 
Atlanta, GA 30365 

U . S .  Envi ronmental Protection Agency 
Region IV  
Toxic Substances Section 
ATTN: Mr. Ralph Jennings , Chief 
345 Courtland St. , NE 
Atlanta, GA 30365 

U . S .  Food and Drug Admini stration 
Bureau of Radiological Health 
ATTN: Mr. John C .  V i l l forth 
Rockv i l l e ,  MD 20857 

U . S .  Nuclear Regulatory Comm i s s i on 
ATTN: Mr. John G .  Dav i s ,  Di rector 
Office of Nuclear Mater i a l s  Safety 

and Safeguards 
Washington, DC 20555 
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u . S . Occup. Safety and Health Admin .  
ATTN: Mr. Robert A .  Wende l l  

Regional Administrator 
Suite 587 
1375 Peachtree Street, NE 
Atlanta, GA 30309 

U . S .  Office of Management and 8udget 
ATTN: Mr. Richard 8rozen 
Executive Office Bui l ding 
Washington, DC 20503 

Mr. Chester L. Wakamo 
A i r  and Waste Management Divi s i on 
U . S .  Envi ronmental Protection Agency 
Region I V  
345 Courtland Street, N . E. 
Atlanta, GA 30365 

Steve Woodbury ( 5 )  
Department o f  Energy, PE-252 
Forrestal Bui l d i n g ,  Room 4G-057 
Washington, DC 20585 

U . S .  Congress 

Honorable Howard H. Baker, Jr. 
United States Senate 
4123 Di rkson 8ui l di ng 
Washington, OC 20510 

Honorable Tom Bevi l l  
Chairman, Subcommittee on Energy 

and Water Development 
Committee on Appropriations 
House of Representati ves 
Washington, OC 20515 

Honorabl e  W i l l iam L.  D i c ki nson 
Ranking Mi nor i ty Member 
Committee on Armed Services 
House of Representati ves 
Washington, DC 20515 

Honorable John J. Duncan 
House of Representatives 
Washington, OC 20515 

Honorable Al bert Gore, Jr. , Chai rman 
Subcommittee on Investigations and 

Oversight 
U . S .  House of Representatives 
Suite 2321, Rayburn House Office 

Bui l di ng 
Washington, DC 20515 

Honorable Mark o .  Hatf i e l d  
Chairman, Subcommittee on Energy 

and Water Devel opment 
Committee on Appropri ations 
Uni ted States Senate 
Washi ngton , OC 20510 

Honorable J. Bennett Johnston 
Ranking Minority Member 
Committee on Appropriations 
Uni ted States Senate 
Washington, DC 20510 

Honorabl e  Marilyn Ll oyd 
Chairman, Sucommittee on Energy 

Research and Production 
Committee on Science and Technol ogy 
House of Representatives 
Washington, DC 20515 

Honorabl e  John T .  Myers 
Ranking Minority Member 
Committee on Appropriations 
House of �epresentatives 
Washington, OC 20515 



Honorab l e  Sam Nunn 
Ranking M i nority Member 
Committee on Armed Services 
Uni ted States Senate 
Was hi ngton, DC 20510 

Honorable Me l v i n  Price 
Chairman, Committee on 

Armed Services 
House of Representatives 
Washington, DC 20515 

Honorab l e  J i m  Sasser 
Uni ted States Senate 
Washington, DC 20510 
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Honorab l e  John G.  Tower 
Chai rman , Committee on 

Armed Services 
Uni ted States Senate 
Washington, DC 20510 

Honorable Robert S .  Wal ker 
Ranking Mi nority Member 
Committee on Science and Technol ogy 
House of Representatives 
Washington, DC 20515 

A l l  other members of the 
Tennessee Congress i onal 
Delegation 

National and local Envi ronmental Groups 

Mr. Dave Ber i ck 
Environmental Pol i cy Center 
317 Pennsyl vania Avenue, S . E .  
Washington, DC 20003 

Environmental Act i o n ,  Inc.  
1346 Connecticut Ave . , N . W .  
Room 731 
Washington, DC 20036 

Envi ronmental Defense Fund 
1525 18th St.  N . W. 
Washington, DC 20036 

Friends of the Earth 
530 7th Street, S . E .  
Washington, DC 20003 

Mr. H. Paul Friesma , Di rector (2)  
Envi ronmental Pol i cy Program 
Center for Urban Affairs and 

Pol i cy Research 
Northwestern Universi ty 
2040 Sheridan Road 
Evanston, I L  60201 

Legal Envi ronmental Assi stance 
Foundation 

602 Gay Street, Suite 507 
Knoxv i l l e ,  TN 37902 

National Audubon Soci ety 
950 Third Avenue 
New York, NY 10022 

National Resources Defense 
Counci l ,  Inc.  

1725 I St.  N . W. 
Washington, DC 20006 

National Wi l dl i fe Federation 
1412 16th Street, N . W .  
Washington, DC 20036 

The Natural Rights Center 
ATTN: Mr. Al bert Bates , Di rector 
156 Ora kes Lane 
Summertown, TN 3B483 

Mr. Kev i n  C .  Owen, Envi ronmental 
Special i st 

RECRA Research ,  Inc .  
4248 R i dge Lea Road 
Amherst, NY 14226 

Mr. W. Paul Robinson 
Southwest Research and Information 

Center 
P . O .  80x 4524 
Al buquerque, NM 87106 

Sierra Cl ub Radioactive Waste 
Campai gn 

78 El mwood Avenue 
8uffa l o ,  NY 14201 

Mr. Brooks Yeager 
Sierra C l ub 
330 Pennsyl vania Avenue, S . E .  
Washington, DC 20006 
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State and local Government 

Honorabl e  Lamar Al exander 
Governor of Tennessee 
Nashv i l l e ,  TN 37219 

Mr. Dave Bo l 1 1ng 
County Admi ni strator 
Anderson County Court House 
Room 208 
100 N .  Mai n  Street 
C l i nton, TN 37716 

C i ty of Oak Ridge 
ATTN: Mr. M. Lyl e  Lacy, I I I  

C i ty Manager 
Municipal Bui l d i ng 
Oak R i dge , TN 37830 

C i ty of Oak R i dge 
ATTN: Mr. James D. Harless 

Envi ronmental Health 
Supervisor 

P . O .  Box 1 
Oak Ridge , TN 37830 

Mr. Terry K. Cothron. 
Envi ronmental Engineer ( 5 )  
Stale of Tennessee 
Department of Health and Envi ronment 
150 Ni nth Avenue, North 
Nashvi l l e ,  TN 37203 

Charles C .  Coutant, Chairman ( 2 )  
Env. Qua l i ty Advisory Board 
120 Mi ramer C i rc l e  
Oak Ridge , Tennessee 37830 

East Tennessee Development District 
ATTN: Mr. Al l en W .  Neel 

Chairman 
Post Office Box 19B06 
IBID Lake Ave. 
Knoxvi l l e ,  TN 37916 

The Honorable James E .  E l ki ns 
Tennessee Senate 
224 North Mai n  Street 
C l i nton, TN 37716 

Mr. Wayne Gregory, Envi ronmental 
Engineer (2)  

D i v i si on of Sol i d  Waste Management 
Stale of Tennessee 
Department of Health and Envi ronment 
7th F l oor,  TERRA Bui l d i ng 
150 Ni nth Avenue, North 
Nashv i l l e ,  TN 37203 

Mr. John L.  leonard ( 5 )  
Regional D i rector 
Div .  of Sol i d  Waste Mgmt. 
Tennessee Department of Health 

and Envi ronment 
1522 Cherokee Tra i l  
Knoxvi l l e ,  Tennessee 37920 

Honorabl e  Rubye Luckey 
Mayor of Ki ngston 
Cumberland Street 
Municipal Bui l d i ng 
Ki ngston , TN 37763 

Honorable Mayor and Members of 
C i ty Counc i l  

P . O .  Box 1 ,  Municipal Bui l ding 
Oak Ridge , TN 37920 

A. David McKi nney ( 5 )  
Tennessee Department o f  Publ i c  

Health and Envi ronment 
1522 Cherokee Tra i l  
Knoxv i l l e ,  Tennessee 37920 

Honorab l e  Randy McNa l l y  
Tennessee House o f  Representatives 
121 Amanda Drive 
Oak Ridge , TN 37830 

Honorabl e  Anna Bel l e  C l ement O ' Brien 
Suite 9,  leg i s l ative Pl aza 
Nashv i l l e ,  TN 37219 

Roane County 
ATTN: Mr. Ken Yager 

County Executive 
Roane County Courthouse 
200 Race Street, P . O. Box 643 
Kingston, TN 37763 



Tennessee Oepartment of Agricul ture 
ATTN: Mr. Wi l l  i am H .  Walker, I I I  

Commissi oner 
P.O .  Box 40627 
Mel rose Station 
Nashvi l l e ,  TN 37204 

Tennessee Department of Conservation 
ATTN: Mr. Charles A. Howel l ,  1 1 1  

Commi ssioner 
701 Broadway 
Nashvi l l e ,  TN 37203 

Tennessee Department of Economic and 
Community Devel opment 

ATTN: Mr. Wi l l iam H .  long 
Commiss ioner 

Andrew Jackson State Off. Bl dg. , 
Room 1007 

Nashv i l l e ,  TN 37219 

Tennessee Department of Health 
and Envi ronment 

ATTN: Mr. Robert H .  Wol l e  
TERRA B u i l  di n g  
150 N i nth Avenue, North 
Nashv i l l e ,  TN 37219 

Tennessee Department of Health 
and Envl ronment 

ATTN: Mr. James E .  Word 
Commissioner 

150 N i nth Avenue, North 
Nashv i l l e ,  TN 37203 

Tennessee Department of Health 
and Envi ronment 

ATTN: Mr. D. Elmo lunn , Di rector 
Divi s i on of Water Management 

150 Ni nth Avenue, North 
Nashv i l l e ,  TN 37203 
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Tennessee Department of Health 
and Envi ronment 

ATTN: Mr. Norman H. Travis 
701 Broadway 
Nashv i l l e ,  TN 37203 

Tennessee Department of Health 
and Envi ronment 

ATTN: Mr. Harold Hodges 
D i v i s i o n  of Ai r Pol l ut i on Control 
150 Ni nth Ave. t North 
Nashvi l l e ,  TN 37203 

Tennessee Department of labor 
ATTN: Mr. Robert Taylor,  Di rector 

Occupational Safety 
501 Union Bui l di ng 
Nashv i l l e ,  TN 37219 

Tennessee Department of labor 
ATTN: Mr. Francis S .  Guess 

Commissi oner 
501 Union Bui l di ng ,  Second F l oor 
Nashv i l l e ,  TN 37219 

Tennessee Department of 
Transportation (2) 

ATTN: Mr. Robert E .  Farri s 
Commissi oner 

James K. Pol k Bui l di ng ,  Suite 700 
Nashv i l l e ,  TN 37219 

Tennessee Energy Authority 
Executive Di rector 
Capitol Boulevard Bu i l di ng 
Nashvi l l e ,  TN 37219 

Tennessee Wi l d l i fe Resources Agency 
ATTN: Mr. Gary T. MYers 

Executive Di rector 
Post Office Box 40747 
Nashv i l l e ,  TN 37204 

Publ ic  libraries and Reading Rooms 

Cl i nton Pub l i c  li brary (2) 
Cl i nton , TN 37716 

Ki ngston Publ i c  l i brary (2) 
Community Center 
Ki ngston , TN 37763 

Oak Ridge Pub l i c  li brary (2)  
Civic  Center Bui l di ng 
Oak Ri dge Turnpike 
Oak Ridge , TN 37830 

Reading Room 
Freedom of Information 
Room 1E-190, Forrestal Bldg.  
U . S .  Department of Energy 
1000 I ndependence Avenue, SW 
Wash i ngton, DC 20585 



U . S .  Department of Energy 
Publ i c  Document Room 
Betty G. Camp . Librarian 
1655 Peachtree Street, NE 
Atlanta, GA 30309 
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u . s. Department of Energy 
Publ i c  Document Reading Room 
ATTN: Mrs. Brenda Jennings 
P . O .  Box E 
Oak R i dge , TN 37830 

Individual s  

C . S .  Abrams 
Manager of Radiological Engineering 
Argonne National Laboratory-West 
Post Office Box 2528 
Idaho Fal l s ,  1 0  83401 

