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* The proposed action is the issuance of Facility Operating License No. DPR-75

to the Public Service Electric and Gas Compény, Philadelphia Electric Company,
Delmarva Power and Light Company, and Atlantic City Electric Company authorizing
operation of the Salem Nuclear Generating Station, Unit 2 at reactor core power
levels not in excess of 3411 megawatts thermal (100% power) in accordance with
the provisions of the license and the Technical Specifications. The purpose

of this Discussion of Environmental Effects is to consfder the contribution

of the uranium fuel cycle activities to the environmental costs of operating

this nuclear power facility. Table S-3, Table of Uranium Fuel Cycle Environmental
Data, 10 CFR Part 51, of the Commission's Regulations provides the basis for

considering the significance of the uranium fuel cycle impacts resulting from
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operation of the facility. A draft narrative prepared to convey in under-
standable terms the significance of the values given in Table $S-3 is attached

to this discussion.

In November 1972, a document entitled "Environmental Survey of the Nuclear
Fuel Cycle" (hereinafter referred to as "Survey") was published by the

Atomic Energy Commission (AEC), predecessor agency of the Nuclear Regulatory
Commission. Comments on the Shrvey were solicited, and an informal
rulemaking hearing was held on February 1 and 2, 1973. Written comments were

received in response to the Federal Register notice, and recommendations for

improvement were offered during the hearings.

?"?%he environmental impact of the nuclear fuel cycle was not addressed in the
| cost-benefit analysis presented in the Final Environmental Statement (FES)
Related to the Cperation of Salem Nuclear Generating Staticn, Units 1 and 2,
issued April 1973. The FES did note in the discussion of comments received
cn the Draft Environmental Statement that this matter "is being considered
on a generic basis and will be subject to a rule-making proceeding, notice

of which was published in the Federal Register on January 3, 1973 (38 FR 49)."

After consideration of the written ccmments and the hearing record, the AEC
promulgated the final fuel cycle rule (the so-called Table $-3) on April 22,
1974 (39 FR 14188). It was intended that, with the inclusion of envirormental
impacts from Table S-3, the environmental impact statements for individual
1ight water reactors would set forth a full and candid assessment of costs

\
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and benefits consistent with the Tegal requirements and spirit of the Matijonal

‘Environmental Policy Act (NEPA).

On January 19, 1975, the AEC was abolished and its Ticensing and regulatcry
responsibilities transferred to the Nuclear Regulatory Commission (NRC or

Commission).

Cn July 21, 1976, the United States Court of Appeals for the District of

Columbia Circuit decided Natural Resources Defense Council v. NRC, a case

involving judicial review of the fuel-cycle rule, and Aeschliman v. NRC,

a related case involving the exclusion of fuel cycle issues from an individual

power reactor licensing proceeding. The court approved the overall apprecach
"'ﬁﬁnd methodology of the fuel cyc]g rule and found that, regarding-most phases
\\ /of the fuel cyc1e, the underlying Environmental Survey represented an adequate

job of describing the impacts involved. However, the court found that

the rule was inadequately supported by the record insofar as it treated

two particular aspects of the fuel cycle - the impacts from reprocessing

of spent fuel and the impacts from radiocactive waste management.

In response to that court decision, the Commission issued a General Statement
of Policy (41 FR 34707, August 16, 1976) announcing its intention to reopen
the rulemaking proceeding on the environmental effects of the fuel cycle to
supplement the existing record on waste management and reprocessing impacts

to determine whether the rule should be amended and, if so, in what respect.
The Commission thus indicated its intent to handle the question of the environ-
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mental impacts of waste management and reprocessing generiga]]y rather than

in individual licensing proceedings. The Commission directed the NRC staff to
prepare on an expedited basis a well-documented supplement (NUREG-0116) to

the Survey (WASH-1248) to establish a basis for identifying environmental
impacts associated with fuel reprocessing and waste management activities

that are attributable to the licensing of a model 1ight-water reactor.

The revised survey was completed in October 1976, and the Commission issued
the October 18, 1976 notice regarding the proposed interim rule. The
comments received in respcnse to that notice and the Commission's responses

to those comments comprise NUREG-0216, Supplement 2 to WASH-1248.

‘70.'1 March 14, 1977, the Commission published in the Federal Register (42 FR

* 12803) an interim rule regarding the environmental considerations of the
uranium fuel cycle. It was to be effective for 18 months (it was extended
several times, the final extension Eeing to September 4, 1979) and revised
Tabie S§-2 of 10 CFR Part 51. A rulemaking hearing was held to consider
whether the interim rule should be made permanent or, if it should be altered,
in what respects (42 FR 26978); this proceeding began on May 26, 1977.

The Hearing Board took extensive written and oral testimony from more than
twenty participants. On August 31, 1978, the Hearing Board submitted to the
Commission a detailed summary of the evidentiary record, followed on October 26,

1978, by its Conclusions and Recommendations.
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‘-}gechnetium-% releases from reprocessing and waste management activities.

\\

After studying the Hearing Board's Conclusions and Recommendations and
receiving written and oral presentations by rulemaking participants, the
Commission adopted as a fina] rule the modified Table S-3 recommended by

the Hearing Board (44 FR 45362 dated August 2, 1979). The modified Table S-3
became effective September 4, 1979. The impact values in this table differ
only slightly from the‘va]ues in the interim rule. With two exceptions, these
values will be taken as the basis for evaluating in individual 1ight water
power reactdr'licensing proceedings, pursuant to requirements of the NEPA,

the contribution of‘uranium fuel cycle activities to thé_environmenta]

costs of licensing the reactor in question. The exceptions are radon releases,

1/
presently omitted from the interim rule (43 FR 15613, April 14, 1978), and

2/

17 - : , _
~ With regard to radon releases, the matter of appropriate values is under
consideration before the Atomic Safety and Licensing Appeal Board in the
proceeding derived from ALAB-480 which involved a consolidation of numerous
proceedings. The staff's testimony in this proceeding presents the staff's
assessment that impacts from radon releases are not significant.

2/ '
T With regard to technetium-99 releases from reprocessing and waste management
~activities, in 44 FR 45362 the Commission found:

"In view of the Hearing Board's conclusion that the conservative
assumption of complete release of iodine-129 tends to compensate
for the ommission of technetium from Table S-3, the Commission
finds it unnecessary to reopen closed proceedings or to disturb
consideration of environmental issues in presently pending pro-
ceedings to provide for consideration of technetium-99 releases."

Thus, consideration of technetium-99 releases in connection with the licensing
of the Salem Nuclear Generating Station Unit 2 is unnecessary.
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The rulemaking record makes clear that effluent release values, standing a]one;
do not meaningfully convey the environmental significance of uranium fuel cycle
activities. The focus of interest and the ultimate measure of impact for radio-

active releases are the resulting radiological dose commitments and associated

health effects.. To convey in understandable terms the significance of releases

in the Table, the Hearing Board recommended that the modified Table be accompanied
by an explanatory narrative promulated as part of the rule. The recommended -
narrative would also address important fuel cycle impacts now outside the écope

of Table S-3, including socioeconomic and cumulative impacts, wherérfhese are
appropriate for generic treatment. The Commission directed the NRC-staff‘to '

prepare such a narrative. The staff has prepared a narrative which will be

‘;(s*ubmitted for public comment in a further rulemaking.

.\
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Pending‘fdrther treatment by rulemaking, the Commission directed the)NRC

staff to address the environmental dose commitments and health effects from

fuel cycle releases, fuel cycle socioeconomic impacts, and possib]e'cumulatfve :
impacts in the environmental analysis accombénying a praposal to issue a 1im1tedb

work authorization, construction permit, or operating license for a power reactor.

. In accordance with the Commission directive of August 2, 1979 regarding an

explanatory narrative to accompany Table S-3, the attached narrative has been
drafted by the Office of Nuclear Material Safety and Safeguards staff. The
narrative is of an explanatory nature, providing a discussion of the environmental

dose commitments and health effects, socioeconomic impacts, and possible
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cumulative impacts associated with the uranium fuel cycle activities representative

of a fuel cycle for the Salem Muclear Generating Station, Unit 2.

The fuel cycle effects presented in Table S$-3, as discussed in the attached
narrative are sufficiently small so that, when they are superimposed upon the
other environmental impaéts assessed with respect to operation of the
reactor, the changes in the overall environmental impact from operation of
the_Sa]em Nuclear Generating Station, Unit 2 are not substantial. Giving due
consideration to the values given in Table S-3 and the information set forth
in the attached narrative, the NRC staff concludes that the overall cost-

benefit balance previously developed in the Salem Final Environmental

|. Statement remains unaltered.
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Section I. The LWR Uranium Fuel Cvcle

A. Purpase
The purpose of this narrative explanation of Table $-3 is ta assist the reader
in identifying the major impacts of 2ach step in the fuel ¢ycle and in detarmin-
ing which fuel cycle steps are the major contributors %o sach type of anviron-
mental impact shown in Tabie S-3. Table S$-3 summarizas the environmental
veffects of the normal operations of the uranium fuel cycla associatad with
'producing'ﬁne uranium‘fuel for a nuclear power plant and in dispasing of the
spent nuclear fuel and the radioactive wastas. The values in Table 5-3 were
estimatad principélTy by methads which aré described in cetail in the reports
WASH=1248, "Eavironmental Survey df the Uranium Fuel Cycle,"] NUREG-Q116,
"Environmental Survey of the Reprocassing and Waste Management Portions of the
LWR Fuel CycTé,“z and NUREG-0216, "Public CbmﬁentS'and Task Forca Responsas
Rhgarding‘the Environmental Survey of the Reprocassing and Waste Managemeht

w3 In addition, at a public hearing (Dockat

Partions of the LWR Fuel Cycle.
No. RM'SO-B) an the.féproeessing and wasta management'gnvironmental.effects;
the'Commis;Tod staff answered.questionS'about the astimates For the back and

of the fuel cycle and,consfderé&’édggestfonﬁ mace by-other partiéipants in the
hearing. The.cnmplete record of this public hearing and the taree documents

cited above are available in the NRC's Pubiic Document Room 3t 1717 Stréet, N.W.,
washington, 0.C., and provide further expianation of the factors considered in
developing estimatas for Table $=3. Thase refersnca materials contain the

completa tachnical basis Tor the sstimatas in the Table, and give detailed

descriptions of the fuel cycle operations and their anvircnmental affacts.
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The following narrative explanation of the values given in Tabla S-3 is drawn
from the recard and cross referenced tg saurca documents for the benefit of
readers seeking more jnformation. The Table S-3 values wnich gertain to the
front end of the fual cycle (up to the loading of the fuel into the rsactar)
are taken from WASH=1248; values pertaining to the back end of the 7uel cycla
are taken from NURES-Q116, with changes wnich are notad in the hearing recard.4
Since the narrative is designed to help the reader in interpreting the environ=
mental affects given on Table S-3, the forementioned dccuments, togethar with
others. that were citad in the documents or discussed during the hearings, aras
generally the only references cited in the narrative. The excgptions to this
statament are found in Section III, where the staff has provided, for purpasas

of discussion only, information cn how long tarm dose commitments might be

'caﬂcﬁiated, and what incremental raledses from wasta disposal sitas might be.

Sinca thesae topics were not cgovered in detai} in'WASH-1248, NUREG-Q118,
NUREG-0218 or the hearing racord, infcrmatien not in the record had to be used:
to develop the matarial. '

Section I aof the narrative describes the extant LWR uranium fuel cycle, the
broad altarnatives and the individual operations of the fuel cycles; Section'fI
contains a description of the environmental effects of the LaR fuel cycles
and of the individual fuel cycle operations; Section III contains a discussien
of dose commitments and health effects resulting from releasas of radicactive
materials from the fuel cycle. Sectisonm III also includes a discussion of how
dose commitment evaluations over axtanded periods of time might de perTormed
and what their significanca aight be. I[n addition, there is a discussion of

what, if any, incremental releasas from wasta disposail sitas night aczur aver



very long periods of time (i.e., an evaluation of repository impacts for %ne
repesitory considered in NUREG-0116.) Section IV contains a discussion of

sacioeconomic impacts.

8. Alternative rFuel Cycles

The several altarnative fuei cycles which-can be used for prasent genaration
LAR reactors can be primarily charactarized by how the spent fuel is handled,
since all presently available altarmatives start with uranium fuel. The

altarnativaes. ara:

Qnce=Through Fuel Cycla:

Q The spent fual can be disposed of without recavery of residual fission-

. .~ able isotaopes; this is the prasant cperating mode for U.$. nuclear reactors.

Uranium=0Only Recvcle:

a Uranium can be recovered from spent fuel by repracassing and can be
recycled in nuclear fuel. Plutonium can be stored fbr later use or
compined with residual radiocactive matarials as wésies. Uranium-only
recycle,'inciuding piutonium storage, was considered to~5e the mest
likely mede of operation at the time of premaratiocn of WASH=1248
(1972-1974), and was the fuel cycle addressed in that aocument.5 in
NUREG-Q116, plutonium was coansidered to ba a'waste %o be disposed of at a

Federal repository.’

Jranium and PTutanium Recycla:

9 8oth uranium and plutonium can be recoversd from spent Fuel by regrocass<

. ing and recycling %o the reactar, the plutanium being recycled with
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uranium as mixed oxide fuel. The residual radicactive materials are
wastes. The wide scale use of this mode of cperation was under cansidera-

tion in the Commission's GESMG7 prccaeding;

The Commission had been in the procass of determining whether or nat the.wide
‘scale use of mixed oxide fuel in Tight watar reactors should be authorized
(GESMO proceeding) when President Cartar published his "Statament on Nuclear
Pawer Policy’ on April 7, 1977. ‘After consideration of the Executive Branch's
and the public's comments, theVCqmmfssion dacided (42 FR 653543 Jecember 30,

1977) that, among.otheR‘thing§, it would:

0 Terminata the GESMO procaeding.
o Tarminate. the procsedings 6n'pending or future plutonium recycle-
related’lfcansing'ahp]icatfons,.exceptlFor;-'
(a) progeedings on 1icanses for the faprication or use of small
quantities of mixed.oxide fuel for éxperimentallpurpeses; and
(b) the%e@portions of procéedings which invo1ve:o6Iy spent {uel
storage, disposal of existing waste,‘or decontamination or |
déeammissﬁonfng_of existing plants. |

o Reexamine the above matters at a later data.

The result of the Cbmmission‘S'decision is that there are only Two LWR fuel
cycles potentially licensable for wide scale use in the United States at this
time: .the once-throdgh cycle, and the uranium=only recycie Fuel cycle. The
nack end steps of thesa two fuel cycles are considered in NUREGs-0116 and

-0218, and the Tlarger effect of the twe fuel cvclas is included in the
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Tab]e-5-3. Sinca the fuel cycle rule is to cover UsRs during their opersting
lifetimes, aven though there are no reprocassing plants operating in the

Unitad States at this time, the procsedings of January 1978 tarsugh April 1978
considered both the anca-through and urénium-oniy racyclie tuel cycles to cover

the redctor lifatime with some: flexibility.

c. Fuel Cyéie Joerations

Many different operations ars requirad for aither the onca-thrcbgh(fuei cycle”
| or the uranium¥on1y recycle fuei cycle. Operations invo]vediin‘préparing
fresh fuel fbr'use'iﬁ a reactor ara collectively known as the-"front end"’ of

the.Fugl cy;lg;' The operations foiTcwing.irradiation of‘thé:fuej in the

reactor are known as the "back end" of the fuel cycle. Figure T shows a Dlock
flow diagram for the front end of the fuel cvcle; Figﬁres.Za and.2b.show the

back end of the once-through and uranium=only racycle fuel cycles respectively.

