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CONTACTS:

ABSTRACT:

Additional copies or information concerning this statement can be obtained from:
Mr. Tom Bauman, Communications Diyision, U.S. Department of Energv, RichTand
Operations Office, Richland, WA 99352. Telephone: (509) 375-7378,

For generat information on DOE’s EIS process contact: Office of the Assistant
Secretary for Environment, Safety and Health, U.S. Department of Energy, ATTN:
Carol M. Borgstrom, Forrestal Building, 1000 Independence Avenue, S.W.,
Washingten, D.C. 20585, Telephone: (202) 586-4600,

The purpose of this Environmental Impact Statement (EIS) is to provide environ-
mental input inte the selection and imptementation of final disposal actions for
high-ievel, transuranic and tank wastes Tocated at the Hanford Site, Richiand,
Washington, and into the construction, operation and decommissioning of waste
treatment facilities that may be reguired in impTementing waste disposal
alternatives. Specifically evaluated are a Hanford Waste Vitrification Plant,
Transportable Grout Facility, and a Waste Receiving and Packaging Faciiity. Also
an evaluation is presented to assist in determining whether any additional action.
shouTd be taken in terms of long-term environmental protection for waste that was
disposed of at Hanford prior to 1970 as low-level waste {before the transuranic
waste category was established by the Atomic Energy Commission but which might
fall into that category if generated today).

The following alternatives are considered in this EIS: 1) in-place stabilization
and disposal, where waste is lTeft in place but is isolated by protective and
natural barriers; 2) geologic disposal, where most of the waste {by activity and
to the extent practicable) is exhumed, treated, segregated, packaged and disposed
of in a deep geologic repository; waste classified as high-level would be disposed
of in a commercial repository developed pursuant to the Nuclear Waste Policy Act;
transuranic waste would be disposed of in the Waste Isolatien Pilot Plant near
Carlsbad, New Mexico; 3) a reference alternative, where some classes of waste are
disposed of in geologic repositories and other classes of waste are disposed of by
in-place stabilization and disposal; 4) the preferred alternative, in which
double~-shell tank wastes, strontium and cesium capsules, and retrievably stored
TRU wastes are disposed of according to the reference alternative, and in which
decisions-are deferred on disposal of single~shell tank wastes and on further
remédial action for TRU-contaminated soil sites and pre-1970 buried suspect TRU-
contaminated solid wastes {except the 618-I1 site) until additional information is
obtained con waste characterization, retrieval methods, and performance of near-
surface disposal systems; and 5) a no disposal action alternative (continued
storage).
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FORERORD

This environmental impact statement {EIS) provides analyses of environmental impacts for
the selection and implementation of final disposai strategies for the high-level (HLW),
transuranic {TRU} and tank wastes generated dufing national. defense activities and stored at
the Hanford Site near Riéh]and, Washington., Also an evaluation is presented to assist in
determining whether any additional action should be taken in terms of long-term environmenta?
protection for waste that was disposed of at Hanford prior to 1970 as low=level waste {before
the transuranic waste category was established by the Atcmic Energy Commission {AEC) but
which might fall into that category if generated today)}. This document also addresses
environmental impacts associated with the construction, operation and decommissioming of
waste treatment facilities that may be required to implement the waste disposal alternatives.

Several previous documenté have addrassed'envirohmenta1 aspects of the management of
defense waste at the Hanford Site. The first comprehensive one, The Final Envircnmental
Statement for Hanford Waste Management Operations (ERDA-1538), was issued in 1975. In that
statement, waste management practices at Hanford were shown to protect the public health and
safety and the environment on an interim basis., Those practices, however, were not and are
not intended as final solutions for long-term isolation and dispn§a1 of high~1eve1, TRU and
tank wastes. ' ' o

In 1877, the Energy Research and Development Administraticn {ERDA) issued the report
Alternatives for Long-Term Management of Defense High-Level Radioactive Waste (ERDA-77-44),°
which included preliminary cost estimates and analyses of near-term risks associated with
alternatives considered. That document examined 27 variations on four options for the
processing and disposal of Hanford HLW, encompassing numerous final waste forms and storage
and qisposé1 modes.

In 1578, the National Research Council of the National Academies of Science énd
Engineering issued a report entitled Radioactive Wastes at the Hanford Reservation: A
Technical Review, concluding that there has not beern in the past, and is not at tﬁe present,
any significant radiation hazard to public health .and safety from waste management operations
at Hanford. The Council recommended that long-term isolation and disposal of Hanford high-
level waste become the méin foéus of waste management research and development. :

The need to include retrievably stored TRU waste within the scope of wastes to be dis-
posed of, and concerns about potential environmental impacts of wastes disposed of before
1570 as low-level wastes (before the Atomic Energy Commission estabTished thé TRY: waste cate-
gory but which might be classed as TRU if generated today)}, led to enlarging the earlier plan
that was to issue an EIS covering high-Tevel waste only. Accordihgly, on April 1; 1983, the
Department of Energy (DOE)} published in the Federal Register {48 FR 14029)'a‘No£ice of Intent
(NOTI) to prepare an EIS on Disposal of Radioactive Defense High-Level and Transuranic Wastes
at Hanford. ' '

Eighteen comment letters were received in response to the Notice of Intent to prepare
this EIS., Ten of the letters only requested copies of the draft EIS when issued; eight
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contained comments regarding its preparation, The draft EIS was published during March 1986,
and its availability was published in the Federal Register on April 11 (51 FR 12547). During
the 120-day agency aﬁd public comment pericd on the draft EIS, which began on April 11, 1986,
243 letters were received that provided about 2000 substantive comments on the draft EIS. . In
addition, oral testimony was heard on the draft EIS in public hearings held during July 1986,
in Richland, Washington; Portland, Uregon; Seattle, Washington; and Spokane, Washington.

Excluded from consideration in this EIS are low-level radicactive wastes in 1iquid and

'solid disposal sites at Hanford {see ERDA 1538).- These waste sites are presently being

reviewed under hazardous-waste regulations. Alsc excluded are wastes generated by decon-
tamination and decommissioning of surplus or retired facilities after the year 1983 (other
than for those facilities directly associated with waste disposé]). Those operations will be
the subject of other National Environmental Policy Act (NEPA) reviews.

The Defense Waste Management Plan (DOE/DP 0015} states of the Hanford wastes: "Immo-
bilization of new and readily retrievable high-level waste will begin about 1990 after

sufficient experience is available from Savannah River's vitrification process. Other waste

will be stabilized in place in the 1985-2015 time frame if, after the requisite environmental .

documentation, it is determined that the short-term risks and costs of retrieval and trans-
portation outweigh the environmental benefits of disposal in a geologic mined repository."”

It is necessary to understand the major differences between civilian and defense wastes
and the programs to effect their disposal. Both types of waste include fission products and
transuranic waste elements. On the other hand, the quantities of these elements, the physi-
cal and chemical fdrm§ of the wastes, and thé technically sound alternatives for -their dis-
posal are markedly different. In all cases; for both civilian and defense, the final methods
selected will have to meet the Environmental Protection Agency {[EPA) standards (40 CFR 191}
for the disposal of spent fuel and high-level and TRU wastes. The Nuclear Waste Policy Act
of 1982 mandates a procedure to select the potential repository sites for detailed
characterization. '

A comparison of the Hanford waste inventory resulting from chehica1 processing of about
100,000 metric tons of nuclear reacter fuel with that of a commercial repository containing
70,000 metric tons of spent fuel elements is enlightening. In this comparison, the waste -
inventory from 100,000 metric tons of Hanford reactor fuel contains about 4% as much of the:
readily transportable {gechydrologically) iéotopes 140, 99Tc, and 1291 as is contained in

70,000 metric tons of commercial spent fuel, It contains only 1% as much 905y and 13705 and -

about 0.1% as much of the primary transuranics 239Pu, 240Pu~, and 2%1am.  The volume of the
Hanford wastes is markedly Targer than the civilian wastes cited above--410,000 m3 of Hanford

3

wastes as compared to 29,000 m® of commercial spent fuel.

The physical and chemical characteristics of existing and potential waste forms
considered in this EIS are highly diverse: 1liquid waste in double-shell tanks,
vitrified/canistered wastes (from processed double~shell tank wastes); sludge and salts in
the single-shell tanks; strontium and cesium capsu]es that are further protected with a

vi
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handling container; previously disposed of pre-1970 wastes in various forms and containers;
and finally, Tow-level waste products, from the processing of double-shell-tank waste, in the
form of grout.

In -accordance ﬁith the requibements of NEPA, as amended, and 1mpTementing regulations of
the Council on Environmental Quality (CEQ) published in the Code of Federal Regqulations as

40 CFR 1500, this FIS was written early in the decision-making process to ensure that
environmental values and alternatives are fully considered before any decisions -are made that

might lead to adverse environmental impacts or Timit the choice of reasonable alternatives.

This process will also help ensure that the public is fully informed and s involved in the
decision-making process. '

To comply with the NEPA's requirement for early preparation of environmental documenta-
tion, this EIS has been prepared early in the disposal decision process. As with any major
action, it is expected that once a disposal decision is made, subsequent detailed engineering
may enhance specific waste retrieval, treatment, handiing, immobilization and/or disposal
processes evaluated in the EIS. However, the processes evaluated in this document have been
chosen such that, when finally implemented for any of the options, the processes would not be
expected to result in environmental impacts that significantly exceed those described here.
The DOE believes that bounding analyses performed in this EIS meet the requirements ‘of CEQ
regulations for analysis of all reasonably forseeable significant adverse impacts.

Implementation of defense waste disposal under the alternatives described.in this EIS
will be done in compliance with the letter and spirit of applicable federal and state
environmental statutes, requiations and standards. To ensure that impacts of specific
processes used during disposal implementation do not differ significantly from the results of
the analyses set forth in this document, DOE will conduct environmental reviews of the
specific processes as finally proposed. On the basis of these reviews, DOE will determine in
accord with agency guidelines what additional NEPA documentation is required, The DOE
anticipates that a supplemental EIS will be prepared prior to a decision on a disposal option
for single-shell tank waste.

This document is not intended to provide the environmental input necessary for siting or
constructing a geologic repository. For analysis of environmental imbacts of alterpatives
involving geologic disposal, generic designs for either an offsite or onsite repository were
used. Detailed environmental documentation required by the Nuclear Waste Policy Act of 1982
will be prepared before a geologic repository is sited, constructed and operated. A future
EIS to address site selection is expected to include a discussion of cumulative impacts of
the repository program at all candidate sites, including Hanford. '

Dther NEPA documentation relevant to this EIS includes the supplement to ERDA-1538,
Double-Shell.Tanks for Defense High-Level Radicactive Waste Storage at the Hanford Site

(DOE/EIS-0063), and the Final Environmental Impact Statement--Operation of PUREX and Uranium

Oxide Plant Facilities (DOE/EIS-0089). (The draft PUREX EIS with an addendum constituted the

final PUREX EIS.)

vii
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Environmental considerations regarding disposal of Hanford's retrievably stored TRU.
waste at the Waste Isolation Pilot Plant (WIPP) {except for retrieval, processing, packaging,
certification and transportation of waste from Hanford to WIPP, which are discussed in this
EIS} are based on the Final Environmental Impact Sfatement--waste Isolation Pilot Plant

(DOE/E1S-0026). Environmental considerations associated with waste disposal in gecioglc
repositories are based on information from the Final’ Env1runmenta1 Impact Statement--
Management of Commercially Generated Radioactive Waste (DOE/EIS-0046F)., Atternatives to

disposal of high-1eve1 waSterin geologic repositories were described in that document.

Environmental considerations associated with borosilicate glass as a waste form for
repository disposal of waste and with the construction and operation of a plant to provide
vitrified waste are based in part on information developed in three previous NOE documents:
Final Environmental Impact Statement--Defense Waste Processing Facility Savannah River Plant,

Aiken, South Carolina (DOE/EIS-0082); Environmental Assessment--Waste Form Selection .

far SRP High-Level Waste (DOE/EA-0179); and Analyses of the Terminal Waste Form Selection for

the West Valiey Demonstration Project (WVDP-100 DOE).

- The EIS has been structured to conform as closely as possibie to the format described in
CEQ Regulation 40 CFR Parts 1502.1 through 1502.18. To provide more information for the
reader than can be reported within the text of Volume 1, more detailed information is
inctuded in 22 appendices (Volumes 2 and 3). Figure 1 -in the Introduction to the Appendices
{Volume 2, p. xxiv} shows the purpose of each appendix and how appendices relate to each
other and to the text of Volume 1. Lines in the margins of Volumes 1, 2 and 3 indicate the
areés where revisions were made., Volume 4 contains agency and public comments received and
responses to them as well as the indication of location where revisions were made to the
draft EIS. Volume 5 contains a reproduction of all of the comment letters received.

The final EIS 15 being transmitted to tommenting agencies, made available to members of
the public, and filed with the EPA. The EPA will publish a notice in the Federal Register
indicating that the BOE has filed the final EIS. A DOE decision on proposed actions will not
be made earlier than 30 days after the EPA has published the Federal Register notice for.the
final EIS., The DOE will record its decision in .a publicly available Record of Decision {ROD}

document published in the Federal Register.
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EXECUTIVE SUMMARY

This environmental impact statement (EIS) examines the potential impacts calculated for
alternatives for the final disposal of existing defense wastes stored at Hanford since 1943
and future wastes (those produced after October 1983). Wastes exciuded from the_scope of
this EIS are preyiously disposed-of low-Tevel wastes and those associated with the'decon-
tamination and decommissioning of surplus or retired Hanford facilities after 1983, the
latter of which will be the subject of other National Environmental Policy Act {NEPA)
reviews. Included, however, are those wastes from.decontaminétion and decommiséioning of
future facilities such as the Hanford Waste Vitrification Plant {HWVP) that might be built
and operated in direct support of disposal actions addressed herein, While existing and
future wastes lend themselves to the same type of treatments afforded commercial nuclear
wastes, the -older tanks, cribs, and burial sites contain a variety of wastes in various forms
that may require specialized treatment and recovery operations.

For purposes of .analysis, the wastes under the scope of this EIS ‘are divided into six
classes; four of these consist of waste presently stored or future waste to be placed in
interim storage pending disposal. The other two classes are wastes previously disposed of as
tow-level waste. Because of their transuranic {TRU) content, these two were reexamined to
assist in determining whether any additional protection is justified. The classes are as
follows: '

1. Existing Tank Wastes--This class is further subdivided because of physical differ-

ences in tanks and chemical differences in their contents:
e Single-shell tanks containing mostly solid wastes not readily retrievable

o Double-sheli tanks containing 1iquids and suspended solids that are readily
retrievable by pumping and sluicing.

2. Future Tank Wastes--Tank wastes generated from PUREX(a) operations after October
1983 will be stored in double-shell tanks as liquids and suspended solids that are.
readily retrievable by pumping and sluicing.

3. Strontium and Cesjum Capsules--The capsules will be held in water basins. After

their useful life these byproducts will be returned for disposal. These wastes
are double-encapsulated in stainless steel or Hastelloy®.

4, Retrievably Stored and Newly Generated TRU Wastes--These wastes consist of solid

TRU waste produced since 1970, packaged, labeled and stored pending final dis-
posal. Future TRU wastes are also included in this class.

5. TRU-Contaminated Soil Sites--These sites consist of soil contaminated by disposal

of liquid wastes in cribs, ditches, trenches, settling tanks, French drains, and

(a) jjutonium.ggﬁnium EXtraction.
® Tastelloy is the registered trademark of Cabot Wrought Products Division,
Cabot Corporation, Kokomo, Indiana.




reverse wells (also known as injection wells). Although previously disposed of,
these wastes were reexamined to determine whether additional environmental

‘protection is warranted.

Pre-1970 Buried Suspect TRU-Contaminated Solid Wastes--Thease cohsist of general
trash and failed equipment disposed of by burial in trenches prior to 1970.
A]though disposed of, these wastes were also reexamined to determ1ne whether
additional protect1on is warranted

0f the disposal. alternatives studied, three were considered to be reasonable for

detailed analysis. Also a preferred alternative was identified for- the final EIS. A highly

abbreviated description of the features of each of the alternatives follows below.

1.

Geologic Disposal--Essentially all wastes {by activity) are removed to a deep geo-

logic repository; a low-activity fraction is disposed of as grout in near-surface
vaults specifically designed to meet long-term performance requirements and those
of the Resource Conservation and Recovery Act ofl1976. High-level wastes (HLW)
are sent to a commercial repository for disposal;. transuranic (TRU) wastes are
sent to the Waste Isolation Pilot Piant (WIPP). Protective barriers are instalied
over tank residuals and grout vaults. A marker system is installed.

In-Place Stabilization and Disposal--All wastes are stabilized in place and left

at Hanford. Protective barriers are installed over all waste sites. A marker

‘system is installed.

Reference (Combination Disposal)--Essentially all (by activity) present and future

h1gh -level waste in double-shell tanks is sent to a commercial deep geologic
repos1tory, and the low-activity fraction is disposed of as a grout in near-

‘surface vaults. The vaults are specifically desygned to meet 1ong-term

performance requirements and those of the Resource Conservation and Recovery Act -
of 1976. Encapsulated strontium and cesium wastes are sent to a commercial
geo1ogic'repository,'and retrievably stored and future TRU wastes are sent to
WIPP. In order to consolidate TRU waste on the 200 Areas plateau, TRU waste from
the pre-1970 buried shspect.TRU-contaminatéd so1id_waste'$ite (618-11, the only
TRU waste site outside of the 200 Areas plateau) is retrieved, procéssed and sent
to a geologic repository. All other wastes are stabilized in place. Protective
barriers are installed over ali waste,s1tes. A marker system is 1nsta11ed.

Preferred Alternative--Essentially a11 {by act1v1ty) present ¢ 4 future high- ~level

waste in double-shell tanks is sent to a commercial deep geologic repository, and
the low-activity fraction is disposed of as a grout in near-surface vaults. The
vaults are specifically designed to meet'1oﬁg-term performance requirements and
those of the Resource Conservation and Recovery Act of 1976 and are covered by a
protective barrier and marker system. Encapsulated strontium and cesium wastes
are sent to a commercial geologic repositery; retrievably stored and future TRU .
wastes are stored until disposed of in the WIPP facility; and, as in the reference
alternative, TRU waste from the pre-1970 buried suspect TRU-contaminated solid




waste site (618-11) is sent to a geologic repository. Decisions on disposal of
ail other wastes are deferred until additional development and evaluation are
completed, In the interim, DOE would continue storage and maintenance of those
wastes. When sufficient data to support further decisions become available, DOE
would prepare additional documentation for public review and comment, such ae a
supplemental EIS for disposal of single-shell waste or documentation of remedial
investigation/feasibility studies under the Comprehensive Environmenta1 Response,
Compensatfon and Liability Act (CERCLA)}. Figure i illustrates the gehera1 process
for proceeding with dispasal of defense wastes under the preferred alternative.

Design/Construction

1™ &Operaion -]
i
1 Double-Shafl :
-1-. Tank Waste 1
[ Disposal Facilitfes [
i i
1 Strontium & !
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. 1~ Evaaton "7 '1l I- = & Qperation |
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s -+t Tenk Waste y » Suppiemental [l Alternative i P Tank Waste
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g 1 Remedial Action ) | 1 Remedial Action
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P, 4' w Suoni.lasﬂg‘?w > Lo T ::;;;:Zr:::a‘ad
L Remedis! Action ] ]] Remedial Action
} ] -
e ' b ——— ! b
e FIGURE i. Process of Hanford Defense Waste Disposal under the Preferred Alternative
(EIS-Environmental Impact Statement; ROD-Record of Decision;
o, NEPA-National Environmental Policy Act)
o

5. No Disposal Action--Storage of wastes continues, but no disposal action is

taken. No protective barriers and no markef systems are instalied. This case is
included to comply with the Council on Environmental Quality requirements for a no
action alternative. Most of the impacts arise as a resuit of Joss {assumed) of
active institutional control in the year 215D, which is assumed for all alterna-
tives. These impacts are not representative of continued waste management
prattices. '

The preferred alternative was developed following agency and public review of the draft
EIS. Although it was recognized that disposal of single-shell tank waste, the pre-1970
buried - suspect TRU-contaminated waste and TRU-contamfnated-soi1s is no less important than
disposal of double-shell tank waste, capsules and retrievably stored TRU waste, consensus
focused on proceeding with disposal-of those wastes that could be most readily disposed'of




(particularly liquid waste) and deferring disposal decisions on the.other wastes. There
would appear to be no conflict between implementation of the’ dTSposaI act1ons of the =
preferred alternative and any federal or state regulations. ” '

It was alse reCOgnlzed that because the radioactive wastes in single-shell tanks have
been reduced from 11qu1d to s1udge and semisolids, there is Tittle threat from further -
Teakage and no . urgent need to effect disposal despite a large inventory of waste in those
tanks. Similarly, the pre-~1970 buried suspect TRU-contaminated solid waste and TRU-
contaminated soil sites have remained stable, and again, there is no urgency for eiéction.of
further remedial action. Moreover, possibTe application of RCRA and CERCLA to these 1étfer'
classes of waste suggested the need for further characterization of the wastes {including
chemicals) and review for compliance with applicable hazardous-waste regulations.,

Waste treatment and disposal facilities such as the Hanford Waste Vitrification Plant,
thé Transportable Grout Facility, and the Waste Receiving and Procéssing facility would be
required for the geologic disposal, reference and preferred alternatives. These facilities
are described in appendices to this EIS, and impacts from construction and operation are
included with the prasentation of other operational 1mpacts. It is intended that this EIS
provide the NEPA documentation for those facilities. ' '

The environmental impacts (both short- and long-term} calculated for the alternatives
generally are Tow and show no marked differenﬁés among the disposal atternatives except for
intrusion scenarios. In some 1nstances the no d1sposa1 action alterna+1ve might resuit in
potent1a1 reieases that numerically exceed Env1ronmenta1 Protection Agency release standards
in Subpart B of 40 CFR 191, promilgated on September 19, 1985, (2)

The short-term cumutative total-body radiation doses(b) resulting from implementing each
alternative are shown in Table i. Although these doses are small compared to the estimated
2,500,000 man-rem the sahe offsite hopuiation would receive from natural background during
the 60~yéar operational period, they do show some significant differences among alterna-
tives., For exampié, geologic disposal results in increases by factors of four to eight in
occupational exposures due to increased doses from the extensive retrieval and procéssing
operations. Likewise, transportation doses-ére higher for the geologic, reference and -
preferred alternatives, which invofve_transportation, when the shipments of the high-1evel
wastes are:made to an offsite repository as compared to an onsite repository.

{a) The U.S. Court of Appeals for the First Circuit vacated and remanded the 40 CFR 191°

© regulations back to EPA (Civil Action 85-1915). Subsequently, the court order was'
amended to reinstate Subpart A of 40 CFR 191. Nevertheless, prior to disposal of
any of the wastes subject to 40 CFR 191, compiiance with 40 CFR 191, as eventually
promulgated by the EPA, will be demonstrated. Analysis and dTScu551on of 40 CFR 191
‘requirements aré based on this regulation as promulgated on September 19, 1985,

(b} In accordance with common practice, the term "dose," when applied to 1nd1v1dua1s and .
populations, is-used for brevity in the HDW-EIS instead of the more precise term "dose
equivalent" as defined by the International Commission on Radiation Units and
Measurements (ICRU). See Appendix F for a descripticn of radiation doses used in the-
HDW-EIS. ' ’
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TABLE i. Comparison of Collective Operational Radiation Doses {1990-2050} from
Implementing Alternatives, man-rem

In-Place
Expadsure Geologic Stabilization Reference No Disposal Preferred

Classification Disposal and Disposal Ajternative Action Alternative
Occupational 15,000 2,400 3,800 - 1,500 3,800 ~ 15,000
Offsite _ 50 1 1 2 . l-50

Population :
Transportation _ _ _

HLW Onsite, 1 1] 40 0 40 - 45

TRU to WIPP '

HLW Offsite, 85 0 M3 i 43 - 85

TRU to. WIPP

Nonradiological injuries, illnesses {lost time) and fatalities for workers are shown in
Table ii for each alternative. Calculated differences are only slight for the cése in which
the high-level fraction is disposed of in.an onsite repository and the TRU shipped to WIPP,
For example, calculated transportation fatd]ities (for the geologic disposal alternative) are
reduced from two to one when high-level wastes are disposed of in an onsite repository. '

TABLE ii. Summary of Nonradiological I 'usies and I11nesses and Fatalities to Workers
: from the Various Alternatives'®

In-Place
Geologic Stabilization Reference No Disposal: Preferred
Operation Disposal and Disposal Alternative Action. A]ternative_
Waste Processing and 520/2 11070 150/0 NA(b) -150/0 - 520/2
- Stabilization '
Transportation(c) '

HLW Onsite, TRU to WIPP 1371 NA 10/1 NA 10/1 - 13/1
HLW Offsite, TRU to WIPP 2172 _ NA 10/1 ©ONA 10/1 - 2172
Repository Emplacement 380/2 NA 7270 NA 72/0 - 380/2

Continued Operations - NA NA NA _ 130/0 NA

{a)} Numbers in table are shown as injuries{and illnesses}/fatalities.
(b} Mot applicable.
{¢} Includes.public.

Costs vary considerably among alternatives, as can be seen in Table iii. Due to recov-
ery, processing and shipping operations, the costs of the geologic alternative and the upper
end of the preferred alternative (geologic) are five to seven times those of the other

xiii




(TABLE iii. Comparison of Costs for Implementing Alternatives, Millions of $1987(2)

Geologic Disposal Reference _
HLW HLW HLW - HLW Mo Disposal Action
Onsite, Offsite - _ Bnsite, . Offsite : _.kach o
TRU TRU In-Place o TRU: . TRU ‘Preferred First  Additional

to WIPP to WIPP  Stabilization to WIPP to WIPP Alternative 100 yr 100 yr-

16,900 17,500 2,400 - 3,900 .3,900 3,900-16,400 1,800 11,300

(a) Costs were revised from the draft EIS to reflect increased proposed repository
fees. Since the above costs were calculated, further, increased reposwtory'fees _
have been proposed. If put into effect, these additional increases would raise the
cost of the geologic alternative by 20%, the -reference alternative by 5% and the
preferred alternative by 5 to 20%. Although these changes do not affect the
relative cost comparison of alternatives, they do widen the cost difference
between the geo1og1c and preferred alternative and the other alternatives.

However, the increase has not changed DOE's choice of a preferred alternative.
Additional changes in est1mated repos1tory fees may be expected in the future.

disposai alternatives. Costs associated with the no disposal actfon (continued storagé)
a]ternat1ve are shown to be the lowest at $1.8 billion for the first century. However, costs
of no d1sposa1 action are estimated to be an additional $1.3 biliion for each succeeding
century. Costs are higher than in the draft EIS primarily because of increased estimated
cost of repos1tory emp]acement.

In the absence of intrusion into the waste sites, long-term environmental impact analy-
sis for the general population indicates no major differences among the disposal alterna-
tives, but the no disposal action, under some scenarios, exceeds 40 CFR 191 release Timits
applicable to disposal alternatives. With either the present climate, or with the average
precipitation doubled and combined with a disruptive barrier failure scenario, the current _
analysis indicates that'the general public would be protected in all disposal aTtanatives;
Downstream users of the Columbia River would incuﬁ, at most, one health effect assdciated-
with the disposed-of waste over 10,000 years. However, where it was assumed in the no
disposal alternative that active institutiona] contro} was lost in 2150 {loss of active
institutional control is assumed so1e1y to permit a parallel analysis w1th the disposal -
alternatives), 400 to 4,000 health effects were ca1cu1ated to occur among the public as a
result of'repopu1at1on of the Hanford Site. _This may be compared to the 300,000 to 3,000,000
health effects estimated (using the same factors) for the same population and time period
from exposure to natural background radiation over the 10,000-year period. For further com-
parison, about 50,000,000 cancer deaths would occur from other causes in the same population
over the same time period. ‘

Virtually all radioactive waste substances yielded in the process of producing or util-
fz1ng special nuclear material are contained, dasso]ved or suspended in nonradiocactive chemi-
cal media. Some of these mnonradioactive media may be classed as hazardous waste. In all of
the disposal alternat1ves, the nonradioactive hazardous waste would be disposed of near




surface (in single-shell tanks, grout vaults or left 1n-p]a¢e in the so0il). Under the
geologic, reference and preferred alternatives, the low-activity fraction of double-shell
tank waste would be treated to destroy chemical complexants before its disposal near surface.

The release of selected chemicals associated with the Hanfaord wastes (nitrate ion,'
cadmium;'f1uoride, chromium, and mercury) was analyzed. For the disposal alternatives the:
ca]cu1éted Concentrations at a well 5 km from the waste were well below limits -established by
the EPA drinking water standards {40 CFR 141). The no disposal action alternative under some
conditions showed calculated chemical concentrations up to 1,000 times these standards. In
no case was the standard exceeded in the Columbia River water. Additional chemical char-
acﬁerization datd is necessary to permit assessment of potential impacts of other hazardous
chemicals associated -with the wastes. These and other needed data suchlas geochemical
transport parametérs would be collected and used to perform additional impact assessment and
a regulatory compliance assessment prior to implementing a final disposal alternative.

No impacts to_the general public were found from the previously disposed of TRU-
contaminated soil sites or the pre-1970 TRU buried solid waste sites, whether they were Teft’
as disposed or additional protection was provided. Additional remedial action such as the
protective barrier and marker system is being considered for protection of sites frem inad-
vertent.intrusion into these wastes. These sites are also presently being evaluated by DOE
for possible remedial action under CERCLA. '

Several scenarios were analyzed to determine what impacts might be expected te intruders .
who might drill or fam in the marked waste area on the 200 Areas_plateau or to those. indivi-
duals on the Hanford Site who might farm below the plateau out of site of the markers in the
absenée of active institutional control. When the various intrusion scenarios are weighted
for their probability, ne- more than one health effect is expected over 10,000 years. If
records -and markers were destroyed or ignored, estimated impacts of intrdsion.would'be zero
health effects for residual wastes disposed of near surface according'to the geologic
disposal alternative, 130 for in-place stabilization and disposal, 64 for the reference
alternative, 0 to 64 for the preferred alternative, and 120 for the no disposal actien
alternative. In a scenario in which some 65 farms were postulated to be established on the
Hanford Site along the Columbia River, at most two health effects were calculated for any of
the disposal alternatives over a.10,000—year period. For fhe na disposal action, with a loss
of institutional control in 2150 and subsequent resettlement and groundwater use, from 10 to
300 health effects were calculated (whiﬁh could be repeated if knowledge of the event were
Tost). '

A1l of the disposal atternatives have low environmental impacts. 'The geologic alterna-
tive shows the lowest impacts in terms of releases to the environment but the highest expo-
sures to workers and ‘the public, as well as markedly higher costs than in the other disposal
alternatives. The reference alternative has intermediate costs, low releases and exposures,
and complies with the current policy of disposing of readily retrievable high-tevel and
stored TRU defense wéstes in a geologic repository. Costs and impacts of the preferred
alternative would be'between those for the geologic and reference'a1ternatives. However, the
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preferred alternative would defer dispdsaI decisions for some wastes for an estimated 10 to
15 years until enough additional waste chara;terization.and information on waste disposal
system performance is available for final waste disposal decisions. The no dispesal action
could result in the lowest short-term costs, but in the long term the total costs may exceed
the total costs of the othier alternatives, If active institutional control were ever tost,
the no disposal action alternative could lead to the highest environmental impacts aue to
assumed resettlement of the site.

This EIS is both a programmatic EIS intended to support broad decisions with respect to
the disposal strategies for ‘the Hanford waste addressed in this EIS and an impiementafion EIS
intended to provide project specific'environmenta1 input for decisions on moving forward with
certain disposal activities and facilities.  The objective of the Hanford Defense Waste Pro-
gram is to-dispose of tha Hanford high-level, transuranic and tank wastes in a-safe, environ-
mentally acceptable and cost-effective manner. ‘

At present there is insufficient information with which to prepare a complete post-
disposal compliance analysis in accordance with EPA's Environmental Standards for the
Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Waste, 40 CFR 191,
for any of the alternatives. The management portion of the standard would not be expected to

‘impact any of the alternatives since the estimated doses from operations were shown (Sec-

tion 3.4,1.1) to be substantially below the specified limits. It appears that the Assurance
Requirements portion of the standard would be met for all the waste classes and alternatives
except for retrfevably stored TRU for the in-place stabfilization and disposal alternative
{additional barriers might be required).

Appiication of RCRA as amended and CERCLA as amended to Hanford radioactive wastes is in
its beginning stages. While theée Acts are not seen as precluding any of the alternatives,
requirements for leachate collection systems {which would be impractical for existing large
underground tanks) might. resuit in the need for variances or certain design features in the
waste vitrification facilities in the case of near-surface disposal. Preliminary identifica-
tion of CERCLA sftes has been made; however, additional characterization is required because
of the diverse chemicals that héve been used at Hanford.

Consideration of licensing by the Nucltear Regulatory Commission of commercial
repositories is outside the scope of'this‘EIS. However, for wastes to be disposed of in situ
in the in-place stabilization and disposal alternative or reference a1ternativé, the NRC
noted when responding to thé draft EIS that "...establishing the'feasibility of such disposal
as technically adequate to protect public health and the environment will be exceedingly
difficult and may not be achievable."

Other laws, standards and regulations are applicable primarily during operational
phases. Operational experience suggests that the ability to comply with theﬁe other laws and
regulations wdu]d not be affected significantly regardless of the alternative selected. In
any event, DOE intends to meet atl applicable laws, standards and regu]at1ons for the
protection of public hea]th and the environment.
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1.0 GENERAL SUMMARY

This section provides a general summary of this environmental impact statement (EIS).
It is an overv1ew of the five-volume final EIS itself, which details the proposed federal
action, the issues involved, the decisfons that need to be made, and the comments made
regarding the draft EIS.