James F .  A l baugh 
Rockwel l Hanford 
Post Office Box 800 
Ri chland,  WA 99352 

Edward L. A l bene s i us 
E . ! .  DuPont de Nemours and Co. 
Savannah River Laboratory 
Ai ken, SC 29808 

Don Barger 
113 Jasper lane 
Oak Ri dge, TN 37830 

Renee P .  Bender 
114 Montice l l o  Road 
Oak Ri dge , TN 37830 

Randy B i rch 
Department of Water 
Foss Bui l di ng 
P i erre, South Dakota 57501 

A . K. B issel l 
105 Meadow Road 
Oak Ridge , TN 37830 

Ri chard K. Bl auvelt 
Monsanto Research Corporati o n  
Mound Faci l i ty 
Post Office Box 32 
Miamisburg, OH 45342 

Bi l l  Brewer 
5501 Newberry lane 
Knoxv i l l e ,  TN 37921 

Mr. Ron Canon 
1801 El Rancho Tra i l  
Knoxvi l l e ,  T N  37932 

Jack G. Couch 
Fermi National Accelerator 

Laboratory 
Post Office Box 500 
Batavi a ,  I l  60510 

Mr. John W . T .  Dabbs 
106 Osage Rd. 
Oak R i dge,  TN 37830 

Mr. F . W. Dickson 
1065 West Outer Dr. 
Oak Ri dge, TN 37830 

Mr. Michael Foster 
312 Di rectors Drive 
Knoxv i l l e ,  TN 37923 

Harry C. Francke 
201 Manhattan Avenue 
Oak R i dge,  TN 37830 

Alma Ful ks 
105 Kings l ey Road 
Oak R i dge . TN 37830 

Ken Gentry 
Bendix Corporation  
P .O .  Box 1159, 0/187, BD59 
Kansas C i ty ,  MO 64141 

Mr. B .  James George 
107 Newport Dr. 
Oak R i dge,  TN 37830 

Mr. Frank A .  Guevara 
los Al amos Scienti fic Laboratory 
Group HSE-l ,  Mai l Stop P 229 
P .  O. Box 1663 
los Al amos , NM 87545 



Wayne R .  Hansen 
Mai 1 Stop K490 
los Al amos National laboratory 
Post Office Box 1663 
Los Alamos, NM 87545 

R .  E .  Helms 
810 West Outer Drive 
Oak Ridge , TN 37830 

B. Donnie Helton 
81dg. 703-H 
E . I .  DuPont de Nemours & Co. 
Savannah River Pl ant 
A i ken,  SC 29801 

The Honorabl e J i m  Henry 
Edgewater Estates 
Ki ngston , TN 37763 

I ndustrial Commission of Ohio 
Divi sion of  Safety and Hygiene 
ATTN: Mr. Phi l i p  A. Workman 

Superi ntendent 
246 N .  High Street 
Col umbus , OH 43215 

Mr. Jon Jefferson 
Oak Ridge National laboratory 
P . O .  80x X 
Oak Ridge TN 37831 

Harold W. Jernigan 
122 Westlook C i rc l e  
Oak Ridge , T N  37830 

John E .  Jones , Jr .  
128 Wendover Circle  
Oak Ridge , TN  37830 

Eugene W. Kendal l  
Rad Waste Management Project 
REECO 
Post Office Box 642 
Mercury , NV 89023 

W .H .  K l i ne 
Argonne National laboratory 
9700 South Cass Avenue 
Argonne, I l  60439 

Mr. Donald W. Lee 
Rt. 5 ,  Box 361-C 
Lenoir City ,  TN 37771 
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Ms . Claudia lever 
President, league of Women Voters 

of Oak R i dge 
132 Newe l l  Lane 
Oak R i dge , TN 37830 

Mr. J . F .  McBrayer 
110 Normandy Rd. 
Oak R i dge,  TN 37830 

John H. McMenamin 
Mason and Hanger - Si l as Mason Co. 
Pantex Pl ant 
Post Office Box 30020 
Amari l l o ,  TX 30020 

John H. Nelson 
Manager of Radioactive Waste 

Management Complex 
EG&G Idaho, Inc .  
Post Office Box 1625 
Idaho Fal l s ,  ID B3415 

Jesamae Noritake 
P . O .  Box 3472 
Oak R i dge,  TN 37830 

Mr. Robert Peele 
130 Okl ahoma Ave. 
Oak R i dge, TN 37830 

P . T .  Perdue 
103 Oak Lane 
Oak Ridge , TN 37B30 

R . F .  Perkins 
113 E. Magno l i a  Lane 
Oak R i dge,  TN 37830 

Mr. Andy Phelps 
P . O .  Box 350 
Oak R i dge,  TN 37830 

Mr. Joseph Pidkowicz 
135 North Seneca Road 
Oak R i dge,  TN 37830 

Frances Pl easanton 
111 Pl easant Road 
Oak R i dge, TN 37830 

Vicki  Quatmann 
Route I ,  Box 51 
Lake C i ty ,  TN 37769 



W. R .  Rhyne 
140 Windham Road 
Oak R i dge,  TN 37830 

Russ River 
223 V i l lanova Road 
Oak Ridge , TN 37830 

Mr. Dickinson Roap 
107 Redbud Or. 
Cl i nton, TN 37716 

T . H .  Row 
231 Loui s i ana Avenue 
Oak Ridge , TN 37830 

Dr. and Mrs. Henry B .  Rul ey 
344 Lou i s i ana Ave. 
Oak Ridge , TN 37830 

Roberto J .  Salazar 
Lawrence livermore National 

laboratory 
Post Office Box 808 
li vermore , CA 94550 

T. Sander 
2615 So. Mission Road 
Tucson, Arizona 85713 

Ms.  Louise Ski nner 
125 Monti cel l o  Rd. 
Oak Ridge , TN 37830 

Gordon Smith 
Sandia Laboratories 
P . O .  Box 5800 
Al buquerque, NM 87185 

Ms.  lisa H. Stinton 
10929 SaI l i ngs Rd. 
Knoxv i l l e ,  TN 37922 

Stone and Webster Engineering 
ATTN: Ms.  Arlene Port 
P . O .  80x 2325 
Boston, Mass. 02107 

Corp. 
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Ms.  Kathryn Tominey 
Rockwe l l  Hanford Company 
P . O. Box 800, M0021/200E 
R i c h l and,  WA 99352 

John l. Warren 
Mai l Stop E516 
Los Alamos National Laboratory 
Post Office Box 1663 
Los Al amos , NM 87545 

Kenneth S. Warren 
105 Evans Lane 
Oak R i dge , TN 37830 

Joe l. Wi 1 1  i ams 
Paducah Gaseous Di ffusi on Pl ant 
Post Office Box 1410 
Paducah, KY 42001 

John D. W i l l iams 
813 Montvue 
Kingston, TN 37763 

Susan W i l l ams 
P . O .  Box 606 
Norr i s ,  TN 37828 

Ms.  Amy Wolfe 
Rt. 2 ,  Box 222 FK 
Harriman, TN 37748 

Robert A. Wynveen 
Argonne National laboratory 
9700 South Cass Avenue 
Argonne, I L  60439 

Donald L. Ziegler 
Manager, So l i d  Waste Operations 
Rockwe l l  Internati onal , ESG 
Rocky Flats Pl ant 
Post Office Box 464 
Golden,  CO 80401 



APPENDIX B. GLOSSARY 

Acronyms and Abbrev i ations 

AlARA As- l ow-as-reasonably-achievable 

CCR Central Chestnut R i dge 

e; Curie 

CRM C l i nch Ri ver Mi l e  

CWDF Central Waste Di sposal Faci l i ty 

0&0 Decontami nation and decomm i s s i on i ng 

DOE Department of Energy 

DOT Department of Transportation 

ECR East Chestnut Ridge 

E I S  Envi ronmental impact statement 

EPA Envi ronmental Protection Agency 

He Hydrocarbons 

ICC I nterstate Commerce Commission 

LAM Local a i r  monitoring 

LLW Low- l evel waste 

MM Modified Mercal l i  

MPC Maximum permi ssible  concentration 

mrem Mi l l i rem (1/1,000 of a rem) 

MSl Mean sea l evel 

NEPA National Envi ronmental Pol i cy Act of 1969 

NFSS Niagara Fal l s  Storage S i te 

NOx The oxides of nitrogen, primari ly NO and N02 
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NRC Nucl ear Regul atory Commission 

ORGOP Oak R i dge Gaseous Di ffusion Pl ant 

ORNl Oak R i dge National laboratory 

ORR Oak R i dge Reservation 

PCBs Polychlori nated biphenyls 

R Roentgen 

rad Unit  of absorbed dose (radi ation �bsorbed gose) 

rem Unit of dose (!oentgen �qu; valent �an) 

RK Ri ver k i l ometers 

RM R i ver m i l es 

502 Sulfur dioxide 

SWSAs Sol i d  waste storage ( d i sposal) areas at Oak Ridge National 
Laboratory 

TSP Total suspended particul ates 

USLE Universal Soi l  Loss Equation of the U . S .  Department of Agriculture 

WCR West Chestnut Ridge 

X-IO A s i te designation for the Oak Ri dge National Laboratory 

Y-12 S i te deSignation af one of the three mai n  pl ants on the Oak Ridge 
Reservati on 

Def i n i tions 

ABSORBED DOSE--The amount o f  energy absorbed in any material  from i nc i dent 
radiation. Measured i n  rads, where 1 rad equals 100 ergs of energy 
absorbed i n  1 gram of matter. 

ACCElERATION,  HORIZONTAL --A measure of earthquake sever; ty , expressed as 
surface movement i n  terms of acceleration due to gravity ( g ) .  

ACCLIMATION--The phys i o l og i cal and behavioral adjustments o f  a n  organism to 
changes i n  i ts immedi ate envi ronment. 

ACClIMATIZATION--The acc l imation or adaptation of a parti cular species over 
several generations to a marked change i n  the envi ronment. 
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ACTINIDES--Chemical el ements with atomic numbers of 89 (acti nium) and above. 

ACTIVITY--The emi ssion of al pha part i c l es , beta parti c l e s ,  or gamma radialion 
as a resu l t  of radioactive decay ; spec i f i c  acti v i ty ;s gi ven i n  terms of 
the number of nuclear d i s i ntegrations occurring ; n  a given quantity of 
materi a l  over a unit of time. The special un it  of activity i s  the curi e ,  
3 . 7  x 1010 d i s i ntegrations per second. 

AGREEMENT STATES--Those states that have entered i nto agreements with the 
U . S .  Nuclear Regul atory Commission regardi ng transfer of the regul atory 
authority of nuclear activities from the Commission  to the State. 

AIR QUALITY--A measure of the l evel s of pol l utants i n  the air .  

AIR  QUALITY STANDARDS--The prescribed l evel  of  pol l utants in  the outside a i r  
that cannot be exceeded l ega l ly during a specified time i n  a specified 
area. 

ALPHA PARTICLE--A part i c l e  emitted from the nucleus i n  the radioactive decay 
of certai n nuel ides. It  consists of two protons and two neutrons bound 
together; identical to the nucleus of a hel i um-4 atom. It has l ow pene­
trating power and short range. The most energetic al pha part i c l e  wi l l  
general ly fai l to penetrate the s k i n .  Al pha parti c l es are hazardous when 
an a l pha-emitting i sotope i s  i ntroduced i nto the body_ 

AQUIFER--A water-bearing l ayer of permeabl e  rock or soi l  that wi l l  y i e l d  water 
i n  usable quanti ties to wel l s .  Confined aquifers are bounded on top and 
bottom by impermeabl e  mater i al s .  Unconfined aquifers are bounded o n  the 
bottom by impermeable materi a l s .  

AQUITARO--A geologic formation o f  a rather imperious and semi confi n i ng nature 
that transmits water at a very s l ow rate compared to an aquifer. 

ASH--Inorganic residue rema i n i ng after i gni tion of combustible  substances. 

ATMOSPHERE--The l ayer of a i r  surrounding the earth. 

BACKFILl--Material used to refi l l  an excavation. 