F$vexopera&ions com§rise:the:fraﬁt‘énd of the fuel cche-(Figuré!T): are is .-
mined; the uranium content of the ofe is recovered as an impure.csmpodhd
(yellowcake) hy miiling; a purified uranium camﬁound (UFS) is'produced; the
ufanium-zﬁsrcontént'of’natufaﬂ uranium is increasad at.enéﬁchmenp p1an£§;"§nd

uranium fuel is fabricated.3

"Two different éets of operations. comprise the back end of the Tuel cycle. In .
the once=through fuel cycle (Figure 2a), spent fuel from the LWR is stored,
either at the reactor or at special facilities away from the reactor, for
sertods of time in excass of 5 years. “The spent fual is pmackaged and disposad

of in Fegeral repositories. In the uranium-only recycie mode (Figure 2b),
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spent fuel is stored at reactors Tor shor% sericds of time (greatar *than SO
days), and then shipped to reprocassing plants, where uranium is recovered in
a form suitable for faed %o enrichmént plants. Plutonium and other residual
materials from the spent fuel (cladding, fission products, actinide aelaments,
sctivation products) are solidivied, and packaged in 3 form suitabie for
gisposal. Current regulations (10 CFR Part 30, ‘Appendix F) require that
cartain wastes from reprocassing plants he salidified within 5 years of their
generaticn iand that these wastas te disposed of within 10 years af their
generaticn. Most of the waste from reprocassing plants will be disposad of at

Faderal rapositories.

0. The Model Reactor and its Fuel Cvcle Raguirements

For.the purposes of devaloping the values in fab]e §-3, a modei lignt water
reactor was defined in WASH=1248 as a 1,000 Mwe reéctof gssumed to cperate it
80% of its maximum capacity for one year, thus aroducing 800 MW=-yrs of alec-
triéity annua]]}.g. The fuel cycle requirements:averagedlover a 30-yeaf'qpera£7:.'
“{ng;lifé_far this reacltor wera Tabelled an annual fuel requirement (AFR) in-
WASH-T248L Sinca that time, the AFR acronym has been used to charactarize
away=from-reactar storage of spent fuel. In NUREGs-Q116 and -Q216 the tarmi-
nology "referenca reactor year' (RRY) was emplayed to describe the fuel cycle

raquirements of 3 model 1000-MWe reacteor operating for one year. The same

tarminolcgy will ba utilized in this narrative.

The front end of the fuel cycle, as descrited in WASH=-1248, cavers the supply
of fuel for the model reactor; 91,000 netric tons of ore (containing 2 parts

af Usﬂa car 1,300 narts of ore) are reguired per RRY. Miiling of the are



preduces 182 metric tons of yellowcaka,™ which in turn is converted inta 270
metric tons of natural UFS. In the enrichment cperation, much oFf this natural
UF6 faed material is rejected from the fuel cycle as enrichment plant tails.
Q7 the 270 metric tons of UF6 faad, 218 metric tans are rejected from the fuel
cycle as depietad uranium tails. The remaining 32 metric tons of 2nriched
uranium product is the feed for the fuel fabricaticn plant and coatains enougn
uranium for 40 metric tons of UO2 fuel (35 metric tons of contained urianium).
This amount of fuel is regquired annually by an L#R producing 800 MW=years of

electricty.10

The back and fuel cycle staps, described in NUREGs-0116 and -0216, handle the
nost-fission products and wastas, including the spent fuel. The spent fuel,
wnich s£il] contains about 34 metric tons of uranium,ll is removed from the
raferenca reactor annually. (Approximately one metric ton of uranium has been
convertad to.fissﬁon products and actinide e]eﬁents.) The frash and spent
fuai is in the form of fuel assamblies, sach containing between abpeut 0.2 and
3.3 metric tons of uranium.12 ‘Henca, the number of fuel assembiies handled in
aach reactar relcad ranges from about 70 to'180, depending an the type of
reactor. For the onca-tarough fuel cycle, this fuel is stored under water for

-

seriads of time in axcass of 3 years, either at the reacior site or at affsite

-

zcilities. Foilowing the storage period, the spent. fuel wili be disposed of

3t a Federal repository.]3

Rarying uel cycle operating conaiticns including reactor jarametars, yeliow-
szke zurity, enrichment tails assay, atc. affact the yellawcaka RRY requirement
wnich is thus subject to consigerable variation.
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For the uranium=only recycle cption, the spent fuel is repracassad to recover
uranium. Plutonium (about 0.35 metric tons per RRYT4) may be racovaerad as
plutonium oxide in a separata siream. The fission products, other actinide
elements, and activation products are concantrated into one or mere solid waste

oroducts which are disposed of together with any pilutonium stream.

To develop the values in Table S-3, the environmental effects resulting from
operating the model fuel cycle facilities were estimatad. These affacts were
then normalized to reflect the affects atiributable o the procassing of fuel

for a single year's operation of a medel reactor (RRY).

E. Fuel Cvele Facilitv Cescriptions

To provide a perspective on the nature of the LWR fuel cycle operations, and
the types aof environmental effects resulting from these operations, orief
descriptions are given below for the model fuel cycle facilities usad %o

derive the environmental affects given in Table $-3.

1. Thefr'-:ront End of the Fuel Cycia (WASH-1248)

a. Uranium .\ﬁn'ing]5 16

and Milling
For this segment of the fuel cycle, a combined mine=mill camplex was salectad
as the model sinca it is representative of a significant jortion of =he current

and developing industry.
(1) Mining

The commercial uranium ore depasits in the United States genmerally cccur

in the Westarn States. Uranium mining in the United Statas is generally



aczomplishea Dy one of two methods. Cpem pit mining, accounting for S3% of
the ore produced in this country in 1971, is used when the ore body lies under
material that is easily brecken up and is found at depths up to several hundred
feet. Underground mining is used when tha are dacy is locatad at ceptis
greater than about 400 feet, or when it lies under rocks that raguire: a great'

deal of blasting to break up.

An open pit mining operaiion in 3 Western Stata was selectad fﬁf the model
uranium mining opefation since the environmental effect in tarms of total
volume of earth disturbed is greatar in cpen pit mining than in underground
m1n1ng, and sinca about half of the known ore resarves in the Un1uad Suatcs
ara 1ocated in relatively shallow sadimentary Formations Iess than 400 fea
deep.‘ * The model mine has a capacity of 1600 metric tons (MT) of ore per-
day, which is equivalent fo a2 yield of approximataiy 963 MT of'U3Q8‘per year,

sufficient to sucoly the fuel for 3.3 LWR RRYs.

The deminant potantial environmental effects from uranium mining include
disturbancas of the natural tarrain, an effact common to mest miningfcper;tions;

reieases of radon;* and pumping mine drainage watar from the mine.

(2) Milling
As in a numper of existing production csmplexes, the model mill, lacated
aajacsnt to the model uranium mine, utilizes the acid Teach procass, since
18 -

that procass sccounts for apout 80% of the tatal U,Os araductien. The aill

aroducas 3 uranium cancantrata containing apout 360 MT U3O3 oer year.

*Xagon releasas are not given in Table S-3.
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In the miliing operation, uranium is extracted from the ore and is concan-
trated as a semirefined product that is sald in tarms of its U308 contant.
The product, which is principally ammonium diuranata, can be any one of saveral

uranium c¢smpounds and is commenly called yellowcake.

doth mechanical and chemical processes ire involved in the milling aoperation.
Initially, the ore is crushed and ground, after wnich it is leached with
aither sulfuric acid or sadium carzonate solutions to extract the uranium.
The leacgh liguors are purified and concantratad, and the uranium s recaoverad
by chemical precipitation with the solid product calcined, pulverizad and
drummed for shipment as yellowcaka. Nearly all of the ore procassad by %he
mill ends up as tailings, a fine sand-like materjal, in the tailings pond,
together with large amounts of water and chemicals usad in the procass. The
water eventually dissipatas, largeiy by natural evaporative procassaes. The
tailings have the potential to cause the largest environmental affects from
the milling operatioen.

- , 19
5. Uranium Hexarlueride Product1on]

The yellowcake must be convertad to a product (uranium hexafluoride, UFG)
wnich is volatila at 3 slightly slevatad tamperature Tor enrichment Dy the
Jasecus diffusion procass. Two prccassas are usad for UF5 production, a dry
arscass (hydrofluor) and 3 ~et procass. The procassas differ primarily in the
technique used for purification. In the ary oreccass, fracticnal distillation

is employed after conversion, while in the wet procass, nigh purity uranium
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feed {s provided by a salvent extraction stan. Roughiy equal quantities of

UF6 fead to the enrichment plants are producad by each method.

The. afflyents From the two procassas differ. The bulk of the impurities:
antering with the. crude uranium feed is rejecﬁad'frcm the dry,prccesé as
soilids; in the wet procass, the bulk of the yellowcake impurities is rejeciad -
as dissolved solids in a rarffinata stream. The modei UFE producﬁion plant is
assumed %o produca cne-half of its output by the dry procass and gne=hal® by
“the wet brocess, so that its environmental effacts properly reflect those of
the average indusiry. The model plant consists of a 5,000 MTU/yr plant and is

capable of supplying the fuel for 27.5 RRYs.

A number oF procass. off-gasas are geﬁerared in the preparétion~of'UF5 from: -
crude uranium feed. . Host of these are combustion products from the production
of heat, but some- are volatilized solids and gases avolved durihg calcining
and fluorination. Fluorides and oxides of-nitrogen-are the.mofe significant

sourcas of potential adverse environmental impact.

Many of’;he contaminants in the wet process are csntained in a raffinata:

stream which is'not released but held indefinitaly in sealed ponds. The
second agqueous waste stream is made up mostly of cooling water and dilute.
scrubber solutions. Some of these aquaous effluents are &reated with calcium

to precipitata calcium {Tuoride and then diluted with all other clear watar
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waste streams prior to release from the plant. The s0lid calcium fluorida is

recovered from settling ponds, packaged, and ultimateily buried.

Small amounts of natural uranium are released from the nlant in ventilation
axnaust 3ir as dusts and volatile UF57 and in ligquid affiuents. Radicactive
matarial in the solid asnh residue from fluorination is largely from thorium
and amounts tao about Q.86 Ci per>RRY for the hydrofluor precsss. In additien,
raadiocactive matarials entering with the vallowcaka 3ppear in the solid residues
for the dry procass gperations.

e. Uranium Enrichmentzo

Isatopic anrichment of uraﬁium-235'is necassary %0 provide fuel far a light-watar
moderatad nuclear reactor. The concantration of uranium235 in natural uranium

is about. 0.7%, and the enriched uranium-contént far the current generation of
reaczors is 2-4%. The facilities are large in size because a3 large numper of
separatjcn stages are reguired %o attain the necessary enrichment. The present
plant facilities are owned by the United Statas and cperated sy privata indusiry
under contracts with the Qepartment of Znergy. There are three facilities
currently operating in the country. The model used in this study is a scaled-down

modei of the entire complex.

The 2rimary sources of enviranmental effacts associatad with the affluents
from enrichment of uranium are relatad to the gasaous =2ffluents freom the
coal-fired stations used to generats the electrical anergy requirsd to operate

the enrichment facility. The affluents associatad with production of fuel cer




RRY year are equivalent to the gaseous affluents raleased annually by a 4S-Mwe

ceal-fired p‘lant.z1

The discharge of heat to the environment, both at the
enrichmant plants and the sites of individual electric generation plants, is
alsq relatad tg the pcwer reguirsments of the anrichment plant.

d. Fuel Fabricationzz

* The feed material for the fapbrication of fuel for the mocde! LWR is snriched
UFE, The UF; is converted to ua,, which {s formed into pellets and then
calcined and sintared at high tamperatures. Finished pellets are loaded inta

Zircaloy or stainiess. steel rods, fitted with and caps and welded. he completad
fuel rods are assambled in fixed arrays t3 Se handled as fuel elements or

assemblies.

In defining a regresentative medel fuel fabricatian plant, the conventional
ammonium diuranate procass was selectad for conversion of UF6 ta UOZ' The
capacity was chosen to be 3 MTU per day, a large plant by 1972 industry standards,

with an annual production of approximataly 26 RRY of fuel.

A major consiqeration in assessing envircnmental affacts of fuel fabrication
results from the fact that all of the flucrine introducad into the fual cycle
during the UF6 prodquction phase becomes a wasta aroduct during the preduction
of U02 Jowder. Gasaous flucrine wastes generated ars affactively removed from
the ajr afflueat stresams 2y watar scrubber systams. Caicium (1ime) treatment

-
1
i

is usad on scrubber system wastas and pracass liquid wastes to remove Fluoride

ion as calcium fluoride (CaFZ) precipitata.




Other significant chemical species in liquid effluents are nitrogen ccmpounds
that are generatad {rom the use of ammonium hydroxide in tne production of UO2

powaer and from the use of nitric acid in scrap recovery operations.

2. The 3ack End of the Fuei Cycle (NUREGs-0118 and 2216)
3. Onca=Through Fuel Cycle
Several operations comprisae the back end of the once=-through fuel cycle.
Thesa are: storage of spent fuel, encapsulation of spent fuel artar storage,
and disposal of spent fuel; dispesal of low-level wastas; and the dscontamina=
tion and decommissioning operations. The environmental effects of all of

these operations have been aggregatad and are given in Column H of Table S-3A.

(1) Spent Fual
Spent fuel assembl{es are stored in water basins for the order of S or mors
yearé after their removal from the reactor. These storage basins may be
Tocated at the reactor sita or at orfsite facilities. Storage would be followed
by an ancapsulation operation, in wnich individual assemblies are pac&gged,
possibly in helium=filled steel canisters. The encapsulated assemb]fés would
be disposad of in a Federal repasitory, the final step in the once-throuch

fuel cycle.23

Environmental affacts of spent fual starage include heat releasas, watar usa,
release of small amounts of gasaous radionuclides, and generation aof solid
radioactive wastas. Thesa wastas arisa from such cperations as water

purification.



Fuel canisters are assumed to be disposed of in a bedded salt rapositary, the
model r2pgsitory defined in NUREG-0116. OQperations of the repositary for the
ance~fhrough cption are similar to these of the uranium recycie option (see
below), 3lthough 11 times as many canisters would be requirad for spent fuel

3s for high=lavel wastes.z4

The environmental effacts of spent Fuel dispesal are similar to thosa of
high=Tevel waste disposal, excapt that in the once-through fuel cycle the

remaining, undecayed, gaseous radicnuclides (tritium, carbod-]4, xrypton, and.

_ fodine) are assumed to be raleased at the reapository arior %o its being saaled,

whereas in the uranium recycle fuel cycle these isotopes are assumed to e
releasad at the reprocessing plant. Long-tarm impacts from the repository will
be nonexistant if the renository performs as excectad and maintains the wasta in

c -
B On the: basis of the analysis presentad in NURE3-0116, the starf

isolatien.
has ratiomalized, for Soth fuel cycles, that the releases frocm the regesitory
attar it has Seen sealed, i{ it performs as expactad, will be small ang, when

normalizad o an WY, will te insignificant.*

(2) Low-iLaval Wastes
Lcm-ievelbwasIES'csntaining small quantities of radionuciides arg-producad in
the normal operaticn of'néar?y 311 fuel cycle Facilities, inc1u&ing'rEac:ars'
(for eaxampie, used filtars ‘rom arocass ventiiation systems, matarials used
in eﬁeaniﬁg‘up spilis of radionuclides, or in decontamination operations).