WHAT IS THE ISSUE?

The Department of Energy (DOE} is making a comprehensive effort to identify and .select
the means for permanently disposing of existing and ?uture-defense wastes at the Hanford Site
near Richland, Washington. The DOE has examined a wide range of methods for permanentiy dis-
posing of those Hanford defense wastes at the Site that are termed high-Tevel, transuran1c or
tank wastes; DOE, in the draft EIS, identified three principal disposal aiternatives (or
options) from a larger number of possibilities. These options--geclogic disposal, in-place
stabilization and disposal, and reference {or combination) alternatives--were evaluated 1in
the draft EIS, which was subjected to an extensive review and comment process. - A no disposal
action (continued storage} alternative was also examined, as required by the Council on
Environmentél Quatity's (CEQ's) regulations for implementing the Natienal Environmental
Policy Act (NEPA). A preferred alternative was added for the final EIS.

The proposed action to which the EIS provides environmental information is to select and
'TmpTement a final disposal plan for these wastes generated and stored at Hanford. The EIS
also evaluates whether there is need for further protective action regarding certain wastes
previously disposed of at the Hanford Site. The purpose of the proposed action is to dispose
of these Hanford defense wastes in such a way'that public health and safety and the environ-
ment are protected. Implementation of defense waste disposal_under the alternatives
described in this EIS will be done in compliance with the letter and spirit of applicable
federal and state environmental statutes, regulations and standards.

This EIS discusses defense waste only. The disposal of wastes from commercial reactors
and the selectiogn oflthe Hanford Site for detailed characterization as a potential site of a

commercial repository are being evaluated in other documents by the Basalt Waste Isolation
Project.

To dispose of these Hanford defense wastes is of prime importance. The wastes are

already on the Hanford Site. The challenge is to protect public health and safety and the
environment in a cost-effective way.

HOW HAS THE PUBLIC PARTICIPATED IN THE DECISION-MAKING?

For all proposed major federal actions significantly affecting the quality of the human
environment, the National Environmental Policy Act (NEPA} of 1969 calls for a process such as
that depicted in Figure 1.1. This process focuses on preparation of an EIS and on review and
comments by the public and by government agencies. Such a procedure is followed to help
ensure that ali reasonable alternatives and environmental issues are addressed and carefully
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Notice of Intent Public Participation . ' Draft EIS

‘in _ Scoping Process ' is Prepared, .
Feder_al Register 1 (30 days} : Taking into Account
(A:prﬂ 1, 1983) . Comments to DOE . Comments Received |
Describes Backgil'o_und, ‘on Scope of in Scoping Process.
Proposed Action . Environmental issues ’
Alternatives and : .and Concerné (28 .
Anticipated Environ- _ Comments Were
mental Issues. Received for This EiS)
Requests Public: :
Comment. .
iﬂ‘ Public Participation ' ' Final EIS R " Record of Decision ' I
' _ Comments on Draft is Prepared, is Published,
ofi EIS {120 Days} . | = Taking into-Con- ‘At Least. Stating Decision
. ' : Forums and Hearings : o sideration the 30 Days - Made, Alterna-
‘ f‘"“.ﬂ‘ ‘ are Held. Oral and  jemsmsmemis| * Pyblic Comments. --—R?———ﬂb tives and Factors
e Written Comments on ' Usuazl Practice is p b]_te-r_ : Considered and
o : Draft EiS are _. " | to Publish Comments | "UPICaLON | pasic Reasons for the
. Received by DOE. ' Together with EIS. Decision,
.%ﬁa 3
. FIGURE 1,1. KEPA Process as Followed for Propdsed Disposal of Hanford Defense Wastes
e considered before a decision is made. With the release of this EIS, we are now in the period
— of 30 days or more preceding the Record of Decision. This final EIS includes consideration
of the comments on the draft EIS by the Environmental Protection Agency, Nuclear Regulatory i
b Commission, Departments of:Commerce and Interior (including the U.S. Geological Survey), and ;
‘ggp”’ interested groups and individuals; as well as comments from the states of Washington and

Oregon, Indian organizations and the. Northwest Citizens Forum on Defense Wastes.

A final decision regarding activities evaluated in an EIS may not be made, in accord
with regulations issued by the Council on Environmental Quality, sooner than 30 days after
notice of availability of the final EIS is published by the Environmental Protection Agency
{EPA). Before beginning activities that have been evaluated in an EIS, a Record of Decision
is pubiished'that sets forth the decision made; identifies all alternatives considered in -
reaching the decision; specifies_phe'a]ternative considered environmentally preferable.and
other factors n the decision; and states whether -all practical means to avoid or minimize
environmental harm from the alternative selected have been adopted and if not, why they'were

not.
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FIGURE 1.,5. Comparison of Hanford Defense Wastes. and Cummerc1a1 Wastes
{Cumuiative total through the year 2000)

00 THESE DIFFERENCES INFLUENCE CHOICES ABOUT DISPOSAL METHODS?

Decisions about commercial high-leve] waste and the siting of a commercial repository
are being reached in processés separate from the Hanford defense waste decision.

Commercial spent fuel assemblies stored temporarjly in water basins at nuclear power
plants can be readiiy retrieved and packaged for shipment to & repository. The compact form
facilitates disposal.

ATthough double-shell tank wastes and future wastes at Hanford will be readily retriev-
able and, once the high-level fractions are soiidified in borosilicate glass, can be managed
much like commercial wastes, much of the older waste presents greater difficulties. The '
older single-shell tanks contain wastes that may require specialized, costly, and potentially
hazardous recovery operations. i

Difficult. retrieval and Tower radioactivity suggest that sending most of the Hanford'
wastes to a geologic repository after they have been immobiTized in .glass may not be
justified whén risk and cost are weighed against benefits. If it can be.shown that in-p]ace
disposal can adequately protect public health and safety, including meeting EPA standards, '
that chotce, or a combination of methods, may be appropriate.

HOW MUCH DEFENSE WASTE IS THERE AT HANFORD AND WHAT KINDS?

At Hanford about 440,000 cubic yards of high-Tevel, transuranic and tank wastes have
accumulated through 1983. Disposal is to also accommodate future defense wastes, For plan~
ning purpeses, DOE estimates an additional 85,000 cubic yards of waste by 1999 at Hanford. '
To give a genera! idea of the total volume of this waste to be disposed of, it is depicted in
Figure 1.6 as if it were all solidified and pliaced on a footba1] field.

To facilitate ana]ys1s, the wastes within the scope of the EIS were d1v1ded 1nto six
classes; four of these consist of waste presently stored or future waste to be placed in
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FIGURE 1.6. Approximate Yolume of Existing and Future Hanford Defense Waste

interim storage pending disposal. The other two classes are wastes previcusly disposed of as
low-level waste. Because of their suspected transuranic content, they were re-examined to
determine whether additional protection is justified. The six classes are these:

1.

Existing Tank Wastes--This class is further subdivided because of physical differ-
ences in tanks and chemical differences in their contents:

@ Single-sheil tanks, 149 in number, contain moist sludge and salt cake not

readily retrievable.

® Double-shell tanks (Figure 1.7) are used for storage of existing 1iquids and
Studge wastes that are readily retrievable by pumping. This type of tank has
been used at Hanford since 1970. There are presently 28 doubie-shell tanks
with plans for construction of additional tanks as necessary. For
calculation purposes, 14 tanks are designated for existing tank waste.

Future Tank Wastes--Double-shell tanks (included above) are designated for storage

‘of future liquids and sludge that are readily retrievable by pumping, For

calculation purposes, 14 tanks are designated for -future tank waste.
Strontium and Cesium Capsules--These are double-encapsulated and held in water
basins. Some of these capsules have been leased for beneficial uses and will be

returned for disposal.
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e 4, Retrievably Stored Transuranic Wastes--These consist of solid transuranic waste
s -produced since 1970. Separated into combustibles and noncombustibies, packaggd,
: and Tabeled, they are stored on asphait pads, in caissons and in trenches. Future
ey transuranic wastes are also included in this class.
it 5. Transuranic-Contaminated Soil Sites--These are disposed-of wastes in ditches,
— trenches, cribs, and drains. Although previously disposed, they are to be
re-examined. to determine whether additional environmental protection is warranted.
gonmy :
6. Pre-1970 Buried Suspect Transuranic-Contaminated Solid Nastes--These are general

trash and failed equipment disposed of in soil~-covered trenches prior to 1970,
Although previously disposed of, these are to be re-examined to determine whether
additioral environmental protection is warranted.

HOW DOES RADIOACTIVE DECAY CHANGE THE WASTE QUANTITIES?

Table 1.1, which 1ists only those constituents most important in the EIS analysis, shows
the effects of radicactive decay. The radiocactive elements decay with time; some, like
strontium and cesium, disappear in a few centuries, However, as TabTe 1,1 shows; very Tong-
1ived radionuclides and the chemicals remain at the same quantity for over 100,000 years.

Because different radioactive materials possess different radiation properties, a hazard
index (Table 1.2) accompanies this table of quantities. The health hazard index was adapted
from support material the EPA used in deve10ping'its standards for environmental protection
related to waste disposal. A similar index is not avaiiabie for stable chemicais.

1.9




TABLE 1,1, Quantities of Selected Hanford Defense Waste Constituents, Tons
Waste 500 yr 1,000 yr 10,000 yr 100,000 yr
Constituents At Disposal Later Later Later Later
Radionuclides . .
Carbon-14 0.001 0.001 0.001 - 0.0004 0
Strentium-90 1. 0 0 0 0
Technetium-99 2 2 2 2 1
Todine-129 0.4 0.4 0.4 0.4 0.4
Cesium-137 2 0. 0 0 0
Uranium-238 - 1,900 1,900 1,900 1,900 1,900
Plutonium-239+240 2 2 2 S 2 0.1,
Americium-241 0.1 . 0,06 0,03 0 0
Chemicals . _
Cadmium 4 A 4 4 4
Chromium 100 100 100 100'_ 100
Fluoride 2,000 2,000 2,000 2,000 2,000
Mercury 0.9 0.9 . 0.9 . 0.9 _ 0.9
Sodium Nitrate 200,000 200,000 200,000 200,000 200,000
TABLE 1.2. 'Health Hazard Index for Selected Radionuclides{?}
500 yr 1,000 yr 1,500 yr 10,000 yr 100,000 yr
Radionuclides At Disposal Later - Later Later Later Later
Carbon-14 : 300 300 300 300 - "~ 90 0
Strontium-90 3,000,000 20 _ 0 0 0- 0
Technetium-99 10. 10 10 10 10 9
Todine-129 _ 5 5 5 5
Cesfum-137 1,000,000 10 ] 0 0 0
“Uranium-238 10 10 10 10 . 10 10
Plutonium-~239+240 - 6,000 6,000 6,000 6,000 4,000 300
Americium-241 20,000 10,000 5,000 2,000 0 . 0
Total (rounded)(P}.. 4,000,000 16,000 11,000 8,000 1,000 300

(a) Health hazard index is adapted from EPA analyses and is defined as the number of fatal
cancers per curie of nuclide that is released to surface water times the inventory of
that nuclide at the time shown. o

{b) The heaith hazard index for the amount of original uranium ore, as found in nature,
from which the waste was produced {assuming no recycling of uranium in fuel} would be

9,000 for each time shown in this table,
tuents, this point is reached at about 1,500 years.

For these Hanford defense waste consti-
After 1,500 years the hazard

index of Hanford wastes is lower than that for the ore {106,000 t of initial reactor
fuel} from which the wastes came. '

\
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As may be seen by comparing Tables 1.1 and 1.2, some radicnuclides in. Targe gquantities
by weight have a relatively smaller hazard index and vice versa. This iiTustrates the com-
plexity of discussing hazards of. radioactive materials having widely varying properties.

WHAT ARE THE ALTERNATIVES (DR OPTIONS) FOR DISPOSAL?

In the past, a wide range of options for managing nuclear wastes has been considered and
studied by scientists around the world., These. options have ranged from disposal beneath the
sea floor to disposal in outer space. Most studies in recent years have focused on:the most
feasible and practicabie options and have concluded that geologic disposal is tHe most feasf-
ble ‘option, with current technology, for disposal of high-level waste. This large body of
work has served as a foundation for current analyses of options for Hanford defense wastes.

Several alternatives were considered for disposing of Hanfbrd wastes. Those chosen for
detailed analysis were selected to bound tha raﬁge of potential impacts and to presenf one
possible combfnafion-disposa] alternative. Thus the disposal alternatives and no actioh
alternative considered in the draft Hanford defense waste EIS were as follows:

e Geologic Disposal~-Essentially all wastes (by activity) are removed to a deep geo-"

logic repository; a low-activity fraction is disposed of as grout in near-surface
vaults specifically designed to meet long-term performance requirements and those
of the Resource Conservation and Recovery Act of 1976, High-level wastes are sent
to a commercial repository for disposal; transuranic (TRU) wastes are sent to the
Waste Isolation Pilot Plant (WIPP). Protective barriers are installed over tank
residuals and grout vaults. A marker system is installed.

e In-Place Stabilization_ and Disgpsal--ATT wastes are stabilized in place and left

at Hanford. Protective barriers are installed over all waste sites. A marker
system is installed.

e Reference (Combination Disposal)--Essentially all (by activity) present’ and future -
high-level waste in double-shell tanks is sent to a commercial deep geologic
repository, and the 1ow-actfvity'fractfon is disposed of as a grout in near-
surface vaults, The vaults are specifically designed to meet Tong-term

_performance requirements and those of the Resource Conservation Recovery Act of
1976, Encapsulated strontium and cesium wastes are sent to a commercial geologic
repository, and- retrievably stored and future TRU wastes are sent to WIPP. In
order to consolidate TRU waste on the 200 Areas plateau, TRU waste froh the'pre-
1670 buried suspect'TRU-contaminated solid waste site (618-11, the only TRU waste
site outside of the 200 Areas plateau) is sent to a geologic repository, assumed
for calculation purposes to be WIPP., A1l other wastes are stabilized in_p1ace.
Protective barriers aré installed over all waste sites. A marker system is
installed, o ' '

'y Preferred.Alternative—fEssentia11y all (by activity) present and futuﬁe high-Tavel

waste in double-shell tanks s sent to'a commercial deep geologic répositqry, and
the low-activity fraction is disposed of as a grout in near-surface vaults, The
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vaults aré'specifically designed to meet long-term performance Fequirements and
those of the Resource Conservation and Recovery Act of 1976, and.are coveréd by a
protective barrier and marker system. Encapsulated strontium and .cesium wastes
-are sent to a commercial geologic repository; retrievably stored and future TRU
wastes are stored until disposed of in the WIPP facility; and TRU waste from the
pre-1970 buried suspect TRU-contaminated solid waste site (613—11, the only TRU
waste site outéide of the 200 Areas plateau) is sent to a geologic repository,
assumed for calculation purposes to-be WIPP., Decisions on disposaj of all .ather A
wastes are deferred until additional development and evaluation are completed, in

the interim, DOE would continue storage and maintenance of those wésteé-"when
sufficient data to support further decisions. become avaiiab]e, DOE would prepare
additignal documentation for public review and comment, such as a supplemental EIS
for disposal of single-shell waste or documentatton of remedial 1nvestigétion/
feasibility studies under the Comprehensive Environmental Response,'Cbmpensation
and Liability Act. | '

e No Disposal Action--Storage of wastes continues, but no disposal action 1is

taken, No protective barriers and no marker systems are ;nsta11ed. This case is
included to comply with the Council on Environmental Quality requirements for a no
action alternative. Most of the impacts arise as-a result of loss {assumed) af -
active institutional control in the year 2150, which is assumed for all alterna-
tives. These impacts ére not_representative;of continued waste management - .
practices. ' .

The disposal alternatives in no instance are truly discrete options; each one uses tech-
niques that are employed in the others. For analysis these alternatives are considered sepa-
rately, but a fina1 strateqy could be selected that uses the best features of each one.

The EPA, in 40 CFR 191, stated that performance assessments that address isolation of
the wastes from the access1b1e env1ronment shall not .consider any contributions from act1ve
institutional controls for more than 100 years after disposal. Although 40 CER 191 does not
apply to TRU-contaminated soil sites or'pref1970‘buried suspect TRU-contaminated solid wastes,
this EIS analyzes'uniformly the impacts for all alternatives as if active institutional.
control is absent from the Site 100 years after disposal. The year 2150 is assumed as the

. starting date for loss of active institutional control. This uniformity has permitted

parallel, comparable analyses of long-term effects of ail alternatives. The assumption of
absence of control was adhered to because of the EPA mandate. DOE, however, has no 1ntention
of abandoning the Hanford Site and 1ntends to maintain a policy of responsibility for waste
management,

WHAT IS THE GFOLOGIC DISPOSAL ALTERNATIVE FOR 'HANFORD HASTE7

The geologic disposal alternative involves retrieval, process1ng, segregat1on, packag-
ing, transportation, and placement of most of Hanford's defense wastes in a deep geologic
repository (Figure_l.B). The repository may be 1ocated on or off the Hanford Site.
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This EIS does not provide envircnmental input to the site selection nor to the construc-
O tion of an actual geologic repository. It is assumed .that any geologic repository for high-
: e Tevel waste wauld.bE'sited,_constructed and operated in acpord with applicable provisions of

“ the Nuclear Waste Policy ‘Act of 1982 and would conform to all regulations for licensing and
-to all standards:for protection of the environment. The cost of disposing of high-]eveT

defense waste in a commercial repository would be pa1d by the Department of Energy to the
Nuclear Waste Fund, :

Transuran1c wastes are assumed to go to the Waste Isolation Pilot Plant (WIPP) s1te in
New Mexico. An offsite geologic repository for high-level waste is assumed to be an unspeci-
_fTEd location somewhere in the United States, about 3,000 miles from the Hanford Site. This
latter repository Tocation was chosen to bound all reasonable distances and therefore to
hound possible 1mpacts of" shipping wastes to an offs1te repository.
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The geologic disposal alternative would dispose of high-level waste in deep geologic.
repositories and the remainder near surface at Hanford. For example, under this alternative,
wastes in existing tanks would be separated into twg fractions. A small-volume fraction,
conta1n1ng strontium-990, cesium-137, plut0n1um-239, and other’ nuclides, would be made into
borosilicate glass, packaged and placed in a deep repository. . The bulk of the- waste, con-
taining ‘small quantities of carbon-14, iodine-129, and, other res1dua1 radionuciides, would be
made intc a cement-based grout and disposed of in spec;a] nmn1t0red vaults near surface on
the Hanford Site. Strontium and cesium, Current!y_double—encapsu]ated, wqu1d.betput_1nto a -
form to meet repository acceptance criteria and disposed of in a deep geologic'repositbry.'

A protective barrier, along with marKers, (descr1bed 1ater) would be p1aced .over tank
residuals and waste treatment residuals remaining near the surface.

WHAT IS THE IN-PLACE.STABILIZATION AND DISPOSAL ALTERNATIVE?

The concept of this disposal alternative is to permanently fix in place all Hanford
existing and- newly generated high-level, tank, and transuﬁanic wastes and to dispose of the
wastes by isolation from the‘environment using a protective‘barrier and marker system,

There would be very little processing or treatment of wastes except for those stored in
double=-shell tanks. Doubie—shell tank’ waste wou]d be treated by removing cesium, if
necessary, to reduce-grout temperature, to-permit’ suitable grout formulation. Strontium and
cesium capsules would be disposed of in near-surface drywells. Wastes in single-shell tanks
would be dried, and some tanks would be prdyided with interim heat-removal systems to
maintain temperatures within design specifications. Retrievably stored and newly generated
transuranic waste would not be removed from its stored location. Pre-1370 buried transuranic
solid wastes and transuranic-contaminated soil sttes already disposed of would be further
protected by adding barriers and markers.

A1l sites would be treated as needed to control subsidence and would be covéred with a
protective barrier and marker system.

Several unique features of the Hanford Site make this alternative reasonable:

o The waste is centrally located on a plateau well above groundwater and within a
570-square-mile federally controlled site. '

¢ The waste is at an elevation that would not be reached by any reasonably postu-
lated surface flood. The potential for flash. floods. reaching the vicinity of the
" wastes is remote.

e The region is semiarid. The average annual precipitation at the site is only
6 in. with extremes of record of 3 in. to 12 in. per year. Because of very low
precipitation, high evaporation from the ground surface, and transpiration of
moisture from p1ants little or no water is available to infiltrate waste sxtes
and move the waste materials. '
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FIGURE 1.1l. Natural Example of Barrier: Gravel and Sand Formation,
About 12,000 Years 01d, on 200 Areas Plateau

marker plates (such as those shown in Figure 1.9) embedded in the barrier would provide addi-
tional warning of wastes beneath if anyone were to excavate there,

Intrusion inte a waste site would require that active jnstitutional control be absent
and that the person be unaware of or choose to ignore land-use records, boundary monuments
encircling the area containing the waste sites, the warning monuments at the disposal site,
the barrier itself, and the markers within it.

WHAT IS THE REFERENCE ALTERNATIVE?

The aim of the reference alternative {or combination disposal) is to provide a balanced,
cost-effective disposal approach. : Risks to populations over the 10ng term would be .low; yet
the near-term risks and costs involved in disturbing difficult-to-retrieve wastes that are
currently stable would not be incurred.

To some. extent, the reference alternative combines two other alternatives: 'geologic
disposal. and in-place stabilization and disposal. Certain waste classes would, as appropri-
ate, be treated the same as in either the geologic disﬁosal or the in-place stabilization and
disposal alternatives. Geclogic disposal would be used for strontium and cesium currently in
capsules, for high-level portions of existing double-shell tank waste and future tank waste
{excluding g9Tc),'and for retrievably stored .and newly generated transuranic solid Wa_ i€,

The cost of disposal of high-Tevel defense waste in the commercial repository would be -paid
for by DOE via payments to the Nuclear Waste Fund.
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Singie-shell tank waste is nmot readily retrievable, and the short-term risks and the
costs of fts retrieval, preparation, transportation, and emplacement in a deep repository may
outweigh any environmental benefits of disposal in a deep geologic mined repository. it
would be disposed of by in-p]ace stabi1izat10n aed isolated from the biosphehe with the
protective barrier and marker system.  The previousiy disposed-of transuranic-contaminated
soil waste sites end pre-1970 transuranic_buried'solid'waste'sites would be further isolated
by use of a protective bﬁrrier-and_marker'system{

The transuranic waste in the pre-1970 site near ‘the 300 Area would be removed to the
waste site on the 200 Areas p}ateau, where transueanic wastes would be processed for disposal
as solid transuranic waste in a geoTog1c repos1t0ny (assumed to be WIPP for calculation
purposes). Residuals would be d1sposed of on the 200 Areas plateau. The rationale for
retrieval of the 618-11 site is to consolidate TRU waste on the 200 Areas plateau where it
can be protected from public access and petentia] flooding of the Columbia River.

" .The reference aiternative would require a vitrification féci]ity {for making waste-
borosilicate glass), a grout faci]ity, and a- transuranic waste processing facility. But the
vitrification facility would riot need the capacity requ1red in the geologic d1sposa1 alterna-
tive, in which single-shell tank waste would also be processed.

WHAT IS THE PREFERRED ALTERNATIVE?

The EIS was drafted without a preferred atternative because DOE had not chosen one and
so that agency and pubiic comments could be considered in the decision to propose such an
a]ternat1ve. As a result of public and agency comments, DOE has developed a preferred alter-

nat1ve that would d1spose of the high-level fraction of double-shell tank waste, retrievably

stored and new1y generated transuranic waste, and strontium and cesium capsu1es ‘as’ in the
reference alternative. The pre-1970 buried suspect TRU- contaminated solid waste from one
site (the 618-11 site) would be retrieved and taken to the 200 Areas for processiﬁg for dis-
posal in a geologic repository (assumed to be WIPP for calculation purposes}. The low-
activity fraction of double-shell tank waste would be disposed'of as grout fn near-surface
vaults covered (as 1n_the reference alternative) by a protective barrier and marker system.
Disposal decisions on single=shell. tank waste, transuranic-contaminated soil sites, and the
remaining pre~1970 buried suspect. transuranic-contaminated solid waste would be deferred .
until further development and evaluation are completed.

The preferred alternative was developed following .agency and public review of the draft
EIS.  Although it was recognized that disposal of singTe-she11 tank waste; the pre-1970
buried suspect TRU-contaminated waste and TRU-contaminated soils is no less important than .
disposal of double=shell tank waste, capsules and retrievably stored TRU waste, consensus
focused on proceeding with disposal of those wastes that could be most readily disposed of
{particularly liquid waste) and deferring disposal ‘judgment on the other wastes, There
appeared to be no conflict between implementation of these disposal actions and any federal
or state regulations.
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It was also recognized that because the radicactive wastes in sing1e-$he1] tanks have
been reduced from 1iquid to sludge, there is Tittle threat from further Teakage and no urgent
need to effect disposal despite a large inventopy of waste in those ﬁanks; Simitarly, the
pre-1970 burial suspect TRU-contaminated solid waste and TRU-contaminated soil sites have
remained stable and, again, there is no urgency for election of further remedial action.
Moreover, application of Resource Conservation-and Recovery Act (RCRA) and the Comprehensive
Environmental- Response, Compensation, and Liability Act (CERCLA, or Superfund) to these
Tatter classes of waste suggests the need for further characterization of the. wastes
(including chemicals) and review for compliance with applicable standards.

To implement the preferred alternative, the Hanford Waste Vitrification Plant would be
constructed and operated to process existing and future wastes from the doub]e—she11 storage
tanks. The high-level waste fraction would be processed into a glass waste form to be stored
at the Hanford Waste Vitrification Plant until a deep geologic repository is built and is
ready to receive this waste. The 1ow—act1v1ty fraction would be solidified in cement-based
grout and disposed: of near surface in concrete vaults covered by the protective barrier and
marker system and monitored according to regulations. The DOE would also proceed with
design, construction and operation of the Waste Receiving and Processing facility. There,
retrievably stored transuranic solid waste would be sorted and repackaged according to the
waste acceptance criteria. for the WIPP facility in Carisbad, New Mexico. Once shipments are
authorized, the waste would be- sent for disposal to this.defense-only transuranic-waste
geologic repository, Strontium and cesium capsules would be packaged at the end of their
useful 1ife to meet repos1tory acceptance criteria and sent to a deep ge01091c repos1tory.
Pre=1970 buried suspect TRU- contam1nated solid waste wou!d be retrieved from the 618-11 site,
near the 300 Area, and taken to the 200 Areas for process1ng for d15posa1 in a geo]og1c
repository {assumed to be NIPP for calculation purposes). For the three classes of wasté for
which disposal action is deferred, DOE would continue the present storage and maintenance
activities until the development and evaluation and decision-making processes are cpmp1eted
and the final disposal action is implemented. '

The DOE plans to work with'the EPA and appropriate state -agencies to'estab1ish mitually
acceptable methods for dealing with the wastes, including the hazardous chemical components.
The DOE will comply with applicable state and federal hazardous waste regulations, including
RCRA and CERCLA (or Superfund).

WHAT WOULD NO DISPOSAL ACTION INVOLVE?

The no disposal action a1tepnat1ve is represented by continued storage of Hanford
defense wastes. Analysis of a no action alternative is required by the Council on Environ-
mental Quality regulations for preparing environmental impact statements. Except for modifi-
cations described here, present waste management practices would be continued. In this

.a]ternat1ve, the waste storage sites would be monitored and maintained, but no disposal

actions would be taken. Ongoing activities such as reduction’ of liquids in single-shell
tanks would continue, It is assumed, as in the other options, that active institutional
contrel of the Site is absent after the year 2150.
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Under this alternative the following actions would be undertaken: 1) stronfium and
cesium capsules would continue to be stored under water at existing facilities untiluabout'
the year 2010 and then would be transferred for storage in a near-surface drywell facitity;
2) double-shell. tank wastes would be retanked in new‘tanks as the older tanks approach their
design life (at about 50-year intervals). ' o '

Previously disﬁosed-of transuranic wastes would not be further stabilized:; subsidence
would be repaired if it were to occur. Sites would not be covered with the protective:bar-

rier and marker system.

HOW ARE IMPACT ANALYSES PERFORMED?

Basically, in analyzing the potential environmental effects. of high-risk activities over
long periods, agencies must disclose any Tack of important infermation and atso provide an
analysis of the reasonably forseeable sfgnificant adverse impacts, based upon theoretical:-
approaches generally acceptable in the scientific community, of proceeding without such
information. Unequivocal proof is not expected or required because of the substantial
uncertainties, This "rule of reason" encompasses what is called a "bounding analysis" that
is based on available data and, in some cases, engineering estimates. A bounding analysis is
made with a set of data, modeling assumptions, and accidental release scenarios which,
totaled, compounds conservatisms so that the calculated {predicted) environmental impacts
should exceed those actually expected, Figure 1.12 outiines the Togic flow of the analysis.

The timing of NEPA impact statements necessitates an analysis of potential impacts
before any major decision can be made, After such a detisioh, compliance analysis may be
necessary before obtaining a permit, license, start-upIOf a plant, etc. Suth analysis may
entail developing experimental or engineering data and vé]idating codes that enable the pre-
diction of observed performance. ' '

Short Term
- Operationai
Operations Impacts’ |
Transportation Pathways Population Health .
p : to Man - Dose- Effects
Long Term . . . ) _ 4 _
Waste. Waste | Waste _ - 1. Total
Composition Release Movement o : Impacts |

FIGURE 1,12. Major Components of the Analysis
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WHAT IMPACTS WERE CALCULATED FOR THESE ALTERNATIVES?

Potential impacts of the disposal alternatives and the no disposal action alternative

were carefully considered, analyzed and compared.

e public health and safety

e construction
o transportation
e ecology

e socioeconomics

e commitment of resources

= costs,

Several important aspects were analyzed:

Tables 1.3 and 1.4 in this section summarize succinctly only the major projected

_impacts, In the absence of intrusion, the environmental impacts show 1ittle difference among

““TABLE 1.3. Major Health and Safety Impacts.
: . over 10,000 years.

Short Term
Operations
Radiological

Industrial-type
Accidents

Transportation
Radiological
Traffic

Accidents

Long Term
Radiological

TOTAL

Disposal Alternatives

Number of projected health offectst?)

In-Place ‘
Geologic . Stabilization Reference Preferred b No Disposal
Disposal  and.Disposal Alternative A1ternative(.) Action.
2-15 0-2 - 0-4 0-15 _ 0-2
4 0 0-4
0 0 0
1 1-2 0
olc) 0 olc) olc) 3-4,000
8-21 0-2 1-5 1-21 3-4,000

(a) Health effects are presumed radiation-induced fatal cancers and genetic effects. .
© Safety impacts include industrial and traffic accident fatalities. Ranges result from
the use of a range of climates and a range of dose-to-health effect conversion factors.
(b} Impacts would ultimately range from the low impacts associated with the reference
.alternative to the high impacts (because of waste retrieval and additional transporta-
‘tion) associated with the geologic alternative, depending on the decision for disposal
"of single-shell tank waste, TRU-contaminated soil sites. and pre-1970 buried suspect

* TRU-contaminated solid wastes.
(¢} Does not inctude long-term impacts re

sulting from wastes disposed of in geo]ogic'

repositories {none would be expected; however, as many as 700 health effects could
occur over 10,000 years and still meet the requirements of 40 CFR 191),
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TABLE 1.4. Impacts,p Intrusions(2) After Disposal. (Number of projected health
- ' T effects(P) over 10,000 years.) ' '

Disposal Alternatives

In-Place No
Geologic Stabilization Reference Preferred(c)_Disposa1
Disposal and Disposal Alternative Alternative _Action

Drilling into Waste

Monuments, markers and records 0 0 0 0
effect1ve - ’
Monuments, markers and records 0 3 0 0 3

~ absent or ignored
Habitation at Driiling Site(d)

Monuments, markers and records 0 4 4 0-4
effective _ o
Monuments, markers and records 0 130 64 0-64 120
absent or ignored ' : ‘
Resettlement of Hanford Site(®)  o-2 0-2 0-2 0-4 300(f)

(a) ATl intrusions were assumed to occur during period of lethality, i. e., within about
400 years after- disposal.

{b) The projected number of health effects (radrat1on~1nduced fatal cancers and genetic
effects) is based in part on the area ocgupied by wastes, which is Targer in the case
of double-shell tank wastes in grout in the in- place stabilization and disposal alter-
native than where these wastes remain as ]1qu1ds in tanks in the no d1sposa1 action
alternative,

{c} Impacts would ultimately range from the higher impacts associated with the reference
alternative to the lower impacts associated with the geologic alternative, depending
on the decision for disposal of single-shell tank waste, TRU-contaminated soil sites
and pre-1970 buried suspect TRU-contaminated solid wastes.

(d) It is assumed that a family of 4 is involved in each drilling/habitation event.

{e) The range shown includes the effects of a range in climate and dose-to-health effect

: conversion factors.
(f) Might occur more than once if knowledge of event were Tost.

the disposal alternatives; but’ in some,ihstances the no disposa] action alternative shows
distinctly greater'impécts.- where.intrusion'ﬁs considered, the geologic disposal alternative
has by far the least impact. Section 3.4 of the EIS contains detailed comparisons of the
projected impacts for each alternative. ' C

Expected {normal) and postulated (abnormal} 1mpacts are explained and quantified at
Tength in Chapter 5 of this EIS. Detailed information on anélyticai methods and- the reéu]ts
are provided throughout Yolumes 2 and 3, which contain éppendices. ‘Agency and public com-
ments and’ responses are. prov1ded in Yolume 4, Public_comment‘1etters are reprpduced in
Vo]ume B
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WHAT LONG-TERM IMPACTS CAN BE EXPECTED?