BACKGROUND RADIATION--Background radiation i ncl Udes both the natural and 
man-made ( e . g  . •  fal l out) radiation i n  man ' s  envi ronment. It i ncl udes 
cosmic rays and radiation from the natura l ly radioactive el ements that 
occur (both outside and i ns i de the bodies of humans and anima l s ) .  For 
persons l i v i ng i n  the Oak Ridge Reservation area, the i ndivi dual dose 
from background radiation averages about 130 mi l l i rems per year. 

BARRIER--Any medium that retards the movement of emp l aced radioactive materi a l  
or reduces the probabi l i ty of human access to the material . (Examples 
are engi neered features , i nc l ud i ng waste conta i ners , waste form, or 
backfi l l  material ; a natural geologic medi um; or i nsti tutional s i te 
access and use restri ctions . )  

BEDROCK--A sol i d  rock formation usua l l y  underlying one or more other loose 
formations . 
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BENTHIC--Of,  relating to , or occurring at the bollom of a body of water. For 
examp l e ,  the benthic community consists of the bi otic assemblage that 
dwel l s  w i th i n  and on the bottom of a water body. 

BETA PARTIClE--A parti c l e  emitted from the nucleus during radioactive decay. 
It i s  negatively charged and identical to an el ectron. Beta parti c l es 
are eas i l y  stopped by a thin sheet of metal or p l astic.  Large amounts of 
beta radi alion may cause skin  burns , and beta emitters are harmful i f  
they enter the body. 

BIOSPHERE--The portion of the earth and its atmosphere capable of supporting 
1 i fe. 

BIOTA--The animal and pl ant l i fe of a regi on. 

BUFFER lONE--A zone that i ncl udes the portion o f  the s i te that compl etely sur­
rounds the burial zone i n  three dimensions and i n  which act i v i ties are 
restricted. At the outer boundary , contaminant levels wi l l  be bel ow 
performance objectives appl icable to rad iation releases to the general 
env; ronment. 

BURIAL GROUND--Tract of l and where radioactive wastes are buried i n  shal l ow 
trenches or holes.  

CENTRAL CHESTNUT RIDGE--An area with i n  the Oak Ridge Reservation that i s  an 
al ternative location for the proposed Central Waste Di sposal Fac i l i ty. 

COMMERCIAL--Appl ied i n  this EIS to wastes and fue l s  resu l t i ng from the produc­
tion of e l ectri c power for publ i c  consumption usi ng nuclear reactors , as 
disti nguished from materi a l s  produced from the nuclear national defense 
program. 

CONTAINMENT--Confining the radioactive wastes within prescribed boundaries , 
e . g . , within a waste package. 

CUMULATIVE IMPACT --Cumul at i ve impact i s  the impact on the env; ronment that 
results from the incremental impact of the action when added to other 
pas t ,  present, and reasonably foreseeabl e  future actions. 

CURlE--A measure of the rate of radioactive decay. One curie is equal to 
3 . 7 x 1010 d i s i ntegrations per second, whi c h  i s  approximately equal to 
the rate of decay of one gram o f  radi um .  

DECAY, RAOlOACTIVE--The spontaneous radioactive transformation o f  a radio­
nuc l ide i nto a di fferent nucl i de ( i nert or radioactive) or i nto the same 
nuc l i de with a di fferent energy l evel . The process results i n  the emi s s i on 
of nuclear radi ation (alpha,  beta, or gamma) and i n  the steady reduction 
of radiation and heat generati on.  

DECOMMISSIONING--The removal of a faci l i ty from service and the reduction or 
stabi l i zation of radioactive contami nation. 
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DECONTAMINATION--The selective removal of radioactive material  from a surface, 
area, object, or person. May be accomp l i shed by: (1) trealing the 
surface with l i qu i ds or abras i ve mater i a l s  to remove or decrease the 
contam i nati on ; (2)  l etting the materi al stand to that the radioact i v i ty 
i s  decreased as a resul t of radioactive decay; or ( 3 )  covering the con­
tami nation to shield  or attenuate the radiation emitted. 

DEMOGRAPHY--Sludy of human populations with respect to s i z e ,  density, di stri ­
bution, and v i tal stat i stics ( e , g . , age, sex , and elhn i c i ty ) .  

DETRITUS--Oead organ i c  ti ssues and organisms i n  an ecosystem. 

OISCHARGE-- I n  groundwater hydrol ogy . water that i ssues natural ly  or i s  with­
drawn from an aqui fer. 

DISPERSION--Rel ease of particul ate or gaseous radioactiv ity i nto the atmo­
sphere, fol l owed by mixing and transport. 

DISPOSAL, RADIOACTIVE WASTE--The confi nement of radioactive waste i n  a manner 
consi dered permanent and for which recovery i s  not provided. 

DISPOSAL SITE- -That portion of a l and di sposal faci l i ty that is dedi cated to 
the di sposal of waste and rel ated acti v i t i es .  I t  consists of di sposal 
units and a buffer zone. 

DISPOSAL UNIT--A d i screte portion of the di sposal s i te i nto which waste i s  
pl aced for di sposal . For bel ow-grade di sposal . the unit i s  usua l l y  a 
trenc h ;  for above-grade di sposal , the unit i s  a tumu l u s .  

DIVERSITY O F  SPECIES--An i ndication of  the total number o f  species  i n  a 
community as a whole. A l so refers to the number of species and the 
population s i ze for each spec ies .  

DOSE--The energy i mparted to matter by i on 1 z 1 ng radiation. 
dose i s  the rad, equal to 0 . 01 joules per ki l ogram of 
i n  any medi urn. 

The unit of absorbed 
i rradiated material 

DOSE COMMITMENT--The dose that an organ or tissue woul d  receive during a 
specified period of t i me ( e . g. , 50 or 100 years) as a resul t of i ntake 
(as by i ngestion or i nhalation) or one or more radionuc l i des from one­
year' s  release. 

DOSE EQUIVAlENT--A term used to express the amount of effective radiation when 
modifying factors have been considered. It i s  the product of absorbed 
dose (rads) mul tipl ied by a qua l i ty factor and any other mod i fy i ng factors. 
It i s  measured i n  rerns (roentgen �qui valent �an). 

DOSE RATE--The radiation dose del i vered per unit time ( e . g . .  rerns per year). 

EAST CHESTNUT RIDGE--An area wi thi n the Oak Ri dge Reserval ion thal i s  an 
a l ternative location for the proposed Central Waste Di sposal Faci l i ty. 

ECOlOGY--The science dea l i ng with the relationship of a l l  l i v i ng things with 
each other and with the envi ronment. 
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ECOSYSTEM--The complex of a communi ty of l i vi ng things and its envi ronment 
functioning as an ecological unit i n  nature. 

ENDANGERED SPECIES--Pl ants and animals i n  an area that are threatened with 
either extinction or serious depletion o f  a species. 

ENVI RONMENT--The sum of a l l  external conditions and i nfl uences affecting the 
l i f e ,  development, and, u ltimately. the survival of an organi sm. 

ENVIRONMENTAL IMPACT STATEMENT--A document requi red by the National Environ­
mental Pol i cy Act of 1969 (NEPA ) ,  as amended, for a l l  major federal 
actions that may s i gnifi cantly affect the human envi ronment. 

EPICENTER--The poi nt on the surface of the earth above the focus of an earth­
quake. 

EROSION--The process i n  which uncovered soi l materi a l s  are carried away by the 
aClion of w i nd or water. 

EVAPOTRANSP IRATION--The process by wh i ch prec ipitation i s  returned to the a i r  
through di rect evaporation and/or by transpiration o f  vegetati on.  

EXPOSURE TO RADIATION--The i nc i dence of radiation on l i vi ng or i nanimate 
materi a l  by acci dent or i ntent. Background exposure i s  the exposure to 
natural background ioni z i ng radiation. Occupational exposure i s  that 
exposure to ioni z i ng radiation which takes pl ace during a person t s  working 
hours. Population exposure i s  the exposure to a number of persons who 
i nhabit an area. 

FAULT--A fracture or fracture zone al ong whi c h  there has been d i spl acement of 
the s i des relative to one another para l l el to the fracture. 

FRACTURE--Breaks i n  rock formation due to structural stresses. Fractures may 
occur as fau l t s ,  shears, joi nts , or pl anes o f  fracture cl eavage. 

GEOLOGY--The sci ence that deal s with the earth: the material s ,  processes , 
envi ronments , and history of the pl anet--espec i a l l y  the l i thosphere-­
incl ud i ng the roc ks , the i r  formation , and their structure. 

GROUNDWATER--Usually considered to be the water within the zone of saturation 
below the soi l surface. 

GROUNDWATER TABLE--The upper l im i t  of the saturated zone , where the hydrostatic 
pressure equal s atmospheric pressure. A water table may exi st i n  either 
high-permeab i l ity or l ow-permeab i l i ty material and does not necessarily 
i ndicate the presence of  an  aquifer. 

GROUT WASTE--A mortar formed from cement and l i quid waste to provide a matrix 
for i sol ation of the waste and to seal the waste from the envi ronment. 

HALF- LIFE,  RADIOLOGICAL--The time i n  which hal f the atoms of a radionuc l i de 
d i s i ntegrate i nto another nuclear form. 
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HARDWDOOS--Angi osperm trees which y i e l d  wood that has a hard consistency. 

HEALTH PHYSICS--The science concerned with recogni ti o n ,  eval uation ,  and control 
of health hazards from ioni z i ng radiation. 

HYOROCARBONS--Organi c  compounds consi st i ng primari ly  of hydrogen and carbon. 
Hydrocarbons are emi tted i n  automotive exhaust and from the i ncomplete 
combustion of foss i l  fuels such as coa l .  

HYDROGEOLOGY--The study o f  the character. source J and mode of occurrence of 
underground water. 

HYDROLOG IC-- Perta i n i ng to the properti e s ,  di stributi o n ,  and c i rculation of water. 

HYDROLOGIC BUDGET--An accounting of the i nput to , output from, and storage i n ,  
a hydrol ogic unit that expresses the rel ations h i p  between prec i p i tat i on , 
evapot ranspi rat i on I surf ace runoff, i nf; 1 trat i o n ,  groundwater movement, 
and change ; n  water storage. 

HYOROLOGY--The science dea l i ng with the propert i es , di stributi o n ,  and ci rcu­
lation of natural water systems. 

IMMOBI LIZATION OF WASTE--Process of converting waste to a stable sol i d  form 
that ; s  relatively i nsolub l e .  

INF I LTRATION RAT E ,  SOIL--The rate a t  whi ch water enters the surface l ayer of 
soi 1 .  

INSTITUTIONAL-CONTROL PERIOD--A period fol l owi ng s i te closure during which 
onsi te activi t i es and s i te access wi l l  continue to be contro l l ed ;  for 
this  E I S ,  i t  ; s  assumed to be a period of 100 years. 

INTRUSION--Any action by a person that brings that person i n  contact with a l l  
o r  part of radioactive wastes s o  a s  to produce a radiation dose to that 
person or to others. 

ION EXCHANGE--Repl acement of i ons adsorbed on a sol i d ,  such as a c l ay particl e ,  
o r  exposed at the surface of a s o l i d  by i ons from sol ution,  usual ly  i n  
natural water. The phenomena i s  k.nown to occur when natural water moves 
through c l ays , zeol i t ; c  rocks , and other mater i a l s  of the earth ' s  crust. 

ISOlATION--Segregati ng wastes from the accessible  environment ( b i osphere) to 
the extent requi red to meet appl icable radiological performance objec­
t i ves . 

ISOTOPE--An atom of a chemical el ement with a spec i f i c  atomic number and 
atomic weight. Isotopes of the same el ement have the same number of 
protons but di fferent numbers of  neutrons. 

KARST--A l i mestone region marked by s i nks and i nterspersed with abrupt ri dges , 
i rregular protuberant rocks , cavern s ,  and underground streams. 

lEACHATE--Liqu;d that has percol ated through or i s  derived from waste material s ;  
i t  contains di ssol ved , suspended, or emu l s i fied components removed from 
the waste. 
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LEACHING--The remolJal or separation of sol uble components from a sol i d  by 
contact with water or other l i quids.  

LICENSE-- legal document i ssued by a government body (e . g . •  Nucl ear Regul atory 
Commi s s i on )  i ndicating comp l i ance , by an app l i cant, with spec i fi ed 
regul ations covering the actions proposed by the app l i cant. 