Low-Taval wastaes are normally packaged “or gisposal by surfacas Surial at a

¥TAe reager 1s refarred :0 Secticn [II3 for a discussion of the pessible reieasa
3T radionuclides Trom 3 waste regository in the event that a aumger oFf unlikaiy
raturail pracasses ara ancauntared.



Taow=level waste dispesal facility; the environmental affacts of low=~leval
waste management and burial are included in the total shown for each of the

fuel cycle modes.

_(3) Jecontamination and Jecommissioning
At the end of their usarful operating lifatimes, aTT types of fuel cycle facilities
must be decommissioned in ways. that assure protaction of public healtn and
~ safety. In NUREG-Q116; it was assumed.ﬁnat,facilities would be decantaminated -
tp remove ﬁetent?a11y hazardou5'radﬁonuciidessand'tnét the radicactive wastias
would be removed from the site. The largest impacts of decontamination and
-”deccmmissioning result from the disposal of Tow-Tleve] wastes and wastas contami-
nated with transuranic elements (elements with atcmic numbers above 92).
Decantahfnatfon and decammisgfoning impacts were not considered in WASH=1248
and, therefore, are:not.incﬂudedtin'the:%mbacts of the fndividuai:types.df
faej{itTeS'in'Tabie S=2A, buﬁ are inctucded in wasme.ﬂanaggment, column H, of

Table $-3A.

h. 'J;r'am.umx-ﬁn‘l'y Recycle
Theicperamigns csmprising_the back end ofrtﬁe-uranium-on1y recycle opticn can.
be grouped intg two major catagories - reprpeessing'and wasta management
operationsml Env{ronﬁental effects rrom the reprocsssing facility include
thase of the reprocassing operation, high-Tevel liquid wasta storage, high-ievel
wasta solidification, and the shert-tarm storage of solidified hign=leveil

wasta at the reprocassing plant.
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Eavircnmental effects of wasta management include those from any intarim HLW
storage (see below), transuranic wasta processing, high=level and TRU waste

dispesal, Tow-Tevel waste disposal, and decontamination and decommissioning.

In the uranium recycle fuel cycle, the plutonium formed in the reactor is
considersd o be 3 waste material and is transferred to a Federal repesitory
for disposal.  All wastes to be disposed af at the repositary will be treated
at the reprac=ss1ng piant or ather ouerat1ons to preduce stable mater1als
sUTtable Tor final dispasal.
(M Reﬁrocassingzs
falibéing their use as fuel in the nuclear powér plant, spent fuel assamplies
are stared under water at the reactor to pérmit.decay of the short-lived
zvisntnpes:and.ta,reduce the heat generation rata. After cool1ng, the assemblies
are transnorted Lo @ rearscassing pIant for recovery of the res1dua1 s41gntfyl

eanched‘uran1um;»

The-chgmi;a1 pracess for separating the usable uranium from'ﬁlutcnium and
unwénted-fﬁssien products or actinides (wastes) is assumed to be the Purex
‘sa1vent axtraczion procass,’which ﬁaé'been'the:mast widely usad method for
reeovefy af‘fisSiTe:vaiues from spent fuel for many years. In the {uel respro-
‘cessing plant, the spent fuel assamplies are sawed or chopped ints sactions
and the fuel is then disselved by nitric acid and separated into uranium,
alutonium and wasta straams. These streams are procassad into physical and

ghamical forms either for dispesal or for shipment and further use in the fuel

gycle. Eavironmental effects from repracassing facilities have Zeen derived
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‘orincipally from data gathered in many years of experienca2 in Federal government

plants. The major environmental effects from reprocessing result from the
assumed release of gaseous fission products iand activation products from the

spent fueJ.Z7

High~level wastes (HLW) produced at the reprocassing plant contain the highly »
radicactive fission products from the. spent fuel. These wastas require a
svstem for their management that provides radiation shielding, protaction

against. release, and a means of heat dissipation.

The. referenca. systam {or HLY management at tne raprocasﬁing plant includes the
follewing steps: short-term storage as Tiquid in tanks; solidification;
shert-terﬁ.stpragé as a salid. Provision for a longer-tarm interim storage
before dispesal could: be. necassary; itS’potentjaf impacts have been'inc}udedx

in-the:impacts,ofﬁHLW-dispesaJ.

Temporary storage of Tiguid HLW in tanks has been practiced for’oVer_EQ years,
The most modern tank designs, which would te reguired fcr‘qommercial ?uei .
cyclg‘bperaﬁions, have proven virtually free of leaks and operational problems.
Tanks of similar desfign have been in oderation;a; goverament facilities for
more tham ten years and have been storing commercial reprocassing wastas at
West Valley, New York, for more than five years. The tanks are assumed o Be
stainlass steel, locatad in stainless stael-lined concrete vaults with equip=
ment for heat removal. These tanks are an intagrail 3art of the resrocassing.

plant, and all ef¥luents from the tanks are treatad in plant systams togetder
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with effluents from the rest of the piant. Their impacts are included among

the impacts listad for reprocassing.z8

Ta prepare HLN for shipment and dispesal, and generally to reduce the risk of
its dispersai, the HLW must be solidified as required 2y 10 CFR Part 20,
Appendix F. A number of technologies exist for solidification; reducticn of
the waste to & glass form has been selectad in this anaiysis as the model
pracass for solidification.® The procass assumed for production of glass from
liquid HLW s a two=step process: first, producing a calcine, and second,
meiting it together with glass-forming matarials to produca the glass. The
product of the salidification process is a glass in a sealed canister ready
for shipment, storage or disposal. The environmental effacts of operation of
the selidification facility are included in the estimatas for the renrocsssing

plant.

If the solidified HLW is not to be shipped to a Federal repository soon. 3fier
salidification, a storage capability at the reprocassing plant must e pravided.
Facilities similar ta spent. fuel storage pools are assumed for this purpose in
the apalysis. Shielding, confinement, and removal of decay heat are the major
fupctions of this facility. Ouring nermal operations, anly minor increments

of heat release and watar usage are added to the impacis of the reprocassing

faci1ity.3o

Xine present |icansing staff oesition s that a numper of altermative wasts
forms. should ne charactarized hefore one is salectad for usa in the repository.

29 _ _ , a



(2) Waste Management

(a) Intarim Storage of High-Lavel Wastes at a Retrievable

Surfaca Storage Facih'tyyI

If final geoclogic dispesal Tacilities are net available for recaipt of salidi-

fied HLW within 10 years aftar it has been generated, a facility must be

availabie for interim HLW storage. One such conceptual facility is the retriev-

able surface storage facility (RSSF). The impacts for an RS5F have been

conservatively included in the summation of waste management effects (given in

~calumn H of Table S-3A (sae below)). Land use for the RSSF would te committad

only tampararily, and effluents from narmal operation would. be very small.

In: the. event that extended storage might be needed, a sealed.stnrage>cask

concapt has Seen used to evaluate the environmental effects of extended storage.

Waste‘canistarS'arerplaced,fn-thick-wafled, high=integrity overpacks; this
package is then placed inside cancreta-cy]indersvwhfchipnovidevshieldﬁng_and
channeling fcr'naturai-dr;ft air cooling. This concent has laow vulnerability

tos asccidents.
(b) Transuranic-Contaminatad Wwastas (TRU Wastas)

Among the nuclides producad in nuclear reactor fuel are transuranics (T3U),
radionuglides having atomic aumpers higher than uranium, wnich may be parents
of']ongf1fved decay chains (tans of thousands of years). Waste materials con-
taining significant quantities of thesa leng~lived elements will pe canfined

ind cansigned to the Federal repository.
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Solid wastas contaminated with TRUs ara derived primarily from the operaticn

of the fuel reprocessing plant. Wwastes included in this catagory are solidified
liquids, filters, cladding huils and other fuel harcdware, and generai trash.
Overall management invalves procassing TRU wastas ta a stable form, packaging

the product in a high=intagrity container, staoring the packages onsite at the

fuel reorocassing plant for up to 20 years, and finally shipping to a Federal-

repository for long-term storage or geologic dispasal. Environmental effects
from management of TRU-contaminatad wasta were found %o Se too small to be

detactable in the taotals in Table 5-3.32

( ) DOisposal of HLd and TRU Wastes at & Federal Repository

HLJ and TRY. wastes, 1nc1ud1ng piutonium, comprise the matarials from the.

nuclear :uel cycle. that would be disposed of at a. Federal repository:. 0Oeed -

,emplacement.in-a’stab]e.geeTogjc,medfum~(bedded~sait) under the continental

United Statas was the repositary model used fn this evaluatien.. Athougn

knowledge -about the impacts of ather alternatives is limitad, the potantial

impacts from bedded salt disposal are believed to be reasonably represantative .

impacts that'would,result.from';ny appropriataly deéigned geologic emplacament.™ -

The resoéﬁ?taw f‘a’cﬁ'li'%y will 'b.efdesi'gned. and. the waste amplacad ta keep the
wastas and. the surround1ng gealogic media below temperaturas which could
result in nuclide migration or impair the suructure of the gealagic formatien.

The mine will be constructad using existing tachnolagy to prevent fiooding.

Tne prasent licansing staff position is that three to five sitas in several
gealogic media should be fully charactarized before salecticn of 3 medium For
3 repesitary.




and/or collapse during‘operation. Enginearing features will be built inta the
facility to pravide containment of wasta materials. Operational (wasts emplacement)
lifetime of the facility will be between 20 and 30 years. At that time the

facility will be backfilled and saaled.*

Effects from routine coperation of the facility beforse decommissioning (including.
sealing of the underground shafts and tunnels) have been found to be small and
comparable to thosa of'.the RSSF. EfTfTuents (except for the Targe volumes-of
salt from excavation) have been projected to be very low. Radiological effluents
from routfne»package inspection and renair activities are quita small relative

to those frcm major fuel cycle facilities (e.g., reprocessing).33

(d) Léw-Level Wastas ‘
Low-Level wastas from. the facilities of the front end of the fuel cycie:;rer.
essentially the samé.for'beth the onca-through fuel cycie and;thezuranium‘ |
recycié mode. .The additional back end facilities for reprocsssing and wasta -
treatment in the uranium recycle mpde produca stigntly larger qﬁanti%ies:ef'-
iow=Tevael wastas than woq]d resylt from spent fuel starage»and dispasal in the
once~through fdei cycle. .The impacts are included in céﬂumn H of Table S-3A

(see be]ow).34"‘

(a) DBeeontamination zang ﬂecommissicning of Uranium Recycle
Facilitias
The additional impacts from the regroeassing and other back and Tacilities for

uranium recycle are included in calumn 4 of Table S-3A (see 3elow). Impacts

Tine gresenc. 1icansing staff pesition is that the sption to retrieve tne wastas
should be maintained for 50 years fciiowing operation to aliow monitoring and
corrective actions if required.
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from decommissioning the front end facilities are essentially %the same for
beth fuel cycles and are also included in column H rather than in the columns

for the individual facilities.>°

3. Transportation

Seven steps in the transportation of matarials to and from facilities involved
in the nuclear fuel cycle have been cansidared in datarmining anvironmental
effacts of the LWR fuel cycle. For the front end of the fuel cycle, threa
steps--shipment of ore from mine to mill, shipment of uranium concentrate from
mill to UF6 production plant, and shipment of natural UF5 to the enrichment
slant==involve the transport of low specific activity matarial. Two additional
steps in the front end of the Fuel cycle--shipment of enriched UF6 ta thé
yranium diaxide (UOZ) plant and shipment of UOZ to the fuel fabrication plant--
invé]ve the transport of potantially fissjonable, Tow specific activity material.
(The: lattar transportation stap is not required for fabrication plants wnich
incarporate the UF6 ta boz conversion procass.) [n addition, the shipment of
wastes Trom UF6 plants, waste frem fuel fabrication plants, and certain wastas
from fuel reprocessing plants to commercial land burial sitas involves the
transport of radicactive low=level salid wasrtes,.z6
Tn the back end of the onca=-through option, patentially issicnable spent fuai
is shipped to storage or disposal. In the back end of the uranium~only recycle
fuel cyclae, the shipments frem the reprocassing plant involve the transport of
recavered uranium és UF6 to an anrichment plant, and the transport of solid,
Atgh=ievel wasta material and piutonium t9 a Federail waste storage fFacility.

Far all fuel cycle options, the three stams (shicment of {uel to, irradiatad
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fuel from, and wasta from reactors) covering the transportaticn of matarials
to and from nuclear power plants are considerad in Taple $-4 of 10 CFR 51.20

and are not included in Table 5-3.37

Packaging and transport of radicactive matarials 3re regulatad 3t tha Fedaral
jevel by the Nuclear Regu]atcry'Commission (NRC) and the Oepartment a7 Transpor-
tation (DOT). Certain aspects, such as limitations on gross weight of frucks, -
are requlated by the individual States. The;regu]étions:are designed to
protect employees, transport workers, and the public frem axtarnal radiation

and exposure %o radiation and radioactive matarials as a résult af normai and
secident conditions of transport. The'requirements for packaging of low

specific activity material are such that it is most unlikely that a person

-could ingest or inhale a mass of material that would result in a significant

" radiation hazard under any circumstancas arising in transport. Shipments of

fissile matarials are limited by the: packaging designed to ansure nuclear
crftica]ity’safety under both narmal and accident canditions of transport.
Containers of solidified high-level wastes must be designed ta withstand the

effects of severe accidents.

The: environmental affects of the shipment of matarials in the nuclear fual
cyele are theosa wnich are charactaristic of the trucking industry in general.
The increase in density of truck traffic from fuel cycle shipments will ze

small compared with total truck traffic. S
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Section [I. Environmental £ffects of the LwR Fuel Cycie
A. Environmenta].Daté

Tabfe §=3, Table of Uranium Fuel Cycle Znvironmental QOata, is a summary of
envirenmental considerations attributable tg the uranium fuel cycle, narmaiized
to the annual fuel requirement in support of a model 1,000-#We LWR. Oata from
the "front end of theﬁhranium fuel cycle, based on WASH-1248, have been
comdined with data fram thel"back end," which is hased on NUREGs=-0116 and.
-0216. and the:remanded,prbceeding (Docket No.ARM-So—B). Table‘SiSA, which -
foilows, sats forth the contributions by the various segments of the fuel cycle
to the taﬁa] values. given in Table S-3. In genéral,»TabIé 5-3 prasants the:
sum. of the higher values taken from aither the aonca-through fuel cycle or the
uranium=oniy recycle option. ;The following is 2 brief discussion of the B
‘environmental considerations relatad to the "back.and“'of‘ﬁhe ence~thraugh

fuel cycle and the uranium~only recycle aptioen.
1. Baek End of the Once-Through Ffuel Cycle

At present, spent fuel discharged from LwRs is being stored in the Unitad Statas
pending a pe1fcy éecfsicn whether %0 dispasa of the irradiated spent Tuel as a
wasta product--the once-througnh ‘uel cycle=-, or to raeprocass spent fuel and
racaver thé residual fissile valuas fcr‘reeyc1e.as fuai in power reactaors, in
thi§.case, --the aranium=only recycle optien. In %the onca-through fuel cyéle,

the storage and dispesal of spent fuel as waste, along with other wasta management

sexivities, constitutas the "hack end" of the uranium fuel cyc’.e.L
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The anvironmental considerations related to the once=-through fual cycle are
summarized in calumn F of Table $-3A. It is expectad thﬁt spent fual will
remain in intarim storage facilities for periods of up to 10 years or more to
reduca radiation and heat emissions prior to packaging and dispesal, and
pecause facilitias for the permanen; disposal of spent. fuel are Aot yet
avaﬁ1ab]e;2 Thus, column F includes the envireonmental impacts of extended
pool storage as well asﬂspent'fue1 disposﬁl in a deep salt béd, gaglogical
repository. Low=Tevel wastes, and decsntamination and decommissianing wastas,

from all sagments of the. fuel cycle are alse included in coiumn F;3 There are

no. significant amounts of transuranium (TRU) wastes generatad in the onca-thrsugh

fuel cycla.