The analysis of long-term environmental impacts under normal conditions indicates no
major differences among the disposal alternatives, but the no disposal action alternative,
under some postulated scenarios and after assumed absence of institutional control, might
exceed regulatory release Timits. Impacts on limited groups of people from postuTated dis-
ruptive scenarios, such as drilling into waste sites, are substantially different among the
alternatives. '

With the present climate, or even if the average precipitation were doubled and a bar-
rier failure occurred, the general public would be protected in all disposal alternatives.
Downstream users of the Columbia River would incur at most one health effect associated with
the disposed-of waste over the 10,000 years. ({Health effects are presumed radiation-induced :
fatal cancers, as well as presumed radiation-induced gehetic effects.) However, where it was
assumed in the no dksposal alternative that institutional control was lost at the Site in the
year 2150 (assumed solely to permit a parallel analysis with the disposal a1ternatives), up
to 4,000 health effects could occur to the pubTic. This may be compared to the 300,000 to
3,000,000 health effects estimated for the same population and time period from exposure to
natural background radiation.

The release to groundwater of several key chemicals associated with the Hanford wastes
{(sodium nitrate, fluoride, cadmium, chromium, and mercury) was analyzed. For the disposal
alternatives the calculated concentrations were well below the EPA drinking-wafef
standards. The no disposal action alternative, in the absence of institutional control,
however, showed calculated chemical concentrations at a nearby well on the Site up.tb 1,000
times these standards. In no case was the drinking-water standard in the Columbia River
exceeded.

Several scenarjos were analyzed to determine what impacts might be expected to persons
who might drill or-farm in the marked waste area on the 200 Areas plateau or to those who
might farm on the Site below the plateau and out of sight of barriers and monuments. When
the various intrusion sceharios are weighted for their probabiiity {assuming that the bar-
riers and marks are effective), no more than one health effect (fatal cancer and genetic
effect) is expected over 10,000 years for all the disposal alternatives. If markers, monu-
ments and records were absent or ignored, the calculated health effects would amount to zero
for the geclogic disposal alternative, 130 for the in-place stabilization and disposal
alternative, 64 for the reference alternative, zero to 64 for the preferred alternative and
120 for the no disposa] action alternative over the 10,000-year period. In a scenario in
which some 65 farms were'postuiated to be established on the Site along the Columbia River,
at most four health effects were calculated for any of the disposal alternatives over a
10,000-year period. For the no disposal action alternative, with a loss of institutional
contrel in the year 2150, about 300 health effects would be expected during resettlement
{which could be repeated several times over the 10,000-year period if knowledge of
contamination were Tost).
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IN SUMMARY, HOM DQ THE ALTERNATIVES COMPARE?

Where systems operate as planned, the disposal alternatives all have low impacts in

terms of standards for protection of the environment. Although the geologic alternative

shaws the Towest in terms of Tong-term releases to the environment, it has the highest
operational exposures to workers and the pubTic, as well as markedly higher costs than the
others. Total impacts for the preferred alternative would be determined by the disposal of
the'remaining three waste classes for which the decision is deferred, assuming that
development and evaluation studies culminate in findings consistent with those of this EIS.
The operat1ona1 impacts couid be as low as those for the reference alternative (if the
remaining waste classes were all d15posed of in place} or as h1gh_as those for the geologic
alternative {if the remaining waste classes wefe all disposed of in a geologic repository).
Similarly, long-term impacts would range from values as low as those for the geologic
alternative to as high as those for the reference alterpative. Disposal decisiens on the
remaining waste sites may be made on a site- -by-site basis, with some wastes disposed of in a
geologic repos1tory and some 1n place; the re5u1t1ng impacts would then be somewhere between

(bounded by) these two extremes.

The geologic alternative has the highest costs and in-place stabilization has the Towest
costs. The reference alternative has intermediate costs. Costs of the preferred alternative
would aiso be bounded by those for the geologic and reference alternatives, depending upon
the final disposal actions for the remaihing ﬁaste classes. The no disposal action could
result in the Towest short-term costs, but over an extended time could be more costiy. The
no disposal. action alternative has Tow impacts as long as active institutionmal controls
exist, but without them would have higher risks. Overall impacts of the alternatives may be
higher once the chemicals are characterized and the impacts of their disposal are assessed.

WHY ARE THESE DECISIONS IMPORTANT NOW?

It is important to plan and implement disposal at Hanford that will not require the
management and expense of a continuing active storage system. The goal of moving to final
disposal as soon as practical is strongly sUpported by the states of Washington and Qregon,
the National Research Council of the National Atédemies of Science and Engineering, the
Northwest Citizens Forum on Defense Wastes, and other groups and individuals. A ciear,
timely decision will permit sound plans that focus on a path toward disposal of these
wastes. This will allow time to do the necessary development and careful evaluation of
systems that will protect public health and safety and the environment in a manner that is
cost- effect1ve and technically sound
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2.0 PURPOSE AND NEED

The proposed action, to which this EIS provides enviroamental input, is to select and
ultimately implement a final disposal-plan for high-level and tank waste and retrievably
stored (since 1970) and newly generated transuranic-{TRU) wastes produced as a result of
national defense activities at the Hanford Site; also an evaluation is made of suspected TRU
waste previously d{sposed of at Hanford to assist in determining whether any additional
action should be taken in terms of further long-term envircnmental protection,

The proposed action also includes construction, operation and decommissioning of waste
treatment facilities that would be required in the course of implementing disposal alterna-

tives. Facilities which are evaluated in this EIS include a Hanford Waste Vitrification
"Plant, a Transportable Grout Facility, and a Waste Receiving and Processing Faciﬁfty.

The purpose of the proposed action is to remove certain classes of Hanford defense waste
from actively controiled and monitored storage and to dispose of the wastes permanently in
such a way that long-term profection of public health and safety and the environment can be
achieved in a cost-effective and technically sound manner.

The need for the proposed action is based on the Department of Energy's (DOE) responsi-
bility under the Atomic Energy Act and DOE's commitment to manage and dispose of this waste
properly. Morepver, the proposed action is in accord with the Defense Waste Management Plan
(DOE 1983) prepared by the DOE and submitted by the President to the Chairmen of the House
and Senate Armed Services committees on June 16, 1983. The plan was developed by DOE to
compiy with Public Law 97-90, the Department of Energy National Security-and Military

App]icafions of Nuciear Energy Authorization Act of 1982. It describes reference plans for
the permanent disposal of high-leve} and transuranic waste resulting from atomic energy
defense activities and calls for permanent disposal in a sequential mode based on technical
priorities. Specifically, the Defense Waste Management Plan calls for disposdl of readily

retrievable high-Tevel waste in a geologic repository(a) and disposal of stored TRU waste in
the Waste Isolation Pilot Plant geologic repository in New Mexico.{b} The Defense Waste
Management Plan states that: "immobilization of new and readily retrievable high-level waste

wili begin about 1990 after sufficient experience is available from Savannah River's
vitrification process. Other waste will be stabilized in place in the 1985-2015 time frame

{a} On January 7, 1983, President Reagan signed into law the Nuclear Waste Policy Act of
1982 (PL 97-425). -Section 8 of that Taw requires that the President evaluate the use of
the disposal capacity at one or more commercial repositories for the disposal of high-
level radiopactive waste from atomic energy defense activities. In a Tetter to the Sec-
retary of the Department of Energy., the President concluded that no basis appeared to
exist for a defense-only repository and directed the Secretary to proceed with arrange-
ments to dispose of defense waste in a commercial repository in conformance with the Act

' {April 30, 1985}, .

(b} The plan is to operate the WIPP for a period of 5 years to demonstrate the safe disposal
of radiocactive wastes resulting from defense activities and programs. Following the
b-year demonstration period; a decision will be made on whether to leave the transuranic
waste in the WIPP permanently.
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if, after the requisite environmental documentation, it is determined that the short term
risks and costs of retrieval and transportation outweigh the environmental benefits of dis-
posal in a geologic mined repository."

The scope of the waste included in the proposed action encompasses radioactive waste at
Hanford in the following classes. Some of these wastes will be classed as high-~level,

e Existing Tank Wastes stored in éing]e-she11 tanks and doub1g—she11 tanks

- Single-shell tank waste is in the form of salt cake, siudée, and interstifia1_
liquors, and is not readily retrievable, 1,e., pumpable. There are
149 single-shell tanks of varying sizes up to 3,800 m> capacity.

- Double-shell tank waste is in the form of 11quors and slurries, readi1y_
retrievable by hydraulic sluicing. There are presently 28 double-shell
' tanks, with p1ans for codétruction of additibna] tanks as necessary. For
calculation purposes, 14 are designated for existing tank waste. Each
double-shell tank has a capacity of 3,800 m to 4,305 e,

. thure Tank Wastes include wastes from operation of the PUREX(a) Fuel Processing
"Facility, which restarted in November 1983. The PUREX Plant will process fuei
1rradiatéd in N Reattor and may process other fuels such as biankets from the

Shippingport Naval Reactor and from Hanford‘s Fast Flux Test Facility fuel cores

I-1V, which are also of defense program origin. Only double-shell tanks are
designated to contain waste from ongoing and future Hanford operations. For
calculational purposes 14 are designdted for future tank waste,

For extended upeﬁations of facilities past 1995, sée Section 3.2.2.

» Strontium and Cesium Capsules consists of double-shell metai capsules containing
strontium or cesium that are stored fn water basins. This material may be used in
byproducts programs prior to return to Hanford for disposal.

e Retrievably Stored and Newly Generated TRU Waste consists of solid TRU waste pro-
duced since 1970; it is packaged, labeled; and stored in buildings, on asphait
pads, in caissons, and in trenches. Also included in this class are future TRU

wastes to be generated by ongoing and future Hanford operations..

e TRU-Contaminated Soil Sites consist of cribs, ditches, treﬁches, settling tanks,
French drains, and reverse wells that have received liquid radivactive wastes. At

the time these wastes were disposed of, they were considered to be Tow-level

wastes; the TRU waste category had not yet been established by the AEC. The

wastes in these sites were disposed of but are included in the scope of the EIS to
assist in detehmfnﬁng whether additional environmental protection is warranted. .

s Pre-1970 Buried Suspect TRU-Contaminated Solid Waste consist of general trash and
faiied equipment disposed of in trenches. At the time these wastes were disposed
of, they were considered to be low-level wastes; the TRU waste category had not .

{a) PUREX: jﬂufonium_ﬁﬂgnium‘gﬂpraction.
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yet been established by the AEC. Records indicate that these buried wastes might
meet the current TRU waste definition (DOE Order 5820.2). For simplicity, in this
document they are referred to as "pre-1970 buried TRU solid waste.” Although the
wastes in these sites were disposed of, they are also included in the scope of the

"EIS to assist in determining whether additional environmental protection is
warranted.

Section 3.2 provides more detailed definition and characterization of these waste
classes and identification of sites requiring disposal.

Excluded from the scope of the proposed action are the disposal of defense waste gener-
ated during decontamination and decommissioning activities associated with surplus or retired
facilities at Hanford and the disﬁdsa] of DOE low-level waste (except as generated as part of
the disposal alternétive}. S$ince there is no proposal te process commercial reactor fuel or
waste far plutonium, such activities are not addressed. Waste from operation of commercial
power reactors is not considered in this EIS,

This EIS is both a programnatic EIS intended to support broad decisions with respect to
the disposal strategies for the Hanford waste addressed in this EIS and an implementation EIS
intended. to provide project specific environmental input for decisions on moving forward with
certain disposal activities such as construction of the Hanford Waste Vitrification Plant
{HWVP} and the Waste Receiving and Processing [WRAP} facility. Supplemental NEPA documenta-
tion such as an EIS for single-shell tank waste or other public review documentation, as
appropriate, would be issued for agency and public review.

2.1 REFEREKCES

N

Department of Energy (DOE}. 1983, The Defense Waste Management Plan. DOE/DP-0015, Washing-
ton, D.C,
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3.0 DESCRIPTIQN AND COHPAﬁISﬂN OF ALTERNATIVES

Radioactive wastes on the HanfOrd Site have been generated since 1944 as part of the
program required to support national defense activities, Technology for processing nuctear
fuel has changed markedIy dur1ng this per1od and. waste management gu1de11nes and practices
have alsa changed. This Tong time period and these changes are reflected in the large
amounts and varied nature of high-ievel, transuranic (TRU) and tank wastes.currently stored
at Hanford. ' ' ' .

The present status, with a variety of types and locations of high-level, TRU and sus-
pected-TRU wastes, déve?oped during the: farmative years of nuclear technology. MWaste is con-
tained in underground storage tanks, capSules of. purified strontium and cesium, sites where
Tiquid waste was discharged to the soil, buried solid waste sites, and stored solid waste
sites. Current programs at Hanford result in generation of waste from the PREX(2) Plant and
other operating facilities.

In 1877, fhe Energy Research and Develapment Administration {ERDA) issued the report
Alternatives for Long-Term Management of Defense High-Level Radipactive Waste {ERDA-77-44),

which included preliminary cost estimates and an analysis of near-term risks associated with
those alternatives. That document examined 27 variations on 4 plans for the processing and
disposal of Hanford high-level ﬁaste,'encompassing numerous final waste forms and storade -and
disposal modes. - As explained in Section 3.3.7, not a1l of these plans were examined in
detail. The disposal alternatives described in this environmental impact statement (EIS),
are'baSed_brincipaﬁiy on the Defense Waste Management Pian (DOE/DP-0015, DOE 1983b) prepéred
by DOE, and submitted by the President to the Chairmen of the House and Senate'Arws:Services

Committees on June 16, 1983, pursuant to the Energy National Security and Military Applica-
tions -of Nuclear Energy -Authorization Act of 1982, Public Law 97-90, These. alternatives are
believed to bound the range of reasonable strategies and the consequences of their implemen-
tatijon for disposing of Hanford defense wastes. Alternatives that were considered but not
selected for detailed analysis are discussed only briefly.

This chapter is di vided into four major sections. The first section prd&ides‘the back-
ground of waste generation at Hanford. The second describes the six major c1as§es of wastes,
the waste sites and their estimated inventories. The third section describes the three dis-
posal alternatives and the no disposal action'alternatjve {continued storage) described in
the draft E1S and. aTéo describes the preferred alternative, derived from those disposal
alternatives after review of agency and pubiic comments on the: draft EIS, and 1n response to
those comments. The fourth section compares the disposal alternat1ves and the no disposal
actioh'alternat1ve with respect to operat1ona1 and postdisposal 1mpacts and casts.

{a) PUREX: Plutonfum YRanium EXtraction.
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3.1 BACKGROUND OF WASTE GENERATION

Generation of radiocactive waste at Hanford began in December 1944 when piutonium from
the Hanford preoduction reactors was first recovered by process1ng 1rrad1ated uran1um in
chemical processing plants. Recovery of pTuton1um for use in fabrication of nuc1ear weapons '
and in other nationa) defense activities cont1nued through 1972, At that time the backlog of
spent fuel from shutdown Hanford production reactors had been processed and the PUREX P1ant
was placed in standby condition. "The PUREX Plant was reactivated in November 1983 and is
presently processing a backlag of spent fuel from operation since 1972 of N Reactor‘(the
dual -purpose reactor that has produced steam for -electricity generation as well as plutonium
for-defense and research purposes); it will also process fuel from current N Reactor opera-
tion and perhaps from other DOE sources such as, fuel from the Fast Fiux Test Facility (FFTFY
and blankets from the Shippingpart reactor.

The processes by which plutonium and uranium were obtained from the'reactor fuel and the

d15p051t10n of the resulting waste have previously been. reviewed (ERDA 1975) and are
described briefly below.- : : '

' 3.1.1 Blsmuth Phosphate Separations Process (8 and T P}ants)

EarIy in Hanford operation, the 8 and T PIants separated pluton1um from uranium and the
bulk of the fission products in irradiated fuel by co-prectpitation with bismuth: phosphate.

(BiP04) from a uranyl nitrate solution, Theip]utonium_was then further separated from fis-
sion products by successive precipitation cycles using bismuth phosphate and lanthanum fluo-
ride (LaF3) The plutonium was isolated as a peroxwde and, after dissolving in nltr1c acid,
Was concentrated as pTuton1um nitrate.

Waste containing the uranium from which the plutonium had been separated was made alka-

line (neutralized) and stored in underground single-shell tanks.. Other acid waste (which
included much of the fission products) generated by this process was neutralized and stored

in other single-shell tanks. The specific volume of neutralized waste stored in single-sheTl

tanks was large, up to 40 m /t of irradiated uranium processed 8 Piant was construoted o
between August 1943 and February 1945 and was operated. untv] 1952 T Piant was constructed
between June 1943 and October 1944 and operated_untll 1956, : S

3 1.2 Uranium Recovery Process (U P]ant)

Uranium in waste from the BiP0y process was first stored in- s1ngle-she11 tanks.t Later
it was mined by siuicing, ‘dissolved in nitric acid, and prOcessed through a solvent extrac-

tion process using a solvent cons1st1ng of tributyl phosphate {TBP) in kerosene. The process:

was similar to that used later in the PUREX prOcess (see be]ow) except that” p1uton1um was not
recovered, The acid waste from the uranium recovery process was made alkaline and’ returned
to single-shell tanks. The recovery process, which’ operated_from 1952 to 1958, resulted in
an 1ncrease,in‘nonradioactive salts and .a small increase in waste_volume.

U Plant wds ariginally built as one of threefthmuth phosphate'process facilities, but -

it was not used for that purpose. It was extensively modified and used for the uranium
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recovery process described above. The main canyon is used for storage of failed equipment. -
Anothar nearby bu11d1ng is currently used in reducing 11qu1d uran1um nttrate to powdered ura-
nium oxide. '

3.1.3 REDOX Process (S-Plant}

The reoox(a) process was the first process to recover both plutesium and uranium. It
used a continuous solvent extraction process to éxtract plutonium and uranium from dissolved
fuel into a methyl isobutyl ketone {hexome) solvent. The slightly acidic waste stream con~ -
tained the fission produets and large quantities of aluminum nitrate that were used to pro-
mote the extraction of plutonium and uranium. This waste was neutralized and stored in
sing]e-She11 tanks. The volume of high-Jevel waste {HLW) from this process was much smaller
than that from the BiP0y process, but 1arger than that from the PUREX procass {see the next -
section). :

" The REDOX Plant was built between May 1950 and August 1951 and operated until July 1967,
3.1.4 PUREX Process (A Plant)

The ‘PUREX process is an advanced solvent extraction process that uses a tributy] phos-
phate in kerosene solvent for recovering uranium and plutonium from nitric acid solutions of
irradiated uranium. It is the process generally used worldwide for recovering uranium and

_p1utonfem._ Nitric acid is used instead-of metallic nitrates {e.g., aluminum nitrate) to proF

mote the extraction of uranium and plutonium from an aqueous phase to an organic phase, Most
of the nitric acid in the waste is recovered by distillation and reused. The waste, contain-
ing residual nitric acid, is neutralized and stored in underground tanks. Initially, single~
shell tanks were used for this purpose. New tanks are double-shell and will be used for
storing future .PUREX Plant waste. The vo1une_of HLY per unit amount of fuel processed by the
PUREX process is small compared to that from earlier processes.

The PUREX P1ant was built between April 1953 and October 1955 and then operated unt il
1972, 1t began operat1ng aga1n in November 1983,

3 1. 5 Thorex Process

Special processing campaigns in the PUREX Plant recovered 233U {a fissionable isotope of
uranium) from thorium irradiated in the Hanford reactors. The thorium also was extracted and

" partially decontaminated. The waste composition was similar to that from the PUREX process

except that it contained small quantities of thorium and 233U instead of uranium and pluto-
nium. Two campaigns were conducted between 1966 and 1971,

3.1.6_'P1qtoniuﬁ Recovery and Finishing Operations (7 Plant)

This faciltity, now called the Plutonium Finishing Plant (PFP), began dperetions in Tate
1949 to process plutonium and prepare plutonium producté. {Before 1949, all plutonium
nitrate solutions had been shipped off site for further processing.) Waste from this plant:
contained only minor amounts of fission products but did contain Tow concentrations of

(a) REDDX: REDuction and DXidation extraction process.
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plutonium and other transuranic elements, and was high in metallic nitrates. Initially this
waste was discharged via cribs to soil columns, which sorbed the TRU elements and retained
them close to the point of discharge. Later waste from Z Piant was stored along with other
waste in underground tanks. ' '

3.1.7 Maste Fractionation Plant (B8 Plant]

The radionuclides 905k and 137cs and their decay products are the major sources of heat
in Hanford high-level waste {HLW) after about 5 years' decay (ERDA 1975). Some of the stron-
tium and cesium fiésiun products were removed (fractionated) from the waste and separately
isolated to reduce the heat.generation in the tanks. B Plant, one of the origifal BiPOy
process facilities, was modified in 1968 to permit removal of these fission products by a

"combination of ﬁrecipitatibn, solvent extraction and ion exchange steps., The residual actd
waste from the processing was neutralized and stored in single-shell tanks.

3.1.8 Waste Encapsulation and Storage Facility {(WESF)

This facility converted solutions of strontium and cesium aitrates recovered at B Plant
to strontium fluoride and.cesium chioride solids that are doubly encapsulated in metal and
stored in a water basin., . Although.these materials'have potential beneficial use as heat
and/or irradiation sources, they are considered, solely for purposes of this EIS, to be waste
requiring disposal. That is, in the event. of commercial use of these sources, they would at
the end of their useful life be considered as wastes and would require disposal, This facil-
ity began operations in 1974,

3.1.9 Past Waste Management Experience

" As a2 result of the several plutonium recovery processes used at Hanford and past'prac-_
~tices in the management of tank waste, the chemical and radionuclide compositions of existing
individual tank contents are quite varied. Volumes and compositions were strongly dependent

“upon the separations pracess used in generating the waste, as noted above. Methods for
treating the waste in the tanks have had major impacts on the compositions of tank contents.:
These treatment methods have included: '

.e in-tank scavenging of strontium and cesium by the precipitation of strontium phos-
phate and cesium ferrocyanide to reduce the concentratibn of 905r and 137Cs in
supernatant liquids and disposal. of the supernatant liquids as low-level] waste
(LLW)

e removal of 29k and 137¢s at B Plant to reduce in-tank heat.generation and allow

concantration of the remaining waste
e concentration of tank contents by evaporation of water to crystallize the waste as
a salt cake. ' o '

Mixing of tank contents was caused by transfers of solutions and siurries among tanks
_and tank farms during the above treatments.

3.4




.

Disposal of liquid and solid wastes created TRU-contaminated sites that are being con-
sidered for enhanted protection within the scope of this EIS.

3.2 WASTE CLASSES, SITES AND INVENTORIES

In this analysis, each particular waste site at Hanford for which disposal or remedial
action is under consideration has been assigned to one of six waste classes, so that wastes
with similar characteristics are classed together.' Characteristics of waste composition or
contamination and treatment requirements were the major factors used in this classification.

. Taple 3.1 summarizes the six waste classes, showing the number of sites, areas and volumes

involved, and inventories qf the major radioactive contaminants of interest. Fisstion product
radicactivity is shown in Table 3.1 both with and without short-Tived daughters {shert-Yived
daughters are accounted for in impact calculations}. The engireering data in this section
were obtained primarily from engineering support data provided by Rockwell Hanford Operations
(Rockwell 1985, 1987)(3) Brief descriptions of each waste class follow. More detailed
information, inciuding that for chemicals, is contained in Appendix A.

. The numerical information on waste inventories is the most accurate data available based
on historical records. The basis for all inventories was the report by Rockwell (i985)
wherein the rough, overall estimate of data accuracy is +50% to ~30% and {is believed to be
adequate for generic waste class descriptions. Future characterization of wastes wiil be
necessary to provide more detail, and in some cases is already under way {Rockwell 1987},

3.2,1 Existing Tank Waste

Existing tank waste includes all waste in underground storage tanks on the Hanford Site
at the time the PUREX Piant resumed operations in November 1983. Most of this waste is in
the form of salt cake, sludge,(b) and nonpumpable liquids currently stored in 12 tank Tarms
{each considered a single site) containing a total of 149 tanks with sing]e—she]?(c) con-
struction, For calcuiation purposes, it was assumed that residual 1iquids and siurries are
contained in 14 pewer tanks of doubie-shell construction. Fourteen double-shell tanks are.
atso assumed for future waste storage.

Single-shell tanks contain various combinations of sludge, salt cake, and nonpumpable
liquids. Present practice is to remove Tiquid (solution or slurry) waste from single-shell
tanks to the extent practicable, and store it as a concentrate in doubie~sheil tanks. How-
ever, due to a combination of physical;properties (permeability, porosity, and capillarity),
some 1iquids would remain in single-shell tanks that could not be removed by current pumping
techniques, This residual moisture should not exceed 5% of the tank volume and is not

{a) Current inventories are available in the Intagrated Data Base Report for 1987
{DOE 1987a).

{b} Sludge refers to the solids that precipitate when acidic Tiquid waste is neutralized.
Salt cake is a damp solid formed by evaporation of the liguid that remains after the
studge setties out. ' :

{c) Single-shell tanks are carbon-steel-lined concrete tanks. Double-shell tanks have a
concrete shell and two carbon-steel Tiners with an annulus between the liners; this
system provides for secondary containment and Teak detection.

3.5




e

TABLE 3.1, Summary of Waste Classes

Quantity of Radioactive Materials(®)

%a) Listing by individual components is given in Appendix A. Decay calculated to 1995,

b} Does not include activity of short-lived daughters in equilibrium with parent radionuciide. Short-lived daughters are

accounted for in impact calculations.

(¢} Includes activity of short-l1ived daughters. Current inventories are available in the Integrated Data Base for 198?

{DOE 1987a).
(d) Waste accumulated before November 1983,

{e} MNumber of tank farms. Some existing double-shell tanks (5 sites) as well as the recently constructed AP tank farm will

be used for future wastes. Does not include recently planned AQ farm.
(f} Area cited is that of tanks alone.

~{g) Double-shell tank waste includes ali double-shell tank waste, both "existing" and "future.” .

Number - 2 : Fission'P/ FissionC!
Waste Class of Sites ° Area, m Volume, m Mass, t TRY, q TRU, Ci Products, Ci  Products, Ci
Existing Tank waste (4}
Single—shell (149) 12te) 5.5 x 10Mf) 1.4 x 105 2.2 x 105(8) 44109 6 x 10% 5 x 107 1x 10°
Oouble-shell (14) 5{e) 5.8 x 103(f) 4.5 x 10 7.7 x 10%(@) 54 10% 2 x 10% 2 x 107 (3)
' Total 17 - 6.1 x 10% 1.9 x 105 2.0 x 10° 5 x 10° 7 x 10 7 x 107
 Future Tank Maste (14) sl 5. x 103} 5.2 % 108 7.1 x 10%@) 24 10° 3 x 10° 2 x 108 a.x 10%8(9)
Strontium and Cesium i “1x 102 . 4.0 6.0 negligible negligible 8 x 107 2 x 108
" Capsutles
Retrievably Stored and 7 5x 10" - 2.6 x 10" 8.0« 10 7 x 10° 9 x 10% 1x 10° 2 x 109
Newly Geperated TRU - : .
Haste oo
TRU-Contaminated Soil 24 1,2 x 104 3,2 x 10 5.8 x 10% 2 x 10° 2 x 10% 5 x 103 1x 104
Sites s : :
Pre-1970 Buried TRU 9 - 7.3 x 10% 1.1 x 10° 2,0 x 10° 4y 10° 3 x 104 5 x 10 1 x 100
Solid Waste
Total ' 2.6 x 10° 4.1 x 10° 6.3 x 10° 2 x 108 5 x 10° 4 x 108 7 x 108
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expacted to interfere with disposal cperations. The need for drying of the residual seolids
is being considered as part of disposal operations (Appendix B). '

Double~shell tanks contain residual Tiquids or slurries {called double-shell slurry).
These include concentrated saltt solutions that cannot efficiently be further concentrated
using current operating Ffaciiities to produce a dried salt cake, and concentrates {cajled .
complex concentrates) containing soluble organic complexants. The double-shell tanks contain
also a small amount of sludge. Because of fractionation and mixing, neither the single-sheill
nor the double-shell tanks contain waste typical of HLW as initiatly produced by the PUREX
Plant. ‘

Existing waste tanks will contain in 1995 about 70,000,000 Ci of the waste fission prod-
uct and about 70,000 Ci (plus daughters) of TRY, including 400 kg of plutonium, in a total
volume of 190,000 m3. More details are given in Tabie 3.1 and in Appendix A. ’

3.2.2 Future Tank Waste

Opératjons since October 1983 to process spent fuel from the N Reactor and other poten-
tial DOE sources such as the Fast Flux Test Facility and the Shippingport Reactor will gener-
ate additional radioactive waste requiring disposal. Future waste stored {after November
1983) and to be stored in tanks will include the following:

e neutralized current acid waste (NCAW)--aqueous waste, resu]tihg from the recovery
of uranium and plutonium by solvent extraction, that has been neutralized by
sodium hydroxide; it contains nearly all of the fission products processed through
solvent extraction in the PUREX Plant '

® cladding removal waste--the agueous solution resulting from dissolution of the
Zircaloy cladding from N Reactor fuel

@ organic wash waste--waste from process solutions used to treat the solvent for
recycle in the PUREX process

® miscellaneous sump waste--waste from the PUREX facility celis.

Of these, NCAW will be stored in doubie~shell tanks equipped with recircuiators to permit
storage of high-heat waste with a controlled rate of beiling. The cladding waste is neutral-
ized with sodium hydroxide and stored in double-shell tanks. Organic wash solutions and
miscellaneous sump wastes also are stored in double-shell tanks.

Waste from other Hanford facilities {e.g., N Reactor, Plutonium Finishing Plant} may be
inctuded in tank waste. - As supernatant tank waste, this waste contains <100 nCi TRU/g, -but
after concentration in the tank farm the TRU concentration could exceed this value,

By the end of 1995, future tank waste is estimated to contain 300,000 Ci of TRU radio-
nuclides and 200,000,000 Ci of fission products in a volume of 52,000 m, This waste, corre-
sponding to the processing of 12,000 t of N Reactor fuel, :is estimated to weigh 71,000 t and
would be contained in about 14 doubie-shell tanks {Appendix A).
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Extended Operations of Production Activities

As stated previously, future wastes for which disposal .is considered in this EIS are
future tank and newly generated TRU wastes expected to be produced in a reprocessing cam-
paign, which began in. November 1983 and is scheduled to end in 1996, About 12,000 t of
irradiated uranium would be reprocesséd,rp1US minor amounts (by comparison) of other .
materials as noted above., Any additional production of special nuclear material for defense
programs would be in response to national defense or research and development needs. To
account for the potential extension of production attivities; the fmpacts of an addifional
assumed quantity of waste have been evaluated. It is assumed that this extension of special
nuclear materials production activities would result in the reprocessing of an additional
20,000 t of irradiated uranium. Therefore, the dmpacts from this extended operation would
approximate twice those that are calcuiated for the 1983-1995 campaign and are compared among
the alternatives in this EIS in Section 3.4.3. The impacts from the 1983-1995 campaign have
already been added to all tables in this EIS that present total impacts. For the extended
production of special nuclear materials. beyond 1995, the exposure and health impacts stated
in Séction 3.4.3 should be'mu1tip1ied by tﬁo'and added to all tables that present total
impacts. ' ' o

3.2.3 Strontium and Cesium C&psu]es

In 1972, activities began in the waste fractionation fdcility {8 Plant) to remove and
encapsulate the high—heat-generating=isotopes SOSr and 13705 from the single-shell tank waste
to permit solidification of waste in the single-shell tanks. These isotopes are'current1y
contained in doubly encapsulated stainless.steel or Hastelloy® capsules as Srf, and CsCl.
There are no plans at present to separate strontium or cesium from future PUREX Plant wasfe;
cesfum would, howevef, be separated in thé in-place stabi1izaﬁion and'disposal alternative as
described in Section 3.3.2.2., Some capsules may be removed from Hanford temporariiy for
beneficial uses ({heat or radiation sources), but are 1ikeTy to be returned to Hanford for
disposal.

As of December 1985, approximately 40,000,000 Ci of 20sr and 70,000,000 Ci of 1¥cs
(plus daughters) were contained in capsules stored in water basins adjacent to B Plant.

3.2.4 Retrievably Stored and Newly Generated TRY Waste

Since May 1970, solid waste classed as or suspected of being TRU waste has been pack-
aged, labeled, and stored so as to be retrievable for at least 20 years. 1In 1973, the offi-
cial level for segregation and storage became 10 nCi TRU/g of waste. Recently, however, the
basis for classification as TRU waste was established as 100 nCi AU/g.(a) Thus, - some of the

@ Trademark of Cabot Wrought Iron Division, Kokomo, Indiana. )
fa) Segregation and containment of material known or suspected to be -contaminated with
transuranic nuclides followed by 20-year retrievable storage were called for by
" Immediate Action Directive 0511-21 dated March 20, 1970, and applied to waste generated
after April 30, 1970. Interim guidance promuigated that material contaminated to
10 nCi/g or more of transuranic nuclides should be placed in storage. This. guidance
appeared in AEC Manual Chapter 0511, September 19, 1973, TRU waste is now defined as
those materials contaminated to 100 nCi of transuranic nuclides per gram of waste (0OE
1984).