LINER--Any material , i n  addition to the geologic envi ronment that i s  emplaced 
on the surfaces of a di sposal excavation and i s  desi gned to decrease 
migration and/or increase attenuati o n  of the radionucl i des and/or hazard­
ous components contained i n  the di sposed waste. 

LOW- LEVEL WASTE--Radioactive waste not cl ass i fi ed as high- l evel waste , trans­
uran;c waste, spent fuel , or uranium m i l l  tai l i ngs. 

MAN-REM--The radiation dose commitment to a gi ven popu l ation ;  the sum of the 
indivi dual doses received by a population segment. 

MIGRATION--The natural travel of a material  through the a i r .  soi l ,  or ground­
water. 

MOB l l I TY--The abi l i ty of a chemical el ement or a po l l utant to move i nto and 
througll the envi ronment. 

MODIFIED MERCAlLI (MM) INTENSITIES--Descriptions of ground effects of an 
earthquake i n  the absence of i nstruments. The MM sca l e  describes a range 
of observations and bod i ly sensations characterizing 12 different l evels  
of ground shaking. The MM scale is  non l i near. 

MONITORING--Process whereby the l evel and qual i ty of factors that can affect 
the envi ronment and/or human health are measured periodi cal ly i n  order to 
regulate and control potenti al impacts. 

MONOlITH--A massively so l id ,  uni form casting of materi a l  ( i . e. , g l ass or fused 
salt) .  

NATURAL BACKGROUND RADIATION- - lonizing radiation that i s  present as a result 
of natura 1 condit ions.  It  i s  compri sed of cosmi c rad; a ti on and rad; at i on 
from natura l l y  occurring,  terrestrial radioactive material . I n  the 
continental Uni ted States ,  thi s radiation varies from 80 to 200 mi 1 1 i rems 
per year. At the Oak Ri dge Reservation ,  the dose to an i ndivi dual from 
natural background radiation i s  130 mi l l i rems per year. 

NIAGARA FALLS STORAGE SITE--A Department of Energy s i te i n  Lewiston,  New York, 
where residues from processing of uranium ores are stored. One al terna­
tive for disposal of these residues i nvolves transporting them to a s i te 
on P i ne R i dge Knol l s  i n  the Oak Ridge Reservation. 

NITROGEN OXIDES--Oxi des of ni trogen, primari ly NO and N02 . These are often 
produced i n  the combustion of fossi l fuel s .  I n  high  concentrations,  they 
consti tute an a i r  pol l ution problem. 

NUCLEAR REGULATORY COMMISSION--The i ndependent federal commission that l i censes 
and regul ates nuclear fac i l i ti es .  
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NUClIDE�-A species of atom characterized by a mass number, atom i c  number, and 
nuclear energy state. 

OCCUPATIONAL DOSE--Amount of radiation received by those occupied with the 
operation of an acti v i ty i nvolving the hand l i ng of radioactive materi al . 

OPERATIONAL PERIOD--The period over which a waste disposal s i te ; s  opened for 
receipt and burial of wastes. 

QVERBURDEN--A 1 1  materi a 1 ( l oose so; 1 ,  sand, gravel , etc . ) that 1 i es above 
bedrock. 

DVERPACK--Secondary external containment and shie lding for packaged radio­
active waste. 

PARTICULATES--So l i d  particles and l i quid droplets sma l l  enough to become 
airborne. 

PERMEABILlTY--The relative ease with which a porous medium can transmit a 
l i quid under a hydraul i c  gradient. I n  hydrology, the capacity of  rock, 
soi l ,  or sediment for a l l owing the passage of water. 

PERSON-REM--The sum of the i nd i v i dual radiation dose equival ents received by 
members of a certa i n  group or population. It  may be calcul ated by mul ti­
plying the average dose per person by the number of persons exposed. For 
examp l e ,  a thousand people each exposed to one mi l l i rem (1/1000 rem) 
woul d have a col lective dose of 1 person-rem. 

PLANT COMMUNITY--Any assemblage of pl ant populations l i v i ng i n  a prescribed 
area or physi cal habitat. An organized unit having characteri stics 
additional to its i ndividual and population components. 

POlLUTION--The addition of any undesirable agent to an ecosystem i n  excess of 
the rate at which i t  can be degraded, assimi l ated, or di spersed by natural 
processes. 

POND ING--Isol ated areas of accumulated water on a di sposal s ite ,  usual ly 
fol l ow i ng rai nfal l or snowmelt .  

POPULATION OOSE--Summation of  the doses received by al l  i nd i v i dual s  i n  a 
speci fied popul ation ; n  the v i c i n i ty of an activity i nvolving the hand l i ng 
of radioactive materi al .  

POROSITY--That property of a rock or soi l that enables the rock or soi l to 
conta i n  water i n  voids or i nterstices, usua l l y  expressed i n  percentage or  
as a decimal fraction of void vol ume as  compared to total volume. 

RAO--Unit of absorbed dose (see ABSORBED DOSE ) .  

RADIATION--A very general term that covers many forms o f  particles and energy, 
from sun l i ght and radio waves to the energy that i s  released from i ns i de 
an atom. Radiation can be i n  the form o f  el ectromagnetic waves (gamma 
ray s ,  X- rays) or particles (al pha part i c l e s ,  beta parti c l es , protons , 
neutrons ) .  
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RADIATION MONITORING--ContinuQU5 or periodic determination of the amount of 
radiation present i n  a gi ven area. 

RADlOACT IVITY--The spontaneous decay or d i s i ntegration of unstable atomic 
nuclei , accompanied by the emi ssion  of radiation. 

RADIOISOTOPE--An unstable i s otope of an el ement that spontaneously l oses 
particles and energy through radioactive decay. 

RAOIONUClIDE--An unstable nucl i de that undergoes radioactive decay. 

RECHARGE-- I n  hydrology. a source or means for repl eni shment of water wi thdrawn 
or di scharged from an aquifer. 

REGULATION--A regulation has the force of law. A regul ation can conta i n  
pol icy statements ,  goal s ,  and criteri a .  I t  can be general o r  hi ghly 
spec i f i c  and can contai n  admi ni strative or technical requi rements , or 
both. 

REM--The unit of dose of any ionizing radiation that produces the same 
biological effect as a unit  absorbed dose of ordi nary X-rays. 

RESIN--A sol i d  organic polymer used i n  ion-exchange processes. 

RISK--Assuming the factors can be quantified ,  r i s k  equal s the consequences of 
an event multipl ied by the probab i l i ty of the event ' s  occurrence. 

ROENTGEN- -Unit of exposure. One roentgen i s  the amount of gamma rays or 
X- rays required to produce one electrostatic unit (esu)  of charge of one 
s i gn (ei ther pos itive or negati ve)  i n  one cub i c  centimeter of dry a i r  
under standard conditions. 

RUNOFF--Al l rai nfa l l  and snowmel t  that does not soak i nto the ground , does not 
evaporate i mmedi ately ,  or i s  not used by vegetati o n ,  and hence fl ows over 
the l and surface. 

SATURATED IDNE--A subsurface zone i n  whi c h  a l l  the i nterstices are f i l l ed with 
water under pressure greater than that of the atmosphere. 

SEOIMENTATION--The settl ing of excess soil  and mineral sol i ds of smal l parti c l e  
s i ze contained i n  water. 

SEEPAGE--Any water or l i qu i d  effl uent that fl ows through a porous medium 
( e . g . •  water l ost through the bottom of a l i qu i d  waste pond ) .  

SEISMIC--Hav;ng to do with the geol ogy of earthquakes and extending to pre­
diction of earthquake frequency and severity. 

SEISMICITY--The tendency for the occurrence of earthquakes. 

SHALLOW-LAND BURIAL--The disposal of sol i d  radioactive waste i n  excavation s ,  
wi th a mi ni mum cover of 1 m ( 3  ft) .  
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SHIELOING--A material  i nterposed between a source of radiation and personnel 
for protection against the danger of radiation. 

SlASH--The debris from cl earing a tract in a forest. 

SlUDGE- - I nsol uble salts and comp l ex col loidal material i n  a l ka l i ne ( " neutral­
izedll) aqueous solutions that settle out upon standing i n  storage. 

SOLIOIFICATION--Conversion of radioactive wastes ( norma l l y ,  l i qu i d )  to a dry, 
stable sol i d. 

SOLUTION CAVITIES--Cav;lies or  channel s formed i n  carbonate rocks--such as 
l imestone, dolomite, and marble--caused by chemical di ssol ution of the 
rock al ong fractures , joints , etc. 

SPIlL--The acci dental release of radioactive materi al . 

STORAGE-- Retention of radioactive waste i n  a manner permitting retrieval , as 
distinguished from di sposal which impl i es no retri eval . 

STRATUM--Sedi mentary bed or l ayer, regardless of thicknes s ,  of homogeneous or 
gradational rock material . 

SUBSIDENCE--Downward displ acement of  the earth r s  surface with l i ttl e or no 
hori zontal movement. 

SUBSURFACE WATER--Water l ocated below the earth ' s  surface, i n  both the satu­
rated and unsaturated zones. 

SULFUR OIOXIDE--A heavy pungent colorless gas formed i n  the combustion of coal 
and other sul fur-contai ning fue l .  In high concentration , i t  i s  considered 
a major a i r  pol l utant. 

SURFACE WATER--Al l water on the surface, as d istinguished from groundwater. 

SURVEILLANCE--A monitoring system desi gned to ensure safe and secure contain­
ment of radioactivity at a l l  times and to i dent i fy potenti al sources of 
escape or release i nto the envi ronment. 

TOPOGRAPHY--The configuration of a l and surface area includ i ng i ts rel i ef or 
relative el evations and the pos i ti on of i ts natural and man-made features. 

TOTAL SUSPENDED PARTICUlATES--Refers to the concentration of particul ates i n  
suspension i n  the a i r  i rrespective o f  the nature , source, o r  s i ze o f  the 
particulates. 

TRANSMI SSIVITY--Vol ume of water flowing through a unit width of aquifer of 
gi ven thickness under a gradient ( 1  m verti cal ly for each 1 m l ateral ly) 
and at the v i s cosity preva i l i ng in the f ield .  Mathematica l l y .  it  i s  the 
product of permeabi l i ty and aquifer thickness. 

TRANSURANIC ElEMENTS--Chemical el ements with atomic numbers greater than 92 
(uran i um ) .  



9-12 

TRENCH , SHALLOW-LAND 9URIAL--A long , narrow excavation with unsupported wal l s ,  
i nto which sol i d  radioactive wastes are emplaced and covered with exca­
vated earth. 

TRITIUM--A radioactive i s otope of hydrogen (H-3) i a weak beta emitter with a 
hal f- l i fe of 12. 5  years. 

TUMULUS--An artificial hi l l oc k  or mound. 

UNSATURATED IONE--The zone above the cap i l l ary fri nge. i n  which i ntersti cies 
and pores i n  earth materi al s are only partial ly f i l led with water at less 
than atmospheric pressure. (Note: Some authors i ncl ude the capi l l ary 
fri nge i n  the unsaturated zone defi nition. ) 

VEGETATIVE 5UCCESSION--The progress i v e  changes i n  vegetation and animal species 
structure and community processes that fol l ow the abandonment of cropland 
or pasture. 

WAST E ,  RADIOACTIVE--Materials  from nuclear operations that are radioactive or 
are contaminated with radioactive materials  and for which there is no 
practical use or for which recovery i s  impractical . 

WASTE FORM--The waste package less the container, i f  any, and the low-level 
waste ei ther treated or untreated,  i nc l ud i ng any i nert f i l l e r s ,  as pre­
sented for di sposal . 

WASTE PACKAGE--The assemblage of low-level waste that i s  di sposed; it  norma l l y  
i nc l udes the contai ner plus the contai ned material . 

WEST CHESTNUT RIOGE--An area withi n the Oak Ridge Reservation that i s  the 
preferred location for the proposed Central Waste Di sposal Faci l i ty.  

IOOPLANKTON--P1 anktonic ( f l oating) animals that supply food for fish .  