[t has been assumed. that spent fuel ar high=level wastas will be dispased of

in a geolagic, bedded salt, repositary;4' Operation of repesitory facilities

‘is,sﬁmi1ar-far bothr spent fuel or high-level waste, and it has been assumed

tnaﬁ.apreposftnry in beddéﬁ.s;Tt will beidesigned and operatad so as to retain
the salid radioactive:wa#;e.indef?n?teTy. However, the radiolégfea] impacts
relatad %o the geolegical dispesal of spent fuel are: based on the assumption
that all gaseocus and valatile radionucfides'in the spent fuel ara released
betore ;he‘ggoiogic regository is:sea1ed.5 Sinca the gaseous and volatile
radionuclides are the‘prihcfpai ccntr%buters to anvirenmental dosa cammi tments,

this assumption umbrellas the upper bounds of the dosa commitments that may de

 associated with the dispesal of spent fuel.
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2. Back End of the Uranium=Only Racycle Fuel Cycle Option

At present, there are no spent fuel reprocassing piants in the United Statas
that can reorocass LWR spent fuel. Moresover, if 3 policy decision is mace to
sermit reprocassing of spent fuel, the capability ta reprccéss spent Tuel in
the Unitad Statas may not be available until about the sarly 1990s. Haowever,
if LWR spent fuel is: repreocassad, the environmenﬁal impacts from reprocassing

- and relatad wasta management activities are nearly identical for both recycling
of uranium ana plutonium, or recy¢ling of uranium=only, as fuel in nuclear
power reactors. whether plutonium will bSe used as a fuel inm LWRs, or breader
reactors, or both, is a saparate issue that will be resalved in connection
with the pelicy decision whether tao rasume reprocassing in the United 3tates. .
‘For this purpese, to cover tﬁe-cantingency.that at some future data spent fuel

' fromszRs may be;réprocéss;d:iitfhas héen assumed thaﬁ.oniy the: uranium that
is. recovered from thg;reprocgssing-offgpent fuel from LWRs will be: recycled as’
fuel to LHRs;.and,tﬁe plutanium ié not used for-its fuel value in LwRs. Iastead,
it becﬁmes a by-prodqc:,yaste'that,may be disposad 27 in a manner similar %3
that for high=level wasta.s"This is called the uranium=only reeycTe'obtion;
and its environmental considerations are summarized in columns G (Resrocassing)

ind H (Wasta Management) of Table S?SAz*

X .

it should be notad that calumn F, and coiumns G ana H, are not. added together
%o arrive at totals, but are presentag as alternatives. The higher value
from thesa two alzarnative fuel cycles is added to arrive at totals.




With respect to wasta nanagement activities associatad with the uranium-oniy
recycle aptign (column H), the environmental considerations include the gealogic
dispesal of high~laevel wastas (HLW), transuranic wastas (TRU), plutonium,
law=level or nontransuranic wastas, and the disposal of wastas rom decontamina-

tion and decammissioning of fuel cycla faci1ities.7

The environmental consid-
erations relevant to waste management activities directly relatad to repracessing,
sueh as storage of Tiquid wastes in tanks, waste selidification and nackaging,
and-intarim'storage'of’so]idified.wastas at the reprocassfng sita, are included

in column G.

It has: been assumed that a gealogic repository will be designed and.op;hated

so as to retain solid radicactive wasté.indefﬁnitely. However, ta. umbralla
the>upger.bounds of the dosa commitments that may be- associatad: with reprocassing
and«wastevméhagement.opﬁrationS;re]ated ta the uranium=only recycle optien, it
has been assumed that all of‘the‘géseegs and volatile radiohuciides cantaﬁned

i the spent fuel are rejeased %3 the—aﬁmosphere-prior ta the disposal of‘tnewﬁ#H
wés%es;si The gasaous radionuclides (tritium, carbon=14,.and krypton-&S) and -

the valatile radionuclide iodine-123 afevthe,principa1 contributors to environ= -

mental cose commitments from the "bBack end" of the uranium fuel cycle.
2. Eavironmental Considerations

This section is a drief discussion of the environmental consigerations of the
aranium Fuel cycle, which are summarized in Table S$-3 and Table $-2A. It also
provides a brief explanation of how the values in Table S-3, which nhas been

normalized to a model 1,000-MWe referenca reacior year (RRY), can te canvertad



TAULE $-3A

Swavary of fuviromsentad Considerations for LHR Fuul Cycle by Cauponont
Hmmllze-l tu Hudul Lull ﬂulerencu ﬂcaclur Year

A e c [} £ CF G "

!
Spent Haste
. ' Flial Hyut. for
Enrich- Storaye 8 Heprocess- Draniua Trans-
Hinlng Kildings  UFg Prod. ueat Fuel Fab. Blsposal [T Recycle portation
" Maturel Resuurce Use o '
band (Acyes)
lanporaridy Gonmiticd 85 0.6 2.5 0.4 0.2 1.2 32 . 8.0 -
Undisturbed Arca 38 0.2 2.1 0.6 0.16 1.8 20.4 8.6 -
Disturcbid Arca n 0.3 0.2 0.2 0.04 T N 0.35 -
Fevuanenlly Coundbied 2 2.4 0.02 0.0 0.0 1.2 0.)2 0.4 -
Overbyyden moved 2.1 - L. Lo - ‘ ..ﬂul 0.1 0.0015 -
(wilVlons of MI)
Uater (wildjons of qnl.[ )
‘Discharyed o air - . 65 3.3 64 - 1.4 - 6.6 0.69 -
Dlscharged 10 water bodles - - 2.0 008 5.2 .04 54.8 - -
lscharged to ground 123 - - - - EA N - 3.5 .
Total Hater 123 68 26.3 13,090 ’ 6.2 B L A 6).4 4.2 -
busadl bued . . . )
Plectricdl encryy 0.25 Y |\ B 1.70 ilo 1.2 1.9 4.0 2.3 -
{thousand ) i B . . ‘ ' : B ’
Equivalenl Coal (thous.HE) 0.09 0.97 Q.62 n 0.62 0.2 1.6 .82 0.006

Halural Gas (wih oy scf) - .5 20.0 - o 12 20.6 1}

Jotal

L[]
22
13

2.4

£t

160
11,000
127

T

1]
V1%



TAULE $-3A (cont.)

Suumary 6( Eavironuental Cx‘gggsh;urgglpl_ns for JUR Fuel Cycle by Couponent
Horwal dzed to Hodad LUR Ruferenca Reactor Year

LI luents .

Chewlcal (WE)
Gases (HI
3;65( }

!erucnrhups
0

Fartlculates
Other Gases

r‘

[

b hyudds
éﬂf
),

Fluoride

€a

a-

Ha'

[T

Fe

Vabdiays Sulutbons
{thousands)

solldy

A 8 ¢ b £ F G 0 I
" Spent Haste
. uel Hyut. for
Enrich- Storage Reprocuss- Urantua Trans-

nlu_l-,@sp‘ © Hilllags  UFg Prod. went Fued Fab. ’Ma{m"s’a‘ lny Recycla  portation Total
8.5 1.0 29.0 4,300(1) 2 6.015 6.4 0.06 0.045 4,400
6.0 15.9 w.a(g,t 110 6 0.04 2.9 0.065 0.62 1.190
0.3 i.3 0.8(3' 1 0.06 0.0004 0.5 0.02 0.062 "
0.02 0.3 0.2 28 0.8 0.026 0.5 0.029 0.38 296 ¢
- 9.2 1.6 1,130 6 0. buous 0.6 0.02 0.012 1,154

- - 0.1 0.5 0.005 - 0.05 ; - 0.67
- - - - - 0.013 0. 0006 0.013 - 0.004
- - 4.5 5.4 - - <0.02 - - 9.9
- - 0.} 2. 23 - - - - 25.8
- - 8.8 - 4.1 - - - - 12.9
- - - 6.4 - - - - - 5.4
- - 0.2 8.2 - - 0.09 - - 9.5
- - 31.9(4) 8.2 - - <0.02 - - 12.1
- - 1.8 - 10.0 - - - - 10.0
- - - 0.4 - - - - - 2.4
- 1 - - ) - - - - - 24)

- 9),000 40

- 26 - - T 042 - y),00) .



TAULE S-3A (cont.)

Susary of Envivonusental Constderations for LR Fucd Cyclu by Companeant
Horuad bzed to Hodel LUR Refercnce Reactor Vear

A [] c b [3 [ G ] ]
Speat Haste
. Fuul M“mt. for
Earich- Storane & Repracess- ranlue Trans-
Rinlng Rillinge Uf‘ Prod. menl Fuel Fab.,  Blsposal Ing Recycle A porlation
E6Flucuts {cont.)

Radlolagiea) feuvies)

Gases {tnchuding cnlralauwnlj‘b)
Rn-222 - ~ - - - 2 -2 -
Na-226 - 0.02 - - - 4.5x10) - 4.5007) -
Th-2230 - 0.02 - - - l..‘mlﬂ_6 - "5“0-6 -
Uranlwa - 0.03 0.0015 0.002 0.0002 2.310 0.000039 7. 3;.0_9 -
Trithus (thousands ) - - - - " 18.) 6.8x10 -
- - - - - - 19 24 - -
Kr-85 {thousands) - - - - - 290.70 400 .o -
ftu-100 : - - - - - - 0.4 - -
1-129 - - - - - 1.3 0.03 - -
-1 - - - - - 003 0.0} - 3 -
Fisslon Products - - - - - .00} 0.203 30 -

amd Tvansuranies

1 fquids
taniua & Daughters - 2 0.04¢ 0.02 0.02  &.9x10°8 - 6.4x10°6 -
fa-226 - - 0.0034 - - - - - -
Th-210) - - 0.001% - - - - -
Ih-234 - - - - 0.00 - - - -
Trithu (housands ) - - - - - - - - -
fisslon and - - - - - 5.9x1076 - 45108 -

Activation Products

Sulbds (burfed onsite)
Other Whan hilyh levél {shadlow)- 600 0.86 - 0.23 4700 0.52 10, 10 -
TRy and W (deep) (wilbions) - - - - - 1] - 1] -

Werua) (LIN)4ons of Biu) - 69 20 3200 9 250 " 75.6 049 0.014

Total

0.2
0.02
0.634

18.1

24

A0

0.14
1.3
0.3
0.203

2.1
0.003%
0.00}3
0.01

6.9x10™°

11,300
n

4,003



TAMLE S-3R (conl.)

Suuary of Favirounental Cousldovalions for LHR Fuel Cycle by Compunent
' Horwallzed to Hude) ERR Reference Reaclor Vear

)
(2)
(1)
(4)
()

Estimated effluents based upon cowbustion of equivalent cosd for power qeneration.

25X from naturad gas usa.

Coubined effluents frow coubustion of coal and nalura) gas and process lankage; contains 0.2 HE of Hexana.
Contabns abhout HOX Putessfuu.

In the “uranlum vecycle™ case, gascous radionuclides are assumed to be released fn reprocessing, and the releases ave
shown tn the “Reprocessing™ colunn (G).  In the “once through* cbse, whers spenl fuel goes fo guoloyle disposal,

gaseous radfonuctides are assuned o leak oul of the tucl st the reposttory; he amounls ore shown dn colwsn F. Ondy the
larger of Lha two valucs §s added nto the “Tolad® codunn, since they represent abternstlve cases.

Hunbiers presented For uranbus wllling ave tahen from HASI-1240.  They ere uut necessarily conslstent
whth wore recent stabf analyses, e.g., those presented In JQURLG-05)), “Dratl Generlc Pavicomental
lupact Stabcmcnt on Urantwa HIdhing,* publisticd fa Aprid 1979,
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into the cumulative environmental effect gver the 30-year refarsnca reactor

Tifetime, and in turn csnverted into the cumulative environmental effect
relatad t3 a praspective nuclear power faregast.*® The narrative is drawn
primarily from the WASH-1248, NUREG-Q116, and NUREG-Q218 documents, and the
§-3 hearing }ecord. Refarencas ta applicable sacticns of these documents are

included in the narrative.

It.sheuld.be,notédffhat radon emissions from the "fréni’énd“ ot the fuel
cycle, and tachnetium=99 release estimatés for the "back end" of <the fuel
cycle: are hot"gﬁven in Table S-3. Accordingly, raden and tachnetium EeieaéesT
t&gether“ﬁith an appraisal of their impacts, may be the subject of litigation

in individual reactor liceasing procsedings.

1. Natural R;soupce:Usé:

a. Lang -

The:téxaﬂ T;nd:use pe}'iiY attributaple to the uranium fuel cycle in support:
of a medel l,ﬂOﬂwae twR is about 113 acres, of which apbout 100 acres are
temperarily committed, and about 132 acres are permanently committad. About
808 of the tamporarily committad land. ysed by fuel cycle facilities is
undistursed land. Temporarily committad Tand, which is used during the life

of specific fuel cycle facilities, can bHe released for unrestrictaa use afier

x- . .

Most ef¥luent values, unless indicatad otherwise, can Se ccnverted rrom RRY
values %3 reactor lifetime valves by multiplying the valve/RRY by 3Q-years
(reactor 1ifa).



those facilities are closed dewn and decommissioned. Permanently committed
land is that land which may be used for wasta disposal but may not he released
for unrestrictad use arter cartain facilities have ceased operating and ars

decammissioned.10

The mining of uranium ore accounts for about SEX of the tamporarily committed
.1and use of the entire uranium.fuel cycle. Mining operations alse account for
mast of the overburden moved: 2.7 million metric tons campargd'tb a total of
2.8 million metric tons per RRY far the entire fuel cycle. - Next ta mining,

" reprocessing and wasta maﬁagement eperations use most af the remaining
temporarily committad land attributaﬁle to. the uranium fuel cycle. Qf the

" parmanently committad land use attributable to the:uraﬁium~fuel cycle, mining
‘and milling operatioﬁs account for about 35%, and most of'the'remafning'sﬁ% i; |

usedffur'the'disposal of radicactive wastes'ca.s'écreé/RRYj.

To détarmine:thefcumulative:Tand yse affect relatad to a orospective nuclear
economy, one must first convert the land use per RRY ta land usa per model

1,000 MWe LWR lifetime (30 years), and then multiply that value by the equivalent
nugber-of'modei 1,000-We LWRs projectéd (GWe). The weightad average facior

{o canvert land use per RRY to land use per medel LWR 1ife is about 40.

The canversion factor of 40 is a weighted auerage-that'results from considera-
tion of ihree Tactors: land use for faci11t1g§; land use for wasta management,
which.ihereases with %time; and ore depletieon and mill recavery performanca

over the 1ife of the reaczor. [n WASH=1248, uranium mining and milling opera-

tions were basad on an average ore grade of 0.2%, ind 1008 mill recavery,
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which reprasanted current operiations. HeQever, 3 later analysis developed for
NUREG-0002 indjcated that when ore depletion and mill recovery performance is
considered over the years 1376-2000, it would be more aporopriate to usa én
jverage ore grade of 0.1%, with 0% aill recovery, over tha life of a LWR.
Thus, to convert iand usa per RRY to land use per LWR 1ifa committad to mining
and mi}1ing, the land use per RRY should be multipiiad by §7. Added to this
vaJue~is the ]and use per RRY for UFsbproduction, enrichment, fual fabrication
and. reprocessing; and 30 times the land use per RRY for wasta management.
opérations; For the: reason given abcve, since mest of the "overburden moved!
is related ta the mining of uranium ore, the factar usad ts convert MT/RRY of

averburden moved to MT/LWR Tife is 67.

gnvironmenta! Effects: The land usa regquirements relataed ts the fuel cycle in

suppe?t'of'a.medeﬂ l,OOOFMHe LAR do not regrasent a3 significant impact. A
1,J00-MWe coal-fired oscwer plant that uses strip-mined ccal requires the:
disturbanca of about 200 acres of lana per year for abtaining coal alane.