3.8




%
]

A

ey

oy

e
s,
L

waste now stored with TRU waste may actually be classed as Tow-Tevel waste {LLW}. Waste
packages with surface exposure ratas of 200 mR/hr or Tess are referred to as contact-handled:
packages exceeding that value are referred to as remote~handled TRU. Most contact~handled
waste is in b5-gal drums, but some is contained in large boxes constructed of steel,
fiberglass-reinforced plywood, or concrate.

Some small items of TRU waste also contain high concentrations of fission products and
generate dose rates exceeding 200 mR/hr. These require remote handling and have been pack-
aged in l-gal and 5-gal metal containers and stored in underground caissons.

Newly generated TRU solid waste from PUREX Plant operations and from'other Tocations
both on site and off site is incTuded within this class, since its storege and disposal will |
be similar to that for the waste already retrievab1y stored. Some of it will be stored above
grade in a retired pluteonium storage vault.

Five sites covering a total surface area of 25,000 mé (Appendik A} have been used for
retriavably storing TRU waste. Through the end of FY'1983, about. 31,000 metal drums and
521 boxes of varying sizes containing 60,000 Ci of TRU elements {inciuding 330 kg of pluto-
nium), in a total volume of 12,900 m3, have been stored. The total mass of waste is esti-
mated to be 4,000 t. Projeeted newly generated TRU solid waste is expected to add an
additional volume of 12,000 m3 containing 33,000 Ci of TRU waste.

3.2.5 TRU-Lontaminated Soil Sites

A TRU-contaminated soil site is one to which Tiquids {usually aqueous solutions classi-
fied as LLW at the time) have been released to soil. For purposes of this EIS, it is defined
as a site at which the average concentration of TRU in the potentially contaminated soil vo]-
ume at the site is estimated to exceed 100 nCi TRU/g {based on a soil dens1ty of 1.8 g/cm )
or as a site that has received more than 80 g of p1uton1um per 100 me. This def1n1t1on is
based on characterization data that shows the TRY cencentratTOn to decreaee repidiy at

increasing depth because of the high adsorption characteristics of Hanford soils.

Waste in these sites is considered to have been disposed of; the sites are, however,
being considered in this EIS because DOE is raviewing whether further action is warranted 1in
terms of envirommental protection.

There are 24 TRU-contaminated soil sites {Append1x A) covering a tota] surface area ofr
12,000 m with an estimated tota] of 20, 000 Ci of TRU {including 190 kg of p1uton1um) in
32,000 m3 of contaminated soil. These sites consist of cribs, trenches, ponds, ditches,
reverse wells, French drains, settling tanks and one unpianned release. The total mass of

the contaminated soil is estimated to be 58, 000 t.

3.2.6 Pre-1970 Buried Suspect TRU-Contaminated Solid MWaste

Between 1944 &nd 1970, all solid waste {bulk quantities of trash, failed equipment, and
laboratory and process waste contaminated with small amounts of TRU elements) was referred to
as LLW and was routinely placed in designated shallow-land burial treﬁches at Hanford.
Depending upon jts source, the buried waste was contained in cardboard boxes,:55-gaT stee?
drums, concrete burial vaults, or other containers. It was covered with about 1 m of soil to
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‘reduce surface radiation 1eve1s and to prov1de protect10n from w1nd eros1on, p]ant roots, and
burrowing animals. wastes with a surface dose rate above’ 200 mR/hr were placed in under- _
ground structures caiied caissons, Pre- 19?0 buried suspect TRU solid waste sites are like
the above-described TRU-contaminated soil sites in that they are considered to have been
disposed of but are being reviewed to determ1ne whether further action is. warranted in terms-
of env1ronmenta1 protect1on.

. For this EIS a 5011d waste disposal site is defined as a TRU.waste site if the concen-
tration of TRU in some of the waste containers exceeds 100 nCi/g, averaged over’ the container
volume. In those 1nstances where only the total TRU content in the site is known, ‘the peak
container concentrations are assumed to exceed 100 nCi/g when the average TRU concentrat1on-"
in the s1te exceeds 10 nC1/g.

In the draft EIS, it was stated that the Hanford Site had 11 pre- -1970 ‘buried suSpect
TRU-contam1nated s01id waste sites. Review of waste site inventories revealed that two
sites, 618-1 and 618-2, did not contain enoegh TRU material to qualify as TRU waste sites;
thus,rthere are nine such sites at Hanford. These sites cover a total area of 73,000 mz
{Appendix A}, These sites contain an estimated 33,000 Ci of TRU (including 350 kg of plu- '
tonium) in a volume of about 110,000 ma of waste plus soil amdunting’td'abdut.ZOO;ﬁGOJt'of
waste.

3.2.7 Chemicals Associated with High-Level, Transuranic and Tank Waste

Virtua11y all radiocactive waste substancee'y1e1ded'in the process of producing or'
utilizing special nuciear material are contained,'dissqlved or suspended in nonradioéctive
chemical media. Considerable interest was expreSSed durfhg review of the draft ‘EIS for
additional information regarding the existence, disposal and impacts from chemicals in
Hanford radioactive defense waste. Moreover, concerns were expressed since some'chehica}s
have been reported as having reeched groundwater. The presence of nitrate and carbon:
tetrachloride as well as other chemicals in groundwater'is'addhessed_ih Section_4.4.2;2.f

3.2.7.1 Inventurles of Chemncals

In the past the main emphas1s has been on tracking the rad1oact1ve components of waste
and assessing their potential environmental impacts. It has been w1th1n JUSt the ]ast few
years that the fate and impacts of chemicals have ga1ned w1despread 1nterest. ‘As a
consequence, characterization of chemicals that are. 1nterm1xed with the h1gh Tevel,
transuranic and tank wastes is somewhat behind that of radloact1ve species at the Hanford
Site, Currently known inventories of chemicals in ex1st1ng tank waste and proqected
inventories of chemicals in future tank waste are. given in Tables A.3 and-A,.8,
respectively. In addition, more-recent information on organic chemicals-in neutralized
cladding removal waste and doublé-shell slurry waste and in organic complexant waste is given
in Tables A.6 and A.7, respectively. Quantitatiﬁe chemical characterization for the four”
other waste classes has not been developed. ' ‘

Additional efforts to further characterize chemicals in all waste classes are p1anned
under ongoing programs and as a part of the development and evaluation work identified under
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the preferred alternative discussed‘in Section 3,.3.5. Hazardous-chemical disposal is
discussed with respect to.the preferred alternative in Section 3.4.6.

3.2.7.2 Management and Disposal .of Chemical Wastes

Waste management ﬁnd disposal practices for cheﬁﬁca1 wastes that will achievé'cuﬁp?iance
with applicable regulations for nonradioactive and mixed radioactive wastes will be addressed
in the Hazardous Waste Management Plan {in preparation; 1988 publication planned); That plan
will consider those federal regulations established pursuant to the Resource Conservation and
Recovery Act and the Hazardous and Solid Waste Amendments of 1984. State regulations
included  are the Washington Dangerous Haste Regu]at1ons, estab11shed pursuant to the
Washington Hazardous Waste Management Act of 19?6

The plan WT]] entail a seven-step process: 1) establish regulatory cr1ter1a, 2y assess
faciTities and'operations égainst_these criteria, 3) identify areas of noncompliance,
4) identify necgsséry méasures to correct noncompiiance, 5) implement the identified
measutes, 6) ensure that cbmpliance has been attained, and.?) establish measures to maintain-
compliance.. ' -

3.3 'DISPOSAL OR MANAGEMENT ALTERNATIVES

The three disposal or enhanced,pfotection alternatives initially sé]écted for detailed. '
analysis are the following:

s Geologic Disgpsé]--Most (98% by activity) of the waste within the scope of this
EIS would be retrieved (to -the extent practicable) and processed, with some pack-
”aged and transported for d15posa] in either an onsite or offsite geclogic reposi-

- tory. The remainder would be d1sposed of on site and isolated with a protective
barr1er and marker system.'

s In-P]ace Stab111zat1on Aand Disposal--Double-shell tank waste would be retrieved
and grouted in near-surface vaults. Transuranic and single-shell tank wastes
would. ‘be stabilized in their exlst1ng Jocations to the-extent practicable and -

'”.covered with a protective ‘barrier and marker system (Appendix B}, Encapsu1ated

' stront1um and cesium would be retrieved from water basins, p1aced n an additional
package, placed in a drywe11 storage facility, and isolated from the environment
by a protective barr1gr and marker system.

e Reference Alternative (combination disposal)--Elements of the geologic disposal
and in-p1ate-stabilization and disposal alternatives would be employed to provide
2 balanced disposal or enhanced-protection approach that would give reasonable
expectation that this alternative will limit risks to populations over the Tong
term without dincurring negr~term risk due to disturbing wastes that are currently

stable and difficuit to retrieve. Readily retrievable waste would be processed
for geologic disposal. Other waste would be disposed of in place. All wastes .
d15posed of near surface would be 1501ated from the environment by a protective
barrier and marker system.
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A no disposal action alternative, which amounts”to continued storage of the'wastes; was
also considered in detail. This altérnative is not considered by DOE to be a viable
long-term.option based on current waste management policies, particularly in view of the
large accumulated costs associated with maintaining the wastes in a storage mode for many -
centuries. The no disposal action alternative is analyzed in accord with Council on Environ-
menta1 Qua11ty (CEQ) regulations. In the short term (i.e., for periods Tess than 100 years},
the no d1sposa1 action alternative can be cons1dered as a “de]ay major action" alternative,
after which time disposal alternatives could be cons1dered. If DOE were to choose the no
disposal action alternative, waste would remain as disposed of or -continue to be stored. .
indefinite]y'using existing storage prectices with planned improvementéitp comply with RCRA
and CERCLA reguirements as applicable, Active administrative control would be provided.
Federal pﬁnership and presence on the Hanford Site is planned in perpetuity (but for compara-
tive‘ana]yses in Chepter 5, loss of active institutional cdnfro] is assumed to occur in the '

fyear 2150).. It must be emphasized that this scenario was defined simply for'tohpar1ng

alternatives. Present disposal practices with active administrat1ve control will not result -
in the impacts calculated for this scenario.

The preferred alternative was develogped fo1lowin§ agency. and public review -of the draft
EIS and consists of a combination of the reference alternative for some c1a§§es of waste and
a deferred decision for other classes of waste. Under this a!ternaﬁive, reédi]y retrievab]e
waste (double-shell tank waste, strontium end.cesium capsules, and retrierab1y stored and
newly geﬁerated TRU waste} would be processed for geologic and grout disposal, and other -
waste would be left in place until results of ongoing or ‘planned deve10pment and eva1uat1on
are obta1ned.

Although it was recognized that disposal of s1ngTe-she1l tank waste, the pre—1970 bur1ed
suspect TRU-contaminated waste and TRU-contaminated soils is no less 1mportant than d1sposa1

. of double-shell-tank waste, capsules and retrievably ‘stored :TRU waste, consensus focdsed. on *

proceeding with disposal of those wastes that could be most readily disposed of (particularly
1iquid waste) and deferring disposal judgment -on the other wastes. :There appeared to be-ne
conflict between impiementation of these disposal actions and any federal or state

_reguiations.

It was also recognized that because the radioactive wastes in single-shell tanks have -
been reduced from iiquid to sludge and semisolids, there is Tittle threat from further -
Teakages and no urgent. need to effect disposal despite a large inventory of waste in those
tanks. Similarly, the pre-1970 buried suspect TRU-contaminated solid waste and TRU--
contaminated soii sites have remained stable and, again, there is no urgency for election of
further remedial action. Moreover, application of RCRA and CERCLA to these latter classes of
waste suggested the need for further characterization of the wastes {(including chemicals} and
review for compliance with app11ceb1e hazardous—ﬂaste regulations, After the ongoing or
p1anned deve1opment end evaluation are completed in about 15 years, necessary HEPA .
documentation will be prepared for disposal of these remaining waste classes and a decision
will be made as to implementation of their d1sposal. In the interim, DOE will continue the .
present storage and maintenance act1v1t1es.
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The following sections describe the implementation of each of the disposal alternatives
and the no .disposal action aTternatTve fqr each of the waste classes (i.e., existing tank o
waste, future tank waste, strontium and cesium capsules, retrievably stored and newly
generated TRU solid waste, TRU-contaminated soil sites, and pre-1970 buried TRU solid
waste}. Further ‘details are provided in Appendix B. '

In some cases, a proposed engineering method selected for analysis is representétivg;
however, engineering design confirmation may be required in a number of cases. ExampTes of
methods that might be applied for various process steps are radio~frequenqy drying to remove
residual nonpumpable Tiquid from single-shell tanks, mechanical retrieval of waste from
single-shell tanks, and -heat removal by heat pipes. Other process steps that have a broad
variety of options and would need to be optimized include onsite subsidence control and
1mmob11ization.techniques fof'TRU wastes. One such option is in sjtu vitrification, in which
the waste and surrounding soi! would be converted to a highly durable glass material and Teft
in place. “{In situ vitrification could also facilitate waste removal if warranted.)
Representafive imp?ementatidn methods were selected without attempting to optimize the
details. Some changes from the implementation methods described in this EIS are likely as
processes are optimized. However, the methods: described are expected to bound the impacts of
any optimized process. - Results of ongoing and future research may provide additional
enhancement of waste forms (e.g., glass and grout), and would be applied where appropriate,

An example of a selected engineering concept for which considerable latitude in findl
design details exists is the mi1tilayer protective barrier and marker system proposed for all
sites_designated for such protection. The barrier is désigned to discourage farming, root
penetration, and animal burrowing; to minimize infiltration of water; and to enhance resis-
tance to erosion. The surface and subsurface markers are inténded to deter human intrusion,
Several system designs are currently undergoing field tests, and in practice a range of
designs might he employed on a site-specific basis. However, this coﬁceptuai,system was
chdsen as a generic design, subject to future modification .once results of field tests and
consequences analyses are obtafned (Appendices B and M).

The conceptual protective barrier used for purposes of analysis in this EIS would con-
sist of a muTtilayer cover 5.4 m thick, the bottom portion of which would be a 3.6-m-thick
layer of basalt riprap 12 to 25 c¢m in diameter.  The riprap would be topped by a rock/gravel
layer 0.3 m thick, which in turn would be covered by a 1,5-m-thick layer of fine-textured
soil. The rock/gravel layer would be used to Minimize the sifting of fine soil materiais
into the riprap below. The soil layer would be covered with native vegetation to:remove
water from the soil, A riprap-filled perimeter trench 1 m x 1 m would be used to control
intrusion by burfowing animals. -

The primary function of the Tayered design or capitlary barrier is to reduce water
infiltration into the waste. The coarse layer would act as a one-way check-valve system.
Water from below could not be drawn to the surface because of the large rock texture. The
fine-textured soil layer would act as a capillary barrier to downward flow. Subsurface mark-
ers would be distributed throughout the soil and riprap portions of the barrier to discourage
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intrusion into.the wastes. The performance of the protective barrier for wastes disposed of
near surface is a key part of all the Hanford defense waste disposal alternatives discussed
in this EIS. '

Granite monoliths, about twice human size, bTaced around the site on the surface would
denote the area within which the wastes are Tocated. The faces of the surface markers would
have warnings (in simple symbols and simple pﬁrases) to alert anyone of the hazardous nature
of the wastes. ' ' ‘

Process methods and facilities for each alternative are described briefly in this sec-
tion, but more detai is édntained in Appendices B and M. Some process methods -inciude chem-
ical separation of'se1ected radiontclides, which resuits in separation of nonradiocactive
components also. in general, nonradicactive metals {mercury, cadmium, chromium, etc.} are
contained in the sludge layer of tank waste {Appendix A), and would remain with the sludge
during the proposed chemical separations. Light alkali metals {sodium and potassium}
together with most anions such as nitrate and nitrite ions would remain preferentialiy with
the supernatant 1iquids during chemical separations.

Most process methods and facilities are described in Appendix B. Three wmajor facilities
for use with the reference, geologic and preferred alternatives have been developed in
suffictent detail to facilitate quantification of impacts for. construction, operation and
decommissioning. These facilities are the Hanford Waste Vitrification Plant {(HWVP), the
Transportable Grout Facility (TGF), and the Waste Receiving and Processing {WRAP) facility.
They are described in Appendices C, D and E, respectively.

3.3.1 The Geologic Disposal Alternative

The objective of the geologic disposal alternative is to remové from surface or near-
surface storage or dispbsa] on the Hanford Site essentially all (98% by activity) of the

‘high-1evel/low-volume and TRU wastes {to the extent practicable) and place them in a deep

repository for high-level waste and in WIPP for TRU waste. Disposal in a future onsite or
offsite repository is considered in this aiternative. The postuiated onsite repbsitory would
be a mined basalt cavern approximately 900 m.beneath the Hanford Site. For this EIS, the_
hypothetical offsite repository for tank waste is assumed to be about as deep but at a site
about 5,000 km from Hanford to bound transportation impacts calculated for this alternative.

Waste would be retrieved from both single-shell and double-shell tanks and would be sep-
arated into a low-volume, high-level fraction that contained most of the fission products and
TRU waste and a high-volume, low-activity fraction, containing the remainder. Geologic
isolation of all retrieved waste was considered but rejected as impréctica1 énd unwarranted
{Section 3.3.6). The high-level and TRU waste from tanks wouid be converted to a glass,
packaged, and transported to a repository for disposal. The low-activity waste would be con-
verted to a cementitious grout and disposed of on site. '

Strontium and cesium currently in capsules would be put in a suitéb]e form and sent to a
repository for geologic disposal.
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Although the total amount of irradiated uranium processed and to be processed would
amount to about 106,000 t, the commercial reactor equivalent (upon which the 70,000-t size of
the first repository was based) would amount to about 3,100 equivalent metric tons of heavy-
metal (eMTHM) fuel from a commercial reactor (DOE 1987b; see also Appendix S.1). Of the
3,100 MTU, épproximate1y 1,000 MTU could be attributed to single-shell tank waste. This
targe difference comes about because of the short time during which defense fuel is in a
reéctor, compared to that for commercial fuel, Thus the defense waste described in this EIS,
3,100 eMTHM, could be accommodated in the first 70,000-t repository.

TRU-contaminated soil siteé, pre-1970 buried solid TRU waste, and retrievably stored and
newly generated TRU waste would be retrieved and converted to a stabilized form meeting
repository acceptance criteria, In thié analysis the stabie form excepf for retrievably
stored TRY is considered to be a slag, but other waste forms, such as cement-based grout, may
be chosen later. Retrievabie TRU waste may already be adequately stabilized or may be
further stabitlized by incorporation in cement, if required. The stabilized waste form would
be packaged as solid .transuranic waste to meet waste acceptance criteria and transported to a
geologic repository {for calculation purposes assumed to be WIPP} for disposal.

Application of geologic disposal to each waste class is described.brief1y below. More
details of process methods and facilities are given in Appendices B, C, D and E,

A1l defense waste to be disposed of in a civilian repository will meet repository accep-
tance criteria requirements, including those of NRC's 10 CFR Part 60, “Dfsposal of High-Level
Wastes in Geologic Repositories," and performance requirements of EPA's 40 CFR Part 191,
"Environmental Radiation Protection Standards for Management and Disposal of‘Spent Nuclear
Fuel, High-Level and Transuranic Radioactive Wastes."

3.3.1.1 Geologic Disposal of Existing Tank Maste

As schematically shown in Figure 3.1, at least 95% of the salt, sludge, nonpumpable lig-
uid and residual Tiquors would be mechanically retrieved from single-shell tanks, and 99.95%
would be hydraulically sluiced from double-shell tanké. The fractions removed represent the
most practicable available technology {Appendix B). -The material removed would be trans-
ferred mechanically or hydrauiically as appropriate to a processing facility. There it would
be converted. into twoe fractions: 1) a high-integrity solid (e.g., a glass) containing nearly
all the radionuclides in a form suitable and acceptable for disposal in a geologic repository
and 2) a decontaminated sa]txso1ution With residual radiocactivity low enough for near-surface
disposal after conversion to a cement-based grout. The tanks and their residual contents
woulid be disposed of in place by filling with crushed rock, sand, soil, or grout to control’
subsidence and covered with a protective barrier to reduce potential for intrusion and
infiltration of water into the waste, Piping and risers woqu:be'f111ed with grout to the
extent practicable.

Removal of salt cake and sludge from single-shell tanks could be accomplished with a
mobile mechanical retrieval system or other means. The waste tank contents would be exca-
vated with an articulated mechanical arm, placed in an elevator bucket, and brought .to the
surface for loading into shielded shipping containers. The containers would be sealed and
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placed on a trailer for transfer to an onsite radionuclide concentration facility currently
planned to be B plant, where the contaminated waste volume would be reduced significantly,

A hydraulic system of sluicing and sturry pumping is proposed for retrieving the 1iquid
sturry and siudge from double-shell tanks and transfer to the radionuclide concentration
facility. Waste would be treated as required to destroy organic compounds.

In the radionué1ide concentration facility, strontium, cesium, technetium, and TRU ele-
ments would be removed from soluble salts, combfned with sludges and other streams containing
high concentrations of fission products and TRY elements. This material would then be trans-
ferred to the HWVP and fed with glass-forming additives to a liguid-fed ceramic melter (LFCM)
to produce a borosilicate glass waste form. One possible chemical separation system is
described in Appendfx B, but other chemical separations systems may be used if they are at
least equally effective. For example, in an alternative processing step-currently under
deveprmeht, recovered tank siudges would be dissolved in acid and treated by the Transuranic
.Extfaction (TRUEX) solvent extraction process to remove transuranics. The small quantity'of )
undissoTved sludge that remains would be combined with the transuranics recovered by the
TRUEX process. "The transuranics, cesium, strontium aﬁd technetium recovered from the salt
solution along with the transuranics and undissolved sludge frpm'application of the TRUEX
process would be sent to the melter in the HWVP. This ailternative could result in a sub-
stantial reduction in the quantity of §1ass that must be made. The TRUEX process is a recent
development:in transuranics separation technology. Before a new process such as this would
be implemented, impact calculations would be rerun, evaliuated and compared to the bounding
scenarios of this EIS to determine whether the impacts are s1gn1f1cant1y different from those
presented-in ‘this EIS.

Borosilicate glass proVides a waste form with properties of low dispersibility, low
leachability, and high thermal stability (DOE 1982a,b; DDE 1983a). The glass product is
further described in Appendix C. An estimated 19,800 canisters of glass would be produced,
with a total voiume of 12,300 m3. Approximately 15,000 canisters wouid be attributed to
single-shell tank waste.

Differences in the number of canisters containing glass will be seen between the refer-
ence or preferred alternatives and the geologic disposal alternatives This is due princi-
pally to large amounts of insoluble metal compounds (~5,000 ¥) in single-shell tank waste
that reduces the efficiencj of waste loading in giass in the geologic disposal alternative.
In the reference alternative the waste contain1ng this inventory of insoluble metal compounds
is not processed into glass: ’

The p]an for -disposing of the decontam1nated salt residuals is to incorporate them into
736,000 m> of cement-based grout in near-surface disposal vaults {covering about 25 ha) or
partly in empty single- or double-shell tanks, with the balance disposed of in vaults, and
covered with a protective barrier (see Appendix D}.

The residual tank wasté (Tess than 5% of fnit{ial quantities in single-shell tanks and
less than 0.05% in double-sheli tanks) and the tanks themselves would be disposed of 1in
place. The single-shell and double-shell tanks, accessible pipes and risers, and the annulus
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of double-shell tanks would be filled with grout, gravel, sand, soil, or other substances to
control subsidence in the event of tank structura1'fai1ure (dome co]lapse) This precaut1on
would improve the stability of both the tank and barr1er but would not constitute an 1mperv1-

ous barrier.

Contaminated soil around and under tanks resulting from tank leaks fn the past (ERDA
1975) would be left in place.. The residues from leaks contain radioactivity equal to a small
fraction of the 5% residual waste in single-shell tanks (ERDA 1975 Sections 11.1.1.4.5 and
111.2.2.2), and do not contain sufficient TRU to qualify as TRU-contaminated soil sites as
defined in Section 3.2.5, Individual tanks or whole tank farms would be covered with a pro=

tective barrier.

Enyironmental impacts of removing the contents of all tanks are developed as above in-.

: the geologic disposal alternative, and the environmental impacts of leaving all in place are
developed under the {n-place stabilization and disposal alterpative. Although it wouid be
- possible to develop impacts from selectively removing the contents of specific tanks, a clear

basis for selection has not been estab]ished. That does not foreclose the option, after fhe

- completion of the tank characterization program, of deve1op1ng a strategy of removing the

contents of certain high-activity tanks and leaving the rest. The present anaiyt1ca1
approach bounds the impacts by assuming that 1} essentially all of the tank contents would be
removed, and 2) all contents would be left in place.

However, consideration was given to selectively removing portions of the TRU waste from
single-shell tanks. Table 3.2 summarizes, as an example, the gptions in terms of projected
TRU and number of tanks whose contents would be removed for geologic disposal {Rockwell
1987). Other tank selection criteria such as concentrations of hazardous chemicals or
amounts of selected radionuclides other than TRU elements could be considered.

3.3.1.2 Geologic Disposal of Future Tank Waste

Most (by activity} future tank waste would be disposed of in a geologic repository.
Figure 3.2 shows the conceptual processing scheme that would be used for geologic disposal of
high-level and some transuranic fractions from future tank waste. The high-level waste {HLW)
would be stored in double-shell tanks egquipped to handle high-heat waste until a vitrifica-
tion facility would be available in about 1995. The HLW would be retrieved and the solid and.
Tiquid fractions of the waste would be separated. The large inventories of strontium and
cesium, the long-lived radionuclide technetium, and transuranic elements would be removedr;
from the liquid fraction. New processes such as the TRUEX process described im Sec-
tion 3.3.1.1 may also be applied to future tank waste. The separated radionuclides and the
solid fraction of the waste would be vitrified and placed in 3,310 canisters with a total
volume of 2,050 m of glass for disposal in a deep geologic repository, Some other radio-
nuclides would accompany the separated rad1onuc11des, but Y4c and 1291 would remain in the
liquid phase and go to grout.

The partially decontaminated liguid would be converted to grout, along with low-activity

 waste components of cladding waste, customer waste, and miscellaneous process waste. 'About
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Except for wastes in double-shell tarks, this alternative is similar to the fn-place
stabijlization and disposal alternative with two important exceptions: 1) sites would not be
stabilized, but if fincipient subsidence were detected, those sites would be stabilized to
prevent further subsidence, and 2} TRU and HLW sites would not be covered with a protective
barrier and marker system._

Wastes in double-shell tanks wou]d be monitored and maintained. However, because ‘the
tanks have a 1imited design life, new tanks would be provided about every 50 years to avoid
leakage. :

3.3.4.1 Continued Storage of Existing Tank Waste

Existing tank waste would continue to be stored in tanks, Improvements to enhance con-
tainméent would consist of practices now under way: production of double-shell S!urry from
interstitial 1iquid, stabilization of salt cake and sludges, and isolation of the tanks (ERDA -
1976). Liquid would be removed from salt cake now stored in single-shell tanks to the extent
reasonable (to no more than 190 o residual per tank). Liquid waste and slurries now stored

i
N

in doubTe-shell tanks would continue to be monitored and kept under surveillance. Spare

£

double-shell tank space would continue to be maintained in condition to receive this waste in
case of tank failure. Since the minimum design 1ife of double-shell tanks is 50 years, all
Ea double-shell tank waste is assumed to be transferred to new tanks at that frequency. The

4

. 1iquids would be reconcentrated during transfer by evaporat1on of any water added for pumping

S

or stuicing. The waste would occupy 190,000 ms.

Structural analysis of tank design and Taboratory testihg_of concrete samples from
single-shell tanks show the probability of tank dome failure from deteriofation or
earthquake-induced forces to:be slight. NevertheTess, dome eélevations wouId'continue to be
monitored. In case of any evidence of dome deterioration or damage, empty tank space would
be filled with gravel to minimize the potential for subsidence of the dome and overlying
. soil. This preventive measure is important because sudden collapse of the. dome and -overbur-

den: could release radioactivity'as particulate matter from waste in the tank.

Surveillance would be pravided appropriéte to the degree of isolation of the tanks.:
Thus, surveillance would be continued at the current 1nter1m Tevel until the year 2030, by
wh1ch t1me the adequacy of isoTation procedures should be confirmed. After 2030 only one of
the single-shell tanks and three of the double-shell tanks containing future waste would
require forced ventilation to remove heat due to radiocactive decay. Surveillance would then
be continued at a reduced long~term TeveT.d Site services {security, fire protection, envi- .
ronmental monitoring and utilities) would, however, be maintained at current leveTs;

3.3.4.2° Continued Storage of Future Tank Waste

The neutralized waste from the PUREX facijity would be stored in double-shell tanks.
This neutratized waste would be processed and treated in a manner similar to the current
practices for hand]ing existing waste, dsing only double-shell tanks. The tanks would con-
tain strontium and cesium (unless they were separated from the waste for beneficial pur-
poses), other fission products, and transuranic elements (except for that plutonium and
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neptunium removed by the PUREX process). “Radioactive decay heat wou1d'be sufficient to
require storage in tanks with circulaters for severa1'decades-to prevent excessive boiling. -
Part of the distillate from this high-heat waste would be returned to prevent the tanks from
overconcentrating and exceeding their operat1ng temperature and density 1imits.

Surveillance and monitoring of the stored waste in double=shell ‘tanks would contxnue
until a future decision is made to process and. dispose of the waste.  Since the tanks have a
- limited 1ife, new ones would be provided and the waste transferred from old to new tanks
_every 50 years.

After decay of about 100 years, the supernatants from the tanks would be removed and be

concentrated in an external evaporator.. The concentrate would be. returned to a double-shell
" tank for crystallization in accord with present pract1ces (ERDA 1975) The waste would con-
sist of 52,000 m. ' L

Cladding removal waste, organic wash waste, and other low-heat waste from future PUREX
Plant operatxons would be concentrated by evaporat10n, a1low1ng the concentrate to crysta1-
1ize to a salt cake for storage in double~- shel] tanks.,

3.3.4.3 Contlnued Storage of Stront1un and Ces1um Capsules'

The continued storage alternative for strontium and cesium capsules is. the same as the
in-place stabilization and disposal alterpative d1scussed_1n.Sect1on 3.3.2.3 with one excep-
tion: a protective barrier and marker system would not be placed over the drywell storage.
facility. The can1sters of stront1um and cesium- capsuies wou1d be stored in drywe!ls indefi-
n1te1y with cont1nu1ng surve11]ance.

-3.3.4.4 Continued Storage of Retr1evably Stored and Newly Generated TRU Waste

The current inventory and any future TRU solid waste would continue to be stored

. retrievably for 20 years after generation. :Current packagtng and storage procedures would be
followed {i T.e., packag1ng in 55-gal drums.-and storage in desrgnated TRU waste sites). A '
filled waste site would then. be covered with soil so that the waste could be retrieved. later
if desired, After 20 years of storage, the waste m1ght be reclassified as buried waste._
Monitoring, surveillance, and maintenance of . TRU solid waste would continue until a dec1s1on
is made e1ther to recover materials conta1ned in the waste or to permanent]y dispose of the
waste (ERDA 1975). Monitoring would include site surveys, groundwater analyses, atmospher1c
sampling, and biotic surveys. Based on mon1tor1ng results, maintenance activity would
provide (as necessary)- erosion and subsidence control, maintenance of observation wells,
vents, etc., and control of plant and.animal. access. ’

3.3.4.5 Continued Surveillance of Previously Dlsposed-of TRU-Contam1nated So11 Sites
~and Pre-1970 Buried Suspect TRU-Contamlnated So]1d Haste '

Even without other d1sposa1 act1ons, by the year. 2000 a]] TRU~ contamanated soil.-sites
and TRU solid waste burial grounds from pre-1970, operations are expected to.have been
surface- stab111zed.: Planned act1v1t1es aimed at: surface stabilization through the control of
~deep- rooted vegetation would have been 1mp1emented and completed by the year 2000, Extensive
mon1tor1ng and surveillance practices (ERDA 1975) would continue at these s1tes. Monitoring
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would include site surveys, groundwater analyses, atmospheric sampling, and biotic surveys. .
Based on mbnitoring results, maintenance activity would provide {as necessary} erosion and
subsidence control, maintenanbe.of observation wells, vents, etc., and control of plant and -
animal access. :

3.3.5 Preferred Alternative

A preferred alternative for disposal of the Hanford'high-ieﬁe1, transuranic and tank
wastes has been developed fleoang review of comments received during the agency and pubiic
review of the draft EIS, The preferred alternative as discussed below identifies preferred
disposal actions for existing and future double-shell tank waste, retrievably stored-and
newly generated TRU waste, strontium and cesium capsules and one pre-1970 TRU solid waste -
site. The preferred atternative identifies additional development and evaluation work
reqﬁired on other waste classes prior to final disposal decisions. Supplemental RNEPA . -
documentation such as an EIS for single-shell tank waste, or other public review
documentation, as appropriate, would be issued for agency and public review after the
additional work is compTéted and proposed disposal alternatives identified for the remaining
waste types.