APPENDIX C .  WASTE CHARACTERISTICS 

The wastes that would be emplaced in the CWOF origi nate from research. 
devel opment, and production activities at the Y-12 Plant and Oak Ridge Gaseous 
Di fffusion Pl ant (ORGDP) ,  and also from research and devel opment acti vities at 
Oak Ridge National Laboratory (ORNl ) .  These wastes are contaminated with 
sma l l  quantities of radioactive nuc l i des and occur in a vari ety of forms such 
as l aboratory trash, sl udges or soi l s  fixed i n  grout , and disi ntegrated con­
struction materi a l s  from the decommissioning of projects and bui ldings.  It  i s  
expected that the rate of waste disposal for the first four years would be 
about 2 x 104 m3/yr (6 x IDs ft3/yr) for grout and 8 x 103 m3/yr (3 x IDS ft3/yr) 
for other wastes .  After the fi rst four years , the di sposal rate would be 
6 x 103 m3/yr (2 x 105 ft3/yr) for grout and 8 x 103 m3/yr (3 x 105 ft3/yr) 
for other wastes. The waste vol umes presented here are the best estimates 
ava i l ab l e  at this  time from the waste-contributing p l ants. Changes i n  these 
vol umes might result  from changes i n  pl ant programs or i n  methods of treating 
some waste forms. 

The data on waste characteristics are presented here i n  three categories 
corresponding to the categories for empl acement in separate trenches: (1) sol i d  
debris l ow- l evel waste (LLW) , (2) waste contaminated with asbestos , and 
( 3 )  grout resulting from fixation of s l udges and soi l s .  These wastes are 
inhomogeneous , especi ally those i n  the s o l i d  debris LLW category. With the 
d i v i s ion of these wastes i nto only three categories , the behavior of i ndivi dual 
waste forms within each category are i ndisti nguishable. Thus , i sotopic radio­
activity cannot be associ ated with i ndividual waste i tems; average concentra­
tions of radioactive i sotopes are associated with groups of waste items as 
waste generation estimates permit. Whereas the concentrations of radioact i v i ty 
i n  the wastes presented here are average s ,  maximum acceptable concentrations 
for disposal at the CWOF are given by the waste-acceptance criteri a ( P i n  and 
Witherspoon 1984) .  These maximum acceptable concentrati ons have been chosen 
to be consi stent with the results of a nucl ide migration analys i s  and with. 
concentration guides (DOE Order 5480. 1 ,  Chapter X I ) .  The wastes are essential ly 
equivalent to Cl ass A wastes as defined by the Nuclear Regul atory Commission 
i n  10 CFR Part 61. The only s i gn i fi cant di fference i s  that the TRU l imits 
wi l l  be 100 nanocuries per gram (nCi /g) rather than 10 nCi/g.  

Data for the sol i d  debris LLW category are given in Tab l e  C . l. This 
category comprises a l arge vari ety of waste forms and materials that may be 
de l i vered and emplaced i n  bul k form; i n  containers of various si zes ; and i n  
pl asti c-wrapped, compacted bal es .  

Data for waste contaminated with asbestos are presented i n  Table C . 2. 
This  waste al so consists of a vari ety of waste forms and materi a l s ,  and has 
the smal l est vol ume of the three waste categories.  

C-1 



Table C . 1 .  Characteri stics o f  Sol i d  Debris low- level Waste 

ORNL t' Y-IZt' ORGOP11 

Wa�te ParaMeter 

\101..- RateT2 

% CO!IIbustfble 

Average Isotopic 
Conc. , CI/M3 

H-3 
C-14 

Co-60 

Sr-90 

lr-93 

1c-99 

5n-1Zl 

CS'134 

C�-137 

S.-1.51 

Ir-19Z 

U-234 

U-235 
U-238 
Pu-238 

Pu-239 

""'Z41 

C ... 244 

"ilcell TRU 
(mostly Pu-Z39) 

COIIPonents 

Baseline 

1. 7 Ie 10' .'/yr 

(5.9 Ie 10· ft'/yr) 

30 

1 :.; 10-' 

Ie 10-3 
1 � 10-3 

2 � 10-� 

.. 10-3 

6 " 10-· 

1 " 10-3 

5 l< 10-.9 

1 • 10-3 

2 " 10-3 

Paper, cloth, plastics, 
rubber, wood, IDI!tah, 
glass, cera.ics, 
concrete , 501 I ,  resins 

Nonroutine 

1 . 1 " 103 .3/yr 

( 4 . 0  .. 10· n3/yr) 

3 ... 10-� 

9 >< 10-6 

4 " 10-5 

4 " 10-� 

9 " 10- 5  

Concrete and other 
building .aterials (0&1) wlStes) 

Ba�eljne 

1 . 8  X 103 .'/yr 

(6.3 " 10· n'/yr) 

-30 

6 .. 10-5 

2 " 10-3 

8aled and bulk 

Baseline 

1. 0 x 103 ,.s/yr 

(3 . .5 II 10· rt3/yr) 

3 " 10-' 

7 " 10-� 

4 ,.. 10-6 

5 >< 10-5 

111 sce l laneous 
.,tterials plus 
so.e inci nerator 
"h 

l' 8asel lne wastes are received on a regular schedule� nonroutine wastes Ire received on • c�.fgn SChedule. 

Honroutine 

7.6 )( 103 .3/yr 

(Z.7 )( lO� ft'/yr) 

2 ... 10-2 

.5 x 10-1 

2 )( 10-6 

4 " 10-5 

Scrap IIttal1' 

12 1he rate of receipt of solid debris LLW frGIII ORNL h eltpected to begin It about 2 " 103 .'/yr (6 )( 10. ft3/yr) and lIIay i ncrease, 
over a fi ve-year period, to about 3 "  103 rn3/yr (9 x 10. ft3Jyr). 

t3 ORGOP w i l l  produce 10,000 tons of scrap rnetal during 1985 only. 

n , N 
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Table C . 2 .  Characteri stics of Asbestos-Contaminated Wa5tetl 

Waste Parameter ORNL Y-12 ORGOP 

Vol ume Rate 3 x 10' m3/yr 2 x 102 m3/yr 1 x 102 m3/yr 

( I x 103 ft3/yr) ( 7 x 10' ft3/yr) (4 x 103 ft'/yr) 

Average Isotopic 
Cone . , Ci/m3 

U-238 6 x 10-' 4 x 10- 6 

U-235 5 x 10-3 3 x 10-7 

U-234 5 x 10-5 6 x 10-6 

Components Low- level waste Low- l evel waste Low- level waste 
contaminated contaminated contaminated 
with asbestos with asbesto s ,  with asbestos 

p i p i n g ,  ductwork 

t' Thi s waste i s  expected to be received on a basel i ne ,  or regular,  schedu l e .  

Data for grout waste are presented i n  Table C . 3. T h i s  waste origi nates 
from contaminated s l udges and soi l s  from several sources on the ORR. These 
s l udges and so i 1  5 w i l l  be i mmobi l  i zed by convert; n9 them to a grout with a 
water content of about 40% and a density of about 2 , 400 kg/m' (150 lb/ft3) .  

This  waste wi l l  be transported i n  concrete-mixer trucks ei ther as a wet 
grout or as b l ocks of sol idi fied grout that have been previously mixed , cast, 
and partial ly cured at the source of the sl udge or soi l .  Sl udges from the 
complex of 5-3 ponds at the Y-12 Pl ant may be shi pped to the CWDF as a grout; 
these woul d then be one of the major sources of this  waste form. 

A portion of the grout contri buted by the ORGOP woul d come from i nc i ner­
ator ash.  Thi s  ash is the residue from i nci neration of mi scel l aneous s o l i d  
and l i quid  materi a l s  ( U . S .  Dept. Energy 1982 ) ,  i nc luding di scarded polychl ori­
nated bi pheny l s  (PCBs) from e l ectrical transformers. The sources of feed to 
the i nc i nerator would i nc l ude the ORGDP , the Portsmouth Gaseous D i ffusion 
Pl ant,  the Paducah Gaseous D i ffusion Pl ant , the ORNL Pl ant , and the Y-12 Pl ant. 
The i nc i neration residue would consi st of shredded metal , oxidation products , 
and "di rt" associ ated with the feed. An estimate of the quantitative compos i­
tion  of  this  residue suggests that i t  woul d  be 90% soi l ,  5% ground steel , and 
a mixture of metal l i c  oxides. The residue woul d be tested for PCB contamina­
tion before di sposal ; that portion with an unacceptably h i gh concentration of 
PCBs would be recycl ed through the i nci nerator. The residue would be coll ected 
i n  water and would emerge from the i n c i neration faci l i ty as a s l udge. On a 
routine, annual bas i s ,  about 8 x 102 m3 ( 30 , 000 ftl) of this  ash would be 
shi pped i n  bul k form ( so l i d  debris waste) and about 2 x 102 m3 ( 7 , 000 ft3 ) 
would be shi pped i n  grout form. 

The ORNl Pl ant i s  al so expected to contri bute some grout waste, but the 
volumes and radioacti vi ties  of this  waste cannot be defined at this  time. 



Table C . 3 .  Characteri stics of Grout Waste 

Y·1211 ORGOPtl 

Waste Parameter 

Vol ume Rate 

Average Isotopic 
Cone. , C i /m3 

U-23B 

U-236 

U-235 

U·234 
Np-237 

Pu-240 

Pu-239 

Pu-238 

Am-241 

Z r ,  Nb-95 

Tc-99 

Ru, Rh-106 

Cs-131 

Components 

ORNL 

Vol ume undefi ned 

Radioac t i v i ty undefined 

Sludges, residues, 
soi I s 

Base l i n e  

5 . 1  x 103 m3/yr 

( 1 , 8  K lOs ft3/yr) 

Sl udges 

Nonrout i ne 

l . 0  x 10" m3/yr 

( 3 . 7  x 105 ft3/yr) 

S3 X 10-5 

H X 10-7 

$4 X 10.7 

S6 X 10-6 

S6 x 10-6 

�2 x lO-s 

:lil x 10.7 

S8 )< 10-5 

:i5 X 10.4 

S8 )< 10-� 

:58 X 10-5 

Sediments of 
S-3 ponds 

Baseline 

9 . 6  X 102 m3/yr 

( 2 , 7  x 10" ft3/yr) 

3 7< 10-3 

5 )0) 10-9 

2 )< 10-� 

5 ]I. 10-4 

5 )( 10-3 

S l udges plus some 
i n c i nerator ash 

tl Base l i ne wastes are rece ived on a regular schedule; nonroutine wastes are received on a campaign schedule. 

Nonroutine 

4 . 2 )( 102 m3/yr 

( l . 5  x 104 ft3/yr) 

2 'X 10-· 

2 X 10-6 

1 )( lO- s 

K-1232 s l udge 

n , '" 
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APPENDIX D .  DESCRIPTION O F  DESIGN ALTERNATIVES 

0 . 1  INTRODUCTION 

The proposed l ayout, structures , d i sposal unit des i gns , and operations 
for the action al ternatives are described i n  this  appendix .  I n  this  di scuss ion ,  
" s i tell refers to the area of  i nterest on  West Chestnut Ridge (the preferred 
s i te ) ;  " fac i l i ty" refers to the proposed Central Waste Di sposal Faci l i ty 
( CWDF ) ;  and "di sposal unit" i s  a general term for the cavity or structure i nto 
which wastes wi l l  be emplaced for di sposal . Much of the anci l l ary structure s ,  
l ayout, and operations would be the same regardl ess of whi c h  des i gn were 
empl oyed for the di sposal uni t ;  but the monitoring programs associated with 
the two types of di sposal unit woul d di ffer. If the di sposal unit were a 
bel ow-grade trench ,  monitoring would emphasize measuring the underground 
migration of radi onuc l i des through soi l s .  I f  the disposal unit were an above­
grade tumu l us , monitoring would emphasize measuring the migration of radio­
nuc l i des i n  nearby surface waters. 

0. 2 FACILITY DESCRIPTION 

0. 2 . 1  S i te Location and layout 

The preferred s i te for the CWOF i s  an area on West Chestnut Ridge within  
the DOE Oak Ridge Reservation (ORR) , Oak Ridge , Tennessee. The s i te is bounded 
by Bear Creek Road to the north , Tennessee Highway 95 to the east, and New 
Zion Patrol Road to the south and west. 