Thus, for csmparison, the coal plant disturbs about 10 times as much land as- -

. the disturbance atiributadle to the entire fuel cycle in suopert of the model

1,000-we LwR.
5.  Water

The principal use of watar in the fuel cycle supparting a modei 1,000-Mwe LR
is for cooiing. Of the total 11,377 million gallens of water use per ARY,
apout 11,000 million gallons are required ta remove heat, oy once~through

coaling, frem the power stations that supply electirical energy For uranium



enrichment. Tha discharge of watar to surfaces streams is in accordancs with

the National Pollutant Oischarge £limination System Permits ssued by £PA and

the states. Orainage water pumped out of uranium mines (123 million gallons/RRY)

and from waste management operations (3.5 miliion gallons/RRY) is discharged
to the ground. QJf the 150 million gallons of watar avaporated per RRY, zbout
85 miliion gallons of watar ara evaporated frcm mill tailings ponds, and the
other 35 million gallons of water are aevaporatad from cooling watar from fuel

cycle facilities.

To detarmine the cumulative watar use affect reiated to 2 prospective nuclear
aconomy, one must first convert watar use per RRY to water use per model
1,000~-Mwe LWR 1ifatime (30 years), and then multipiy that value By the
equivalent numper of medel 1,000-MWe LWRs projected (Gwe). The factor ysad o
convert water use per RRY to water use per model LWR lifa is 30. However, to
detarmine the water use evaporated ar discharged to ground, the conversion
factor for mining and milling operations is §7; and the factor for other fuel

cycla operations is 30.

Environmental Sffact: The water use requirements related to the fuel cycle in

suppert aof 3 medel 1,000-MWe LWR do not renresent a significant impact. I
all plants supplying alectrical energy used ccoling towers, the water usa of
the fuel cycle would be apout 6% of that required by the model 1,000-Mwe LaR.
The avaporatad watar loss of the Tuel cycle is about Z% of the evaperitad:

watar loss of a moedel 1,000-MWe LWR csoling Lawer.



‘
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c. Fossil Fuel

Slectrical energy and psrocsss heat are used in the fuel cycle. The alectrical
anergy (323 thousand Wh/RRY), of which about S6% is used for uranium enrichment,

2 Mest of the procass

is producad by conventional, coal-firad, power plants.
heat used in the fuel cycle is supp1fed.by the combustion of natural gas

(135 million scf/RRY). In general, about 30% of the natural gas is usad for
yellowcaka dryfng,l3 1% is used in UF6 praducticen, ¥ is used in fuel fabrica=~

<ian, 2Z% is used. in reprccessing, and 108 is usad in wasta management sperations.

To cdetarmine tne cumulative fassil fuel use effect relatad to a prospective
nuclear ecsnomy, multiply the fossil fual per RRY value by 30 ta convert %3
:ﬁe fossil fuel use cover the 30-year life of the model l,OOU‘MWe LWR, and then
multiply that value by the egquivalent numper of mode]l 1,000-MWe LWRs. projectad

SWe).

Savirenmental Effact: The fossil fuel use reguirements reiatéa to the fuel

cycle in support of a model 1,000-M¥e LWR do neot represant 3 significant

impact. The electrical energy needs of the fuel cycle are only about 5% of
the.eiestf?ca1~energy groducad by the model 1,000-Mwe L¥R. I the natural gas
consumed 9y the fuel cycle were used to generate electiricity, it would contributa

iess <han 0.4% of the alectrical anergy producad by the model UWR.
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2. Effluents - Chemical

a. Gasas

The gasacus chemical effluents from the fuel cycle rasult, for the mest par,
frem the comousticn of fossile fuel to provide alectrical energy or procass

heat for fual cycle fac+11t1e5.14

Te determine the cumulative gaseous chemical
effact related to a prospective nuclear sconcmy, perform the calcuiation in a

manner similar to that given abeve for fossil fuel.

Environment3l =Zifact: The gaseocus chemical affluents relatad ta the fuel

cycle in support of ‘a model 1,000-MWe LWR do. not represent a significant

. | 18
impact. Based on data in a Council on Environmental Quality report,~” these
amissions reoresant a3 very small adaition (abeut 9.0Z%) to amissions from

transportation- and stationary fuel combustion in the Unitad. States.

B. . Qther Gasas
Smal] amounts of halogen compounds are released as gaseous effluents. to the
eavirens, primarily as {luorides from UFs‘ccnversion‘and,uranium anrichment

oparations.

Savironmental £ffact: Measursments of fluerine in unrastrictad areas indicate

. . : . N , 1
concantrations Yelcw tha iavel at which deleterious effects have been sbserved. 6
Moracver, long-term obsarvations have neot ravealed any adversa arffacts
attributanie to fluoride reieasas frem UF5 conversion, uranium 2nricnment, and

Tuel Tzprication facilities.
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c. Liquids and Solids

Some liquid chemical effluents are released %o surtaca watars frem UFs, enrich=
ment, and fuel Tabrication facilities. Tailing soclutions from the uranium

mill daccount Far the bHulk of mass of liquid (240 tnousand MT/RRY) and soliac

(91 thousand MT/RRY) effluents from the fuel cycle. Heowever, the tailing
sqolutions are slowly dissipatad by natural processes, principaliy through

avaporation, leaving the tailings solids for aventual disposa].l7

There are fwo major agueous wasta strgams associatad with the wet UFs conversion
process.ls' One is made up of diluta scrubtar solutions which are treatad with
1ime ta precipitata caleium fluoride, and is then diluted with cocling water
affluent before it is raleased. The ather is a raffinata stream which is held
in sealed ponds and the watar is a]léwed to evaporata. The salids wnich are

recovered from the settling ponds are packaged and ultimataly buried. The

discharged of water %o surface streams is in accordance with a National Pollutant

Discharge Elimination System Permit issued by £PA and the state.

A number of chemicals (primarily calcium, chierine, sodium, and sulfate ijons)
are gresent in the iiquid effluent from the anrichment. plant. ‘'Watar ireatment
and dilution by the raecsiving river reducas the concantration of chemicals o

. . . . 18
a small fraction of the recommended sermissible watar quality standards.

The liquid effluent from fuel fabrication facilities contains nitrogen compounds

resulting from the use of ammonium hydroxide in the production af U0, powder,
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and from the yse of nitric acid fn scrap racavery operations. The flugrine
introducad into the fuel cycle during UFs'production becaomes a-waste product
during the production of Udz.pcwder. The gaseous fluoride is removed frem the
affluent air sireams py watar scrubber systems.zo The scrutber systam wastas

are treatad with Time tg pracipitate calcium {luoriqe, wn1cn is filtared from

the wasta effluent stream and packaged (about 1l cubic yaras/RRY) for‘d1sposal.21

The discharge of watar %o surfac2 streams is in aczardance with a National

Pollutant Discharge £limination System Permit issued Sy EPA and the stata.

Ta determine the mass aof tailing,so1dt}on and solid tailings relatad ts a

prospective nuclear economy, which are a function of the average grade of are

grocassed, hu]tjpjy.thehyaﬂueS'for tailings solutions and solids in Table §-3
’ ' Sy 87 to cbtain the mass of tailings solution and taiiings generatad over tha .

model LWR lifetime.

Eﬁvfronmentaﬂ-@ifgé::' Thé:]iquﬁd.and salid chemical effiuents reiated t¢c the

7uel. cycle: in suppert of 3 modal I;OOO;Mwe LWR' do nat repgrasent 3 significant
impact. All.liquid discharges from fuel cycle facilities into the navigable
watars of the United St;tas are subjeci to requirements and limitatiens sat
farih in the Na;iona&‘9011Utant*Dfschange E1iminaticn Systam Permit issued by
an 3poropriata state or federal regulatory agency. 'when nilling acsivities are
terminated, the taiTing;.piTe~may be graded, caverad wiith earth and topsail,

and. seedad to reduca raden smanation.®

“at this time, radon emissions are excluded from the $5-3 fuel cycle rule.
Areposad’ r=gu7at1ons relatad to the disposal of m1s1 tailings were nubiished
i the Federal Registar on August 24, 1879.

‘
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3, gffluents - Radiological

a. Gases and Liquids

Tapie S$-3 summarizes (excapt for raden=222 and tachnetium=39) tne curias of
radicactivity releasad per RRY in the gasaocus and liquid effluents frem the
uranium fual cycle in suppor+t of a modei 1,000-MWe LWR. In general, the
natural radieonuclides (radium, thorium and uranium) are releasaq frem the front

end, and the others are ralaeased 7rom the back end oFf the fuel cycle.

In the front end of the fuei cycle, small amounts of radium, thorium and

uranium are releasad to the environment in the gaseous Jrocass 2ffluents and

in the ventilation air discharged to the atmosphere from mi11inqe UFS.production,
enricament. and fusl fabrication facilities. Small amounts of urdnium and its
daughtars also. are released in the liquid effluents from these facilities, buv
most of these radianuclides became part of the so]i& wasta ¢allactad in the
tailings pile from milling operatians or in sattiing ponds asscciatad with the

other front end cperatioens.

In the onca=through fuel cycle, the spent fuel is stored for five or more

years and then dispesed of in a geclogic respository when the repository is

'

available to recaive spent fue].z‘ Quring interim storzge prior %o sealing of

the regositary, scme of the gaseous and volatile radionuclides cantained in

the spent fual may escape cue to the failure of the fuel eiement cladding and

Teakage of the spent fuel dispoesal cantainers.23
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About 30% of tne krypton, 10% of the carbon=12, and 1% of tritium and icdire
cantained in spent fual exists within the gas spaca in the fuel rod and is
likaly to be releasad frem the fuel rod if the cladding fails. Howaver, the
curies of tritium, carbon-14, krypton-85 and iodine=-129, given in Column 7 of
Table $-3A reoresant. the total curies of each cantained in 35 mitric tans of
spent fuel (the annual referance reactor fuel requirement), irradiated ta
33,000 MWd/MT, and aged 5 years. Since the site and method for spent fuel
disposal have not yet deen defined, the NRC staff cannot detarmine- what amounts
of radionuclidas may eventuaJTy escape from the repesitory or when they may
enter the anvironment. However, the NRC staff made a generiC'assessment,

based on a reference repository, to identify wnich racionuclides have the
higher probability of'migrating fromfé‘repositury, and which of these radic=
nuciideSiara the principal contributors %o environmental dose commitmenzs if
they do eventUaiTy entar éhé biosphere. In general, the gasecus radionuclides
that escape frem failed fuel’rods; or Teaking wasta canistars, before éhe’
rapository is sealed, and the%very long=1ifa radiocnuclides that haQe Tew
retardatién in seils, such as iodineflzs, which may migrata with ground watar
and.eventuéily-reacﬁ'the*biosbhere,‘are-thg prfnéipa1 cantributars to'enﬁfron-
mental dose:cammitménts. Accordingly, to umbrella the upper bounds . of prospective

dose commiiments, it was assumed that all of the tritium, cardon-14, «rypton-8§,

" and iodfne-129 contained in S-year-ald spent fuel per RRY was releasad %o the

enviranment.

In the uranium—anly recycle optien, %the spent fuel is resracessad. Ouring
reoracassing, the gaseous radionuclides (:ritium, carson-i4 and krvpton-35)

are relassad to the atmospners; however, most 3f the jfcdine is removed from




47

A
the process affl uents. 2%

The radiological affluents related %o the uranium-only
recycle option are given in column H of Table S-3A. Thesa values, per RRY,

are based on the reprocessing of six month 21d speat. fuel.

Sinceithe radiological erffluents given in Table S-3 3re basad on the higher
values taken from either fuel cycle, the radicliogical cansiderations related
to the back end of the Fuel cycle are based on 100¥ release of the tritium,
carben~14, krypton-85, and-iodﬁné-lzs'contained in six month aged spent fuel,
and small amounts of ather Tission product and transuranic radionuclides that

may be releasad if spent fuel were reprocassed.

Snvironmental Effect: Excluding raasm, the radiological effluents releasad

per RRY from the fuel cyc]eiin support of the model 1,000-Mwe LwR result in an
estimated 100-year environmental dose commitment to a U.S. population of-
300fm111ionfpersansAof'about¥656 person-rem, of wihich about 350 persen-rem is

attributable tO/gaseous,éfquents.and~ahout‘100 persan=rem is attributable to

liquid effluents. Of the dose commitment attributable to gaseous effTuents;

about 4Z% is from tritium, 31¥ is from carbon=-14, 5% is Trom krypton-8S5, 10%
is from iedine, and the balance (12%) is from all other radionuclides, which

contributa primarily to the lecal population dose ccmmitment.

Although radon effluents are excluded from TabTe-S-S, the dose commitment from
radon has to be added to the above fuel cycle environmental dose commitment %o
arrive 3t the estimated dose commitment EttéibutabTa %o the éntire fuel cycle.
8asad on recent studies, the 100-vear anvironmental dose commitment per RRY

attributable %0 raden emissions frem mining and milling is abeut 210 person-rem.




Qn this basis, the l00-year anvironmentai dose commitment atiriputable to the
entire fuel cycle is about 860 person-rem per RRY. For comparison, the

annual dose commitment to a U.S. populatien of 300 millien from natural background
radiation is about 3,000,000 person-rem. Thus, tnhe dose commitment per RRY

from the fuel <ycle is abecut 2.03% of the dose commitment tc the U.S. pepulation
frem natural background radiation. Section III contains an assassment of the

. enyironmenta] dose commitment to the U.S. population attributanlie to the

radiological a7Tluents, axcaent radon, released from the uranium fuel cycle.
. Salids

The: curies per RRY of radionuclides in buried radiocactive low=level, nigh-laval
anq'transuranf;*waste=mﬁtérials are given in Tabie S=-3. As discussed aone,
it.isJassumeh tha£ tﬁere wil] be no release of sb]id radionuclides to the
environment fr6m~buried.soiid:w;ste»métefials. Moreover, the radiolegical
effTUentsrfrom5wa$tE'managgment are so small in relation to the ather segments
of the fuel cycle phat.théy do not shew up in the totals prasentad in |

Table 5-3.2%

About 10,700 curies of mixed radionuclides are burfed per RRY at Tow-level

waste land burial sitas. ' Of this total, 9,100 curies comes rom iwR low=-level

waste;fs'l,seﬂ'cur1es are atiributable to decommissioning of nuclear facilities,

a7 and the balanca, about 100 curies, is generated 2y

tnc]uding the reactar;
she uranium fuel cycle opefaticns in support of the: LWR. -Abcut 300 curies of
uranium and its daughters are added per RRY to the tailings pile at the aiil

site. <8



The high=level radicactive wasta from the onca-thrsugh fuel cycle is the spent
fuel assemblies, wnich will be packaged and disposed of in a geologic repositary.
The radiocactive wasta from the uranium=only recycle option cansists of the

fuel assamdbly nuils, the nign=level and intermediate-lavel wastas from reprocas-
sing, and the plutanium wasta. These wastas will he dispesad of in a geologic
rengsitory in the form of sglids which will have chemical and physical propertias
that mitigate the releass of radionuclides to the envirsns. It is assumed

that the geoclagic repository will be designed and speratad so that the salid

radiocactive wastas are confined indefinitaly.