The preferred alternative would combine a near-term decision for disposaT of some of the
waste consistent with the reference alternative from the draft EIS, and a future decision for
disposal of other wastes. The preferred-alternative would -be the same as the reference
a]ternative_for existing tank waste in double-shell tanks, future tank waste, strontium and
cesium capsules and retrievably stored and newly generated TRU solid waste. In addition, in
order to consolidate TRU waste on the 200 Areas plateau where it can be protected from public
access and pqtenfia] flooding of the Columbia River, the pre-1970 buried suspect TRU- -
contaminated site,-618-11 (the_on}y TRU wasfe site outside of the 200 Areas plateau), would
be_retrieved.dnd processéd for geologic disposal. The preferred alternative would require
future decisions possibly on a site-by-site basis, for waste in single-shell tanks, TRU- ‘
contaminated soil sites, and pre-1970 buried TRU solid waste sites. Such decisions would be
based on the resuits of the development and eva1uat1on work., In the interim, pending '
compTet1on of deve]opment and evaluation and the dec1s1on-makzng process, including
additional NEPA or other public reviews, DOE would continue the present storage and
ma1ntenance activities .for these three classes of waste. '

It is estimated that at the present time there are more curies of both. transuranic and
fission products in the single-shell tanks than in the double-shell tanks, and some of the
single-shell tanks have leaked, Therefore, it would seem counter-intuitive to treat and '
dlspose of doubTe—she]] tank wastes before treating and disposing of single- shel] tank
wastes. However, the wastes 1n doub]e she11 tanks are primarily in Tiquid form, whereas the
wastes in single-shell tanks have largely been converted to sludges and semi-solids. Conse-
gquently, the potential risk from leakage from the double-shell tanks might be greater than
from single~-shell tanks. -Furthef, the wastes in the double-~shell tanks are better
characterized than are the wastes in the single-shell tanks; these more mobile, better-
characterized wastes should be treated and disposed of first. The strontium and cesium
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capsules contaip more curies than the fiésion products in both the single- and doub1e~§he?i
tanks, and in addition, they are well characterized and packaged, Thereforé, it makes sense
to process as necessary and dispose of these wastes, Finally, the curies of transuranic
elements in the stored and future-generated transuranic wastes are a substantial part of the
TRU inventory. Because there is also a repository (WIPP) which will shortly be able to

receive such wastes, it makes sense to treat and dispose of them first.

7 Although it was recognized that disposal of single-shell tank waste, the pre-1970 buried
suspect TRU-contaminated waste and TRU-contaminated soils is no less important than disposal
of double-shell tank waste, capsules and retrievably stored TRU waste, consensus focused on
proceeding with disposal of those wastes that could be most readily disposed of {particularly
11quid waste) and deferring disposal judgment on the other wastes. There appeared to be'no'
conflict between implementation of these disposal actions and any federal or state
reguiations, ‘

It was also recognized that because the radioactive wastes in single-shell tanks haﬁé
been reduced from liquid to sludge and semisolids, there is little threat from further
Teakages and no urgent need to effect disposal despite a Targe inventery of waste in those
tanks. Similarly, the pre-1970 buried suspect TRU-contaminated solid waste and TRU-
contaminated spil sites have remained stable and, again, there is no urgency for election of
further remedial action. Moreover, possible appiication of RCRA and CERCLA to these latter -
classes of waste suggested the need for further characterization of the wastes {including
chemicals) and revyiew for compliance with applicable hazardous-waste regulations.

The other three classes of wastes, including their hazardous-chemical components, are
poorly characterized. The efficacy of possible methods of treating and disposing of these
ﬁastes is not yet proven, and the consequences of such actions are not yet well-defined.
Consequently, treatment and disposal of such wastes should be postponed untii these issues '
are resolved, ' '

3.3.5.1 Preferred Alternative for Existing Tank Waste

‘ The high-leve]Ifraction_of existing double-shell tank wastes would be disposed of in a
gebTogitIrep051tory according to the reference ‘alternative {Section 3.3.3.1); with the '
10w-attivity fraction being converted to a cementitious grout. The grout would be placed in
preconstructed; lined concrete vaults (see Appendix D). Fpr fina1'disbosa1, the vaults would
be covered with protective barriers. Until field data are fina1ized, the waste-loading
criteria will be established assuming less-than-perfect pérformance of the barriers

Existing and future double-sheil tank waste will be characterized for hazardous chemical
constituents, as well as other chemical constituents.that might affect glass or grout
formulation before processing. - The formulations for both glass and grout will be determined,
via laboratory tests, before processing, to ensure that release rates from -the waste forms
for hazardous constituents as weil as radionuclides are within regulatory requirements. The
final grout formulation, along with the design for the vault, monitoring system, etc., will
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be reviewed by EPA and the appropriate state agencies before disposal. The grout disposal
vauTts will meet the requirements of the Resource Conservation and Recovery Act“(RCRA),

including permitting of facilities as required.

DOE wou]d'perform the following work as part of the preferred alternative for disposal
of double-shell tank waste:

e Finalize glass waste formulation to ensure that it meets repository waste
acceptance criteria.

o Finalize grout formuTations to ensure that they meet processing, regulatory, and
environmental protection criteria.

s Complete design and construction of the HWVP and pretreatment modifications
necessary to the pretfeatment facility, currently planned to be B Plant,

e (onstruct subsurface vaults for dispesing of low-activity and mixed waste as
grout, '

Q Before final closure of the grout site, develop a protective barrier that will
meet the Jong-term environmental protection criteria. Before final demonstration
of the protective barrier, mixed wastes will be grouted and disposed of in vaults
with Teachage collection systems and caps that conform to RCRA requirements.

Single-shell tank wastes would continue to be stored until sufficient tnformation is
available to support a future decision for geologic, in-place stabilization or other disposal

~method. If it were determined that ali or part of the single-shell tank waste is to be
. retrieved, alternative processes for retrieving, pracessing and immobiTizing the waste would

be evaluated. Current concepts would utilize existing facilities being planned for double-
shell tank wastes (i.e., HWVP, TGF) for disposal of singieughel] tank waste if required. The
current HWVP plant design could accommodate all single-shell tank waste, depending on pre-
processing constraints, final waste characteristics and final grout disposal criteria.

Single-shel] tank waste will be characterized by a combination of sampling and model
analyses to determine the hazardous waste constituents on a tank-by-tank basis, as well as to
confirm the radionuciide inventories predicted from records. It is known that there are haz-
ardous waste constituents in the tanks, such as nitrite and cadmium, so all disposa] options
will consider the hazardous waste constituents and regulatory requirements for hazardous
chemicals., '

For wastes in single-shell tanks, the final disposal decision would be postponed untii
further deve]ophent and evaluation are completed. In the interim, DOE would continue the
present storage and maintenance activities. Examples of development and evaluation that may
be undertaken for existing tank waste in single-shell tanks include the following:

e Characterize radioactive and hazardous waste components by sampling, analysis and
modeling.
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e Perform additional environmental impact analysis using improved performance
assessment models and data.

o Demonstrate barrier performance.
e Determine need and methods to improve the stabiiity of the waste form.

@ Establish criteria to identify tanks where removal of wastes is reguired and .
determine optimal retrievai methods for processing and preparing this fraction for
geolegic disposal, '

e Evaluate destruction/stabilization aiternatives for hazardous compenents of the
wastes, considering the applicable requirements of RCRA and CERCLA regulations.

e Evaluate alternative methods for retrieving,'processing, and immobilizing single-
shell tank wastes. '

e Conduct a full-scale test of the design'basis disposal method {on one tank farm)
once it is selected. Appropriate environmental analysis would precede this
demonstration,

e Initiate a series of independent reviews of disposal alternatives. A National
Academy of Sciences review of technology issues associated with disposa1 has
already been started. '

@ Prepare NEPA documentation, such as a supplemental EIS, or other public review

documentation as appropriate. :

3.3.5.2 Preferred Alternative for Futﬁre Tank Haste

The preferred alternative for future tank waste, shown in Figure 3.6, involves geologic
disposal, either on site or off site, for the high-tevel portion of future tank waste. Only
cesium would be removed from the supernatant liguid derived from future tank waste before
incorpnration of the supernatant liguid along with cladding waste, organic wash waste, and
other streams into 99,000 m of grout. Removai of cesium wca1d be required to reduce thermal
degradation in the grout product; the supernatant liquid, after cesium removal, would be
converted to a cementitious grout for near-surface disposal in vaults, Cesium and sludge
{containing strontium, TRU elements, and other fission product elements, such as rare earths
and zirconium) would be processed in the vitrification plant (Appendix C}. The product would
be 369 m° of glass in 595 canisters. (The glass volume from future tank waste would be much
Tess than in the geologic disposal alternative since in the preferred alternative no cladding
removal sludge would be vitrified and Tess extensive ;hemica1 processing would bg used,)

Future doubte-shell tank waste would rec¢eive the same considerations for hazardous
chemical constituents as accorded existing double-sheil tank waste (Section 3.3.5.1).

3.3.5.3 ?Preferred Alternative for Sirontium and Cesium Capsules

The preferred alternative would provide for storage of the strontium and cesium capsules
in water basins until a repository becomes available. The strontium and cesium would be
packaged in accordance with repository waste acceptance specifications and shipped to a
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commercial repository. For the purpose of evaluation of impacts for this EIS, it was assumed
that the strontium and cesium capsules would be placed in canisters and shipped to a reposi- -
tory. An estimated total of about 509 canisters would be shipped for disposal. Most of the
cesium and some of thé strontium is already committed to beneficial uses. It is planned,
though, that this material will be eventually returned for disposal.

3.3.5.4 Preferred Alternative for Retrievably Stored and Hewly Generated
TRU Solid Waste

In the preferred alternative, retrievably stored and newly génerated TRU soTid waste
would be sent to WIPP, The waste would first be processed and packaged in the same way as in
the geologic disposal alternative (Section 3.3.1.4), except for remotely hand1ed TRU waste.
The waste processing facility proposed for the geclogic disposal alternative would not bé
provided in the preferred alternative since this facitity would be sized for treatment of
TRU~contaminated soil sites and pre-1970 TRU solid waste burial grounds {total of
1.4 x 105 3) as well as remotely handled TRU waste (500 m3) In the preferred alternative
the remotely handied TRU material would be processed on a much smaller scale, which favors
use of a smaller facility using different technology. The waste would be processed in a new
facility (or in a temporary facility, sincé such a small voTume is involved) of suitable
size, possibly as an addition to the Waste Receiving and Processing facility (Appende E). A
new facility to provide remote handling is assumed, containing hot cells for size reduction,
immobilization, and packaging.

It is anticipated that close to 45% of the retrievably stored waste will be returned to
burial grouhds as low-Tevel waste after being exhumed and assayed. The'remainder will be
repackaged as necessary, certified to meet WIPP acceptance criteria and sent to the Waste
Isolation Pilot Plant (WIPP). If the Tow-Tevel waste fraction returned to the burial ground
is determined to be hazardous waste, it will meet hazardous waste requirements for shallow
land burial. It is anticipated that some of the low-level waste may be classified as radio-
active mixed waste. These wastes will be segregated and will be disposed of in accordance
with the provisions of RCRA, '

DOE would perform the following work as part of the preferred alternative for disposal
of retrievably stored and newly generated TRU soljd waste:
e Design and construct the WRAP facility.
e Evaluate alternative methods for retrieval of remote-handled TRU solid waste.

3.3.5.% Preferred Alternative for TRU-Contaminated Soil Sites

The preferred alternative for TRU-contaminated soil sites would postpone a decision
between géo]ogic disposal and in-place stabilization and disposal until after completion of
ongoing and planned development and . evaluation., In the ‘interim, DOE would continue the
present maintenance .activities for these waste sites..

TRU-contaminated soil sites are also being evaluated under the CERCLA program to
determine whether additional stabilization or exhumation is needed because of their hazardous
compenents (including radicactivity). The first stage, now completed, was to identify, .on
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the basis of existing records, the hazardous waste content. The second phase will be actual
site characterization, if this is deemed necessary. As a minimum, because of their _
radioactive contamination, a protective barrier and marker system will be placed over eaﬁh of
these sites, unless they are exhumed. Those sites ‘active after November 1980 will be
evaluated under RCRA if they are mixed waste sites.

Examples of -development and evaluation that may be performed for TRU-contaminated soil
sites include the following:

e Perform additional characterization of selected sites’ radicactive and hazardous
waste components by sampling and analysis.

» Pepform analysis using improved performance assessment models and data,

e Establish criteria to identify wastes unacceptable for in-place disposal'and
determine methods for retrieving, processing and preparing this fraction for geo-
logic disposal, o

o Demonstrate void/subsidence control.

. Consider destruction/stabflization alternatives.
. Deferminé needs. and methods to improve the stability of the waste form.

e Evaluate alternative methods for removing waste from specific waste s%tes.
e Evaluate sites against CERCLA and/or RCRA requirements, as appropriate.

3.3.5.6 Preferred Alternative for'Pre-lQ?O Buried Suspect TRU-Contaminated Solid Waste

The preferred alternative for Pre-1970 buried TRU solid waste is the same as for TRU- .
. contaminated soil sites, as deécribed in Section 3.3.5.5, except that the 618-11 site near
the 300 Area would be retrieved and processed for disposal in a geologic repository (assumed
for calculation purposes to be WIPP), Pre-1970 buried solid TRU waste sites are a]so‘being
evaluated under the CERCLA program to determine whether additional stabilizatfon or
exhumation is needed because of their hazardous components {including radioactivity). The
first stage, now completed, was to identify, on the basis of existing records, the hézardous
waste content. The second phase will be actual site characterization, if this is deemed

. necessary. As a minimum, because of their radioéctive'contamination a protective barrier
and marker system will be placed over each of these sites, unless they are exhumed. Those
sites active after November 1980 wiil be evaluated under RCRA if they are mixed waste sites.

'3.3.6 D1sgosa1 A]ternatwes Consudered but Dismissed from Detailes Consideration

In addition to the alternatives for disposal of defense waste described in.this EIS,
disposal options such as ge01ogic disbosai, seabed disposal, space disposal, deep-hole dis-"
posal, ice sheet disposal, and island d1sposa1 have been previously investigated for d1sposa1
of commercial radioactive waste (DOE 1980a) For commercial waste, geologic d1sposa1 Was
determined to be the alternative of choice (Record of Decision 46 FR 26677, May 14, 1981),
which was confirmed by the Nuclear Waste Policy Act of 1982 (PL 97-425), Although the pri-
mary emphasis was on commercial waste, the EIS (DOE 1980a) recognized that "in a generic '

3.40




press

ey

T
St

sense, systems that can adequately dispose of commercial radioactive wastes have the capabil-
ity te adequately dispose of wastes resulting from defense programs." Geologic disposal of
defense wastes is, therefore, also the choice from among those ‘alternatives cited above, and

- those other alternatives were not reexamined here,

The 27 variations on four alternatives for disposal of high-Tevel waste examined in
ERDA-77-44 were considered and reduced to the three disposal a1ternatives. The 27 plans rep-
resented part of the matrix defined by two waste cTasses'(waste in tanks and capsules of
strontium and cesium), four waste forms (glass, concrete, powder and clay), three disposal

sites (onsite near-surface, onsite geologic repository, and offsite geoTogfc repository}, and

two processing scenarios (disposal of all material associated with waste in tanks, and divid-
ing existing waste into high-activity and Tow-activity components). Three waste forms. were
dismissed (concrete, powder, and clay) since glass has been shown to be an acceptable waste
form for similar wastes at Savannah River and West Valley (Appendix C). As explained below,
disposal of all material associated with waste in tanks was rejected for geoiogit disposal.
The remafning portions of the matrix are included in the alternatives selected for deta1]ed

~evaluation.

Other aTternat1ves considered but which were eliminated from detailed study 1nc1uded the
fo110w1ng

° geoTogic repository disposal of entire tank contents

e geologic repository disposal of entire tank contents, tanks, ancillary equfpmeht
(piping, sumps, etc.) and contaminated soil from tank leaks

A brief discussion of these alternatives and thé reason for elimination from detailed
study is as follows.

3.3.6.1 Geologic Repository Disposal of Entire Tank Contents:

In this discussion single-shell tanks, double-shell tanks containing existing waste and
double-shell tanks to contain future waste are considered as a single class. The total vol- '
ume of waste from tanks to be retrieved and processed for repositony'disposal amounts to
about 142,500 m3, 45,000 m® and 52,000 m for single-shell tank waste, existing double- she11
tank waste, and future double~shell tank waste, respectave]y, for a total of about
240,000 m3, (This 1is the same volume of waste that is retrieved and fractionated before pro-
cessing into glass and grout in the geologic disposal alternative.) An analysis of geo]ogic
disposal of the ‘entire tank contents as well as that of fractionated waste was presented by
Rockwell Hanford Operations - (Rockwell 1980}, It was concluded that precessing the entire
tank contents for disposal in a geologic repository would result in a volume of powder to
process to glass 26 times that for processing fractionated waste as in the geo1ogié disposal |
alternative. After processing to glass, the impact on repository requirements would -amount
to'about 6 times that necessary for fractionated waste as described in the geologic disposal
alternative. From these ratios, an appreciation can be gajned of the increases in labor for
treatment and disposal and of the increase in radiological and nonradidlogical risk associ-
ated with transporting the relevant wastes. '
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In accordance with provisions in Section 8 of the MNuclear Waste Policy Aet- the Presi-
dent made an eva]uat1on of the need for a defense-only repository and found no basis to con-
c]ude a separate repos1tory was necessary (Letter from the President to the Secretary of
Department of Energy, April 30, 1985).

To develop an estimate of the cost of implementing an alternative of disposing of the
entire tank contents in a geqTogic repository, a comparison was made between the analyses in-
Rockwell {1980) and in this EIS for the diSposal of fractionated tank waste and scaling up
from costs provided'by Roekwe1],(1980) for disposal of the entire tank contents. That Ted to
an estimate of abdut $32 bil]ien to dispose of the entire tank contents versus about $14 bil-
1Ion to d1spose of the fractionated tank waste. '

Because ana]ys1s of the three principal alternat1ves discussed in the draft EIS sug-
gested_low.pub11c risk under all reasonable scenarios, it was concluded that. the additional
risk to dispose of the tank residuals from increased processing, transportation amd -reposi-
tory placement plus an additional $18 billion was not warranted to.place the approximately
5%, by activity, of the remaining tank waste .in a geologic repository. . Hence, this alterna-
tive was eliminated “from deta11ed consideration.

3.3.6.2 Geologic Disposal of Entire Tank Contents, Tanks, Anc111ary Equ1pment (p1p1ng,
sumps, etc.) and Contaminated Soil from Tank leaks '

In this discussion s1ng1e -shell tank waste and existing and future double-shell tank
waste are again taken as a single class., The increase in effort, ‘risk and cost to remove and
dispose of the entire tank contents was developed abgve. Removal of all 177 tanks plus con-
necting piping and other equipment together with all of the contaminated soil from tank.leaks
could ‘be seen as an alternative to achieve nearly or1g1na1 status of the tank s1tes. It is
expected that because of the contaminated nature of the waste tanks and changes in work prac-
tices, all work removing the tanks would be con51dered radiation work and stringent proce-
dures would apply. Without any experience on this scale of operation, it was assumed at the
present time that it would cost 5 to 10 times the original cost of building the tanks to
remove them and cut up the material so that it could be placed in a geologic repository. It
was estimated that to construct all of the tanks in today's economy would reqdire'abOQt '
$500 million. Thus, the expectation for removal would be $2.5 to $5 billion.

_ The volume of rubble from dismantled tanks to dispose of would be on the order of
60,000 m3. In addition, the quantity of contaminated soil that resulted from tank Teaks
would be on the order of 100,000 ms. Assuming that disposal of these wastes would be
proportional in cost to geologic disposal of contaminated TRU soil s1tes which cost
$400 million to dispose of 32,000 m3, an estimate for d1spos1ng of the contam1nated s6i1
would be about $2 billion. Hence, to d1spose of the tank contents, tanks and contam1nated )
s0il would cost on-the order of $37 billion, Here again the added effort, r15k and cost of
placing in a geologic repos1t0ry materials that would not be foreseen as having any risk to
public health and safety was concluded to be unwarranted, and the alternative was eliminated
from detailed study. However, recent clarification of the applicability of RCRA to defense
waste (see Section 6.6) may necessitate additional consideration to disposal of the tanks and
ancillary equipment.
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3.4 COMPARISON OF IMPACTS FROM ALTERNATIVES

In this section, the d1sposai alternatives and the no disposal action (cont1nued stor-
age) alternative are compared with respect to operational and postdisposal impacts. More
detaiied descr1pt1ons of impacts are given in Chapter 5 and in the appendices.

-As a result of the comprehensive analysis of alternatives conducted for'this'document,
upper-bound estimates of the short<term and Tong-term health and environmental impacts of the
alternatives have been made. These impacts are lower than might have beén_expecfed intui-
tively. The estimates of the risks of waste disposal for the options outlined in this
analysis provide a conservative basis for deCisions among the alternatives.

The health and environmental impacts in this ana]yéis-arg based upon deterministic
models in nearly all cases. That is, consequences are estimated as though the postulated
refeases of nuclides hévé occurred. One exception is the scemario for well drilling, where
the frequency of events leading to lethal exposures is shown over a 10,000-year period., In
that case, probability is incorporated to establish the 1ikely number of drilling events. A
second exception occurs in Appendix S, where probability of release and ‘consequence magni-
tudes are estimated in such a manner as to relate exposures from the alternatives with the
risk assessment methodoTogy used by EPA in their "Environmental Radiation Protection
Standards for the Management and Disposal of Spent Nuc?ear FueI High-Level and Transuranic
Radioactive Wastes," 40 CFR 191. '

3.4.1 _Environmenta] Impacts from Disposal and No Disposal Action.Operations

Consideration of environmental impacts that might result from impTementing the waste
disposal alternatives included: ‘

e radiological impacts to public and workerS-from routine opératiohs and to the pub-
lic from accidental releases

. nonradioTogicaI impacts from routine operations -and accidents
‘e ecological impacts

e socioeconomic impacts

o commitment of resources.

In addition, a comparison of the estimated costs of implementing the several alterna-
tives is provided below.

3.4.1.1 Radiological Impacts from Routine Operations

Radiological impacts assoéiated with the implementation of the disposal and the no dis-_
posal action alternatives are compared in Table 3.3. Ranges of impacts are shown for the
preferred alternative to indicate the minimum and maximum disposal actions that could be
implemented for that alternative.
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Radiation doses(a) to the public during routine operations are highest for ‘the geologic
disposal alternative where the repository is located of f site. in that case the population
in the Hanford area, along transportat1on routes to the rep051tory(1es) and in the repository
area would receive a total of up to 140 man rem over the d1sposa1 period. The principal .con-
tribution to the dose is from the d1sposa1 activities associated with retr1eva1, processing
and repository pTacement

The h1ghest annual total- body doses to the maximum 1nd1v1dual in the generaI popu]at1on
during rout1ne operat1ons were as follows:

_ rem/yr
Geologic Disposal 4 x 107%
In-Place Stabilization 4 x 1077
Reference 6x 1077
Preferred ' 6 x 1077 to 4 x 104

No Disposal Action 5 x 1078

These doses may be compared with the EPA Standard 40 CFR 191,03 of 2.5 x 10-2 rem/yr to any
member of the pub11c permitted -for d1sposa1 operations.

As a point of reference for the doses in Table 3, 3, the ant1c1pated 1990 popu]at1on in
the Hanford environs (420,000) would receive about 2,500,000 man-rem from naturally eccurring
radioactive sources during the operational period ending in the year 2050. Thus, in compari-
son with dose from naturally occurring soupces, the doses to the public in Table 3.3 are
small in terms of environmental impacts among alternatives even tHough they differ by several
orders of magnitude.

Radiation doses to the work force during routine bperations are also highest for the
geologic disposal alternative. Workers involved in retrieval, transportation and emplacement
activities would receive a total of 15,000 man-rem, or from four to eight times greater than
that for the other alternatives. It is expected that during operational activities, doses to
workers would be controlled and monitored at all times. Hanford operational practicesihave
historically resuited in an average for ﬁadiationxione workers of 0.5 rem per person per
year. Geologic disposal, however, would reguire up to seven times as many man-years as for
1mplementat1on of the other alternatives. Thus, although radiclogical doses to the work
force would be contro11ed at all times, geologic disposal has greater possibility for occupa-
tional exposures than other ‘alternatives. A1l other alternatives have much lower occupa-’
tional exposure, with no disposal action {continued storage) the Towest, s

{a) Doses calculated in this EIS are based on dosimetry methods recommended in ICRP 2. The
DOE, in concert with other agencies, has recently called for dosimetry methods based on
ICRP 26/30 to be used <in computation of dose {DOE Order 5480.1B).: Conversion of com-
puter programs based on ICRP 2 to those based on ICRP 26/30 methods is in progress but
was not available in time to be used in this EIS. See Appendix F for a discussion of
dosimetry methods used in this EILS.
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TABLE 3.3. Comparison of Estimated Radiological Impacts from Routine Operﬁtians (1990-2050) for Each A]ternative(a)

.OccggétionaT Doses, man-rem Integrated Popu} Sion Dose, Presumed H a}th
Repository man=-rem Effects '
Disposal Alternatives Operations Emplacement Total Operations - Transportation Workers  PubTic

Geologic Disposal , ' _ . _" '

HLW Offsite, TRU to WIPP 14,000 1,400 15,000 50 80 2-15 0 l

HLW Onsite, TRU to WIPP - 14,000 - 1,400 15,000 50 40 2-15 0
In-Place Stabilization and Disposal 2,400 --{d) 2,400 : 0.8 . - 0-2 0
Reference (combination) '

HLW Offsite, TRU to WIPP 3,600 230 3,800 1 . 40 0-4 0

HLW Onsite, TRU to WIPP _ 3,600 230 3,800 1 40 0-4 -0
Preferred Alternative(€) 3600-14,000 230-1,400  3,800-15,000 - 1-50 40-80 0-15 0
No Disposal Action .
Continued Storage(f) 1,900 . - 1,900 2 - 0-2 0

(a) For compariscn, the annual dose to each person from naturally occurring sources is about 0.1 rem. On that basis,
the population dose in the Hanford environs from naturally occurring sources over the operational period would be
about 2,500,000 man-rem. If the same ratio of health effects to population dose is applied to this dose as many as
2,500 hea1th effects might be expected due to radiation dose from natural background.

(b) Dist1nct10n is made between dose for 1) the population within 80-km radius of 200 Area that would be incurred during
disposal operations and 2) .the population along transportation routes pTus train crew (see Appendix I for detailed
explanation). Doses rounded to one significant figure. )

(c) Health effects are fatal cancers and genetic effects presumed to have been caused by exposure to radiation. A rate
of 100 to 1,000 health effects per miliion man-rem was used.

(d) A dash indicates that there is no associated dose. ; :

{e} Impacts for preferred alternative are shown as ranges. Since disposa1 of single-shell tank waste, TRU-contaminated

soil sites and pre~1970 buried suspect TRU-contaminated solid wastes in the preferred alternative has been deferred,

the impacts for the preferred alternative could range from those of the reference a]ternat1ve to those of the geologic
alternative for these waste classes.

(f) Impacts shown are for the 60-year operational period. Similar impacts could be expected for each century of storage
thereafter, :
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3.4.1.2 Potential Radiological Accidents

The potential for accidents'during operations associated with the various disposal
alternatives was also investigated. Accidents most likely to result in dose to the public:
are those in which radionuclides are released to the atmosphere. Accidents identified ranged
from minor process upsets that occur about once a year, but result in no release, to acci-
dents that dccur less frequently, but which have a potential for significant release of -
radioactive material. Estimates of total-body dose commitments to the population from.
postulated accidents and releases were made and are compared in Table 3.4,

Generally the same operational accidents would be anticipated in each of the alterna-
tives for the several classes of waste. It turns out that this is true for the accidents
having the largest consequences. For waste c]asses'where~differences occur in the results of
accidents, the consequences are all of low significance, Thus, operational accidents do not
appear to be discrimihating in terms of environmental impacts among the alternatives.

The total radiclogical risk from transportation accidents {see Appendix I) amounted to
2.7 x 1074 to 1.2 x 1072 for the geo!oéic, reference and prefeﬁred a1ternatives; for HLW
disposal of on site or off site, respectively. The risk was zero for the in-piace stabiliza-
tion and disposal ‘alternative and the no disposal action-alternative. Only one radiation-
related fatality was calculated to result from shipment of all waste to an offsite repoéitory
in the geologic alternative, and none were calculated to result from transportation of waste
in the other alternatives.

3.4.1.3 MNonradiological Impacts--Injuries, I1lnesses and Fatalities

Tabte 3,5 summarizes nonradiological injuries, illnesses and fatalities associated with
workers implementing the several alternatives. Most of these values were generated based on
anticipated man-hours to accomplish certain tasks or, in the case of transportation, they
were based on accident statistics related to distance traveied. Calculation methods are
detajled in Appendix G. '

The highest number of injuries, illnesses and fatalities would resuit for the geologic
disposal alternative {accidents at the geologic disposai site excluded}. Over 900 injuries
and illnesses could result, or from about four to eight times as many as for the other-alter-
natives. Although sha11,~the number of nonradiological fatalities associated with the geo-
togic disposal alternative is five times that for the reference alternative. _ ‘
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TABLE 3.4. Summary of Radiological Consequences to the Public Associated with Postulated Accidents During Implementation

of Alternatives

7Q-yr--Population Dose Commitment, man-rem
In-Place(2)

: No
Geo]agic(a) Stabilization Reference(?) Preferred Disposa1{°)
Waste Class Description_of Upper-Bound Accident Disposal and Dispgsal Alternative Alternative () Action
Existing Tank Waste Explosion of ferrocyanide or other organic 7,000 7,000 7,000 7,000 nald}
precipitates during mechanfcal retrieval or
stabfiizing operations
Pressurized release of liquid waste due to - NA NA NA 2,000 2,000
fallure of a diversion box pipefitting dur-
ing hydraulic retrieval operations
Future Tank Waste Pressurized release of liquid waste due to 2,000 2,000 2,000 2,000 : 2,000
failure of a diversfon box pipefitting dur-
ing hydraulic retrieval operations
Sr/Cs Capsules. Rupture of a'strontium capsuTe by improper 1x 102 NA Clx 1072 1y 1072 NA
handTing during retrifeval operations
Shearing of a strontjum capsule by improper KA 1 . NA NA 10
handling in DWSF operations ) .
Retrievably Stored Pressurized reiease due to buildup of radio- 100 NA 100 100 NA
and Mewly Gemerated 1ytic gases from waste drum rupture if
TRU dropped
Breach of waste container during package NA 80 NA NA NA
disposal operations
Collapse.of voids at waste site during NA NA NA NA 0.2
subsidence-contral operations
TRU-Contaminated Deflagration of contaminated material due to 4 x 1072 o NA NA 4 x 1072 NA
So0il Sites process malfunction in slagging pyrolysis
incinerator
Collapse of voids in soil sfte during . NA 2 x 1073 2 x 1073 2 x 1077 2y 1073
subsidence-control operations ) :
Pre-1970 TRYU Solid Deflagration of contaminated material due to 0.3 NA NA 0.3 NA
Waste process malfunction in slagging pyrolysts
incinerator
Collapse of void space at waste site during NA 2 x 1072 2 51072 2y 1072 2x 1072

subsidence-control operations

{(a) Additional protection Tn the case of TRU-contaminated seil and pre-1970 TRU buried waste atready disposed of. :

{b) Impacts for preferred alternative are shown as ranges, Since dispesal of single-shell tank waste, TRU-contaminated soil sites and pre-
1870 buried suspect TRU-contaminated solid wastes in the preferred alterrative have been deferred, the impacts for the preferred alterna-
tive could range from those of the reference alternative to those of the geologic alternative for theose waste classes.

c) Mo additiorial protection in the case of TRU-contaminated soil and pre-1970 TRU buried waste already disposed of.

{d) NA-=not applicable or bounded by the fmpact of another accident in that waste class. )




TABLE 3.5. Summary of Estimated Nonradiological Injuries, Illnesses and Fatal1t1es
Associated with Implement1ng Alternatives

Disposal Alternatives Injuries and I]]nesses(a) ‘Fatalities (total)
Geologic Disposal

HLW Onsite; TRU to WIPP . 410 5

HLW Offsite; TRU to WIPP 880 6

In-Place Stabilization - 110 0
and Disposal ‘ : :

Reference (Combination)
HLW Onsite; TRU to WIPP : 230

1‘
HLW Offsite; TRU to WIPP 220 1
Preferred(b)
HLW Onsite; TRU to WIPP . 230-910 1-5
HLW Offsite; TRU to WIPP 220-880 1-6
No Disposal Action(€) o
; e . Continued Storage =130 -0
i % . - .
, . _ - {a) Lost workday cases. '
| g . (b} Impacts for preferred alternative are shown as ranges. Since the final decisions
P on disposal of single-shell tank waste, TRU-contaminated soil sites and pre-1970
o buried suspect TRU-contaminated solid wastes have not been made, the. impacts for
P the preferred alternative could range from those of the reference alternative to
| those of the geologic alternative for those waste classes.
: (c} For first 100 years. The same impacts cou]d be expected for each additional
; - century of continued storage.
! gt
Nonradiological impacts associated with transportation were estimated as follows
- (Appendix 1): '
' _ Injuries Fatalities
{1 g : T
P Geologic Disposal’
e . HLW onsite; TRU to WIPP 13 -1
P " HLW offsite; TRU to WIPP . el 2
In-place Stabi]iiatioﬁ and Diéposa1 0 0
Reference Alternative .. '
HLW onsite; TRU to WIPP 10 1
HLW offsite; TRU to WIPP 10 1
Preferred Alternative _ '
HLW onsite; TRU to WIPP - 1.
HLW offsite; TRU to WIPP . 1-2
No (Dispesal) Action . B Q 0.