The l ayout of the CWDF - - i n c l ud i ng di sposal areas , anci l l ary fac i l i ti e s ,  
and some access roads-- i s  shown i n  Fi gure 0 . 1. The compl eted faci l i ty woul d  
con s i st o f  an operations area and three major di sposal areas. F i xed i nsta l l a­
tions at the CWDF would i ncl ude a fenced equi pment-storage area, an area for 
survey and decontam i nation,  yard l ights , a septic tank and associ ated drai nage 
field .  a d i esel  storage and pump i ng station, fenc i n g ,  a general support bui l ding ,  
a heavy- equi pment storage bui l di ng ,  and a parking l ot. Temporary i nsta1 1 ations 
might be provided during the i nitial years of operation as the permanent 
i nsta l l ations were being constructed. 

The CWOF would be served by two-l ane roads , 3 . 6  m (12 ftl i n  width. The 
route from ORNl to the CWOF would fol l ow Bethel Val l ey Road to New Zion Patrol 
Road to Lou Cag l e  Road. The route from the Y-12 Pl ant to the CWDF would 
fol l ow Bear Creek Road to New Z i on Patrol Road to Lou Cag l e  Road. The route 
to the CWOF from ORGDP woul d  fol l ow Blair  Road to F l annigan Loop Road to Zion 
Patrol Road to Lou Cagle Road. The waste de l i very entrance would be the one 
gate near the general support bui l ding through which a l l veh i c l es would enter 
and leave the fac i l i ty. 

0-1 



FENCED STORAGE AREA 

In rn 

3 

1. Wute. Ex.."lnet Ion 
h d i l l y  

2. Tru�k W.lh r.,l l l ty 

]. Gene •• ! Support l u l l d l ng 

.r.. lIe.�y Equlpr!'Ol!l>t S u l l d l ng 

5. Perldng lot 

AREA C 

0-2 

Bear Creek Road 

Hew Zion patrol Road 

Fi gure 0. 1. Layout of the Central Waste Disposal Faci l i ty .  

D i sposal units are expected to be constructed 1 n  three separate areas of 
the CWDF 5 i te ( 1  abe 1 1  ed A. B .  and C on F igure 0 . 1) .  These three d i  sposa 1 
areas woul d be 1 i mi  ted to three gee 1 ogi ca l ly and topographi ca l l y  sui lab 1 e 
areas lyi ng al ong the top of West Chestnut Ridge. At the time of closure of 
the eWOF . a total of about 50 di sposal units would have been fi l l ed. The 
total required capaci ty of the fac i l i ty would be about 6 x 105 rn3 (2 x 107 ft3 ) .  

0 . 2 . 2  Rel ated Anci l l ary Structures 

Two permanent prefabricated metal bui l d i ngs woul d  be constructed at the 
sHe. The genera 1 support bui l d i  ng--wi th fl oor di mens ions of approxi mate ly 
15 m x 31 m (50 ft x 103 ft)--would house offices , change areas , record s ,  
equipment, suppl i e s ,  and a tel ecommunications system. The heavy-equipment 
bui l di ng ,  w i th floor dimensi ons of 15 m x 18 m (50 ft x 60 ft) , would house 
heavy equipment and tools used for s i te maintenance and f i refighting. 

Other s i te faci l i ti es wou l d  i ncl ude a waste-receipt and i nspection area 
and a decontamination area (ma i n l y  for trucks ) .  Other waste-handl i ng equip­
ment would i nc l ude front- l oaders , trucKs , and cranes that can be used for 
transport and l oadi ng/unloading operations.  Waste-treatment faci l i ties at the 
CWOF would be minimal because waste-treatment and packaging operations woul d 
have been performed at the waste-generating p l ants. Any contaminated water 
removed from trenches or resul ting from vehi c l e  and equipment decontamination 
would be transported to the ORNL l i qu i d  waste treatment system. The treatment 
operations that might be performed at the CWDF i ncl ude overpacking containers 
damaged in transport or ons i te hand l i ng .  
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Equi pment for fi refighting and security survei l l ance would be maintained 
at the s i te .  

0 . 2. 3  Construction 

The CWDF would be developed in two phases. Phase I woul d extend through 
the emplacement of the fi rst two year ' s  vol ume of wastes. Phase I I  would 
extend through the bal ance of the fac i l i ty ' s  l i fetime. 

0 . 2 . 3 . 1  Phase I 

Phase I construction act i v i ties would consi st of the fol l owing tasks: 
( 1 )  cl earing the s i te in the northwest corner of Area A ;  ( 2 )  carrying out 
prel imi nary grading; ( 3 )  upgrading appropriate portions of Lou Cagle Road and 
New Z i on Patrol Road; (4)  i nstal l i ng tra i l ers that would house offices , storage 
areas , change areas, and restroomsj ( 5 )  constructing the parking areaj 
(6)  constructing a fenced equi pment-storage area; ( 7 )  constructing the area 
for monitoring and decontami nation of equipment; (8) prov i d i ng a bottled water 
supply; ( 9 )  supplying f i re-suppres s i on equipment: portab l e  exti ngu i s hers ; 
( 10 )  i nstal l i ng yard l i ghts ; ( 11) i nstal l i ng an e l ectrical power l i ne;  
( 12) setting up bar gates across access roads ; (13) supplying monitoring 
equipment and beg i n n i ng the i nitial  monitoring program ; (14) setting up a 
communications system ; (15) constructing the waste- i nspection area; ( 16)  pro­
curing equipment for maintenance and waste-disposal operations ; and (17) i nsta l ­
l i ng a n  onsite wel l and water-di stribution system. 

Initial  s i te preparation  would consist  of clearing and grading the areas 
for support fac i l i ti es and the i ni ti a l  disposal units.  Topsoi l  would be 
removed and stockp i l ed for future capping of trenches and fi nal s i te contour­
i ng. The i ni tial  s i te-preparation acti v i ties would i ncl ude grading to produce 
favorable drainage patterns during the l i fetime of the CWD F .  After i ni ti a l  
s ite preparation was compl eted , the area would b e  seeded to minimize eros i o n .  
I n  Phase I ,  trench construction would beg i n  i n  the northwest corner of Area A .  

0 . 2 . 3 . 2  Phase I I  

Phase 1 1  construction activiti es would cons i st o f :  ( 1 )  erecting the 
general support bui l di ng and moving the trai l ers;  (2)  erecting the heavy­
equi pment storage bui l di ng ;  (3)  i nstal l i ng additional security fencing; 
(4)  i nstal l i ng additional l i ghting;  (5)  upgrading access roads ;  and (6) i nsta l l ­
i ng i n  each di sposal area as needed surface water gaging stations and fl Umes 
equi pped with automated proportional f l ow samplers and f l ow monitors. 

After Area A was f i l l ed ,  di sposal units would be developed ei ther in or 
east of Areas B and C .  

D. 3 BELOW-GRADE DISPOSAL IN TRENCHES- -PREFERRED DESIGN 

D . 3 . 1  Trench Des ign 

The trench design has been sel ected with the aim of accompl ishing several 
objecti ves:  ( 1 )  l ong-term i so l ation,  (2)  m i nimum active maintenance and 
remedial acti o n ,  ( 3 )  enhancement of natural phys ical advantages , (4)  creation 
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of surface drai nage patterns that prevent trench i n f i l tration , and ( 5 )  preven­
tion of erosion. 

Two bas i c  trench designs would be used at the CWDF. One design ( F i gure 0 . 2 )  
would be i ni t i a l l y  46-m ( lSO-tt) wide at the top, 14-m (4S-tt) wide at the 
bottom , and 9. 1-m (30-tt) deep, with a waste l ayer 6 . 7-m (22-tt) thick.  Its 
l ength would be typical ly  107 m (350 tt) , with 91 m ( 300 tt) avai l ab l e  tor 
storage--except where s i te geometry dictated otherwi se.  The other trench 
des i g n ,  to be used for di sposal of the wastes conta i n i ng asbesto s ,  has smal l er 
dimensions. It woul d  be typical ly 15-m ( 50-tt) wide at the top, 3 . 0-m (lO-tt) 
wide at the bottom , and 5 . 5-m (IS-tt) deep, with a waste l ayer 3 . 0-m (10-tt) 
thick. The length wou l d  vary with the geologic si tuation but would be typ i cal ly  
21 m (70  ft) .  These si zes are given to characterize a reference trenc h ;  i n  
practi ce , trenches woul d be constructed with minor variations ; n  any of these 

F I NISHED IOfF 
GRADE 

ELEV. VARIES ' "  

EXTENT O F  LINER CAP 

CONTINUOUS ANCHOR TRENCH 
/FOR DRAINAGE MAT, (BACKFIll 

WITH EXIST. SOIL.) 

1 3 ! 5II-Oin.  

DRAINAGE MAT 

.L. LINER CAP 

. .  ?,� 811 2C l - - -Sj�- _ _ _ _ _ _ _ _  I._,:�;���-.�--..,...".,� 

2211 

, 411 ... 4i". pvc SUPPORT 

, ,,-ll- ' �_'I,,,,,�_..L.� 4 in. PVC STANDPIPE 

I II GRAVEL OITCH (MIN.)] 211  COARSE SAND 

SECTION A 
1 in. _ 20 11 

DO<::" DRAINAGE MAT LAyER 
"ENKADRAIN" OR 
APP. ECUAL 

r COBIBU:S 1+ 31n.MATERIALJ 

LINER CAP 

DETAIL A 
N T S  

Fi gure 0. 2.  Schematic Diagram of the Trench Design. 
Source: Ebasco Services Incorporated 
( l9S4) . 
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dimens ions , and i t  i s  expected that such variations would not s i g n i f i cantly 
affect performance. Trench dimensions might vary i n  response to operati ng 
experience and variation i n  waste quanti ties del i vered. 

During construction of the trenches, dams of excavated material would be 
set up to prevent rai nwater runoff from entering the trenches. I n  addi ti on to 
these dams , the surface water runoff at the s i te woul d  be contro l l ed by water­
diversion d i tches. No central pond for col l ection of surface water runoff i s  
p lanned. 

The trench side wal l s  would have a slope of 1 : 2 .  The overburden l ayer 
would be 2 . 4- m  (B-ft) thick. The s i de wal l s  of a l l  trenches woul d  be l i ned 
with a dra i n  matting.  This  material i s  avai l able  in  sheet form on a rol l with 
fi l ter fabric on both faces. The purpose of this mat i s  to estab l i s h  a 
capi l l ary break between the soi l and the waste. 

The trench fl oor would be des i gned to col l ect any water that entered the 
trench during waste emplacement, permit monitoring after cl osure, and avoid 
the bathtub effect. A trench drainage system would be desi gned to di rect any 
water that entered the trench to a French dra i n  and eventual ly to a corner 
sump. The French dra i n- -a grave 1 - fi 1 1  ed. V-shaped tunne 1 runni ng al ong the 
l ower l ongi tudinal s i de of the bottom of a trench--would drain to a sump at 
the l ower end of the trench. Polyv i nyl standpipes of IO-cm (4-; n . ) d i ameter 
woul d  connect the surface with the French drai n t  al l owi ng samp l i ng of the 
dra i n  and monitoring of the movement of i sotopes . It  would be possible  to 
drain the sump on each trench with a pump. 

After backf i l l  i n g ,  each trench would be covered w i th an i mpermeabl e  
membrane. This  membrane would be covered with a protective l ayer and drain. 
The trench would be topped wi th a 1 . 8-m (6-ft) l ayer of compacted soi l .  The 
topso i l l ayer wou 1 d have a vegetative cover to contra 1 eros i on and to reduce 
l oss of s o i l  moisture. This  vegetative cover would be chosen from native 
grasses that flourish i n  the area. 

0 . 3 . 2  Waste Empl acement 

As di scussed earl i er ,  i t  i s  currently pl anned that the wastes would be 
sorted i nto three categories for disposal i n  separate trenches: (1) sol i d  
debris llW, ( 2 )  contaminated asbestos waste, and ( 3 )  grout. Al though p l acement 
of wastes i n  three separate trenches i s  the i n i t i a l l y  proposed operating 
procedure, i t  might develop that the combi nation of grout and sol i d  debris llW 
i n  the same trench was not only convenient but a l s o  benefi c i a l  to performance,  
espec i a l l y  i f  sol i d  debris llW were backf i l led with  semi l iquid  grout. Insofar 
as poss i b l e ,  wastes would be emplaced in the trenches in stacks or in an 
orderly arrangement to promote trench stabi l i ty and to optimize the use of 
space. 