Envirgnmental Effact: There are ne signiticant releases of solid radicactive

materials from shallow land-surial faéilfties, or from the gealogic repository,

to the environment.
4, Effluents - Thermal

The uranium Fuel cycle in support of 3 mcdel 1,000-MWe LWR discharges approxi-
mately 4 trilljon Btu of heat per RRY ints the environs. Mest of this.heat,
about 80%, is rejactad %o the étmcsphere at the power plants supplying electrical
anergy to the anrichment plant or at the enrfchment plant 1tse1f.29 Waste
management and spent Tuel storage zontribute about 18% of the heat rejectad to
the environs. This heat results from the decay of radionuclides. The rejection
of process heat from fuel cyele facilities aczounts for the remaining Z% of

the thermai affluent from the fuel cycla.
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To cdetermine the heat rejection by the Tuel cycle over the mocdel LwWR Tifatime,

multiply the thermal effluent value per RRY by 30.

Environmental Effact: The thermal effluents reiatad to the fuel cycla in

-

support of a model 1,000-Mwe LWR do naot reorssant a significant impact. The
thermal effluent of the fuel cycle is only about % of the heat dispersad ta

the anvirons by the model LWR.
5. Transpaertation

The dose commitment to workars and the pubiic relatad to the transport of

nuciear matarials ia support of a. medel 1,000-Mwe LWR is asstimated {o be about
2.5 parson-rem per zgy. 30 '
To detarmine the transportation deose commitment over the model WR lifatime,

nuitiply the dose ccmmitment par RRY by 30.

Environmental Effaect: The transportation dose commitment related to the fuel . .

cycle in support of a medel 1,000-MWe LWR does not reprasent a significant
impact. Compared to natural dackground radiation, this dose commitment is

small.

5. Qccupational Zxpasure

The oczupatienal axposure value given in Table 3-3 (22.5 persan-rem) represants

an ugpar axpaosure value relatad %o reprocassing and wasta management activitias



associatad with the back end of the fuel cycle, if the model 1,000-Mwe LWR is
operatad cn the uranium—only recycle mode. Most of the oczupational exposure
attributaple to the back end af the fuel cycle results from the variety of
operations associated with reprocessing and relatad waste management activities
involving the aisposal of irradiatad spent fuel. For comparison, the occupational
exposure related to the "back end” of the "once-through” uranium fuel cycle is
estimated to be 7 parson-rem per RRY. The occupational expesure attributable

to the entire uranium fuel cycle in support of a model 1,00Q0~MWe LWR is astimatad

to abou% 200 person-rem per RRY.3l

Environmental Effact: The occupatiocnal exposure atiributable to the fuefl

cycle in support of a mogel 1,000-MWe LWR is accaptable. NRC requlations

Timit the permissible occupational exposure of any individual toa 5 rem annually.
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III. Calculated Population Daese Commitments and Health Effects

of the Uranium Fuel Cycle

In the Federal Register Notic2 promulgating <he final fuel cycle rule (44
FR 45362), the Commission stated, in neta 35, that one important issue ta be
addressed in the narrative {s the question of the time period over which dose
commitments from long-lived radicactive affluents should be evaluatad. In
particular, how dose commitment evaluations over axtanded periods of time
might be performed and what their significance might be are subjects that the

Commission directad ba addressad in this narrative.

This pertion of the narrative has been daveloped %0 meet the abpve Commission
directive. Section A contains a discussion of the population dose commitments
and health effects calculated to result from the radioisotape releasas given
in Table S-3 when intagratad over 100 years.* Section 8 contains a discussion
of the peried of time that the waste in a Federal repgsitory may regrasent a
significant potential hazard, the incremental radioisotope releases from the

- repesitary which might occur during that period, and the periad of time for
which calculations may provide meaningfTul information. Section C contains a
discussion of how véry long=tarm (thousands of years) dosa cammitments and
health affects atiributable to Tong-lived radioisotopes released tz the envi-
ronment aight be calculatad, and what the significance of the calculations

might be.

X

WASH=1248 and Table 5-3 did not acdress the question of population dose commit-
ments ar patantial health effects. Howevar, thesa tonics were discussed in
considerable detail in NUREGs-Q178 and -0216 (Supplements 1 and 2 of WASH=1243).
Thesa reporss present a detailed raevaluation of the "back end" of the uranium
fuel cycle.




A. 100-year Envircnmental Dosa Commitments

The environmental models used to calculate the transport of released radie-
activity to man and to aestimata the potential somatic and genetic health
effacts used in the fallowing discussion are the models discussad in %he GE3MO
Hearings.T The .models have oeen described in some detail in Appendix ¢ of
NUREG-0216. 8asically, the models account for the dispersion of radicactivity
released in the environment, the Biocaccumulation in foaed pathways, the uptake:
by man and the dose commitments rasulting from that uptake. There are two
types of population dose commitments calculated: the S0-year dose commitment
from continued extarnal exposure and uptake of the radioisotopes released in a
I-year period, and the enviromnmental dose commitment (EDC). Tha £DC represants
the sum of the ZJ-year dosae commitménfS for e2ach year of 3 specified period

during which the radicactivity is released or remains in the anvironment.

In practice, it fs impossible to estimate realistically the completa £0C for
very long-lived nuclides, such as iecdine-129 (17 million years half 1ife).

There is no way to predict with any degree of cartainty the many Qariab]es

thét affect such estimates so far ints the future, e.gJ., the growth of human
populatien, tachnelogical advances, the anvironmental behavior of long=lived
radionuclides, and the occurrence of catastrophic climatic and gealogic changes.
(See Section C for a discussion of how long-tarm dose cammitments mignt ze

caleulated. )

NRC, SPA, and other agencies use a so-called inczmpiete 3DC. In GESMO,Z the
length of the incompleta EIC salected was 40 years for a total U.S. pooulation

of 250 million. Thus, S0-year gopulation doses were calculated for 2ach vear
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of the 40-year exposure period and summed (i.e., the total langth of time
covered was 40 + 50, or 90 years). Thesa calculations have Deen modified to
axtand the population dosa intagration period to 100 years, as recommended by
the S-3 Hearing Board. Sinc2 each year's axposure is calculatad for 30 years,
the total time covered is 130 years. For the overall fuel cycle, the tatal
body expaosure is projected to be 550 persan-rem/RRY for an assumed stable U.S.

populaticn of 300 millien.

It should e naotad that for tritium and kryﬁton-ss (two of the major dosa
contributors), thers is Iittle;d~fférénce-between a 40-year and a 100-year

£3C, since about 90% of'beth-nﬁcTides will decay within the first 40 years.,
Furthefmore, much the same is true of mest of thg fission and activation
products. released from the nuclear fuel c¢ycle (e;g,,'iodine-JST, rutheniuﬁ-lQBT
strontium=90, cesium~137). Fbr-thﬁs-reason,.increasing the length of'the;EﬁG
from'40 to<id0 years }esuit;rin much Téss'thanva doublfng;af thetestfmateé: :

dosa cammithénts-and patential heaith-éffécts;'not much additienal change

.wou1d¢oc:urﬂif5the-EUCiwere=extended,beyondAtne.IGQ.years-for mgst»isatopesﬁ} ,

" However, for the very long-lived radioisotopes such: as cardon-14 and iodine~129,

among others, and the special case-of“3.8éday radon=222 which continues to be
formed 5y decay of long-lived parents, the £2Cs continue to increase with time
and the: calculatad. health effects also continue to ingreasa. (See Seciion C

far a discussion of very long £3Cs.)

In the. area of health effacts, it is passible that even the 10-year £0Cs

calculatad for the S-3 hearings overestimated the impacts of the releases.
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The health effacts models represent a.1inear extrapolation of affects observed
at high dose rate (2.g. Japanese nuclear bomb survivérs) to potential effects
at low dosas and low dose'rates. [n addition, the assumption is made that
there is na dose below which effects cannot occur. [t {s believed that the
use of such models, although useful for ragulatary purposes, tands to
overestimate the effects of axposure to low=level jonizing radiation. Most
animal and cellular studies indicate reduced scmatic and genetic effects as
the dosas are reducad. Further, at Tow doselfates, the etfects per unit of
radiation dose for somatic effects may decline due to cailular repair and

ather ﬁeehanisms:
The health risk astimatars from tne‘GESMG3 studies are as follows:*

tota] body dosa: 135 cancer deaths per minion person-ram

258.génetic-effacts per million parson-rem

thyroid dosa: 13.4 cancar deaths per'mi1fihnvperson-rem
lung dese: _ 22.2 cancer deaths per million persen-rem

bone dose: © 8.9 cancear. deaths per miliion person=rem

ATthough the risk of a genetic effect accurring is about twice that of a
cancer death, most of the genetic effects (assumed to be occurring at the

equilibrium rata which requires about 5 generaticns) would not be fatal.

*The conclusions in the S-3 narrative concerning potantial biolegical effacts’
are based on risk estimators in the 8EIR I Report modified to reflect more
recent radiobiological data in WASH-1400. The 3EIR III, which reevaluates the
risk estimators presented in BEIR I, recently has been published (July, 1980).
Although the NRC staff review is still underway, the range of risk astimators
for low level radiation presented in 3EIR III appear %o be essentially the same
numercially or Tess than those oresentad in 3EIR [ for whole body exposures.
 However, in some cases the cancer risk estimators for soecific organs in 3EIR IIT
appear ta be different from (somewnat higher than) those in 3EIR [ and those in
*he S$-3 narrative. Thus, cancer risk estimators for some specific organs could
be somewhat underestimated in the S-3 narrative. However, since the bulk of the
zollective population doses from the uranium fuel cycle (excluding raden) are
wnole body axpasures, the conclusions of the S-3 narrative would be changed only
slightly, if at all, if the BEIR [IT risk estimators were to be used.
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3ecausa tnere are higher dose commitments to cartain organs (e.g., lung, bone,

thyroid) than to the total body, the tatal risk of radiogenic cancesr is net

addressed by %he total body dose commitment alone. 3y using the risk astimators

nresentad above, it is possible to astimate the whole body equivalent dosa
ccmmi tments faor cartain organs. The sum of the whole body equivalent dosa
cemmitments from those organs was estimatad to be about 100 person-rem. when
ddded to the above value, the total 100-year environmental dose commitment

would be abodt 850 person-rem/RRY.

In summary, the potential radiological impacts of the supporting fuel cycle
(including fuel renrscassing and.waste:management'but axcluding raden

emissions from mining and mill tailings) are as follows:

total body person=-rem/RRY: §30 (TOOiyear'dose commi tment)
risk equiva1ent person=rem/RRY: 650 (100-year dose commitment)? 
| fatal cancers/RRY: 0.088 |
genetic effects/RRY:  0.14 ‘ .

»Thus;chr example, if threa light watar reactor power plants were to be operated

for 30 years each, the supporting fuel cycle would cause risk equivalént whole:
Sady pahuTaxion dosa commitments of about 59,000 person-rem and a geneticaliy

afgni?ftant:daseacammitment of about 50,000 person-rem, leading-to estimatas.

,of58~Fata1'cancers.and‘l3 genetic éffe;ts in the U.S.>popu1ati6n (300 million

persaons) over a perfod of 100 years. Some perspective can be added by comparing
such estimates with "nermal" cancer mortality for the same pepulaticn. Assuming
%hét:fuﬁurezpapqlafien charactaristics (age distribution, cancar suscaptibility,

etc.) and competing risks of mortality remain the same as today, such prqjecticns

*Tncludes dose commitments to other organs as well is whoie body dose.
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would predict apocut 60 million cancer deaths from causas other than generation
ot nuclear power during the next 100 years. Assuming that the ocgurrenca of
genetic affects ramains constant, projections would predict about 25 aillien
genatic effacts from causas other than generation af nuclear power during the

next 10@ years.

slpersan-rem and

Using the lifetime risk estimate of 135 cancar deaths per 10
averaging the 630 risk-esquivalent persaon-rem per RRY over the U.S. pepulatien
of 3080 miilion persons, the average lifetime individual risk in the U.S. from
cancer mortality from radioactivity released ffbm :he{supporting’fue1 cycié is
about 3 cfhances in 10’bi11ien per RRY. Assuming one. RRY supplies ajectrical
power for approximataly a million persans and that all of the cancer risk is
barne only by.ééose usersw.the_average'Tifétime~risk'ta this population group
would be about 3 chances in- 100 million per RRY. This would alsa be the

appmoximate»average»Iiféﬁimefrisk per person per RRY from the fuel cycle if

~all of‘thgneﬂectrfcity USed_inftne:Unfted-States»were produced by nuclear

power plants. However, sinca nuclear power present]y provides about 10% of

the total electricity generated in the United Statas, the average lifetime

risk per person in the U.S. would be about 9 chances in~i biilion. per RRY.

In order to. provide some perspectives on the risk of cancer mortality from the

supporting fuel cycle, soﬁe mortality risks which are numerically about agual
to 9 chanecas in -] bﬁilian;are as follows: a few puffs on a cigéretﬁa, a faw
sips of wine, driving.ﬁhe,famjly car apout & bfccks, flying about 2 ailes,
caneeing far 3 secands, ar being a man aged sixty for 171 sec-nnds.4 Using

electricity generatad by any means for typical dcmestic use results in an
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average risk of 6 x 10 § per year rom accidental alectrecuzion.” Thus, a
risk of 9 in 1 billion would be aguivalent to using electricity for about

one=half day.

It is believed that the estimatad Table S-3 values and the dose and health

gffects medels used by the NRC to develop the abaove estimatas result in conserva-

tively high projections. Tharefore, they provide reasonable assuranca that
the radioiogical effacts resulting from the releases in Table S-3 (as presented

in NURECs-Q1116 and -Q216) have not Leen underestimated.

8. Potantial Long=Tarm Effects of Wasta 0Oisposal

NUhEG~0116; Environmental Survey of the Reprocassing and Wasta Management
Pbrtions.of'éhe ¥R Fuel Cycle, csntained astimatas of the short-tarm impacts
from. wasta disposal operations (i.e., these impacts that could result from the
wasta dispesal operation during their operating life). ATthough NURES-Q116
and NUREG-Q216 contained data on potantial long=-tarm risks from escape of

§ and from low-level wasta disposal cperations,7

radionuclides from 3 repository
ne entrias were mada in Table S$-3 for thesa potantial releasas because they

wera judged to be tso small to be of significance.

The staff has reviewed the long=tarm affects of law-lavel waste dispesal ang
TRU and high-level wasta or spent fuel dispesal for both of the two fuel

cyclas caovered by the present procaeding=-onc2 through and uraniumonly recycle.
The potential effects resulting from long-tarm releases of low-level waste

have heen addressad in NUREG-OZTS,8 and no additional consideration aof the

sotantiai arfacts of disposal of these types of wastas is beiieved ta De
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necessary. Meregver, sinca it has Deen assumed that TRU wastas wiil de dispesed 

of in a repository along with high=level wastas, there is no explicit discussion

of’ TRU wastas because the TRU wastas are considered to be part of the high-lavel

wasta.