3.4.1.4 Resource Commi tments

Estimates of commitments of resources associated with implementation of the several dis-
posal alternatives are summarized in Table 3.6.
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TASLE 3.6. Summary of Estimated Resource Commftments to Imp]emeﬁt Alternatives

Disposal Alternatives ) . Preferred
‘ In-Place Reference {Combination) - Alternative(?
Geologic Disposal Stabilization HLW Onsite; HLW Offsite; HLW Onsite; HLK Offsite; No Disposal Action
Resource HLW Onsite HLW Offsite and Disposal = TRU to WIPP TRU to WIPP TRU to WIPP TRU to WIPP {Continued Storage)!®’
Energy : _ .
Propane, m’ 97,000 197,000 3,100 14,000 14,000 14,000 - 97,000 14,000 -.97,000 17,000
Diesel Fuels, m’ 120,000 120,000 78,000 74,000 . 75,000 74,000 - 120,000 75,000 - 120,000 110
GasoTine, ms 14,000 15,000 _ 2,500 4,200 4,200 4,200 - 14,000 4,200 - 15,000 © 1,700
Electricity, GHh. 5,000 5,100 1,500 © 3,800 3,800 3,800 - 5,000 3,800 - 5,100 300
Coal, t 520,000 530,000 73,000 46,000 47,000 46,000 - 520,000 47,000 - 530,000 110,000
Materials ‘ '
Concrete, m 300,000 300,000 " 18,000 65,000 65,000 65,000 - 300,000 65,000 - 300,000 46,000
' Steel, t 20,000 - 80,000 11,000 14,000 14,000 14,000 ~ 80,000 14,000 - 80,000 26,000
Stainless steel, t 6,600 6,600 : 30 1,400 1,400 - 1,400 - 6,500 1,400 - 6,600 43
Lumber, m3 47,000 47,000 4,500 10,000 - 10,000 10,000 - 47,000 10,000 - 47,000 8,000
(a) Impacts for preferred a1tebnative are shown as ranges. Since d1sposal of single-shell tank waste, TRU-contaminated 5011 sites and pre-1970
buried suspect TRU-contaminated solid wastes in the preferred altermative has been deferred, the impacts for the preferred aiternat1ve could
range from those of the reference alternative to those of the gealogic alternative for those waste classes.

(b} For the first 100 years,




Implementation of the geologic disposal alternative would require the most resources,
followed by the preferred alternative, reference disposal a1ternative, no disposal action
(for the first 100 years) and in-place stabilization and disposal. These resources are
required over a period of 15 to 30 years, and.none are in shart supply. Additional resources
would be needed for the no'disposa1 alternative because of the ongoing maintenance that would
be required. Even the resaurces required by the geologic disposal alternative are not sig-.
nificant on a national scale, but appear significant when compared to the other alternatives.

3.4.1.5 Ecological Impacts

The greatest ecological impact is expected to result from implementation of the geologic
disposal alternative. Although areas where the waste sites are located were already previ-
ously disturbed from production and waste management activitieé; the retrieval of wastes in
tanks, trenches, etc., would result in renewed temporary disruptians of selected Jand areas
on the 200 Areas plateau. ) '

Temporary disruption of p]ant and animal communities would alsa result from implementa-
tion of each of the alternatives. Principal ev1dence of d1sposa1 ‘activities remaining during
the postdisposal period would consist of the protective barrier and marker system and the
storage piles for repository mine spoils. There are no federally designated threateried or
endangered species on which disposal actions would 11kely impinge, although the lack of human
pressures on biota on the Hanford $ite has resulted in the site being used as sanctuary for
some species, Because 0n1y temporary further disruption of p1ant and animal communities at
current1y disrupted sites would be expected and would be similar regardless of alternative,
ecological impacts are not helpful in differentiating among disposal alternatives.

3.4.1.6 Socioeconomics

The extensive nuclear-related development work that began at Hanford in 1943 has been
a major factor in the socioeconomy of the surrounding area. The Tri-Cities (Richland,
Kennewick, and Pasco} and the remainder of Benton and Franklin Counties are the areas that
potentially would be most affected by future activities on the Hanford $ite, based on a care-
ful review of prévious Hanford Site socioeconomic studies that have demonstrated that almost
all growth-related socioceconomic effects occur within these two count1es.

However, with recent term1nat1on of maJor non—defense related construction efforts on
the Hanford Site, as well as a general-downturn in the economy,. the local area has an excess
of housing and schools. With new freeways recently completed, traffic increases would not be
expected to be a probTem. Thus housing, institution and transportation requirementﬁ for the
workers and their families could be réadi]y accommoddted by the existing capacity in the Tri-
Cities metropolitan area. Therefore, growth-related socioeconomic concerns would be of Tow
significance in arriving at a decision on a dispbsa] alternative. Potential social impacts
associated with the hazardous, radioactive nature of the defense waste materials are also
expected to be of low significance. As is explained in.Appendix K, this is because the
defense waste disposal alternatives are projected to reduce risks to the environment and
health and safety from Hanford wastes to well below those from background levels and well
within limits establiished by existing regulatory standards. There is a large boqy of
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literature on risk perception; the nuances are beyond the scope of this EIS (see for example,
the Journal of the Risk Analysis Society). In this study, risk to humans fs defined as
fatalities, genetic effects and mobidity. Risks to ptants and animais are treated in this
EIS, as are economic and societal consequences. of the }ossib]e disposal actions.

Perceptions, difficult to measure and even more difficuTt to quantify, are not treated in
this EIS. However, public perceptions of economic risks, of defense waste management program
credfbi11ty, and of the attractiveness of this region to future growth and development are
expected to be enhanced by thé implementation of a defense waste disposal program.

Concern has been expressed with respect to other activities on the Hanford Site in
regard to future Tand use,'and possible effects on tourism; similar concerns can be antici-
pated with respect to disposal of Hanford wastes. The Hanford Site, however, has been dedi-
cated to nucTear-related work for over 40 years and is expected to. remain so dedicated.
Portions of the Site (~5%) have been affected by 1ndustria1-tybé construction and operation
and are not pristine in nature. Past operations and waste disposal have made an irretriev-
able and irreversible commitment of major portions of the unceonfined aquifer to waste
management. On the other hand, except for access roads for fire control and security, the
surface areas of the buffer zones on the Hanford Site surrounding the operational areas are
in a nearly pristine state and are expected to remain sp.'

3.4.1.7 Costs

Estimated costs (Rockwell 1987) to implement disposal or. continue storage of Hanford's
high-Tevel, transuranic and tank waste varied significantly among waste classes and
atternatives. £Costs associated with implementing the varfous alternatives are summarized in
Table 3.7. Costs are Higher than in the draft EIS primarily because of increaéed estimated
cost of repository emplacement.

Costs are highest for the geologic disposal alternative, totaling about $17 biilion,
five to nine times those required for implementing the other alternatives.

These costs represent totals for the first 100 years of continued storage or for the
periods of disposal, which may vary from 20 to 50 years, depending on the waste class of
interest. '

In the preferred and reference a!tefnatives, the cost of retrieving and processing
existing doubie-she]l tank waste is higher per unit volume than that for future tank waste.
The total cost for dispdsing of existing tank waste is about twice as much as for future tank
waste., The transportation cost comprises only about 1% of the total disposal cost for tank
waste, Thérefore no significant difference exists between costs of onsite and offsite dis-
posal of those wastes in repositories'in simitar media. '

3.4.1.8 Decontamination and Decommissioning of Retired Waste Processing Facilities

Decontamination is;the removal, by chemical or physical methods, of radicactive material
from internal and external surfaces of components, systems and- structures in a nuclear facil-
ity. It is usually the first step toward decommissioning. Decommissioning of a nuciear
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TABLE 3:7. Summary of Costf s;o Implement Disposal. Alternatives and the No Disposal Acti_on A]tefnative‘, Hi]]-"i'ong'rof
T $1987 (rounded)}‘? o : : : R :

. . Reference " Preferred
Geologic Disposal In-Place {Combination) . - Mternative® )
HLW Onsite;. . -HLW Offsite; Stabilization HLW ‘Onsite; HLK Offsite; HLW Onsite; HLW Offsite; N Disposal Action
Resource TRU to WIPP - TRY to WIPP.  and Disposal TRU to WIPP TRU to WIPP TRU to WIPP _ TR to WIPP . Continued Storage'®/
Existing Oouble-Shell . 1,400 1,900 : 700 - ' 1,300 1,300 1,300 1,300 400
Tank Waste : hE - - _
Future Tank Waste - 1,700 1,800 - 500 - 1,300 ' 1,300 1,300 1,300 . 450
Sr and Cs Capsules 210 7 2w 210 CLoo210 : 210 - 210 . 210 300
Retrievably Stered - 180 - ) 80 - 68 © 190 190 - 190 ) ~ 190 ' 9
& Newly Generated . . : . e — m———, —_— JELLLS A
-TRU . - .
Subtotal _ S 3,500 "4,100° - 1,500 3,000 3,000 3,000 3,000 1,200
Single-Shell Tank 11,300 11,300 ) 700 700 700 700 - 11,300 700 - 11,300 600
Maste " o - ’ E
TRU 5011 Sites _ 470 470- 68 ' ) 68 . 68 68 - 470 68 - 470 11
Pre-1970 TRYU So1id 1,600 ) 1,500 ’ . 140 170 170 170 - 1,600 170 - 1,600 . 5
Haste - o i . A Hr— . . S
Total ({rounded) 16,900 17,500 ‘ 2,400 : 3,900 3,900 3,900 - 16,400 3,900 - 16,400 1,800

Ta] Tosts were revised from the draft EIS to reflect increased Proposed repository fees. Since the above costs were calculated, further, increased repository
fees have been proposed. If put into effect, these additional increases would raise the cost of the geologic alternative by 20%, the reference alternative
by 5% and the preferred alternative by 5 to 20%, Although these changes do not affect the relative cost comparison of alteérnatives, they do widen the cost
difference between the geologic and preferred alternatives and the other alternatives. However, the increase has not changed DOE's choice of a preferred .

~ alternative. Additionat changes in estimated repository fees may be expected in the future. '

{b) Tosts for preferred alternative are shown as ranges. B8ecause the final decisions on disposal of single-sheil tank wastes, TRU-contaminated soil sites and
pre-1970 buried suspect TRU-contaminated solid wastes have not been made, the costs of the preferred alternative could range from thase of the reference
alternative to those of the geologic alternative for those waste classes.

{c} For the first 100 years; costs are about $1.3 billion for each additional century.
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facility «can be defined as the measures taken at the end of a facility's tifetime to assure
protection of public health and safety and the environment from the retired facility.

Decontamination and decommissioqihg (usually referred to as D&D) as discussed in this
EIS are related to faciiities built specifically for the treatment of Hanford high-Tevel,
tank and TRU waste prior to its disposal. Those facilities are the Hanford Waste Vftrifica-
tion Plant (HWVP} and the Waste Receiving and Processing {WRAP) facility. Since the MWVP and
WRAP are only in a conceptua1-design stage, .no definite plans are in place for D&D. If plans
for construction and operation proceed, plans for D& would also be made to facilitate these
actions more readily at the end of the facilities' lifetimes. For purposes of analysis in
this EIS, costs for D& of these facilities have been estimated at 20% of conStructien costs.

The usual options for decommissioning are protective storage (also called mothballing),
entombment, and- removal of radicactive components and dismantiing {or in some instances con-
version to other nuclear-related uses). These options are briefly described as follows.

Pretectfve‘Storage.' In general the facility may be left intact except that radioactive

1iquids and wastes would be removed from the site. Appropriate security control, radiation
menitoring and environmental surveillance would be estab115hed to assure public health and
safety.

Entombment . Entombment cons1sts of sealing all remaining h1ghiy radioactive or contami-
nated compaonents. All rad1oact1ve fluids and waste wou]d be removed from the site.

Removal of Radioactive Components and D1smant11ng, A1l radioactive sources are. removed

from the site, and the facility is'fitted for other use or cbmp}eteiy dismantTed if no use fis
foreseen. Each of ‘these options involves decontam1nat1on to some degree. A number of proc-
esses applicable to decontam1nat1on are g1ven in DOE's Decomm15510n1ng Handbook {DOE 1980c ).
AT of.the basic decomm1ss:on1ng operatTons have been carried out in the past on at least a
small scaie. There would be nothing inherent about deconteminetion that wou1d_prec]ude.its
meeting standards for occupational exposure (DOE 1979), A study of decommissionihg a fyel
reprocessing plant containing a waste vitrification facility disclosed that radioﬁogical
impacts would probably be a small fraction compared to natural background radiation {NRC
1977). Guidelines for radiological characterization of surplus DOE facilities to be decom-
missioned are given in A Guide for Rad101091ca1 Characterizatjon and Measurements for Decom—

missioning of U.S. Department of Energy Surplus Facilities (DOE 1983c).

Regardless: of the decommissioning option for Hanford Waste disposal treatment
facilities, offsite releases of radicactive material would probab]y be thousands of times
Tower than those reported in this EIS for the operational period of these facilities. -
Consequently, population doses would be correspondingly smaller. The 1argest population
exposure from disposal operations reported in this EIS was for the'geo1091c disposal
alternative and amounted to 50 man-rem. Moreover, the impacts of waste_treatment'operations
included the entire inventory of high-level, tank and TRU waste, and thus estimating dose
from residuals would amount to double-accounting of a portion {a]beit very smé]l) of the
inventory, The doses to individuals in the general population anticipated from
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decontamination and. decommissioning would also be expected to be far below 1imits established
in standards for protection of the environment in EPA's 40 CFR 61 and 40 CFR 141,

Costs for decontamination and decommissioning. of the three facilities, developed in
Appendices €, D and E, amounted to about $140 million, $14 millign and $9 million for the
Hanford Waste Vjtrif1cati0n Plant, Transportable Grout Facility and the Waste Receiving and

Processing facility, respectively.

3.4.2 Comparison of Long-Term Impacts Among the Disposal Alternatives and No Disposal Action
{Conttnued Storage} ' '

Long-term impacts that might be associated with each of the'disposa1 alternatives and

- the no disposal action alternative (continued storage) are presented in Chapter 5, described

in more detail in Appendices R and U, and are treated probabilistically in Appendix S. In
the comparisons that follow, projected impacts on public health and safety in the long term
are presented where a) waste sites remain undisturbed and the average annual recharge of .
meteoric water to groundwater for soils WTthout protective barriers is 0.5 cm/yr (assumed to
be representative of current climatic conditions) and b) where disposal systems are altered
by natural events and the average annual recharge of meteoric water toxgroundwater'for soils
without protective barriers is 5 cm/yr. Impacts are also presented with respect to
inadvertent 1ntrusion inte the waste sites and into potentially contaminated aquifers on the
Hanford Site. o ' -

For purposes of analysis, Tong-term impacts are assessed under the assumption that for
the disposal alternatives, active 1nstitutionéT control s absent from the Site after the
year 2150 (relying only on passivé institutfona1 controls to deter inadvertent human
intrusion into the waste sites) and for comparat{ve aha]ysfé, that for no disposal action,
neither active nor passive institutional controls are present on the Site after 2150. The
first assumption is in accord with EPA standard 40 CFR 191-that dictates that active insti-
tutional controls cannot be relied upon to ensure public health and safety from disposed-of
wastes for‘more than 100 years after disposal. {If DOE were to select the no disposal action
alternative, and active institutional control were maintained, the intrusion accidents would
not be realistic.) The same standard suggests that passive institutional controls can be
expected to prevent éystematic intrusion, but not to prevent occcasional inadvertent intru-
sion. Appendix B of EPA Standard 40 CFR 191 also states that it should be assumed that
passive institutional controls or the intruders® own exploratory procedures would be adequate
for the intruders to soon detect, or be warned of, the inc0mpatibiTity of -the area with their
activities. Thus inadvertent human intrusion -into the marked waste sites would be expected
to be Timited {see also Appendices M and S}.

The principal period of interest when estimating long-term impécts was taken to be
10,000 years in accord with EPA's standard 40 CFR 191. Estimates of releases to the accessi-
bie environment and their potential impacts were also made thaf extended the period of inter-
est to 100,000 years. |
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3.4.2.1 Comparison of Lohg:Term Impacts of the Alternatives Where Conditions Remain

Unchanged: Disposal Systems Operating as Designed

In this case, climatic conditions at Hanford are assumed to remain as at present,
restricted access to the Hanford Site is maintained, and the waste sites are undisturbed by
human intrusion. Climatic conditions have been characterized in terms of a range of average
annual recharge rates for soils without protective barriers. The lower end of this range
(0.5 em/yr), as noted above, is used to represent current climatic conditions while a 5 cm/yr

rate is used to represent a wetter climate.

In the case of radiological impacts, perspective is usually given in terms of dose
and/or health effects, attributable to naturally occurring radiation sources, to the same
downstream population over the same time period. Comparable perspective on impacts is not
available for chemicals; hence, calculated concentrations of chemicals associated with the
radioactive wastes are compared with EPA drinking-water standards {40 CFR 141.11) for water I
supplied by public water systems. '

RadioTogical impacts in terms of health effects in the offsite popuiation(a) for
unchanged conditions ‘are presented for comparison among the alternatives in Table 3.8.

ATthough'differences among the disposal alternatives in terms of -population dose can be
seen, the total dose is so small that no presumed health effects are projected. Moreover,
the largest impact, that of 3 to 30 health effects over 10,000 years associated with the no-
disposal action alternative, is comparable to the presumed health effects from just 5-years'
exposure of this:population to natural background radiation. Again, the impacts calculated
‘for the no disposal action aiternative are appTicable only to the assumed scenaric. They do
not apply to present disposal operations in which active institutional control. is maintained
and are not suggestive of the risk of continued operations. '

In Chapter 5, results are given under various conditions for potential concentrations of
selected chemicals that are fnextricably intertwined with radioactive wastes, particularly
tank wastes, and that could be leached along with radionuclides from the wastes. For compar-
ison of potential chemical impacts among the alternatives, projected concentrations of
nitrate fon (NO3), cadmium, chromium, mercury and fluoride in drinking water were selected as
representative of fmpacts from chemicals in single~shell tanks. Projected concentrations of
these chemicals, above ambient concentrations, in mixed Columbia River water are given in
Table 3.9. As shown, concentrations of these chemicals are small compared to EPA's
40 CFR 141,11 drihking-water standards. These values apply to downstream users; see Sec-
tion 3.4.2.3 for impacts on groundwater.

{a) 1In this instance, the offsite population is taken to be all persons who use the Columbia
- River as a source of drinking or irrigation water or recreation downstream from the
Hanford Site. That population is postulated to grow from a present estimate of 200,000
to 5,000,000 by the year 12,000,
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TABLE 3.8.

Potential Radiological Impacts(a) in Terms of Presumed Health Effects(b) Over 10,000 Years in the Offsite
Population for Current Climatic Conditions: Disposal Systems Operating as Desngned

Disposal Alternatives{c) -

Geologic isposal

Near-Surface

In-Piace

Reference

No Disp?§31

Disposal’ of Stabilization Preferred Action
‘ Residuals and_Disposal Alternative Alternative( ) Continued Storggp

Existing Double=Shell - o (1)) . 0 (6) ‘0. (6) o (6) 0-1 {9 x 109)

Tank Waste _ ' : : _
Futire Tank Waste 0 {0.4) 0 (1) 0 (1) 0 {1) 2-20 (2 x 10%)
Sr/Cs Capsules 7 ol9) O(h) O(h) oth) o(hn)
Retrievably Stored and 0l9) - o(h) olhs1) o(h,1) - 0 <0.1)
Newly Generated TRU ' . : :
Waste : .
Subtotal o (i) o (7 0 (7) 0 (N 2-20 (2 x 10%
Single-Shell Tank Waste 0o (1)) 0 (3) 0 . (3) 0 (1-3) -4 (4 x10% - .
‘Previously Disposed-of ole) - ~o(h) o(h) o(h) oh)
TRU=Contaminated Soil : : . :
Sites _ _
Previously Disposed-of ol9) o(h ol olh) 0 (<0.1)
Pre-1970 Buried TRU. :
Solid Waste Sites _
Total . o N o (o 0 (10)- 0 (8—10.) 330 (3 x 10h
{a) Cumulative population total-body dose is given in parentheses in man-rem. Values may not add due to round1ng.
(b} Using the same factors and assumptions, the total number of presumed health effects for the same population and time

period from natural background would be from 300,000 to 3,000,000.

{c) Or additional protective action in the case of prev1ous1y d1sposed -of TRU and suspect TRU-contaminated wastes.
(d) For waste classes whose disposal decision is deferred, impacts are given as a range: geologic to reference alternative,
{e) Or no additional protective action in the case of previously disposed-of TRU and suspected TRU wastes.
(f) "Grouted portion of waste doubly accounted -for., In the geologic disposal alternative, processed single- she11 tank waste

) is blended with existing double- shel1 tank waste in preparation of grout.
{g) No residual wastes.
{h) No release to accessible environment (groundwater) in 10,000 years.
fi} Includes TRU waste removed from 618-11 site {pre~1970 bur1ed .suspect TRU- contam1nated solid waste).




TABLE 3,9. Calculated Potential Concentrations of Selected Chemicals
Associated with Hanford Defense Waste in Mixed,Columbia
River Water for Current Climatic Conditions, a) mg/L

“EPA

_ No Disposal Action Dr;gtégg-
Chemical Disposal Alternatives - - Continued Storage(b) _ Limits
Nitrate Ion 6 x 1077 - 9x 1074 : 4,5 x 10t
Cadmiun 6 x 10714 o 3 x 1071 o 1x 1072
Chromium 4 x 10-9 ' 1 x 1075 5 x 10°2
Mercury - 3x 10711 “3x 1077 2 x 1073
Fluoride 2 x 10711 1 x 1078 1.4 - 2.4(¢)

(a) Source is chemical inVentory in tank waste. Contamination begins ébout
- 5,000 years after disposal.

L by Chemicals are in unbarriered single-shell tanks, contaminants arrive at the
river about 1,500 years after disposal.
o (c) Depending on maximum daily air temperature.
E . . _
e As a point of reference, the ambient concentrations of N0§ in Columbia River water’

upstream of the Hanford Site (Vernita) and below the site at Richland averaged 0.36 mg/L andm '
0.37 mg/L, respectavely, in about 50 samples taken in 1972. The maximum concentration in the
e - set was 1.3 mg/L observed at Vernita,

ﬁ"%. ; In summary, where climatic conditions remain as at present, and even in the evenf of
loss of active institutional control, projected environmental impacts are small and there -is
little to recommend one alternative over another with respect to long-term impacts on public

- health and safety. Even the no disposal actfon alternative exhibits only small impacts. '

gt

£ 3.4.2.2 Comparison of Long-Term Impacts of the Alternatives Where D1sposa] Sx;tems are
Disrupted hy Postulated Natural Events '

An ana]ysis was made of postulated natural events that might disrupt_wastéé'in the
future as they would be situated following fmp1ementation of the various aiternatives.
(Chapter 5 and Appendix R). Aithough numerous postulated events were reviewed, only three
were identified as having a reasonabie expectation of occurring and_ds befng.Iikely to have
some consequences for the offsite population. These postulated events were a change to a 
wetter climate, return of glaciation and pdhtial failure of the protective barrier,

As mentioned in Section 3.4.2.1, the principal potential pathway for exposure of the
offsite population is via leaching of wastes by infiltrating precipitation and transport of - .
the leachate through the underlying unsaturated sediments to groundwater and on to the C01um- :
bia River. ’ ’

The wetter climate assﬁmed for analysis in this EIS was one that resulted in an average
annual recharge to groundwater of 5 cm/yr on the 200 Areas plateau. A recharge of 5 cm/yr
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{conservatively assuming no marked change in vegetation over the disﬁosa1 sites) 1s
postulated to correspond to precipitation of about 3C c¢m/yr, which 15 double the present
average annual precipitation levels at Hanford (Appendix Q).

Table 3,10 provide§ for comparison of rdadiological impacts over 10,000 years to the off-
site populat1on in the event of a wetter climate hav1ng an equivalent groundwater average
annual recharge rate of 5 ¢m/yr.

Differences with respect to popu]atiqn dose in_Table 3,10 are seen among the disposal
alternatives, but again the doses are so small that no health éffects are projected for the
disposail a]ternatives. Even the range of presumed health effects for the no disposal action
alternative is small} compared to the 300,000 to 3,000,000 presumed health effects from natu-
ral background radiation for the same -popultation and ovef the same time period.

A climate change scenarioc also was examined that included ‘the return of an ice age.
During previous ice ages, ice dams have formed on upper tributaries of the Columbia River.
These dams, when broken through, have resulted in floods aimost unimaginably Targe [about
2,000 km3 of watéF'in a period of a few weeks {(USGS 1976) comparad to the present average -
annual filow of the Columbia River of about 100 km3/yr] Such floods would no doubt 1mpéct
any wastes disposed of near surface on the Hanford Site. - ;

While radioactive decay w111 have reduced the hazard from these wastes markediy by the
time of the postulated glacial flood in the next 40,000 to 50,000 years, a study was initi-
ated to determine what the fate of -the waste following such a flood might be. Results of
this study (Craig and Hanson 1985} indicate that the first wave of such a flood could reason-
ably scour out the waste sites to a depth of several meters; then, as flood waters backed up-

at Wallula Gap and the water velocity decreased markediy, the sediments and wastes would
probably be reworked, and then be redeposited within the Pasco Basin.

1f a1l of 23%u (the radionuclide of principal fnterest at 40,000 years after disposal)
in the scope of this EIS were entrained uniformly in just the upper 4 m of the sed1ments of
the 6-km by 13-km waste disposal area, the resulting concentration of 239Pu would be about
0.05 nCi/g. The lifetime total-bady dose one might receive if res1d1ng on such sediments
once the waters had receded would be ébout 0.3 rem. This my be comparéd to 7 -rem that the-
individual would have retefﬁed from natural background radiaﬁion. If 1argef areas of scour
and reworking of sediments were involved; as théy reasohabiy might be, this concentration
wou}d'be further reduced. Because of the 1ow coﬁcehtrations of plutonium and other
radionuclides at that time, the radiological consequences of a glacial flood would not be
51gn1f1cant in contrast to the effects of the flood itself. MWoreover, current technd1ogy, if
it were available at that time, should be capabie of controlling the bu11dup of water behind
jce dams, thus prec1ud1ng the catastroph1c floods just described.

Scenarios were also postulated in which part1a1 fa11ure of the protectave barrier occurs
in congunct1on with a wetter climate. These scenarios were assumed to take place beginning
in the year 2500 (1t was not believed reasonable to postulate a wetter climate as early as at
the time of loss of institutional control, i.e., 2150). It was assumed for analysis of dis-
ruptive barrier failure that 10% of the waste comes in contact with infiltration of 50% of
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TABLE 3.10. Potential Radiological Impacts{a) in Terms of Presumed Health Effects(b) in the
Offsite Population over 10,000 Years for a Wetter Climate :

Disposal Alternatives{c)

Geologic Disposal

Near-Surface In-Place - No Disp?s?1
Disposal of Stabilization Reference Preferred Action'®
_ _ Residuals and Disposal Alternative A]ternative( ) Continued Storage
Existing Double-Shell =~ o . (20){F) 0 (9) 0 (9) 0 (9) 80-800 (8 x 10°)
Tank Waste . _
Future Tank Waste 0 (8) 0 (9) 0 (9) 0 (9) 200-2,000 (2 x 109)
Sr/Cs Capsules o(9) o(h) ofh) o(h) oth)
Retrievably Stored and olg} olh) olhs1) o(h,i) 0 {0.2)
Newly Generated TRU : _ ’ .
Waste . .
Subtotal 0 (23)(f) 0 (18) 0 (18) 0. (18} 300-3,000 (3 x 10%)
Single-Shell Tank Waste 0 (22)(f) 0 (19) 0 (19) 0 (19-22)  100-1,000 {1 x 10%)
Previously Disposed-of o{9) : ofM olh) -~ olh) 0 (<0.1)
- TRU-Contaminated Soil
= Sites
_ Previously Disposed-of o(9) ~ofh) o(h) o(h) 0 (4)

Pre=1970 Buried TRU
Solid Waste Sites

Total 0 (30)(f) 0 (37) 0 (37) 0 (37-40)  400-4,000 (4 x 106)
{a) Cumulative population total-body dose is given in parentheses jn man-rem. Values may not add due to rounding.
(b) Using the same factors and assumptions, the total! number of presumed health effects for the same population and time
.- period from natural background would be- from 300,000 to 3,000,000.
{c) Or additional protective action in the case of previously d1sposed-of TRU and suspected TRU wastes. .
{d). For waste classes whose disposal decision is deferred, impacts are given as a range: geologic to reference aTternat1ve.
{e) Or no additional protective action in the case of previously disposed-of TRU and suspected TRU wastes.
{f).. Grouted portion of waste doubly accounted for. In the geologic disposal alternative, processed single-shell tank waste
is. blended with existing double-shell tank waste in preparation of grout.
{g) - No residual wastes,
(h) . No release to accessible environment (groundwater) in 10,000 years. '
(1) Includes TRU waste removed from 618-11 site (previously d1spused-of pre~1970 buried suspect TRU-contaminated solid

waste).
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the average annual precipitation. - {For further discussion of this failure scenario see
Appendix M.) Although the disruptive mechanism is not specified, it could result from a
number of events. These inciude a range fire (started by lightning) that removes vegetation,

‘after which proionged'and stronger-than-usual winds denude part of the exposed sgil atop the

barrier; animals excavate, over time, numerous burrows; or in the case of absence of active
institutional controls (discussed later), human intrusion resuits 4in partial removal of soil
covering., There is no‘factué1 retationship between a wetter climate and barrier failure;
they were combined to obtain a conservative estimate of impacts.

The second barriér faiiure considered was a functional failure over a larger portion of
the barrier. VarfouS'phenomena might cause the degraded performance used fn this analysis
(see Appendix M for details). One such cause might be the use of construction materials,
particularly the'topsoi1s, that are out of specifications. The functional failure is defined
such that 50% of the barrier area allows 0.1 cm/yr of water to infiltrate the under1y1ng
waste when the average annual precipitation amounts to 30 cm/yr-

Consequences of such postulated barrier failures were combined and are given in
Table 3,11 as the sum'of consequences projected to occur with the barrier performing as
designed.énd the additional consequences of failure. For the dispbsé] alternatives, the
consequences of the disruptive barrier failure scenario and coincident wetter climate are
comparable to the presumed health effects (1 to 7) from a single year's exposure to natural
background radiation of the present estimated 70,000 people drinking Columbia River water.

Analysis of chemical transport from the waste site where barriers remain intact under a
wetter climate having an average annual recharge of 5 cm/yr was also made, and concentrations
of nitrate ion (N0§), cadmium, chromium, mercury and fluoride in mixed Columbia River'water
are presented in Table 3.1Z, Again, analysis indicates that the concentrations of these
chemicals are sma1]‘fract10ns of the 1imits established by EPA drinking-water standards.

3.4.2.3 Impacts in the Long Term from Postulated Human Intrusion into Waste Sites

This section presents an assessment of long-term radiological and hazardous-chemical .
consequences in the event that active institutional control is Tost and d1sposa1 systems, or
stored wastes in the case of .the no disposal act10n alternative, are disrupted by human

intrusion.

In presenting radio]ogjca1 impacts from intrusions into waste sites, the impacts are
expreséed as probability-weighted fatalities. Impacts are presented both where passive
institutional controls such as land use records and markers are effective and where they are|
1gnored or nonexistent, Where exposure is prolonged, the health effects relationship summa-
rized ‘in Appendix-N is used. In some instances, consequences amount to large fatal doses
(here taken as 300 rem total-body acute exposurei, in. which case'1ateht cancers and genetic

‘effects would be precluded. In addition, fatality is assumed if the sustained annual doses

exceed the'folTowing: 30 rem to the total body; . 140 rem to the Tung; 3,000 rem to bone; or
1,000 rem to the thyroid. ({These latter values were derived from the health effects rela-
tionship summarized in Appendix N. Health impacts based on the relationships presented in
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TABLE 3.11, Potential Radiological Impacts(a) in Terms of Presumed Health Effects(P) in the Offsite Populafion'ovér
10,000 Years from a Wetter Climate Coincident with Both Disruptive and Functional Barrier Failures
Occurring in the Year 2500

Disposal Alternatives(¢)

Geoloqic Disposal : -
Near-Surface In-Place - : ‘ No D1sp?s?1

Disposal of Stabilization Reference Preferred _ Action'®
_ Residuals and_Bisposal Alternative Alternative (4) Continued Storage
_Existing Double-Shell 0 (120){f) 0 (160) 0 . (140) o (140) 80-800 (8 x 10%)
. Tank Waste : :
Future Tank Waste 0 (40} : 0 (69} 0 (49) 0 {49) 200-2,000 (2 x'106)
Sr/Cs CapsuTes o(g) ofh) oth) ofh) ofh)
Retrievably Stored and ol9) ofh) o(hs1) olt) . 0 (0.2)
Newly Generated TRU . _
Waste
Subtotal L {160) : 0 (230) 0 (190) . o0 (190} . 300-3,000 (3 x 106)
Single-Shell Tank Waste 0 (180) -0 {390) o - (390) Y] (180-390) 100-1,000 (1 x 106}
Previously Disposed-of ol9) ~g(h) - oM . 0 . 0 (<0.1)
TRU-Contaminated Sofl -
“Sites
Previously Disposed-of ofg) : olM - “plh) ofh) : it (4)
Pre-1970 Buried TRU ' ‘ '
So1id Waste Sites _
Total o o (340)(F) 0-1 (620) 0-1 (580) 0 (370-580)  400-4,000 (4 x 10%)
a) Cumulative population totai—body dose is given in pareﬁfheses in man-rem. Values may not add due to rounding,
b} Using the same factors and assumptions, the total number of presumed health effects for the same population and time
period from natural background would be from 300,000 to 3,000,000.
¢} Or additional protective action in the case of Prev10us1y disposed~of TRU and suspected TRU wastes.
d} For waste classes whose d1sposaT decision fs deferred, impacts are given as a range: geologic to reference
alternative.
e} Or no additional protect1ve action in the case of previously disposed- of TRU and suspected TRU wastes. _ '
f} Grouted portion of waste doubly accounted for. In the geologic disposal alternative, processed single-shell tank
waste is blended with existing double-shell tank waste in.preparation of grout.
g) No residual wastes.
h) Ko release to accessible env1ronment (groundwater} in 10,000 years.
i} Includes TRU waste removed from 618-11 site (previously disposed-of pre-1970 buried suspect TRU-contaminated solid

——— —~———— ———— ———

waste).
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TABLE 3.12. Calculated Potential Concentrations of Chemicals Associated with
Hanford . ggense Waste in Mixed Columbia River Water for a Wetter

‘Climate, mg/L
EPA
_ _ No Disposal Action Dragt;:g-
Chemical Disposal Alternatijves (Continued Stonggg)(b) : Limits
Nitrate Ion 7 x 1077 9 x 1073 4.5 x 101
Cadmium 6 x 10714 3 x 10710 1x 1072
Chromium | 4 x 1077 2 x 1074 5 x 1072
Mercury 3 x 10'11 2 x 10"6 ‘ 2 x 1073
Fluoride 2 x 10-11 1 x 1077 1.4 to 2.4(¢)

{a) Source is chemical inventory in single-shell .tanks. Contamination begins about
5,000 years after disposal for barriered waste.
(b} ChemTca]S are in unbarriered single-shell tanks; contam1nants arr1ve about

300 years after disposal.
{c) Depending on maximum daily air température,

Appendix N are probably overly pessimistic for individual exposures; however, they provide
some means to make quantitative comparisons among the alternatives.)