It i s  expected that transport veh i c l es would usua l l y  be driven down i nto 
the trenches v i a  a ramp at the end of each trench. The wastes woul d  be unl oaded 
from these vehi cles onto the trench floor with cranes , fork l i fts , or front­
loaders. Unwieldy items , however ,  might be l owered into p l ace from grade 
level by crane. At times, i t  might be more suitab 1 e  to unload any of the 
waste types from the top edge of the trench. Operating criteria proh i b i t  the 
unloading of wastes during times of prec ipitation. 
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For emplacement of wet grout, a d i ke of excavated soi l would be l a i d  
across the trench. The del i very truck would b e  driven onto the fl oor of the 
trench and up to the di ke that bounded the area onto whi c h  the wet grout was 
to be poured. The truck would discharge the semi l i quid grout into the di ke­
bounded area by a p i votting chute that woul d  distribute i t  across the width of 
the trench. When the di ke-bounded area was f i l l ed to a depth of 0 . 61 m (2 ftl , 
another d i ke would be set up to create another area adjacent to the fi l l ed 
one , and the procedure woul d be repeated. After the grout had cured suff i ­
ciently to support the weight of truck s ,  a O. 3-m (l-ft) l ayer o f  soi l  would be 
placed over i t ,  and the process would be repeated to lay down another l ayer of 
grout. Thus , the trench would be fi l l ed to capacity with al ternate l ayers of 
grout and soi l .  

0 . 3. 3 Trench C l osure 

After empl acement, the waste would be covered with native backfi l l .  This  
operation wou l d  i nvolve pushing the backf i l l  materi a l  from any edge of the 
trench onto the waste and then using a vibratory compactor to force the material 
between i ndividual waste items. When voids between i tems wou l d  no lorger 
accept backf i l l  material , the overburden would be compacted with a sheepsfoot 
rol l er. In the emplacement of sol i d  debris llW and contaminated waste, each 
day ' s  receipts would be covered with backfi l l ;  thus , a f i l led trench would 
consist  of al ternate l ayers of waste and backf i l l .  A trench would be sur­
charged for several months prior to capping. No capping would take p l ace 
unti l a trench was completely f i l l ed .  An impermeabl e  membrane would be l ai d  
on , fol l owed by a drainage l ayer and c l ay cap. F i nal l y ,  topsoi l ,  removed and 
stockp i l ed i n  i ni tial  s i te preparations , would be laid  on and compacted. 
After the soi 1 1 ayer was compacted and contoured i n  accordance wi th the 
SUrface-water management plan.  i t  would be seeded. Survey benchmarks , 
referenced to USGS benchmarks.  woul d  be estab l i shed. Furthermore, a documen­
tation system, referencing a l l  di sposa l s  to these benchmarks , would be main­
tained. 

0 . 4  ABOVE-GRADE DISPOSAL I N  TUMULI 

0 . 4 . 1  Tumulus Des ign 

An al ternative to the bel ow-grade (near-surface) trench i s  an above-grade 
tumulus structure . *  The design of this  di sposal concept i s  adapted from the 
tumu l us design used for di sposal of l ow-level waste by the CEA-ANDRA (Commis­
sariat a l ' Energie Atomique-Agence National pour 1 a  Gestion des Dechets Radio­
act i f s ) .  A tumulus ; s  a n  arti ficial  hi l l ock  o r  mound and , as the name impl ies , 
each f i ni shed disposal unit would be a mound, r i s i ng about 9 m ( 30 ft) above 
the surround; ng 1 and. Thi s concept i s  sugges ted as an a l ternat i ve because 
( 1 )  the tumul us has been successful ly operated for several years at the Centre 
de 1a Manche, France; ( 2 )  it affords a stratum of dry rock or soi l  between the 

*The "grade" and the Uground" are not necessari ly the same; an above-grade 
structure can be covered with a contoured l ayer of soi l that becomes the 
ground l evel and pl aces the waste IIbelow ground!! ; i t  would sti l l  be "above­
grade" because the grade i s  defined by the e l evation of contiguous ground. 
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wastes and the water tab l e ;  and (3) it could uti l i ze the relatively l arge 
vol umes of grout that are to be generated by immob i l i z i ng the s l udges to 
provide structure and stab i l ity to the di sposal unit.  A l though the tumu l us 
di sposal concept described herein i s  based on the tumul us empl oyed at the 
Centre de 1 a  Manche, several changes have been made to accommodate the charac­
teristics of the CWDF site,  the characteristics of the wastes , and the objec­
tive of p l ac i ng the wastes entirely above grade. 

The design of the above-grade di sposal unit i s  i l l ustrated i n  Fi gure 0 . 3 .  
The unit would have a concrete f l oo r ,  and the wal l s  would cons i st of stacked , 
cyl i ndrical , concrete blocks. These bl ocks would have been prev i ously cast 
from mixtures of cement and ei ther pond s l udges or uncontaminated aggregate 
and a l l owed to cure. The wastes would be p i l ed on the concrete fl oor and 
surrounded with grave l .  A comp l ete unit would have a l ayered cap to provide 
stab i l i ty and prevent infi l tration of water, 

The concrete b l ocks cou l d  be isol ated, i f  desired, from underlying gravel 
and soi L There they would be i n  contact only with the drained f l oor and 
i nner components of the cap. The concrete used to form the footings and fl oor 
that would be i n  contact with the underlying gravel and so; l would be prepared 
from commerc i a l  cement and noncontaminated aggregate. 

Construction of a tumul us unit would begin with excavations for footi ngs , 
the subfloor drain system, and the concrete f l oor. Next, reinforcing steel 
gri dwork would be l a i d  i nto the excavations and the footings poured. After 
the footings had cured for several days , the gravel and drain ti l e  that under­
l ies the fl oor wou l d  be put i nto p l ace,  and the concrete floor would be poured. 
After the f l oor had cured for a su itable peri od , the network of t i l e  for 
draining the f l oor surface would be laid  out , and the fl oor would be coated 
with a l ayer of bi tumen to provide a noncracking surface that would carry any 
i n f i l trated water to the drai nage network. Sumps to catch water drained from 
both the topside and underside of the floor woul d  then be instal l ed .  The 
sumps wou l d  permit the drai nage from the topside and underside of the fl oor to 
be monitored to determine whether i t  shoul d  be treated before discharge. 

Next, the concrete b l ocks would be put i nto place by cranes , as needed, 
to form wal l s .  The wal l s  woul d  be formed from three rows of b l oc ks ,  stepped 
to g i ve the final shape of the uni t a rounded shoulder. Thu s ,  the outermost 
row would have two-fol d  stacking of b l ocks,  the middl e row three-fold stac king,  
and the i nnermost row four-fo l d  stacki ng. 

0 . 4 . 2  Waste Empl acement 

After the f l oor and s i de wal l s  were i n  place, the trucks deli vering 
wastes from the contributing fac i l ities would enter at one end of the disposal 
uni t ,  driving onto the f l oor to unl oad. For bul k  wastes , a truck would dump 
i ts l oad onto the floor of the di sposal unit  and the wastes would be compacted 
to the extent pass i b 1 e. For loads of packages , ba 1 es . or grout b l ocks,  a 
crane woul d  l i ft the i tems out of the truck and stack them on the f l oor of the 
di sposal unit.  Fol l owing emplacement of these waste forms , the di scharge of 
semi sol i d  grout i nto the di sposal unit to cover them and f i l l  the voids between 
them is  expected to enhance the l ong-term stab i l ity of the di sposal unit.  
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0 . 4 . 3  Closure of Tumul us D i sposal Unit 

After a unit was fi l l ed with wastes , gravel would be poured i nto the unit 
to fi 1 1  al l VOl ds between packages or other was te ; terns . The grave 1 wou 1 d 
provide a stab l e ,  packed structure that would control subs i dence and also 
dra i n  freel y ,  minimizing the contact of i nfi l trated water with the wastes. 

The cap desi gn i s  an adaptation from recent suggestions ( U . S .  Nucl , Reg. 
Camm. 1983) based on results of mode l i ng the behavior of trench caps. The 
fi rst l ayer would be a O . 61-m (2-ft) thickness of c l ay .  prov i di ng the mai n  
water barrier. The next l ayer woul d  be a O . 3-m (l-ft) thickness of sand, 
prov iding a pathway to conduct i n f i l trated water out beyond the edges of the 
di sposal unit .  The sand l ayer would be overl a i n  with a porous pl astic membrane 
to prevent f i ne parti cles  of topso i l  from i nf i l trati ng and c l ogging the pores 
of the sand dra i n .  The next l ayer would be a O. 3-m ( l-ft) thickness of l ow­
permeabil  i ty soi l to protect the membrane during emplacement of the next 
layer, a O. 91-m (3-ft) thickness of a mixture of cobble stones and gravel , 
providing a barrier against i ntrusion of animal s and roots (Hakanson et a l .  
1983 ) .  The final l ayer would be a O . 91-m ( 3-ft) thickness o f  topsoi l .  The 
topso i l  would be seeded with short- rooted grasses, native to the Oak R i dge 
area, that would prevent erosion and reduce l oss of soi l moisture. After the 
entire di sposal unit  was fi l l ed and capped, the external drain  surrounding the 
unit at i ts base would be completed. This  external drai n would channel runoff 
from the surface of the mound and seepage from the sand l ayer i n  the cap. 

0. 5 OPERATIONS 

Movement of the wastes , and procedures and other considerations related 
to operation of the CWoF , are described i n  this  section. The CWOF would 
operate under criteria developed spec i fi ca l l y  for i t .  

0. 5 . 1 Transport 

The sale mode of transporting wastes to the CWOF wou l d  be trucks v i a  
roads contained within the O R R  ( see Section 0 . 2 . 1 ) .  Shipments would be of 
four general types: ( 1 )  grout i n  sl udge form, (2)  grout i n  sol i d i fied form, 
( 3 )  packaged waste s ,  and ( 4 )  bul k wastes. The estimated time for processing  a 
true k i n and out of the CWOF would be about 2 hours. The es t i mated t; me for 
travel i ng the d i s tance between the Y-12 Plant and the CWOF, 13 km (8 mi l ,  
would be about 26 min .  For the ORGoP, the distance would be  5 km ( 3  mi)  and 
the time 10 min .  For ORN L ,  the distance woul d  be 3 km ( 2  m i )  and the time 
6 m; n .  

0. 5 . 2  Receipt and I nspection 

When a waste shipment was received at the waste-rece ipt and i nspection 
area, the manifest document accompany i ng i t  would be checked. The waste and 
i ts transporting veh i c l e  would be surveyed for penetrating radiation and 
surface contam i nation and would be checked for conformance to waste-acceptance 
criteria. Waste would usual ly be emplaced the day i t  i s  received. The f l ow 
of operati ons for receipt of waste at the CWoF i s  summarized i n  Figure 0 . 4. 
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I n  addi t i on to i nspection and mai ntenance of bui l d i ngs and equ i pment, the 
i nspection and mai ntenance of di sposal units and grounds would be carried out 
on a regular schedule to prevent the devel opment of surface conditions that 
might l ead to water i nfi l tration i nto the di sposal units .  T h i s  act i v i ty wou l d  
consi s t  of i nspecl i ng surfaces and--wherever necessary--repai r i  ng surfaces .  
seedi ng,  ferti l i zing ,  and mowi ng. I t  would continue from the time the fac i l i ty 
opened through the end of the i nstitutional -control period. Any unfavorable 
drai nage effects that developed during the operating l i fetime of the faci l i ty 
would be remedied by l ocal recontouring i n  the v i c i n i ty of i nd i vidual trenches. 

0 . 5 . 3  Waste Empl acement 

Because waste-empl acement operations are c l osely related to di sposal unit  
des ign,  the i r  descriptions are given immediately after the descriptions of 
di sposal unit designs ( see Sections 0 . 3 . 2  and 0 . 4 . 2 ) .  

0 . 5 . 4  D i sposal Uni t Cl osure 

Di sposal unit closure operati ons also  are c l osely related to di sposal 
unit des ign ,  and the i r  descriptions are a l so given after the descriptions of 
di sposal unit designs (see Sections 0 . 3 . 3  and 0 . 4 . 3 ) .  

0 . 5 . 5  Monitoring 

The monitoring program for the CWDF would cons i st of two mai n subprograms; 
s i te radi o l ogical monitoring and envi ronmental monitoring. Moreover, envi ron­
mental monitoring woul d  have two fiel ds of acti v i ty ,  onsite and offsite. 