The wastes from the onc2 through and urénium-only fuel cyclas that will be

disposad of in Federal repesitaories differ from one another in several ways as

notad Helow:

o)

Waste Form - The dominant amount of radicactive waste.frqm:the onca=-through.
fuel cycle is in thg Tarm of spant fuef.assemb1ies, with thesfission

products and;;ctinidgs 'in‘a.UG2 matrix; while tﬁe dominant waste frem the-
uranium=only fuel cyela will be solidified hign=-Tevei, plutonium, and_TRU
waste. The latter will be in the form of solids having properties engineered
to reducs mepility of f{ssion‘producﬁs and actinides. The: NRC cannot at

this time_degcribeiin'any detail the variations in the properties (in

terms of better long-term retantiqn of fission products and'éctfnides)'of“
one.type of waste form from the other. Hence, far this dis;ussion, ihé”

various forms of solid waste have been assumed to have similar

.hueﬂidefreﬁentﬁon*prgpertie5+

Radicnuclice Contant - The spent fuel cantains all of ﬁhe nonvolatile
fission preducts, tfanSuranicjeTementé, and activatioq sroducts produced
in EheAeaurSe-of its irradfation, as well as all the residual uranium.
Similarly, the high=level wastes in combination with the plutenium and

any TRU wastas from the uranium—only fuel cycla cantain essentially all
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of the nonvalatile fission products, transuranic elements, and activation
products producad in the fuel in the course of irradiation. The main
differenca between the spent fuel and the wastas from uranium~only recycle
is that the wastas from the lattar contain only 2-3% aof the residual
uranium. Thus, on a proad comparative basis, since all cother nuclides

~are present in about equal amounts in both wastas, the spent fuel raoresents

a slightly greatar long=tarm risk because of its Targervuranium;cantent.

Since all soiidified wastas have been assumed for this study to have aquivalent
nuclide retention properties, and sinca spent fuel represents tné greatar

lang=tarm risk, the foliowing diécussion is based on spent fuel.

The potantial affects from long-tarm releasas of radioisotopes from a repasi-

tory, require the coasideration of two basic issues:

e} over what pariod of time does the waste represent a significant potential

hazard, and

.0 given the statas-of-the-art of modeling transport of radicnuclides, do

caleulations brovide meaningfyl information over that periad of time?

One way %o addrass the cuestiocn of time aver which the spent fuel in the
repository represents a significant hazard is %o assass the net potantial
impact of the dispesal of the wasta relative ta the potential impacts if the
charge to the:reactcrs (fresh fuel) had remained in the ore beody. For this

assessment it is assummed that an engineered systam, including waste frem
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packaging, and the repository, can be expected to confine (isolate) radicactive
waste materials at least as wall as an isclatad ore body. This assumption is
beliaved to be reasonable, based upon the following observations. Qre deposits
were locatad in varicus geolegic sattings by natural phenomena and some may be
in contact with groundwater, in soils with only mederata ratardation of soluta
movement, and with varying ion travel distancas to tﬁe biosphere. A reposi-
tory, on the other hand, will be- located in a hydrogeologic setting purposaly
selected to have no known or prospective contact with circulating groundwatar,
high retardation of solute movement and long jon travel distancas to the
bﬁosﬁhereb In addition, the repository system, ingluding wasta form and
packagfng; will also inc1udelengineered features which are intanded %o prevent

or greatly slow the release of the wasta to the hast media.

For wast2 placad in a‘répository sy;tem.ta;reach'the~biospher§; one- of -two -
types: of events must oczur. The f%rst'invgives essentially commen piace -
gccurrencas and requires: (1) water to infiltrata the repository;. (2) tﬁe,.
.waste;cantainer to corrode; 3nd.(3) radionuclides to leach ftom thg waste: .
form. Long~1ived radicnuclides will eventually reach the~bicsphere by:mTQra;icn
of Teached nadignuglfdes-witﬁ3the movement of groundwaier to a discnarge‘peint
or to a well. This type of event cauld expose man to radicaciive matarials
via f6od»chains'or'o€her environmental pathways. The second type of event
invelvas unusual occurrencas, such as disruption of the respository by man or
natural avents, whiéh reieésad radionucliides %3 the biosphere. However, sitas
for wasta repositories will be salectad in areas where the propability that a
’natural svent wduld disturb the repository is extremely lagw ana located away

from identified natural resaurcas to ainimize the probapbility <hat man would
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acgidentally distufb the repository. An analysis of the consequencas of a
mateorita strike of the repository, an extragrdinary event that would be
classified as coming under scanario twe, has bean given in NUREG-Olls.9 Thus,
the analysis here considers primarily the probapility of waste reaching tie

bioschere under tha conditions of scanario one.

In the event watar infiltrated the repository, it would take a long time for

any of the leached. radionuclides to be transportad to the bicsphers by groundwatar
migration. Movement of gfbundwataq-isJitself sTow, and.retafding;ﬁgthanisms
such: as ian exchangézincrease the travel time for most radionuclides such that

it might take tans %9 hundreds of thqusandS‘of‘years for them %La reach the
biosphere;lo' In this period of time, most radioactive matarial will have:

deﬁayed away before it could Eeach.tneibiosphere; 0n the othe}'hand;‘fission-
aroducts ;arbon9l4,.technetfuﬁ;ﬁéj and iodine=-123 have a combination of iow.
ratardation by ian-exchangé'inrsoiT.and;iong.Tives; Aczordingly, if thesa

radionuclides were Teached'ﬁrom'wastes:by‘infﬁ trating water, they could reach

" the bﬁesphere'in relatively small concantrations over.a rather Tong time-

paricd. However, in develeping the: sourca tarms for Table S5-=3 it was assumed:
that carbon-14 and:iodine-IZS'wererreleased.tn zhe 5iosphere befare the waste
was sent to the repository. While not the actual case wjth resgect to the
dispasal of spent fuel ?rom the onca=through fuel cycle, for the purpase of
the S=3 rule this assumption bBounds the upper iTimits relevant to releases of
carﬁon-i4 an& iodine~129 from the ur;nium fuel cycle. Technetium can exist in
§everal oxide forms. Under the conditiens expected Por groundwatars not in
contact with the atmosphere, insoluble Tcoé or relatad nydratad forms should

de. the solupility-controlling phases, and the c3ncantrations of tachnetium in
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migrating groundwater should be extremely low. However, the axidation conditions

are difficult to predict due to the effects of construction of the repository

~ and due to wasta-reck intaractions. Therefore, tachnetium has been considered

to be prasent as the partachnetata oxyanion (Tcﬂi) which is assumed %o migrata

to the biosphere with the grounawatar.

To detarmine the time pericd aver which spent fuel might be deemed a2 significant.
hazard, we have c¢ampared its dilutien index with that c;#unirraq1ated yranium
fuel. The dilution index. i's a measura of the amount of water reduired tao

dilute the concentration of radicnuclides ta the limits of 10 CFR Part 20 far
unrestficted.release, wnich can be used to compare the conseduen;es'of inggstfon~
cf’radioac:ﬁve1mgter?ais; From Figure 3, it can be seen that. in spent fuel

the fission products dominata the dilution index up to about 200 years from
reactor digcnarge;, Beyénd,ZOO’years-ta abeﬁt'SG;OGO years ﬁhe.ﬁrahsuranic

radionuclides and their daughters deminate theadjTutfon'index; and beyond

100,000 years uranium and‘its-daughtersrdominate.the:di1u£ibn'index; From

Figure 4, it can be‘saen that the growth of uranium‘dahghtersfradium and lead -
dominata the dilution index for aged unirradiaﬁed uranium fuel, such that by
aboui lO'0,0GO years the dilution i'ndexe_s for both spent fuel and unirradiated
uréniuﬁ fuel are about the same, both being dominated by uranium and its
daughtars. Thus, without consideration of dispersion or retardation relative
%9 grsundwater transport time, at about 100,000 years the dilutien index of
the wasta2 in a repesitary is aéaut the same as aged unirradiated uranium fuel.
Moregver, since plutonium'and,amerfcium have long delay times during‘transpe}t
frem the repositary to the environment, the ailutiaon index of thosa matarials
in the waste that could patantially be released is about the same as aged

unirradiated fuel aftar 10,000 years.
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Thus the answers to the previously pesed questions concarning the petential

long-term effects of wasta repositories may be framed as follows:

1. For natural-type releases from 3 repesitory, significant net potential
impacts of spent fuel relative %o aged fresh fuel exist for less than
10,000 years. In natural-type feleases, there is 3 long time delay
(N104-105 years) batween the time the nuclide (or its parent) leaves the
repository and reachaes the biosphers. The net impact of such releases .
can De conservatively (high side) approximatad by assuming the completa
release of the tachnetium=99. Given the number of conservative-assﬁmptions
required to model the releases from aAreposftory under naturai-type

circumstancas and the small potantial net impact after 10,000 years,

.
\
AR

caﬂcutating—re]eases'fof<natura]-type=éanditions Seyend 10,300 years

provides. 1ittle meaningful information.

2. If disturbances of a ragository which cbd%d.result.in the-dﬁréct release
of‘signfficant:qﬁaﬁtities:of'oxherwise-iMmebile isotopes are heing considered
(we-ﬂ'-d'ffggi‘ng-); significant net potantial hazards could persist for
100,000 years. Thé‘impacts from the disturbancs would depend on the time

“and nature of the.actidp: Aftar- 100,000 years, the wasta in the repository
presents no gréamar hazards than the original matarials charged to the

reagctsr.

C. Dosa. Commitmeants and Health Ef*ac=s from long~Lived Radiocisctopes Releasad
fram the Uranium Fuei Cveles .

The Commiss‘on directed the staff to discuss the time pericd over wnich dosa
di‘* cammitments should be evajuatad, how tne dose caommitment evaluatians aver

A

-~
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axtended pericds of Utime mignt be evaluated, and what their significanca might
be. In Section A, page 56, it was shown that a 100-year EDC was adaquata ta
provide the tatal dose commitment from most isotopes. Very long-time £0Cs are
necassary i? the complaeta envirecnmental dose commitments.frcm fuel cycle
emissions such as carbon-14 and iodine=1239 are to he detarmined. In addition
to these isotopes, the analysis given in Section B showed that a very consar—
vative evaluation of 1ong-term.emissions from a repository would show
tachnetium=99 could be released from a renasitory. Appiicable releasas for

these jsotopes are:

Carbon=14. ' 24 Ci/RRY
[odine=-129 1.3 Ci/RRY
Tachnetium=-39 upper bound for long-term releases fromthe

repository is 300 Ci/RRY, 100% of the

tachnetium in fuel.*®

Carbon=14 and jodine=129 wouldfbe emittad as velatile matearials; technetium:
would be leached from the wasta repository and reach the bicsphera disselved

in watar.

Mathematical medels are available for estimating. the long-tarm populatiecn
doses frem carbon-14 and fedine=~129. No models are currently available for

astimating long-tarm doses from technetium.

*Tavironmentai Standards Being develaoped by SPA and regulations be1ng develaped
Dy NRC. are expectad to requirs reasonaple assuranca that releasas of 7¢=3¢ are
a small fraction of this gquantity.
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1. Calcuiation of Dose Cocmmitments
To calculata dose commitments and health effaects over long time periecds, one
must: (a) predict the population at risk; (b) model the time-dapendent behavior
o7 the nuclide in the envirsnment and (¢) predict the rasponse of the pepulation

to the exposure in tarms of cancer mortality and genetic defacts.

a.  Population at Risk
In considerﬁng-pcpu]aticn at risk over time periaods of 100,000 years or more,
saveral gross assumpticns must be made. »Realisti;a]1y, gaalegic history would
predict>severa] caﬁastrophes.sueh as ice: ages (;s many as 10 might cccur over
250,000 years)l% and“Targevauétuaticns in population might be expectad to he
causad by such catastrophes. Tﬁe starf, for want of 2 hetier rationalization,
has assumed a stable warid population.of IOQBT1Tioﬁ’for the first.]O,dﬁO vears:
of exposure, with periedfc,variatiens'of population of from 2 billion ta 10. -
ai1Tion as a function of time beyond 10,000 years. Further, the U.S. popuia-

tion was assumed to He a constant 3% of the world populaticn.

b. Models of Nuclide Behavior

(1) Cardon-14

The: GESM@ and S-3 hearing record do not contain a model that adeguataly predicts
the. behavier of carben=14 in the environment gver long time perieds. The

GESMO model (RABGAD) can be used to estimata the dose commitment to the U.S.
sepulation from the initial passage of carbon-14 Sefore it mixes in fhe world's.

2

carbdn peal. The caracn-14 medel! developed by K';Hough1 can be medified,

ustng the pepulationm variatiaens given apove, ta abtain lsng-tarm <dose commitments.
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(2 lodine-129

Appendix C, Section 3.0 of NUREG-Q0218 provides an adequate mocael for estimating
long=tarm copulation doses from iodine=129. The GZSM0 model (RABGAD) can he
ysad for estimating the U.$. population dose resulting from the initial passage
of the jodine=129 prior to mixing in the world pcol of stable iedine. For the
long~tarm, the modal assumed for the S-3 hearings results in 1.1 x 10712
rém/year/cj to 2ach person in the world arfter the mixing occurs, with the
annual dose-~rate declining with a half-1ife of 17 millien years. Althaugh
removal mechanisms probably exist wnich would result in an environmental
haif=life much less than the 17 million year radiolagical half-lifa, the:

anvironmental half-life was conservatively taken to be the radiological half-lifa.

This conservatisam is prudent until bettar long-term jodine models ara develcped.
c. Response to Exposura

In considering responsa qof the population ta exposure %9 radiocactive nuclides,
the staff has no basis to choosa any responsas other than those aestimated

currently-=138 cancer deaths/10° persan-rem, and 258 genatic defects/TOs

persan-rem.13 In an attempt %o considar the potantial affacts of advances in
tachinology, three scenariocs were used~=-no cure or preventions for cancar or
genetic defacts; 3 possible cure or prevention for cancer and genetic defacts

in 7006 years; and a possible cure ar praevention for cancar or genetic defects

in 10Q@ years.
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2. Numerical Estimates of Dosa Commitments and Health Sffec:s

The models described above, together with the assumptions delineatad for
population and peopulation response to exposura have beQn used ts calculata
long=term dose commitments resulting from carbon=i4 and iodine=129 releases.

The values are given in Table [ (carbton=14) and Table II (fodine-123). It can
be seen from Table [ that integrating carbon=14 dose commitments over 10,000
years. captures essantially the total paerson-rem dose commitments froﬁ carben=14.

These data indicate that the total U.S. population exposure to infﬁnity»is

~about.3-4 times the first=-pass exposure and. the inf?nite-wor1d'poauraticn ‘

exposure.is-aboutjsAtimes the first-pass world population exposure. If no
cancﬁr cure:is.found, cumulative excass cahcér morfa]ities/RRY of about 0.08
CUmS;)vand'l (warld) might [e predicted from the carbon-14;ré7eases; Ifa |
cancer cure is effectad in 1000 years, the axcass cancar mértaIftfe;/RRY wdh]d,

peak at abeut 0.02 (U,S;)>and.0“3 (worlid). A cancar cure iﬁ'TGO'years'wourd;

| 1fmitiexée§s cancer mortality/RRY to about 0.02 (U.S.) and Q.1 (werid). A .

cumuJativé=to£a1 of about 0.1 (U.S.) and 3 (world) genetic defects RRY would
bg>bredicted'tn resylt over a period of 100,000 years from the carben-i4

rejeased. [T prevention of gemetic defects were possible in 1000 years, the

'eumuTatjvefggnetie.deﬁeets/RRY would be about 0.05 (U.S.) and 0.5 (warld);

with prevention in 100 years, the cumulative genatic defacts/RRY would be

about 0.04 (Y.S.) ang 0.2 (world).