Scenarios involving intrusion into a waste site for which a comparison among altérna-
tives is made are the following:
e Exploratory drilling that penetrates a waste site (maximum-inventory sites for

each waste class are used for source terms) and brings contaminated drilling mud
to the surface, resulting in radiation exposure of the drilling crew.

e A drilling or small excavation scenario followed sometime thereafter by individu-
als residing on or near the contaminated soils and consuming garden produce raised
in the contaminated soil.

e Drilling a well that intercepts ‘an ensite aquifer; individuals reside near the
well, drink well water, irrigate-a garden with well water, and consume the

produce.

In the exploratory drilling scenario it was found that intrusive drilling, for all waste

.classes except cesium capsules, did not yield fatal results to the drilling crew. Drilling

into cesium within 300 years after disposal, or before the year 2350 in the case of no
disposal action, could have fatal results. '

In the geologic, preferred and reference alternatives, strontium and cesium capsules are
disposed of in a deep.geo1ogic repository with an expected near-zero probability of penetra-
tion. No more than one fatal intrusion was estimated in the case of no disposal action, and
no fatalities were estimated in the in-place stabilization and disﬁosa1 alternative where
passive controls were effective. Where passive controls were absent or ignored, no more than
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one fatality was estimated for the in-place stabilization and disposal alternative. Thus the
risk of fatality from inadvertent driiling into encapsulated strontium and cesium is Tow for

each of the alternatives and essentially zero for the geologic, preferred and reference
alternatives. '

Impacts were analyzed also for ‘the case where, after {perhaps Tong after} intrusion into
a waste site by drilling or basement-sized excavation has taken place, someone moves on site,
takes up residence on or near the contaminated waste site, and consumes produce from a garden
grown in the contaminated soil. A summary of the consequences associated with this postdril-
ting scenario is presented in Table 3.13. For this scenario to occur, the individual would
have to ignore the:public records, the barriers, and the warning markers associated with the
waste sites in each of the disposal alternatives. Such warnings would not be present if Toss.
of active instipg%fona? control were to occur in the no disposal action alternative. In this
hypothetical amalysis it was assumed, for comparison, that active institutional control would
be Tost in the. year 2150. If DOE were to choose the no disposal action alternative, and if
active 1nstitu£iona? control were maintained, the described intrusion accidents would not be
realistic,

As shown in Table 3.13, no fatalities were projected for the geologic disposal alterna-
tive. {The vatues given in Table 3,13 are for a family of four.} When the probability of

- he intrusion. and the reduced probability when taking credit for the protective barrier and

marker system are considered, four fatalities were projected for the in-ptace stabiiizétioh
and digpdsal alternative and the reference alternative, zero to four: for the preferred
alternative and 120 for the no disposal action. Thus the risk of fatality over 10,000 years
is Tow where passive controls such as jand use records and markers are effective. The i

“impacts shown in Table 3.13 can be contrasted with those shown in Table 3.14, wherein passive

controls were assumed to be absent or ignored.

An analysis was also made, where barriers remain effective, of the consequences that
might arise from an individual drilling a well to water near (nominally 5 km} the waste dis-
posal site {the 6- by 13-km site in the 200 Area) and using the well water for domestic pur-
poses and for irrigating a garden. Concentrations of selected radionuclides in this well
water down gradient of single-shell tanks in 200 West Area as a furiction of time are shown in
Figure 3,7.(3) The long delay in arrival times is due to the presence of the protective bar-
rier. Concentrations of these radionuclides in groundwater from the geologic disposal
alternative result from the 5% singie-shell tanks residuals plus the residuals that have been
incorporated in grout over which the protective barrier has been placed.

Potential ‘annual doses to individuals regularly consuming well water down gradient from
single~shell tanks in 200 West Area are shown as a fun¢tion of time in Figure 3.8. Doses
shown in Figure 3.8 start about 5,000 years after disposal and continue for thousands of
years thereafter., The doses are near zero for the first 1,000 years and are substantially

(a) Groundwater Fflowpaths beneath the 200 Areas are such that it is unlikely that other
waste sites would add to that shown in the 200 West Area. Releases from other waste
sites would have the effect of broadening the plume of contaminated water.
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-Solid Waste Sites

TABLE 3.13. Potential Radiological Impacts(a) over 10 ,000 Years Expressed as Probah111ty—ﬂelghted Fatalities Associated
with the Postdr1111ng-Excavat1oanab1tat1nn Scenario--Passive Inst1tut1ona1 ﬁbntro1s Effective

: ) Disposal Alternat1ves(b) : e
Geologic Dispoesal ' 4 ' B

vl

Near-Surface In-Place e No D1sp?a31
‘Disposal of - Stabilization Refarence Preferred Action
Residuals and Disposal = Alternative’ Alternative(¢) Continued Storage
Existing Double=Shell - 0 0 : 0 0 : 20
Tank Waste : T :

Future Tank Waste 0 I 0 | 2
Sr/Cs Capsules - ofe) 0 ole) o L e a2
Retrievably Stored and . ole} . 0 ~ole,f) ole.) 0
Newly Generated TRU : ) o ' .

- Waste : : _

. Subtotal ; o 0 . 0 ' 0 2T B
Single-Shell Tank Waste 0 " o4 | 4 B 64

*Previously Disposed-of ole) : 0 0 0 0
- TRU- Contam1nated 5011 : . : : T s '

Sites _ o
Previously Disposed-of = . ole} : 0 . -0 i 0 g ' RS 0

Pre-1970 Buried TRU

Total . _ 0 ' 4 4 120

(a) Estimated such that there is one chance in 10,000 that the number aof events cited would be exceeded. It is assumed that
a family of 4 is involved in each event.

Or additional protective action in the case of prev1ous1y d1sp0$ed-0f TRY and suspected TRU wastes.

Or no additional protective action in the case of previously disposed-of TRU and suspected TRU wastes.

For waste classes whose disposal dec1s10n 1s deferred. = Impacts are given as-a range: geo]og1c to reference
atternative. :

No residual wastes.,

Includes TRU waste removed from 618 11 s1te (prev1ously~d1sposed~of pre- -1970-buried suspect TRU—contam1nated solid
waste). .

=T o B =
St N ™ vt st

P R
—h (@ .




59°¢

Sl

EA
s
et
Sl

4% |
i

ity

TABLE 3.14. Potential Radiolegical Impacts(a) over 10,000 Years Expressed as Probability-Weighted Fatalities Associated with

the Postdrilling~Excavation/Habitation Scemarioc--Passive Institutional Controls Absent or Ignored

Existing Double-~Shell”
. Tank Waste

Future Tank Waste

Sr/Cs Capsules .
Retrievably Stered and
Newly Generated TRU
Waste

Subtotal

Single~Shelil Tank Waste

Previdus1y Disposed-of

‘TRU-Contaminated Soil

Sites .

Previously Disposed-of
Pre-1970 Buried TRU
Solid Waste Sites

Total

(a) Estimated such that there is one chance in 10,000 that the number of events cited would be exceeded.
a family of 4 is involved in each event, ATl events are assumed to be clustered within the period of lethality, i.e.,

less than 300 years after disposal,

Or additional protective action in the case of previously d1sposed~of TRU and suspected TRU wastes.

For waste classes whose disposal decision is deferred, impacts are given as a range:

Or no additional protective action in the case of previously disposed-of TRU and suspected TRU wastes.

No residual wastes,

Includes TRU waste removed from 618-11 site (previously disposed-of pre-1970 buried suspect TRU- contam1nated solid

P e e e
~ho oo o
T et e o

waste).

Disposal Alternatives(b)

Geoidgic Disposal

Near-Surface In-Place No Disp?ai1
Disposal of Stabilization - Reference Preferred Action
Residuals and Disposal Alternative Alternative(S c) Continued Storage
0 0 0 0 20
0 48 0. 0 20
ofe) 16 ole) ofe) 12
0(9) 0. O(E’f) 0(e,f) 0
0 64 0 0 52
0 64 64 0-64 64
ole) 0 0 0 0
ofe) 0 0 0, 0
0 130 64 0-64 120

It is assumed that

gedlogic to reference alternative,




————— Geologic Disposal Alternative
In-Place Stabilization
and Disposal and
Reference Aliernatives

1077 99Te

T

10=10 |—
10-11’_ 14C .
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Concentration, curies/L

10- 13—

10- 14—

10715 .
100 100C 10,000 100,000

Time After Disposal, yr

FIGURE 3.7. Concentration of Selected Radionuclides in Well
Water from 200 West Area Single-Shell Tanks,
b-cm/yr Recharge (The preferred alternative is S
bounded by the geologic and reference alternatives.)

below 1imits established by EPA standards for protection of individuals from high-Tevei and
TRU wastes, 40 CFR 191.15. The largest doses, a few millirem/year, are essentially constant
for many tens of thousands of years following first entry of radionuclides into the accessi-
ble environment, about 5,000 years after disposal. .

~ Potential maximum annual doses to Individuals regularly consuming well water from a
hypothetica] well located down gradient from the 200 Areas waste disposal area are contrasted
among the alternatives for conditions under the current climate, a wetter climate and a
wetter ciimaté with postulated barrier failures in Tables 3.15, 3.16 and 3,17, respectively.

Doses to an individual regularly drinking water from a hypothetical weil contaminated
from disposal of wastes for both.cufrent and wetter climates are small where the barrier
rehains_effective.' The reported doses begin.at about 5,000 years after disposal. Although
the contrast is large between doses for the no disposa1'aqtion and disposal alternatives, the
impacts are not 1iké1y to be an important factor‘in choosing among the disposal a]ternativés;

The maximum projected annual critical-organ dose is contrasted among the alternatives in
Table 3.18, Again there is Tittle to distinguish among disposal alternatives; the impacts
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————— Geologic Disposal Alternative
In-Place Stabilization
and Disposal and
Reference Alternatives

EPA Standard
40 CFR 191.15

— 1 —
10 -—~-- Any Critical Organ (For 1000 yr
_____ Total Body After Disposal)
L10-2—
< |
£
T
£
1073
£ " Gl
10-4 -
105+
i Tetal Body
106 L =2 S

100 1000 10,000 100,000
Time After Disposal, yr

FIGURE 3.8. Annual Dose to Individuals Consuming Well Hater
. Down Gradient of 200 West Area Single-Shell
Tanks, 5-cm/yr Recharge (The preferred
alternative is bounded by the geclogic and
reference alternatives.)

from the no dishbsa] action alternative are substantially higher. In the case of a wetter
climate, the impacts of the no disposal action alternative are much higher. The main reason
for similarity among the disposal alternatives is that the radionucl ide contributing the most
to dose, 1291, is disposed of near surface in each of the disposal alternatives. There are
only 58 Ci of 1291 in the entire inventory in question, but if dissolved from the waste it
moves at the rate of water and is not impeded. Regardless of impact on groundwater/drinking-
water dose, using EPA factors, 58 Ci of 1291 wouid suggest the potential for only about five
fatal cancers over 10,000 years if all were released to EPA generic surface waters (no more
than one if the Columbia River were the receiving water). '

If a well to groundwater near a disposal site produced water for irrigation of food
crops as well as for'drinking water, and if the water became contaminated, doses to exposed
individuals would be higheb than reported for consumption of drinking water alone. This sce-
nario is referred to as the full-garden scenario. Potentjal lifetime total-body doses for
individuals: consuming contaminated groundwater and crops irrigated with that water under
present climatic conditions are presented in Table 3.19. Doses assocfated with the disposal
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TABLE 3.15. Potential Radiological Impacts in Terms of Individual Maximum 1- ?ear Total-Body Radiation Dose from Dr1nk1ng

Near-Surface In-Piace N ? No Disp?53]
Disposal of Stabilization - Reference Preferred Action
_ _ Residuals and Dispasal = Alternative A]ternat1ve( ) Continued Storage
Existing Double-Shell Tank Waste 4 x 107 to 6 x 10‘5(9) 1x 1074 1x100%  4x10% to 1 x 107 8 x 107!
Future Tank Maste 1 x 1079 1x 1070 2x107°  2x10°° 3 x 1071
Sr/Cs Capsules =~ - old) ole) - gle) ofe) . -~ ple)
Retrievably Stored and old) : ofe) olesf) olest) - 4 x 107%
Newly~ Generated TRU : S o
Waste B _ ) _ _
" Single-Shell Tank Waste - = - 1 to 4 x 1078(9)" 4 x 10°° 4x10% 1to4x10 8 x 10°2
‘Previously Disposed-of ~pld) . ole) _ ole) oley - . ole)
TRU-Contaminated Soil | '
Sites
Previously Disposed-of - Told) 0 ole) ~ofe) gle) 3 x 1074
Pre~1970 Buried TRU ' : .

Well Water for Current Climatic Conditions, rem

Disposal A1ternatives(a)

Geologic Disposal

Solid Waste Sites

Or add1t1ona1 protective action in the case of prev1ou51y d1sposed-of TRU and suspected TRU ‘wastes.
For waste classes whose disposal decision is deferred, impacts are given as a range: geologic to reference alternative, l

Or no additional protective action in the case of previously disposed-of TRU and suspected TRU wastes.
No residual wastes.

No release to accessible environment (groundwater) in 10,000 years. '
Includes TRU waste removed from 618-11 site {previously d1sposed -of pre-1970 buried suspect TRU-contaminated solid waste).
Grouted portion of waste doubly accounted for. In the geologic disposal alternative, processed single- 5he11 tank waste is
blended with existing doub]e shell tank waste in preparation of grout.
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TABLE 3.16. Potent!al Radlo1og1ca1 Impacts in Terms of Individual Maximum 1-Year Total-Body Radiation Dose from
Dr1nk1ng Kell Hater for a Wetter Climate, rem. .
Disposal A]ternatTves(a)

Geoia§1c Disposal

“Near-Surface In-Place : : No Dfsp? 31
Disposal of Stabilization Reference Prefarred b Action'C
_ Residuals and Disposal Alternative Alternative(P) Continued Storage

Existing Doubie-Shell: 1 x 1p-5(d) 3 x 1075 3x10%  3x 10 1 x 103

Tank Waste s
Future Tank Waste 3 x 1076 6 x 1076 6 x 1076 6 x 10-6 1 x 102
Sr{Cs Capsules : ofe) o(f) o{f) o(f) ' o(f)
Retrievably Stored and ole) : o(f) off) olesg) ' 1x10°°
Newly Generated.TRU ' ' '
Waste '
Single-Shell Tank Waste 1 x 10-5(d) 3 x 107° 3x20%  1x10°5t03 x 1078 3 x 102
Previously Disposed~of. ofe) o{f) o(f) o{f) : 9 x 1078
TRU-Contaminated Soil
Sites _
Previously Disposéd-of ole) off) olf) o(f) 3 x 1072
Pre-1970 Buried TRU -
Solid Waste- Sites
{a} Or additional protective action in the case of previous1y disposed—of TRU and suspected TRU wastes.
(b) For waste classes whose disposal decision is deferred, impacts are given as a range: geologic to reference alternative.
(c) Or no additional prote "ive action in the case of previously disposed-of TRU and suspected TRU wastes.
{d) Grouted portion of was.e doubly accounted for. In the geologic -disposal alternative, processed single-shell tank waste is

blended with existing double-shell tank waste in preparation of grout.

{e} No residual wastes.
(f) No release to accessible environment (groundwater) in 10,000 years. o
{g} Includes TRU waste removed from 618-11 site (previously disposed-of pre-1970 buried suspect TRU-contaminated solid waste).
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TABLE 3,17 Potential Radiological Impacts in Terms of Individual Maximum 1-Year Total Body Dose from Dr1nk1ng Hell Water
for a Hetter Climate Coincident with Both Disruptive and Functional Barrier Failures Occurring in the
Year 2500, rem

Disposal Alternatives(d)

Geologic Disposal

Near-Surface in-Place . . - No Disp?s3]
Disposal of Stabilization - Reference ~ Preferred Action\®
_ _ Residuals_ and Disposal Alternative Alternative(P) Continued Storage
Existing Double~Shell 1 x 16-3(d) 1 x 1073 5 x 1074 1 x 1073 1 x 108
Tank Waste
Future Tank Waste 2 x 107° 1 x 1072 8 x 1075 8 x 107° 1 x 10°
Sr/Cs Capsules ole) olf) o(f) o{f) _ olf}
Retrievably Stored and ofe) _ o{f) olfs9) olfsa) . 1 x 107°
" Newly Generated TRY : i : :
Waste
Single-Shell Tank Waste 2 x 1073(d) 3 x 1072 3 x 1072 2 x 1073 to 3 x 1072 3 x 102
Previously Disposed-of ole) - off) olf) olf) 9 x 10-8
TRU=Contaminated Soil : :
Sites
Previously Disposed-of ole) off) olf) 7 Q(f) . 3 x 1072

Pre-1970 Buried TRU
Solid Waste Sites

(a) Or additional protective act10n in the case of prevuously d1sposed—of TRU and suspected TRU wastes.

{b) For waste classes whose d1sposa1 decision is deferred, impacts are given as a range: geologic to reference
alternative.

{c} Or no additional protective action in the case of prev10usly disposed-of TRY and suspected TRU wastes.

{d) Grouted port1on of waste doubly accounted for. In the geo1og1c disposal alternative, processed single-shell
tank waste is blended with existing double=-shell tank waste 1n preparatlon of grout.

{e) ‘No residual wastes.

(f) No release to accessible environment (groundwater) in 10,000 years.

{g) Includes TRY waste removed from 618-11 site (previously d1sp03ed -of pre-1970 buried suspect TRU- contaminated

solid waste}.
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TABLE 3.18. Potential Radiolegical Impacts in T?rTs of Maximum Annual Organ Dose to an Individual Regularly Consuming
Water from a Contaminated Well,

Geologic Disposal

Near-Surface In-Place Stabitization
Disposal Residuals and Disposal Reference Alternative Preferred Alternative No Disposal Action
Current Climate 7 x 1073 (Thyroid, 1291, 1 x 1072 (Thyroid, 12%1, 1 x 1072 (Thyroid, 12%1, 1 x 1072 (Thyroid, 1291, 3 x 10! {Thyreid, 12%1,
at 5,500 yr) at 5,000 yr) at 5,000 yr) at 5,000 yr) at 400 yr)
Wetter Climate 1 x 1073 (Thyroid, 2%, 3 x 1073 (Thyroid, 1291 3 x 1073 (Thyroid, 1#%1, 3 x 1073 (Thyroid, 1291, 4 x 103 (bone, 9%,
at 5,200 yr) at ‘5,000 yr) at 5,100 yr) . at 5,000 yr) at 400 yr)
Wetter Climate 4 % 1072 (Thyroid, 2%, 3 x 107! (&1, 997c at 3 x 1071 (a1, 997c, 4 x 1072 (Thyroid, 1291I NA
Plus Functional at 4,500 yr} 5,400 yr) - at 5,400 yr) at 4,380 yr) to 3 x 107
Barrier Failure " (GI, *7Te¢ at 5,400 yr)
Wetter Climate 1 x 1071 (Thyroid, 1291, 1 (Thyrotd, 1291, at 1 {Thyroid, 1291, at 1 x 107} (Thyroid, 129y wa
plus Disruptive at 1,000 yr} 200 yr) 200 yr) E 500 yr) to 1 (Thyroid,

Barrier Failure 91 at” 200 yr)

(a) Critical organ, principal contributing radionuclide and time of initiat occurrence are given in parentheses. For perspective, EPA standard

40 CFR-191.15 provides for a limit of 25 mrem/yr to-the total body and 75 mrem/yr to-any critical organ dur1ng the first 1,000 years of
undisturbed performance of the disposal system. EPA standard 40 CFR 141,16 1imfts dose to individuals consuming water fmm a community water
system to 4 mrem/yr to the whole body or any critical organ. .

T
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TABLE 3.19. Potential Radiological Impacts Expressed as Individual Maximum Lifetime Total-Body Doses from the Full-
Garden Scenario, 0.5 cm/yr Average Annual Recharge, rem

Existing Double-Shell

Tank Waste

Future Tank Waste

Sr/bszcapsules

Retrievably Stored and

" Newly Generated TRU

Waste - .
Single-Sheill Tank Waste

Previously Disposed-of
TRU-Contaminated Soil
Sites :

Previously Disposed~of
Pre-1970 Buried TRU
Solid Waste Sites

waste).

Disposal Alternatives(2)

- Geglogic Pisposal

Near-Surface

In-Place

No bisp?g31

{a)
(b) :
alternative.

(c)

(d)

{e} No .residual wastes.
(f)

(9)

Grouted porticn of waste doubly accounted for.

No release to accessible environment (groundwater) in 10,000 years.
Includes TRU waste removed from 618-11 site {previously disposed-of pre-1970 buried suspect TRY-contaminated solid

Or additional protective action in the case of previously disposed-of TRU and suspected TRU wastes,
For waste classes whose disposal decision is deferred, impacts are given as a range:

Or no additional protective action 1n the case of previously disposed-of TRU and suspected TRU wastes.

In the geologic disposal alternative, processed single-shell tank
waste is biended with existing doubie-shell tank waste in preparation of grout,

Disposal of Stabilization Reference Preferr‘ed(b Action
Residuals and Disposal Alternative Alternative ) Continued Storage
2 x 1071(d) 1 x 107} 1 x 1071 1 x 107! to 2 x 1071 ax 102 .

6 x 1073 § x 1072 2 x 1072 2 x 1072 1 x 107

ole) olf) ole} olf) olf)

ofe} ~olf) olc.e) ofesg) 3 x 1071

2 x 10~1(d} 1 x 107} 1 x 1071 1 x 1071 to 2 x 107! 1 x 10!

ole) o(F) o) o(F) o)

ole) glf) Colf) olf) 1 x 10-1

geclogic to reference




alternatives are all small in comparison to the dose of 7 rem that the individual wouTd have
received from natural background during the same period. The dose associated with thg no
disposal alternative, though larger, would not be expected to be fatal.

The fuil-garden scenario was also analyzed for conditions where the climate changed to
the equivalent of 5-cm/yr annual average recharge to groundwater. The results are .presented
in Table 3.20. Again potential doses assdciated with the.disposa1 alternatives are small
compared to the 7 rem the individual would have received from natural background. In con-
trast to the results for the no disposal action aiternative under the drier climatic condi-
tions, the results for the no disposal action alternative and a 5-cm/yr average annuaT
recharge to groundwater indicate very large doses that would Tikely be fatal in a few years.
The principal contributor to these high doses is the future tank waste {1iquid} with its high
9O_Sr content., If DOE were to choose the no disposal action alternative, and if active
institutional control were maintained, the described intrusion accidents would not be
realistic. After a few hundred years of storage, theIQDSr would have decayed and the very
high doses projected abdve for the no disposal action alternative woulid not occur.

The full-garden scenario was also analyzed in the cases of thg.disruptive'and_functiona1
barrier failure occufring during a wetter climate ha&ing an equivalent of a 5-cm/yr average
annual recharge to groundwater. Results are presented in Table 3.21. Doses associated with
either failure scenario and with the disposal alternatives range up to about the same dose
that the individual would receive (7 rem) from natural background radiation. The doses asso-
ciated with the no disposal action alternative would remain as reported in Table 3.20 since
there are. no barriers to protect or fail in that alternative.

The potential for contamination of groundwater with chemicals would also exist. Concen-
trations of selected chemicals in groundwater near the waste disposal site were estimated for
continuation of current climate and are presented in Table 3.22, A]though'concentrqtions of
chemicals in groundwater {Appendix U) were estimated for both 200 East Area and ZOO_Wést
Area, only the larger of the two are reported here, .

In the case of the disposal alternatives, the concentrations of chemicals are below the
Vimits established by EPA drinking-water standards. In the no disposal action alternative in
the absence of active institutional controls, the standards are exceeded.

The peak arrival times for these chemicals are about 5,000 years and 1,200 yeérs after
disposai for each of the barriered disposal alternatives and the no disposal action alterna-
tive, réspective]y.

As in the case of radicnuclide reiease scenarios, if DOE chose the no disposal action
alternative, and if active institutional control were maintained, then monitoring and
maintenance would render this scemario unrealistic. h

Concentrations of chemicals in groundwater near the waste disposal site were also esti-

.mated where the average annual recharge was 5 cm/yr.. The .results are presented in

Table 3.23.
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TABLE 3.20.

Scenario, 5 cm/yr Average Annual Recharge, Barriers Remain Effective, rem

Existing Double-Shell
Tank Waste

‘Future Tank Haste

Sr/fCs Capsules

Retrievably Stored and
Newly Generated TRU
Waste

Single-Shell Tank Waste

Previously Disposed-of
TRU-Contaminated Soil
Sites

Previously Disposed-of
Pre-1970 Buried TRU
Solid Waste Sites

(a)
(b)
alternative.
{c)
{d)
(e} No residual wastes,
(f)
- (g)

waste).

Disposal A1ternat1ves(a)

Geologic Bisposal

Near-Surface

_In-Place

Preferred

Potential Radiological Impacts Expressed as Individual Maximum Lifetime Total-Body Doses from the Full-Garden

| No Diép?531

Disposal of Stabilization Reference b Action\©
Residuals ~and Disposal Alternative A]ternative( ) {Continued Storage)

6 x 10-2(d) 4 x 1072 4 x 1072 4 x 1072 9 x 106

3 x 1072 3 x 1072 3 x 1072 3 x 1072 1 x 100

olel olf) ole) olf) o(f}

ole) olf) oles9) ole,q) 3 x 1071

6 x 1072(d) 1 x 1071 1 x 1071 6 x 1072 to 1 x 1071 2 x 106

ole) O(f) o{f} off) 8 x 10°%

ofe) o(f) olf) glf) 1x 1071

Grouted portion of waste doubly accounted for.

No release to accessible env1ronment (groundwater) in 10,000 years.
‘Includes TRU waste removed from 618-11 site {preyiously d1sposed-of pre-1970 bur1ed suspect TRU- contam1nated solid

Or additional protective action in-the case of previousiy disposed-of TRU and suspected TRU wastes.
For waste classes whose disposal decision is deferred, jmpacts are given as a ranget

gealogic to reference

Or no additional protective action in the case of previously disposed-of TRU and suspected TRU wastes.

In the geologic disposal alternative, processed s1ng1e -shell tank
waste 1s blended with existing double-shell tank waste in preparation of grout.
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TABLE 3,21. Potential Radiological Impacts Expressed as Individual Lifetime Total-Body Doses from the Full-Garden Scenario for
Both Disruptive and Functional Barrier Failures Coincident with a Weétter Climate, rem

Disposal Alternatives(2)

GeoToQTc Disposal

Near-Surface In-Place No Disp?571
Disposal of Stabilization Reference Preferred Action'C
Residuals and Disposal Alternative A]ternative‘b) Continued Storage
Existing Double-Shell 4(d) 2 6 x 1071 6 x 1071 9 x 108
Tank Waste
Future Tank Waste 1 x 1071 _ 1x 10! 2 x 10'1 2 x 10"1 1x 106
Sr/Cs Capsules ole) o(f) ole) ofe} o(f)
Retrievably Stored and ole) olf) ole,9) ole,a) 3 x 107}
Newly Generated TRU :
Waste _
Single-Shell Tank Waste 4{d) 2 x 10! 2 x 10! 4 to (2 x 101) 2 x 108
" Previously Disposed-of ' ofe) o(f) ' o(f) o(f) ' 8 x 1074
TRU~Contaminated Soil
Sites
Previously Disposed-of ole) olf) o(f) olf) 1 x 1071

Pre-1970 Buried TRU
Solid Waste Sites

(a) Or additional protective action in the case of previousiy disposed-of TRU and suspected TRU wastes,

{b) For waste classes whose disposal decision is deferred, impacts are given as a range: geologic to reference alternat1ve.

(c)  Or no additional protective action in the case of previously disposed-of TRU and suspected TRU wastes.

{d) Grouted portion of waste doubly accounted for. In the geologic disposal alternative, processed single-shell tank waste
is blended with existing double-shell tank waste in preparation of grout.

(e} No residual wastes.

(f) Ne release to accessible environment in 10,000 years.

{g) Includes TRU waste removed from 618-11 s1te {previously disposed-of pre- 1970 buried suspect TRU-contaminated sotlid

waste),
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TABLE 3.22, Calculated Potential Concentrations of Selected Chemlcals in Groundwater
Near the Waste Disposal S1te~—-0 5-cm/yr Recharge, mg/L

EPA

: _ Drinking-

No Disposal Action Water
Chemical Disposal Alternatives . {Continued Storage) Limits
Nitrate Ion 1.0 ' 1.4 x 10° 4.5 x 10
Cadmivm 8.6 x 1078 _ 5.3'x 107° 1 x 1072
Chromium : 6.0 x 1073 2.5 x 10! 5 x 1072
Mercury 5.6 x 107 1.4 x 1071 2 x 1073

x 1073 1.4 to 2.4(2)

Fluoride 1.2 x 1078 9.2

{(a) Depending on maximum daily air temﬁerature.

TABLE 3.23. Concentrations of Selected Chem1cals in Groundwater Near the Haste D1sposa1
: S1te--5—cm/yr Recharge, mg/L

EPA
. No Disposal Action . DrLZ:LEg-
Chemical ‘Disposal Alternatives (Continued Storage) _ Limits
Nitrate Ton 3.8 x 107! 6.0 x 103 4.5 x 10!
Cadmium 4.4 x 1077 2.2 x 107 1 x 102
Chromium -~ - 2.4 x 1073 5.9 x 10! 5 x 1072
Mercury 2.2 x 1072 7.4 x 1071 . 2 x 1073
x 1072 1.4 to 2.4{(2)

Fluoride , 2.5 % 1070 . 3.8

{a) Depending on maximum daily air temperature.

Again concentrations of chemicals associated with the disposal alternatives compare
favorably with the drfnking-water standards. In some cases the additional recharge provides
dilution to decrease ‘concentrations, On the other hand, in the no disposal action
alternative the add1t1ona1 dilution is apparently offset by more rapid dissolution, and the
concentrations are larger than for the same scenario for 0.5 cmfyr average annual recharge.
Times of péak arrival are about. 5,000 yeafs for the barriered disposal alternatives and about
300 years for the no disposal action alternative in the absence of institutional control. In
the disposal alterpatives, concentrations of chemicals in groundwater in the event of barrier
failure would be expected to be on the order of, but less than, the concentrations shown for
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the no disposal action alternative. ' (Tank wastes are in liquid form in the no disposal
action alternative and are in_solid form in a]] disposal alternat1ves, which in the latter
case would result. 1n slower releases and smaller ¢oncentrations,) Additional waste char-
acterization and transport modeling wiil be performed prior to 1mp1ementation of a disposal
alternative to assess regulatory compliance.

The arrival times of 300 and 1,200 years for chemicals in the no disposal action alter-
native were based on average annual recharges of 5 cm/yr and 0.5 cm/fyr, respectively. "The
equivalent artificial recharge caused by current disposal of Tow-Tevel Tiquid waste amounts
to about 5,000 cm/yr over the area of waste disposal, and is thus a substantially h1gher
driving force resulting in a much shorter travel time. This. recharge is the cause of ‘the .
presently observed distribution and transport of such pollutants as. tritium and n1trate Tn
groundwater (Price et al. 1985)

Another scenarijo was considered wherein at some time in the future the area adjicent to
the west bank of the Columbia River in the northeastern part of the site is resettled and
wells are dug that reach groundwater. The area in question was inhabited at the tjmefthe
Hanford Site was estab115héd (towns of White Bluffs. and Hanford). This scenario 15'
restricted to the number of 2-ha small farms that could be supplied by the volume of contami-
nated water available. On this basis, the number of small farms was limited to 65. It was
then assumed that 65 families composed of four individuals each resettled the land and drew
drinking and food crop irrigation water from wells., (In earlier times irrigation water was
supplied to this area: from the. Hanford ditch that took its water supply from the CoTumbia
River upstream of the communities.)