The s i te radi ol ogical monitoring program wou l d  i ncl ude survey of surfaces 
for contami nation contro l .  As Fi gure 0 . 4  i ndi cates , the surfaces of veh i c l es 
woul d  be subjected to routine survey; surfaces of veh i c l es and equi pment with 
radioact i v i ty l evel s i n  excess of  the l imits specified by the operat i ng criter i a  
waul d be decontami nated. The wash 1 ; q u i  d s  from decontami nati o n  ope rat ions 
would be transported to the ORNL l i quid waste treatment systems. 

Ouri ng operations , an env; ronmental man; tori n9 program spec; fica l ly 
devised for the CWDF would be fol l owed. This  program woul d  be designed ; n  
accordance w i th DOE requirements, e . g. , DOE Orders (5400 seri es ) ,  and i n  
consideration of routine and potenti al acci dental release poi nts from the 
operations .  Furthermore, the monitoring program for the CWOF would be  i nte­
grated wi th the ongoing DOE monitoring program for the ORR s i te (for which an 
annual report of the results i s  publ i shed ) .  

The plan for envi ronmental monitoring at the CWDF addresses three phases: 
preoperational , operational , and post-closure. Preoperati onal monitoring,  
al ready i n  progress ,  would be carried out duri ng s i te characteri zation and 
i ni ti a l  construction.  Operational monitoring woul d be carried out i n  and 
around di sposal areas from the time of i ni ti a l  operati ons to the time of 
closure. Post-closure monitoring wou l d  be carried out after di sposal opera­
ti ons have ceased. 

Sampl ing and analys i s  duri ng the preoperational and operational phases 
would be s i m i l ar ,  but the scope of samp l i ng and analysi s  would be reduced 
during the post-closure period. 
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The first phase, preoperational monitoring, would define a basel i ne that 
would permit comparisons with l ater observations to di scover any changes 
caused by operation 0 f the fac i l  ity. Thi 5 preoperat i ana 1 mon i tori n9 program 
wou l d  incl ude soi l investigati ons , measurements of surface water di scharge, 
observations of fl uctuations i n  the groundwater tab l e ,  measurements of the 
qual i ty of surface water and groundwater ,  meteorological observations , and 
ai r-qual i ty measurements. 

0. 5 . 5 . 1  Preoperational Envi ronmental Monitoring 

In preoperational envi ronmental monitoring, the scope of soi l i nvestiga­
tions i ncl udes extensive phys ical testing of the s i te so i l s ,  mineralogical 
characterization , and testing of radi onucl ide sorption characteristics.  
Phys ical testing of soi l s  is  performed to genera l l y  characterize the soi l s  and 
to provide i nput data to analytical model s used in s i te performance evaluation 
and pathways analysis .  

Preoperational stream discharge data are being integrated with precipi ta­
tion and groundwater monitoring data i n  preparation of a s i te water balance. 
The basel i ne runoff per upstream watershed area for each mon; oring l ocation 
i s  being determined and seasonal variations are being measured. The basel i ne 
data w i l l  provide a reference against which effects of area c l earing and s i te 
operation can be eval uated. 

Levels of the groundwater table are being measured through 39 observation 
wel l s ,  i n  soi l and bedrock, i nstal led on s i te during the s i te-characterization 
program. In the preoperational groundwater qua l i ty monitoring program, samples  
are obtained from eight wel l s ,  and the general water qual i ty analyses l i sted 
i n  Table 0 . 1  are performed on each samp l e .  

Parameters t o  be i ncl uded i n  the preoperational basel i ne analytical 
program i ncl ude major anions , cations, total organi c  carbon, and radionucl i des .  
For routine radiological monitoring parameters during fac i l i ty operation,  only 
the more mob i l e  radionucl i des may be used as migration indi cators. 

The radi onuc I ;  de analyses for background moni tori ng wi 1 1  i ncl ude the 
major radionucl i des anticipated for di sposal i n  the CWOF ; these are l i sted i n  
Table 0 . 1 .  

0. 5 . 5 . 2  Operational Phase Envi ronmental Monitoring 

Envi ronmental monitoring during the operational l i fe of the CWOF would 
eval uate the performance of  the s i te and the di sposal system and document s i te 
comp l i ance with regul atory criteria. The monitoring program would i ncl ude 
s i te soi l s ,  surface water and groundwater systems , and the atmosphere i n  the 
s i te v i c i n i ty .  

Soi l monitoring activi ties proposed for the operational period focus on 
monitoring of trench caps to ensure stab i l i ty of trenches after capping. 
V i sual inspection of  cl osed trenches would be made to i dentify l ocations i n  
which remedial measures were required. I n  sel ected areas, monitoring of cap 
settl ement and erosional denudation of soi l s  would be performed. 
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Tab l e  0 . 1 .  Water Qua l i ty Parameters Incl uded i n  
Preoperational Water Monitoring 

Parameters Anions Calions Radionuclides 

_ 2 
Temperature SO. Ag Mg Total alpha , beta, 

and gamma act i v i ty 
_ 2 

pH NO, Al 
_ 2 

Spec; f i c  conduct i v ;  ty PO. B 

F Ba 

Cl  Be 

Br Ca 

Cd 

Co 

Cr 

Cu 

Fe 

Ga 

Hf 

K 

Mn 

Mo 

Na 

Ni 

Pb 

Sb 

Se 

Si 

Sr 

Ti 

V 

Zn 

Zr 

Be-lO 

C-14 

Cm-244 

Co-60 

Cs-137 

H-3 

Mn-54 

Po-2l0 

Pu- 23B, -240 

Ra-226 

Ru-l06 

Sn-151 

Sr-90 

Tc-99 

Th-232 

U-23B 

During faci l i ty operati on,  stream di scharge monitoring and water qua l i ty 
monitoring programs s i m i l a r  to the preoperational monitoring program would 
continue. Effects of fac i l i ty construction acti v i ties on the surface water 
regime would be eval uated by comparison of preoperational di scharge measure­
ment to those obtained during fac i l i ty operation.  

The operational surface water qua l i ty monitoring program would i ncl ude 
the same general water qual i ty and rad i o l ogical analyses as the preoperational 
phase, except that the number of radi onuc l i des for analys i s  woul d be reduced 
to the predomi nant radionuc l i des to be di sposed and the more mob i l e  el ements , 
i . e . , C-14, Co-60, Cs-137, H-3 , 1-129 , and Sr-90. The aim of the operational 
water qua l i ty monitoring program would be to detect radionuclide migration. 

During fac i l ity operati o n ,  groundwater monitoring would incl ude samp l es 
from: ( 1 )  fl uids that may be detected i n  trench bl anket drains and sumps , 
( 2 )  so i l  water coll ected i n  vacuum lysimeters i nsta l l ed beneath each trench ,  
and ( 3 )  water from groundwater monitoring wel l s .  
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Vacuum lys i meters would be instal led i n  subgrade soi l s  beneath each 
trench i n  tandem with the PVC standpipes that communicate with the bottom of 
each trench. The purpose for i nstal l i ng the lysimeters would be to a l l ow 
samp l i ng of soi l water beneath the trenches wi thout i ntrusion. Monitoring 
wel l s  would also be i nsta l l ed at the peri meter of each di sposal area to al l ow 
monitoring of water table fl uctuations and sampl i ng of groundwater i n  soi l and 
bedrock zones. 

During faci l i ty operation,  one recording precipitation gauge would be 
operated to monitor precipitation at the s i te. 

Air qual i ty would also be monitored at the s i te during operation. Sites 
for air monitoring faci l i ties and monitoring frequency would be determined 
during devel opment of deta i l ed monitoring p l ans. Ai rborne particul ates would 
be sampled and analyzed for total alpha,  beta, and gamma activity; and gaseous 
sampl es would be obtained and used for determi nation of Rn-222 and C-14. 

0 . 5 . 5 . 3  Post-Closure Monitoring 

Site monitoring during the post-closure period would i nvolve conti nued 
surve i l l ance for comp l i ance and would focus on detection of deterioration of 
the faci l i ty or devel opment of unstable conditions i n  or near di sposal trenches. 
Continued water qua l i ty monitoring might be required on a scale reduced from 
that empl oyed during the operational phase. Deta i l s  of conti nued water qual i ty 
analytical acti vi ties woul d be determined by evaluation of s i te performance 
during the operational phase. 

In post-closure monitoring, the s i te wou l d  be i nspected routinely to 
identify areas of trench cap subsidence or cap erosion that would require 
minor f i l l i ng and revegetation. Post-closure s i te monitoring might i nc l ude at 
least seasonal sampl i ng at sel ected surface and groundwater monitoring pOints 
used during the operational period. 

0. 5 . 6  Safety and Emergency Response 

Unt i l  c l osure was comp l ete,  pl ans and equi pment for respond i ng to emergen­
c i es would be maintained. Pl anning for faci l i ty operations wou l d  i nc l ude pro­
cedures for meeting emergencies and abnormal operations . Equi pment for response 
to possible  emergenc i es such as fi re ,  explosion ,  radioactive spi l l , and i nj ury 
woul d  be avai l able at the West Chestnut R i dge s i te. Dri l l s  would be conducted, 
at least annual l y ,  to test equi pment and procedures. Procedures for fi l i ng 
reports on abnormal operations would be observed. The occurrence of an 
emergency event woul d  require noti fication of emergency support groups on the 
ORR and s i te management. 

0 . 5 . 7  S i te C l osure 

The operating l i fetime of the CWDF is  expected to be 40 years. Near the 
end of the operating l i fetime, DOE woul d  review the c l osure p l an to ensure 
that final operations conformed to the p l an devised at the outset; the p l an 
would be revised to accommodate operational devel opments that occurred during 
the l i fetime of the CWOF .  This  review of the cl osure p l an wou l d  i nc l ude 
disposal unit l ocati ons , elevations, capac i t i e s ,  surface contours , and buffer 
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zones. The c l osure p l an woul d i n c l ude concepts for di sposition of a l l  fac i l i ­
lies of the CWD F ,  i n c l udi ng equipment, l and,  and bui l di ngs .  At t h i s  time, 
documentation on the fac i l i ty would also be revi ewed to ensure that i t  was 
complete and we l l  organi zed. 

At s i te cl osure, a fi nal i nspection of a l l  di sposal un its would be carried 
out , and any threats to di sposal un it  i ntegrity would be remedied--e. g .  I 
subsidence, pond i n g ,  and i n adequate vegetative cover. Drai nage patterns woul d 
be observed after f i nal contouring to determine whether they avoided i n f i l tra­
tion and erosion as i ntended or whether additional adjustments to surfaces 
would be required. Soi l ava i l ab l e  i n  the area of the disposal units would be 
used to make any adjustments necessary i n  contouring and grad i n g ,  and for 
repa i ri ng any subsi dence that might have occurred dur i ng the l i fetime of the 
fac i l i ty. The earthen checkdams constructed on the upstream s i de of each 
di sposal unit to divert surface runoff around the open units would be left i n  
pl ace after cl osure to dissipate the energy of surface runoff velocity .  

During the five-year aClive mai ntenance period,  activi ties would i ncl ude 
( 1 )  di smant l i ng ,  decontami nati o n ,  and di sposal of a l l  structures not required 
for custodi a l  care; (2) conti nued i nspection of di sposal units and grounds and 
performance of any necessary remed ial  actions ; ( 3 )  observation of surface 
water runoff patterns and adjustment, where necessary. by a l tering or repai r­
i ng surfaces ; (4) envi ronmental monitoring; ( 5 )  repa i r i ng or  repl acement of 
the security fencing with a system that required minimum maintenance; and 
( 6 )  pumping and , i f  necessary. treatment of water col l ected i n  di sposal unit 
sumps. The decommissi on i ng of unnecessary bui l dings and equi pment would 
produce some waste that woul d be buried in the l ast active disposal unit .  

Acti vities at the CWDF during the i nsti tutional - care period (post-closure) 
woul d  consi st of ma intenance of surface cover, c l eaning of drainage ditches , 
and monitori ng. A l though the sec uri ty sys tern wou 1 d be reduced dur; n9 the 
i nstitutional-control period , fences would be maintained to continue preven­
tion of unauthorized entry and di sposal unit i ntrusion or removal of equipment 
and material . 
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