[t can be seen from Table II that the dose commitments from jodine~123 continue
to fnereasa with time, eﬁen'beyond 250,000 years. Sinca the medel does nat

incorporate any removal mechanism other than radicactive decay (17 aillion




Table 1

Population Dose Commilments and Polential Heallh Effects
~ for 24 Ci/RRY Release of C-14 from Lhe Fuel Cycle

No Cancer Cure or Prevention or Cure of Genetic Defecls

Lime Cumudative Person-Rem (T.B. Risk Equivalent*) Cumulative Cancer Cumulative Genetic

{years) & Cumnlative Genetically Si-gnificam Dose (Organ-vem) Mortality Defecls
us.* Wor ld** u.S. World u.s. Vorld
100 150 800 0.02 0.1 0.04 0.2
1,000 180 1,900+ 0.02 0.3 0.05 0.5
10,000 390 8,900+ 0.05 1.2 0.10 2.3
100,000 440 10,0001+ 0.06 - 1.4 0.1 2.1
250,000 440 11,0000+ 0.06 1.4 0.1 2.7

. , _
lotal body dose equivalent is the sum of the total body dose and each organ dose multiplled by Lhe ratio of

the mortality risk per organ-rem to the mortality risk per person-rem total body).
Firsl Pass Dose = 127 persan-rem (Lotal body risk equivalenl) or organ-rem
'Based on approximation Lo Killough's €-14 model (ORNL-5269) as follows:

AKX

pevson-rem o - . 7 . - (L-100)(0.693/5,600) assumed world population of 10 billion
g P = 284592 (1 - KilTough population of 1221 bill{on

"Based on approximation to Killough's C-14 model as follows:

personcven —) Y . o ~(t - 10,000)(0.693/5,600) 5.2 billion avy.
i FD) =y MW 219 (- e L YT B ien

Y
(28}




Fime
{years)

100
1,000
10,000
100,000
250,000

100
1,000
10,000
108,000

250,000

L

lable 11

Population Dose Commitments and Potential liealth Effecks
for 1.3 Ci/RRY Release of 1-129 from a LW Repository

No Cancer Cure or PrevenLion or Cure of Genetic Defects

Cumulative Person-Rem
{total body risk equivalent)*

u.s.2* Wor I**
3l 40
3 123
60 960

175 4800
390 12,000

Cumulalive Cancer Mortalily

u.s, or1d
0.0042 0.0054
0. 0046 0.017
0.008) R W T
0.024 0.65
0.053 1.6

Cumulalive Genetically Significant

Population Dose (organ-rem)

b.§ ** Worid***
4.4 5.4
4.1 15
1.5 109

20.2 530

439 1320

Cumulative Genelic Effecls

b.s. orld
0. 000 0.0014
0.0012 0.0039
0.0019 0.028
0.0052 0.14
6.0l 0.34

X
loLal body dose equivalent is the sum of the tolal body dose and each organ dose multiplied by the ratio

of Lhe movtalily risk per organ-rem to the wmortality risk per person-vem (Lotal body).

A

AKX

First Pass Organ Dose 4.4 organ-vem

K
First PasL Dose = 31 person rem whole body risk equivalent

124
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year half=1ifs), the calculations could, in theory, be extendad to 200 miilien
years or so to capture the total dose commitments of iodine=129. This has not
been done for the present treatment. (A discussion of the significance of

long=time calculations is given in Section 3. beJoQ.)

The data in Table I[I show that the 250,000 year dose commitments (whole body
risk equivalent) from jodine-129 (390 U.S. and 12,000 world parson-rem/RRY)’
are about egual ;a.the 100,000 year (infﬁnite)'dose ccmmifments from carbon-14

(%40 U.S. and 11,000 world person-rem/RRY). Cumulative axcaess cancar

- mortalities/RRY for a 280,000 year exposure are about 0.05 (U.S.) and 2 (worid);-

cumulative genetic defacis/RRY (250,000 year) are ﬁbout’0,0T (U.5.) and 0.3
(“°'Td)°ﬁ '

1f a cancer cure were achieved TQOO years hencs, excass cancer-mortalities%RRY 
from iodine—lZﬁ:would ﬁe'Iimitad tq,about_01005:(U.S;) and 0.02 (warid). HFbr

a cancer cure in 700 years, excass cancer mortalities/RRY from fodine=129

would peak at abeut 0.004 (U.S.) and 0.005 (wberj. If prevention of genetic
defects were éossibie>in 1000 years, genetic defects/RRY would total about -
OfOOJ (U.S.) and 0.904 (warld); if genetic defacts were preventanle in 100

years, genetic defects/RRY would total about 0.301 (U.S. and werld).
3. The Significance of Long-Taerm (Josa Cammitments
In the abaove saction, at the direction of the Commission, the staff has provided

theoretical mathematical calgulations for dose commi<tments and health affacts

of carton=14 and jodine-129 far up %0 250,000 years. In order to gerform
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these calcuylations, tha staff has had to make a saries of assumptions based
ypon little foundation and in which it has little ar no confidence. Becausa
of the shortness of human lifa expeétancy relative to the much siower changes
occurring on earth, such as variations in climata, continental drift, erssion
and evolution of spegcies, it is qifficuit to comprehend the immensity of

petantial changes over long periocds of -ime.

For comparativaly shorﬁ-iived‘isotopes, dose commitment integrations can Ee

- prajectad for what amounts %o infinite time intarvals. For example, an infinita
time intagration of populati@n dosa can>be done- for tritium or kryptan=8S5

sinc2 such a time integration affectively requires,consideraﬁion of a periad

af about. 100 years-br'1ess; .However;-projectiné:popu]ation at risk, and
pepu]ation.response tﬁ‘riék over aven such:re?atiVely,short.time intarvals
requires many assumptioné wnich. the staff has reason to gquestion. It is
poss&b]e, for axample, to reasonably pestulate the fallowing occurrences:
duriﬁg,the next 100 yéar;;. major cnanges in the size of'tng pepulation at

risk because éf war or global starvation; cures. for or prevention of cancer

and. genetic daracts; the onset offthe "greenhousa! effact; the depletion_of

0i1, natural gas and mfnerg1.resaurcas. Any of these oczurrencas may have
.s#ghifieant.effécts>on“wor1¢wide cqﬁditions and affact the validity of calculatad

dose commitaents and ralatad health ef¥fects.

In addition %o changes in the:enVironment; it is also pessible that the response

of ‘man to exposure to raafaticn will change either up or down in the future.
It s thought-provoking to ccmpare the major health risks in today's America

. RS I T .
with those at the turn of the last century. U.35. vital stat‘.smcs1 show that
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in a period of only 7Q years, monumental changass have occurrad in many health
areas. For example, life expectancy at d2irth has increased from 33.0 years to
§5.3 years for non-whita Amaricans and from 47.3 years to 70.9 vears for wnita
Americans. This translatas to a percaived increasaed risk of cancars and
cardiovascular giseasas in recent years simply because more pecsle are living
longer than berore, and therefaore, have a greater prebability of contracting
such diseases which occur primarily in the latar years of lifa.

)
In addition, both cancars and cardiovascular diseases have tanded ta increase
simply because of advancas in the care, treatment and prevention of many other
sarious diseases. Since the total lifetime risk of mortality is 1 for evervane,
when the statistical probability for martality from a given cause decliines,
other propbabilities must increase. For axampie, ccnsi&er the following changes

in death ratas for major diseases sincas the baginning of this cantury:

Change in Risk of

Causa of Death - Deaths/100,000 Population Mortalisy bv 1870

. 1500 1970
Tuberculosis 194. 4% 2.6 factor of 75 lcower
Typheid % Paratyphoid Fever 31.3 3.035 "oon o500
Diphtheria 40.3 J.05 “roggQ
Cancar 64.9 162.8 " 2.5 nigher
Major Cardiovascular %

Renal Diseasas 348.2 496.Q " S R
Influenza & Pneumonia 202.2 30.8 * " 5,3 Tower
Gastritis, Ouedenitis, .

gAtaritis & Colitis 142.7 0.8 " vo249 "
Agcidents (including

motar venhicle) 72.3 58.4 “ o130
Jther major diseases $8.4 38.1 S .
QVERALL: 1,150,8 784.4 factor of 1.3 Tower
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Thus, it s c¢lear that the effactive control or eliminatien of many diseases

which, in the beginning of the twentieth century, typically were fatal before

" peanle reached an age where the risk of cancer aor cardiovascular disease would

have become. significant has at least partf;l"ly resulted in an apparent increasa
in such diseasas by 1970. It is alse ¢lear, however, that the averail risk of
mortality by major causes in the U.S. has declined by about one-third in only
the last 70 years. As a result, one might speculata that thera may te an

I.‘epﬁ demic” of people dying from "old age' in the centuries aﬁead from caﬁses’

that are little known or rare by today's standards.

Changes similar to those which have_largely occurrad in the pasti as the resuylt
of dramatic medical discoveries may occur as sciencé»continues to seek and
discaver more: effective: ways of cur?ngror’preventing'cancerfin:thg‘years,

ahead. The future radiological impact of the nuclear fuel cycle can be affacted
by.§uch reseafch'sfnce 1at§nt éaﬁcer'is:tne»oﬁiy‘kneQn"sericuS'résult‘of‘human _

radiation axposures. racsived at dgse ratas which do-not result in early mortalftyr

The .staff s unable to make any definitive statements about the possibie-

varfamiens in the Tong~=tarm dosa commitnents and:heéltn effects resulting from
pn&antﬁal_futUme,happgnings; However, the staff believes that the cumulative -
compined impacts frem long=lived radionuclides such as carson=14 and iedine=-129
are.small relative to thosa rom natural background which is about 100,000

5illien person rem (world) over a 250,000 year total. The cambined impact is '
7

only about.lﬂf percant of natural background.
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Section IV. Socioeconomic Impacts

Sociceconcmic impacts of the uranium fual cycle can result from increases in
levels of employment and public servicas requirements. 3ecause the topic is
so0 oroadly derined, it is desirable to 3pproach it as a series af intarrsiatad

subcatagories. Briefly, these consist of:

¢ Pcpujation = changes in population resulting from the influx of workers
~ and. their families at both the construction and operation stages of

facilisies.

o Econemy - inducad changes in income and expenditurass, including demands.

for services, both public and privata.

whi1é:ﬁnis=faetacqyas“not,discussed in WASH=1248, it was briefly covered in
the instant procaeding on the back end of the fuel cycle, and the following

discussion is basad on the record of that proceeding.

Far the nﬁciear fuel éycIe;lpqpulation and acanemic data can be obtained at-
aacn stage from mining, milling, and fuel fabrication through wasta isalation.
The: “abulation of conventional sociceconomic impacts at each stage can provide
a genéric‘measurefaf the convantional seciocecanemic impacts associated with the

entire fuel cycle.

For sach stage of the fuel cycle, the character and magnitude of the socioecs-
nomic impacss are site~specific and are determined Dy the size of the work

forca, the size of the local populations, the numper of {ncoming werkers in
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reiation to the population size, the capacities of pubiic serQice fagilities
impactad, the administrative capability of the impactad political jurisdictions,
and other related factors. The 3ize of work forces needed for reprocassing
plants and wasta-related facilities suggests that scciocecancamic. impacts shou]ﬁ
be manageable through proper planning ana mitigative efforts. In fact, the
sociceconomic affects of estapiishing reprocessing plants and wasta-related
Taciiities are not expected to differ in.quantity or qua]ity’ftpm:those-asse- \
ciated with any commercsial nuclear power plant.. The~socﬁceconémic caﬁsideraf

tiens can be summarized as follows:

Impacts tha;'can‘be'expected‘are comparable to or less than those
caused:ﬁy LWR construction activities and cﬁuld:inc]ude-noise and
dust-around. the sita; disrupticné'or~disiocations of residences cr
businessas; physical ar public-access impacts on hisﬁoric; cultuyral,.
_ and.naturaJAfeatures;.impacts.dn pubeC'servicaS’sucﬁ as.eduea:idng_
uﬁi]ftjgsqfthe~rqad system, recreation, ppric'heaIth, ahd safety;.
'increased'tax.revenues in jurisdictions where facilities are locatad;
increased Toca1'expenditures.far'sgrvices andnmater%a1s, ang. sacial

stressas. !

With réspec:vto the socicecanomic impacts éhatrmay be atiributable to reprocas-'
STag facilitias, NUREG-O1162 cites TVA information showing the anticipated
secibecdnem{c,impacts:asseciatad‘with the construction of an LWR are represanta-
tive of those socioecsnomic impacts which can be expectad frem consiruction

and: cperation of a reprocassing facitity.




32

Since a 2,300 metric ton reprocessing plant (the size of the model repraocassing
plant) is capaple of servicing $7 reactars annually, the sociceconomic impacts
from construction of a reprocassing plant atiributahle ta a single reactsr can

be approximatad as Jess than Z% of those of the reacthar.

With respect to the socideconomic impacts which can be attributad to a nign=
level wasta repository (HLWR), commercial nuciear power plant infarmatian

was utilized to illustrata the anticipatad impacts. The anticipatad impacts
can hé axpectad to vary depending upon the liccaticn of the repasitory and the

size of the surrounding ccmmunities.

P?eifminary astimatas of the construction labor force, davelcped by the Qffica
of Waste Isalation at Qak Ridge National Labaratary, shew a peak number of 200
people, in contrast to the average LWR work faorca of 2,000. The anticipatad
sacioeconemic impacts of high-level waste rapository caonstruction thus could

be aexpectad to Be less than those of construction of an LWR. Since the sreopesad
repesitory has the capability of servicing a total of 133 reactars, and can
store fuel 7rom 40 reactors (based an 1,Zﬂd RRYs over 30 years <7 operation),
tha socioceconomic impacts resulting from construction of the remository, when
allecated to a single reactor, would be only. 2 few percant of the socioeconemic

impact of constructing the reactar.

In terms of agparating work forge, preliminary estimatas develoged at the
@ffice of Waste Isalation at ORNL sat the number of Jeak laber force for a
high=levael wasta resository at 1,530, about 10 times that of an LWR work force

(179).
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An aaded 1,630 werkars to a rural =mployment base would mean a change in the
economy of the area. If the pattarn followed the axperience of large industrial
plants locating in small towns, the foliowing observations cculd be expectad

Lo app1y:3

1. Rural industrial development seldem producas an unmanageable peopula-

tion growth rate; it pravides a stabilizing influence an population;

2, There is 3 tandency for long distance commuting, which tands to

spread out impacts on community facilities;
3. Housing weuid be a commen preblem in rural areas.

If the settlement patiarn weras very csncantratad, the iﬁpacts an community
facilities and housing could be expected to Se larger. It is believed that
tha lead times will be sufficient to allow the potantially impactaed. communi-
ties and the appliicant to devalop mitigative programs which wduld allow for an

arderly and manageabie resoluticn of potantial socicecoqggj; impacts.

Should the repaesitory be lecatad within a relatively easy commuting distance,
it is believed that the surrounding communities should be able to absord the
1,830 workars with fewer impacts ccsurring and be able to resolve any potential

impacts requiring mitigation in advanca of the operation phase.

3asad upon these assassments of socioeconomic cansiderations asseciatad with

the construction and operaticn of reprocassing and waste burial racitities, it
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was cancluded that when they ars sporead over many power reaciars, they add an
insignificant amount to the environmental impacts of an individual reactor.

Thus, no specific value for socicecsnomic considardtions was placed in Table §-3.

In its effort to updata Table $-3, the Ccmmission is performing sociocecanomic
studies which are intended ts provide more detailed data on the impacts actually
experiencad as a resuylt of constructionvand operation of the facilitias involved
in eacn step of the nuclear fuel cycla. The studies may proQide information
that will permit an incremental assessment of socioeconomic impacts attributed

to the fuel cycle activities.
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