An estimate of the Tntegrated populafion_dose to and health effects among occupants of
these small farms was made for both an average annual recharge of 0.5 and 5 cm. The results
are presented in Table 3.24. '

In the case of the resettTement scenario, there would be none to four health effects
associated with the waste disposal alternatives. Thus it could be concluded that resettie-
ment of this area could take place in the future without harm .from the wastes disposed of
according to any of the waste disposal alternatives described. In the case'df no disposal
action and in the absence of active institutional control, this scenario would indicate fata]
consequences for up' to the entire exposed set (65 families of four individuals or about
300 total) for the wetter climate and 10-100 fatalities for the current climate. This sca-
nario could be repeated several times over the 10,000-year period if knowledge of the problem
were lost and as the intermittent arrival of high concentrations of radionuclides occurred.
If DOE were to choose the no disposal action alternative, and if active institufionaT control
were maintained, the described insrusion accidents would not be realistic.
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TABLE 3,24, Poatential Integrated Popﬁ]atmn Total-Body Doses and Presumed Health
Effects from the Multiple Small Farm Scepario for the Waste Disposal

Alternat1ves

0,5-cm/yr Recharge . 5-cm/yr Recharge _
Dispasal Alternative : Dose, man-rem Health Effécts Dose,“ﬁanrrem Health Effects
Geologic Disposail 4 x 103 “0-4 . 1x 103 0-1
In-Place Stabilization 2 x 103 -2 Co2x 108 0-2
and Disposal . .
Reference Alternative 2 x 103 - 0=2 2 x 10° 0-2
No Disposal Action 1 x 10° 10-10008) 2 x 107 300(2)
preferred(d) © 2x10%t0 4 x10% 04 1x10% t02x10% 02

{a) May occur more than once. : _
{b} For waste classes whose disposal decision is deferred, the impacts would range from

those for the geologic to the reference alternatives.

3.4.3 Comparison Among the Alternatives of Key Impacts from Future Tank Waste and Hewly
Generated TRU Waste .

Impacts from future tank waste and newly generated TRU waste are presented here sepa-
rately to provide a measure of impacts of disposal from additional PUREX campaigns brocessing
N Reactor fuel. Units are waste equivalent of 12,000 t of irradiated uranium processed per

campaign.

It could be assumed, for example, that an extension of special nuclear materiais
production activities would result in the reprocessjng_of an additional 20,000 t of
irradiated uraniuh._ Therefore, the impacts from this egtended operation would approximate
twice those that are calculated for the 1985-1995 campaign and that are compared among the
alternatives in this section. The impacts from the 1983-1995 campaign have already been
added to ail tables in this EIS that present'tota] impacts. For the 20,000 t extended
production of special nuclear mater1als beyond 1995, the exposure and health impacts stated
in this section should be multiplied by two and added to all tables that present total

“impacts.

Disposition of wastes and therefore. the impacts of the preferred alternative are the
same as for the reference alternative for these two waste classes.

Radiation doses to the work force and the offsite population as a résult of waste dis-
posal operations are shown in Table 3.25,

Operational impacts are essentially zero for the no disposal action alternative and

would suggest up to one health effect for the in-place stabilization and disposal and the
geologic disposal alternatives. The reference and preferred alternatives indicate up to iwo

health effects.
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TABLE 3.25. Calculated TotaT-Body Radiation Doses Resulting from Routine Operations for Future Tank Waste and Newly
Generated TRU Waste

Occupational  Maximum Individual Population D?se
Dose, man=rem Dose, rem -man-rem(a . Transportation . Total, Health
Operations 70-yr Exposure(a) 70-yr Exposure(a’b) Dose, man-rem(c) man-rem Effects
Geologic Disposal : 1,300 1 x 10“4 9.7 '_ 28 1,300 0-1
Alternative -
In~Place Stabilization 750 2 x 1076 ' 0.1 negligible 750 0-1
and Disposal Alternative -
Reference Alternative 1,700 - 2 x 1077 0.4 22 1,700 0-2
Preferred Alternative 1,700 2 x 10-7 _ . 0.4 22 1,700 0-2
No Disposal Action{®) 180 9 x 1076 0.5 . negligible 180 - 0

70-year exposure implies a lifetime accumulated dose from all operations.

Based on estimated 1990 population of 420,000 within 80 km of Hanford.

Transport of high-level waste to alternative high-level waste repository.

For 60-year operating period. Doses would accumulate similarly for each century of continued storage thereafter.
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Long-term impacts on the offsite population are contrasted for several scenarios in
Table 3.26.

Only in the case of the no disposal action alternative with the assumed loss of insti-
tutional control is any meaningful impact suggested. The latter arises principally from the
potential for release because of the high mobility of Tiquid wastes if they were to remain in
tanks beyond their expected lifetime.

Long-term impacts to those who might intrude into the waste disposal site and reside on
land contaminated by drifling mud or excavation debris are given fn'Téble 3.27 in terms of
probability-weighted fatalities (passive institutional controls absent or ignored). A family
of four is assumed to be associated with each event.

Wastes in repositories (the destination of those wastes in the geologic, reference and
preferred alternatives) approach zero risk in terms of drilling and near-surface excavation.
There would likely be no fatalities over 10,000 years for the in-place stabilization and
disposal alternative, where warnings were heeded, and 48 fatalities where monuments, records
or markers were absent or ignored. ; '

In addition, a full-garden scerario was postuiated that had andindividua1 {or individ-
uals) come onto the Hanford Site (but not onto the waste disposal éite), drill a well to
groundwater and use the water for domestic purposes and to irrigate a garden. Impacts among
the alternatives for several variations on the full-garden scenario are contrasted in
Table 2,28, As shown in Table 3.28, lifetime doses from the full-garden scenarios are small
except in the no disposal action alternative. In that alternative all doses would be fatal
except in the case of the current climate.

The potential for impacts from chemicals inextricably intertwined with radionuclides is
dominated by those in single—she11 tanks. However, the future tank waste introduces about
1,200 t of fluoride, which is in addition to the 800 t in single-shell tanks. Examination of
the potential for contamination of Columbia River water showed that the concentrations in
mixed Columbia River water would be well below limits established by EPA drinking-water stan-
dards under assumption of either the current or a wetter climate.

3.4.4 Comparison of Alternatives with Respect to Potential Impacts on Indians and Indian
Reservation Lands

The doses from routine disposal operations to the total population within 80 km of the
Site, including the eastern one-third of the Yakima Reservation (about 1% of the exposed
population) were shown in Sections 3.4.1.1 to be near zero for each of the disposal alterna-
tives. In the reasonably postulated accident with the most severe'tonsequences (the same in
each of the alternatives) the calculated population dose was about 1% of the dose allowed by
EPA standards during routine disposal operations {40 CFR 191).

For each of the alternatives, estimates were also made of the amounts of nuclides that

_ might be transported to.the Columbia River over the neéxt 10,000 years'and the doses that

downstream populations might receive. The doses calculated included contributions from
drinking water, crops irrigated with river water and consumption of fish that had lived in
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TABLE 3.26. Potential Radiological Impacts(a) in Terms of Presuﬁed Health Effects(b) Among the Offsite Population Over

10,000 Years from Future Tank and Newly Generated TRU Waste

Disposal Alternatives

Geologic Disposal

Near-Surface In-PTace Stabilization Reference Preferred No Disposal
Disposal of Residuals and Disposal Alternative Alternative Action
Current Climatic Conditions 0 (0.4) 0 (1) 0 (1) 0 (1) 2-20 (2 x 10%)
Wetter Climate 0 (8) 0 (9) 0 (9) 0 (9) 200-2,000 (2 x 100)
Wetter Climate plus Disruptive 0 (40) 0 (69) 1 0 (49) 0 (49) NA

and Functional Barrier Faiiures

{a) Population dose is given in parentheses in man-ren,

{b) VUsing the same factors and assumptions, the total number of presumed health effects for the same population and

time period from natural background would be from 300,000 to 3,000,000,
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TABLE 3.27. Potential Radiological Impacts Over 10,000 Years Expressed as Probability-Weighted Fatal Intrus1ons(a)
Associated with the Postdr1111ng-Excavat1oanab1tat1on Scenario--Passive Institutional Controls
Absent or Ignored

Disposal Alternatives

Geologic Disposal

Near-Surface In-Place Stabilization Reference Preferred No Disposal
Disposal of Residuals and Disposal . Alternative Alternative _Action
Future Tank Waste 0 48 0o 0o 20
Newly Generated TRU Waste o U ' o ‘0 0

Total 0 | BT S S oo

(a) For conditions given, less than 1 chance in 10,000.0f the number of fatal intrusions exceeding the value shown.
Intrusions over 10,000 years assumed to be clustered during periocd Uf 1etha11ty.
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TABLE 3.28. Potential Total-Body Radiological Impacts(a) Expressed as Lifetime Total-Body Doses for Future Tank and
TRU Waste, rem

Disposal Alternative
Geologic Disposal '

Near-Surface In-Place Stabilization Reference Prefefred No Disposal
Disposal of Residuals and Disposal Alternative Alternative Action
Full-Garden Scenario, Current 6 x 1073 8 x 10"2 ' 2 x 1072 2 x 10'2 1 x 102
Climate (0.B=cm/yr average :
annual recharge)
Full-Garden Scenario, Wetter 3 x 1072 . 3 x 1072 3 x 1072 3 x 1072 1 x 108
Climate (5-cm/yr average
annual recharge) _
Full-Garden Scenario, Wetter 1 x 1071 | 1 x 10! 2 x 1071 2 x 1071 NA

Climate and Disruptive and
Functional Barrier Failure

{a) In the same time period, the individual would have received 7 rem from natural background radiation.'
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the river. The doses were then converted to health effects using factors given in Appen-
dix N, Where the barriers performed as planned, no health effects were forecast for any of
the alternatives. In the extremely unlikely event of disruptive failure of all of the barri-
ers, coupled with a wetter climate, the number of health effects in the exposed population,
including Indians, over 10,000 years amounted to 4 for the geologic disposal alternative, 26
for the in-place stabilization and disposal alternative, 20 for the reference alternative, 4
to 20 for the preferred alternative and 3,800 for the no disposal action alternative (based
on 10 times the results given in Tables R.35, R.3%, and R.43 for 10% barrier failure, and in
Table R.46). The number of health effects in the same population, assuming that natural
background radifation dose is the cause of the health effects, would be over 2,000,000, using
the same factors. Although the number of health effects for each of the alternatives was
small relative to that allowable, that associated with the geologic disposal alternative was
the smallest.

A basis for distinction among alternatives might exist with respect to transportation of
waste in the geb}ogic Hisposal alternative if an offsite repository is required. In that
case, waste shipped by truck would be expected to pass through the Umatilila Reservation along
Interstate Highway I-84. However, all waste is to be shipped in solid form (no 1iquids) in
certified shipping casks via certified shippers and in accordance with all applicable state
and federal regulations for such shipments.

While active institutional control exists, actual physica1"access to the Site will be
Timited. However, consultation in accordance with DOE's compliance guidelines regarding the
American Indian Religious Freedom Act (AIRFA), PL 95-341, and the National Historic
Preservation Act (NHPA), 16 USC 410 st. seq., is planned as part of implementation of the
disposal options finally chosen,

Since traditional use of the land by Indians is almost exclusively surface or near sur-
face, and since 3.6-m barriers of basalt riprap topped by 1.5 m of soil would cover the
wastes, any of the disposal alternatives should preclude significant impact on Indians socio-
economically, or in terms of health and safety, even if they were to make prolonged visits to
the Site in the future with the assumption that active institutional control had been lost.
Compliance and consultation, as appropriate, with the requirements of AIRFA and NHPA. would
occur prior to any land disturbance.

3.4.5 Comparison Among the Alternatives of Impacts on Archaeological, Cultural and

Kistorical Resources

As noted in Section 4.8.5, the principal archaeological, cultural, and historical
resources on the Hanford Site relate to places or sites of previous occupancy and use by
Indians. The sites are most often associated with the Columbia River; however, other sites
have been identified such as in the Gable Mountain/Gable Butte area.

None of the sites identified are within the waste disposal area; as a consequence, none
would be affected directly, regardless of alternative. In all except the no disposal action
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alternative, large quantities of basalt riprap and soil are needed with which to build barri-
ers over waste sites or over residuals sent to near-surface burial. As a consequence of rip-
rap addition, any impacts on archaeological, cultural or historical sites are expected to be
essentially the same regardless of disposal alternative. The DOE is committed to taking all
reasonable steps to preserve such places and has initiated a site-wide survey for archaeo-
logical and cuTtural sites to aid in déveloping an overall plan for resources protection.
This plan has been established to carry out the requirements of the federal historic
preseriatiqn and cultural resource protection statute. It will provide for:

1. development of a research design to guide the survey and direct recovery efforts,
in consultation with affected parties

2, finitial inventory of cultural resources from both existing records of past
archaeological work on the Hanford Site and consultation with knowledgable parties

3. field surveys and subsurface testing for previously unrecorded cultural resources
in areas of planned excavation

4. application of National Register eligibility criteria to cultural resources
discovered under step 3

5. assessment of site characterization impacts on significant historic and cultural
resources

6. planning for aveiding or minimizing these impacts.

The quarry sites for obtaining the riprap will be selected in concert with the resources
protection plan.

Because of the distances involved, activities on the 200 Area plateau, regardiess of
alternative, are not expected to have any impact on sites along the Columbia River or on the
National Historic $ites in Pasco and Kennewick.

3.4.6 Consideration of Chemicals Associated with Radiocactive Wastes

In this section the disposition of chemicals associated with the radioactive waste is
described for each disposal alternative.

3.4.6.1 Disposition of Chemicals According to the Disposal Alternatives

In the geologic disposal aitermative, the double-shell and single-shell tank wastes will
be processed and incorporated into a borosilicate glass for disposal in a commercial
repository. Processing before conversion to a borosilicate glass creates a low-activity
waste stream that contains the majority of the hazardous chemicals present in the tank
wastes. These low-activity radicactive wastes and associated chemicals would be made into
grout and disposed of in compliance with RCRA requirements, in near-surface vaults.

Strontium and cesium capsules would be processed as required for disposal in a ‘commercial
repository. TRU wastes and associated chemicals would be retrieved and packaged for disposal
in WIPP.
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In the in-place stabilization and -disposal alternative, single-shell tank wastes,
including the chemical inventory, would be left in the tanks, stabilized and covered with the
protective barrier and marker system. Existing double-shell tank wastes would bé retrieved,
treated with ozone or some alternate process to destroy organic complexants, and made into
grout, Future double-shell tank wastes would be retrieved, the cesium would be removed, and
the remaining waste would be made into grout. The cesium would be encapsulated and placed in
near-surface drywells along with other encapsulated waste. TRU'wastes would be disposed of
in place. Thus, under the in-place stabilization and disposal alternative, hazardous chemi-
cals associated with the waste would be disposed of in place, or, in the case of double-shell
tank wastes, they wouTld be made into grout and disposed.of, in compliance with RCRA require-
ments, in near-surface vau1ts. In all cases the wastes would be cavered with the protective
barrier and marker system, . o '

In the reference a1ternat1ve, double~shell tank wastes would be treated in the same way
they would be treated in the geologic d15posa1 alternatives {except that technetium would
remain in the low-activity waste stream). The majority of the hazardous chemicals would be
associated with the low-activity waste stream created by processing the double<shelT tank
wastes to incorporate them into borosilicate glass. As in the geologic disposal alternative,
this low-activity waste would be made into grout and disposed of,-in-comp]iance with RCRA
requirements, in near-surface vaults. Single-shell tank wastes and associated chemicals
would be stabilized and disposed of in place and covered with the protective barrier and _
marker system. Retrievably stored TRU wastes would be retrieved, prdcessed and packaged as
necessary for disposal in WIPP, ‘Strontium and cesium capsules would be processed and pack-"
aged as necessary for disposal in a commercial repository. TRU-contaminated soil sites and
buried suspect TRU wastes would be stabilized and disposed of in piace with the protective
barrier and marker system. Under the reference alternative, the majority of the hazardous
chemicals associated with the radioactive wastes would be stabilized and disposed of in place
or disposed of near surface in grout vau1ts.

In the preferred a]ternat1ve, double-shell tank wastes would be processed and converted
to borosilicate glass as in the reference alternat1ve. The maqor1ty of the hazardous-
chemical waste would be associated with the low-activity radioactive wastes created during
the processing of the double-shell tank wastes. This Tow-activity waste and associated
chemicals would be made into grout and disposed of, in compliance with RCRA requirements, in
near-surface vaults. The strontium and cesium capsules would be processed and packaged as
necessary for disposal in a commercia1'geo1ogic repository.r_Retrtevably stored TRU would be
processed and packaged as necessary for disposal in WIPP.

Disposal decisions regarding single-shell tank wastes, buried suspect TRU waste and TRU-
contaminated soil sites would be deferred until further development and evaluation s
complete.  Continued management of the single-shell -tank wastes would be conducted according
to applicable hazardous regulations, either CERCLA  or RCRA. The buried suspect TRU .and TRU-
contaminated soil sites would be managed in compliance with CERCLA requirements.
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3.4.6.,2 Public Health Risk from Chemicals Associated with Radioactive Waste

Potential impacts from selected chemicals associated with the radicactive wastes are
presented in Sections 3.4.2.1, 3.4.2.2, 3.3.2.3 and in Chapter 5. Additional information on
waste characterization and chemical transport s needed before a comprehensive impact
assessment can be performed. for all of the chemicals known or suspected to occur with the
radicactive wastes. Eatlw f}gq ST e

When the additional informatien: is gg@j}ablg,ia;fﬁrtheﬁ assessment of chemical impacts
on human health wili be performed.":fﬁ will mbsf:Tﬁkéiy take the form of a risk assessment
{similar to that performed for radioactive materials) that witl include the following
elements;:
~® identifying the hazards posed by each chemical constituent

®» assessing the degree of exposure to the chemical
@ assessing the biological response to specific doses

e characterizing the potential risk to human health.

Hazardous-chemical constituents can be placed in two broad categories: carcinogens, or
substances that may cause cancer, and noncarcinogens, which may adversely affect the health
of organisms but do not cause cancer, It is assumed that there is §ome risk of cancer for
all carcinogens, even at low doses. For noncarcinogens, however, adverse biological effects
are not observed below a certain threshold dose.

Potential effects from known carcinogens have been studied extensively, and the EPA's
Carcinogen Assessment group has published Cancer Potency Factors for use in evaluating the
potential cancer risk from exposure to carcinogens. For evaluating the potential impact that
can result from exposure to noncarcinogens, the EPA recommends the use of Reference Dose,
that is, the highest average daily exposure over a lifetime that would not be expected to
produce adverse effects.

To assess exposure, the environmental transport and fate of the chemicals will be
monitored and/or modeled and predicted over time, the quantity reaching the individual or
population will be estimated, and the duration of the exposure will be estimated.
Assumptions will be made regarding when, where, and how often exposure to the chemical
occurs. The 1ikelihood and extent of adverse effects associated with chemicals will be
estimated using the approaches, or equivalent approaches, described above. Carcinogens and
noncarcinogens will be treated separately.

3.4.7 Summary Comparisen Table

A summary comparison of impacts among the alternatives presented in Section 3.4 is given
in Table 3.29. In that table impacts on the general public, workers and others who might one
day come onto the Site for exploration or resettlement are provided. The table is organized
by groups to whom the impacts occur, the scenarios on which the impacts are based, the meas-
ure of the impact (note that units of the measure of impact change from section to section)
and the disposal alternatives and no disposal action alternative, both with and without
active institutional control.
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TABLE 3.29. Summary Comparison of Impacts Among Alternatives r
Geologic Disposal{@} Reference Alternative{2)  preferred Alternatiye{ds?) No_Di
HLW Onsite; HLW Offsite; In-Place Stabilization HLW Onsite; HLW Offsite; HLW Onsite; HLW Off4ite; Continued
Issue Measure TRU to WIPP  TRU to WIPP and Disposal TRU to WIPP  TRU to WIPP TRU to WIPP  TRU to WIPP Storage
IMPACTS ON PUBLIC
Operations
. (c) 0 0 0 0 0
Routine (yr 1920-2050) Health effects 0 0 0 1-7 1-7 1-7 1-7 02
Accidents (most serious) Health effects 1-7 1-7 1-7
Transportation
0 0
Radfological Health eff?gSs 0 0 0 1 1 ? ?_3 8
Nonradiological Fatatities 1 3 0
1 ostdisposal--Long Term (10,000 yr)
Impacts on Offsite Population from
Onsite Disposal‘?/

Current Climate i (f)
Radiological Health effects 0 0 0 0 . © 0oL « ods A
Chemicals (NO§, Hg, Cr, Cd, F) Percentage drinking- <0,001 <0.001 <0,001 ‘ * .

(g) water standard
Wetter Climate
. \ 0-1 0-1 0-1 0-1 NA
Radiolegical Heatth. effects 0 0 0-1
Chemicals (NO3, Hg, Cr, Cd, F) Percentage drinking-  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 NA
' : water standard
i
Impacts on, Intruders from Onsite
Disposal ‘%!

Drillers (into Cs capsule) Chance of one fatal 0 0 <1/1,000,000{j) 0 0 0 0 NA

dri!ling(gyent

Postdrilling Habitation Fatalities 4 0~ -

Barrier and Marker System 0 0 4 4 . 4 0-4 | NA
Effective 64 64 0-64 64 |

Warnings Absent or ignored 0 0 130 0 [ NA
Impacts gn,Others from Onsite I
Disposal‘®’ j
. 1

Shoreline Resettlement 0-2 _2 _ 0-4 |
Current Climate Health effects 0-4 0-4 02 0.7 8_2 8_3 0-; i SQ
Wetter Climate Health effects 0-1 0-1 0-2

Impacts on Groundwater Retween
Disposal Site and Columbia River
From Onsite Disposal ?°™/
Radiological Maximum annual critical-organ dose(q) in rem to hypothetical
individual consuming 2 L/day {yr after disposal) _
Current Climate(n) 7 x -10'%/(+5,500 yr) 1 x 10'%/(+5,000 yr) 1 x 10:5/(+5_,000 yr) 1 x 10'3/(+5,000 yr) (p)
Wetter Climate L x 1077/{+5,200 yr) 3 x 107°/(+5,000 yr) 3 x 107°/(+5,100 yr) 3 x 10:1/(+5,ODO Ar) {p)
Wetter Climate and Postulated 1 x 10'1/(+1,ODO yr) 1/(+200 yr) 17{+200 yr) 1 x 107/(+5,000 yr) (p}

Barrier Failure Scenarios

to 1/(+200 yr)
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}ative(a’b)

No Disposal Action

MW Offsite; Continued
Issue _ U _to MWIPP Storage

Loss of Institutio
Caontrol Scenario

o)

IMPACTS ON PUBLIC - contd.

Chemicals ‘(NO3, Mg, Cr, Cd, F)

organ doses are higher than total-b
Standards, 40 CFR 141,

Current Climate ; Eg;; Epg
Wetter Climate P
- ' " (h)
IMPACTS ON OPERATIONS WORKFORCE i ?15 0-1
(YR 1990-205@5'
IMPACTS ON KEY RESOURCES
Fossil Fuels
E;E?EI Fuel, Propane, Gasoline ;:ggg lig
Steel +-80 26
Electricity »800-5,100 300
IMPACTS ON ECOSYSTEMS AND SOCfOECONOMICS
COSTS ,700-17,200 1,800(1)
{(a) Residuals disposed of on site with
EPA 40 CFR 191.
{b) For waste classes whose disposal de
{c) Presumed health effects based on 10
of 1,000,000 man-rem.
(d)} Statistical fatalities based on veh
{e) Probability-weighted fatalities.bas
(f) MNot applicable; continuation of act
{g9) Includes effect of barrier failure
(h) Similar impacts could be expected f
(i)} Costs for first century; costs woul:
{i) Likelihood of fatality from drillin
(k) Loss of active institutiormal contro
which active institutional control
(1) Values given are for a single event.
{m) There is no public use, nor is any
{(n) Time shown, e.g., +5,100 years, is
{p) Mo use of groundwater as long as in
(q) Doses presented for the groundwater
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50,000 {Cr)
120,000 (Cr)

NA .

NA
NA
NA
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TABLE 3.29. (contd)

Geglogic 91590561(6) ‘ Reference Alternativeld) Preferred A]ter&ative(a’b) -
_ HLW Onsite; HLW Offsite; In-Place Stabilization THLW Onsite; HLW Offsite; HLW Onsite; HUW Offsite; Contin
Issue Measure TRU to WIPP  TRU to WIPP and Disposal TRU to WIPP  TRU to WIPP TRU to WIPP  TRU to WIPP Stora
IMPACTS ON PUBLIC - contd. ' '
Chemicals (NO3, Hg, Cr, Cd, F) Percentage of
drinking-water
standard
Current Climate : 12 (€r) 12 (¢r) 12 (Cr) lg ggr% l% Eg£§ 1% %g:% ﬁ Eg:; Egg
Wetter Climate 5 (Cr) 5 (Cr) 5 (Cr) r
} . i
R, : ' | 0-4 0-4 0-15 0415 0-1("
TMPACTS ON OPERATIONS WORKFORCE ; Health effects . .. . 2-15 - 2-15 0-2 » - s
(YR_1990-2060Y T ST = . L |
IMPACTS ON KEY RESOURCES } BT ’ ' o E
Fossil Fuels Thousands of m3 i
committed : . _ _23 18
Diesel Fuel, Propane, Gasoline ) : 230 230 84 zg 3? gg_ggg 27_533 110
Coal 520 530 73 14 Y 14-30 1‘_80 26
Steel Thousands of t 80 80 11
committed . ' 3,800-5,000  3,800-5,100 300
Electricity Gwh committed 5,000 5,100 1,500 3,700 3,700 ,800-5,0 1
IMPACTS ON ECOSYSTEMS AND SOCIQECONOMICS: No Significant Impacts Were Found :
. - 3700-17,200 1,800(
€0STS _ Mil1ions of dollars 16,500 17,200 2,400 3,700 3,700 3,700-16,500 %7 ,
. |
(a) Residuals d1sposed of on swte with protective barrier; wastes disposed in geologic repository assumed to be in compliance with NRC 10 CFR 60,

EPA 40 CFR 191.

organ doses are higher than total-body doses and are the doses that would most 1ikely be compared to limits such as provided in EPA Drinking Water
Standards, 40 CFR 141,

(b) For waste classes whose disposal decisfon is deferred, impacts are given as the range of geologic to reference alternative.
(c) Presumed health effects based on 100 to 1,000 health effects (fatal cancers plus genetic effects) presumed to result from population exposure i
of 1,000,000 man-rem, .
(d) Stat15t1ca1 fatalities based on vehicular accident stat1st1cs.
{e) Probability-weighted fatalities.based on probabilities of events and. estimates of fatal doses. Family of 4 for each event.
{f) HNot applicable; continuation of active institutional control precludes scenario, ) - i
{g) Includes effect of barrier failure scenario.
{(h} Similar impacts could be expected for each additional century of storage. [
{1) Costs for first century: costs would centinue at about 1.3 billion dollars for each additional century of storage.
{j) VLikelihood of fatality from drilling into Cs capsule essentially zero after about 300 years.
{k) Loss of active institutional control in the no disposal action case is assumed solely to permit parallel analysis with the disposal alternatives for
which active institutional control may not be relied upon for more than 100 years after disposal, according to EPA 40 CFR 191.
{1} Values given are for a STng]e event; due to intermittent arrival of radionuctides the event could occur several times over 10,000 years.
(m) There is no public use, nor is any planned of the groundwater between the waste d1sposa1 site and the Columbia River. 1
{n) Time shown, e.g., +5,100 years, is time after disposal.
(p} No use of groundwater as long as institutional control persists, l
{q} Doses presented for the groundwater scenario were changed from total-body doses in the draft EIS to individual-organ doses in the final EIS. Individual- l

f
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4.0 AFFECTED ENVIRONMENT

This chapter provides a general description of the Hanford Site and surrounding areas,
emphasizing environmental attributes that potentially could be affected by defense waste dis-
posal practices. More detai}éd environmental site.descriptions'for the Hanford Site are
given in ERDA {1975), NRC (1975, 1982}, Rogers.and Rickard (1977}, Jamison (1982}, DOE

{1982a, 1984), Watson et al. (1984), and Stone et al. (1983}. This EIS also considers dis-

posal of transuranic {TRU) waste at the Waste Isolation Pilot Plant (WIPP} Site in New Mexico
if following a successful demonstration phase it were approved as a geologic repository.

Thus the affected environment would also include the environs of that site, a detailed
deécription of which is given in DOE (1980b). It is not the intent of this document to pro-
vide environmental input for the seTection of a repository for high-Tevel waste (HLW); how-
ever, to complete the'anaTysis of disposal system impacts, transportation of waste and its
disposal in a repository are considered. To provide bounding consequehces for offsite trans-
portation, this repository was assumed to be fn the southeastern United States.

The Department of Energy's Hanford Site Ties within the semiarid Pasco Basin, part of
the Columbia Plateau in southeastern Washington State (Figure 1.2 in Chapter 1). The Site

occupies an area of about 1,500 km?

and is about 48 km north to south and 38 km east to west.
This land area, with restricted public access, presently provides a buffer for the smaller
areas presently used for 6perations, waste storage and waste disposal (Figure 4.1). The
Columhia River flows through the northern part of the Site, and turning south it forms part
of its eastern boundary. The Yakima River runs along part of the southern boundary and joins
the Columbia River near the City of Richland. Adjoining Tands to the west, north, and east
are principally range and agricultural land. The cities of Richland, Kennewick, and Pasco
{often called the Tri-Cities) comprise the nearest population center and are Tocated south-

east of the Site.

4,1 BACKGROUND RADIATION

Radionuciide concentrations. in Hanford air, Columbia River water, and soil for the year
1984 are given in Tables 4.1, 4.2, and 4.3, respectiveiy. The DOE has revised its radiation
standards for protection of the public in the vicinity of DOE facilities. Interim standards,
effective 1 Juiy 1985, 1imit the continuous dose to any member of. the public to 100 mrem/yr
from all routine DOE operations. From the air pathway alone the Timit for total-body dose s
25 mrem/yr (in accord with EPA’s 40 CFR 61, Subpart H). The levels measured are much lower
than those in the applicable DOE derived concentration guides. Specific airborne radio-
nuclide concentrations were similar among the onsite sampling locations, except that the lev-
els of 85Kr, 1291, 3H, and 239’240Pu were higher very near the PUREX facility, Tocated in the
200 East Area (Price et al. 1985).

Groundwater is collected from a network of more than 300 sampling wells and ana]yzed for
radionucliide concentration (Prater et al. 1984). The groundwater sampling system and how it
is used to calibrate transport models is described in Appendix V. The movement of various
nuctides through the unconfined aquifer is reported annually (Price et al. 1985),
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FIGURE 4.1. Features of the Hanford S1te (DOE 1986)

Cross section A-A’

is given in F1gure 4.3,

The levels of radionuciides fin the
centrations are less than 1 pCi/g, with

biota of the site ‘are shown in Table 4.4.

the exception of’137Cs in the muscle of ducks from

200 Area waste water ponds, and the 90Sr'1n rabbit bone collected in the 200 Areas.

The external envirenmental radiation dose measurements from all sources, including natu-

ral background radiation, at locatiens within the Hanford Site averaged from 70 to

96 mrem/yr; for locations near the Site perimeter, averages ranged from 66 to 80 mrem/yr; and
for stations 30 km or more distant from the 200 Areas, the averages ranged from 58 to
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TABLE £.1. Selected Airborne Radionuclide Concentrations on the Hanford Site in 1984
{Price et al. 1985)

pCi/m3(a}

. . o o - ConcgnthSion
Radionuciide Maximum ____Minimum Average Guide
3 (w10) 6.8 + 2.2 1.2 + 2.5 2.2 £ 0.3 200,000
e (co,) 1.7 + 0.1 <0.8 1.3 1.3 + 0.1 1,000,000
85 4600 & 590 21 + 10 590 1 280 300,000
90 8x 107" +2x107% <y 1076 45, 10°5 2x107% 1+ 6« 1075 30
129; 2x2070£3%x10"% 1410541y 196 <5 x 1074 ¢ 9 x 10-% 20
131y 14 x 1072 455102 <25 102 42 5 102 ¢ 4 100 +6 x 1074 100
137¢¢ Tx107£3x100% 2510322y 103 4, 198 + 2 x 1074 500
U (total) 43100 51 x10% 241051041076 g x 107° 4 3 x 10-5 2
238p,, 2x107° 13 %1075 <8 x 10 53,106 196 +2x 1076 7 x 10°2
239,240p, 3x1075 £ 7 x10°0 <4 x 107 45 « 10° 7x100:25100 64 102
Gross Beta 9.x1072 £ 1 %102 «2x103+4y103 2, 1072 4+ 1 x 10°3
Gross Alpha 1x103£5x107% @yx10% 524 104 1 x 1073 1+ 7 x 1075

{a) Maximum and minimum values  two sigma counting errof. Averages i two standard error of
the calculated mean {95% confidence interval),
(b} DOE 1981,

73 mrem/yr (Price et al. 1985). The differences. between the perimeter and more distant
stations are not substantiated by radionuciide measurements in soil and vegetation at these
locations, and may be due to natural geographic variations in terrestrial radiation,
Environmental dose Eates ranging from 70 to 150 mrem/yr were measured along the shorelines
and islands of the Hanford Reach of the Columbia River, These doses come from residual
radicactivity {primarily 6OCo and 154Eu) from the cooling water discharged tg the river
between 1944 and 1972 by the older Hanford production reactors which were retired from use by
1972. A1l of the preceding external dose values include natural ‘and fallout background
radiation, which averages 88 mrem/yr for Washington State. '

The catculated total-body dbse from Hanford sources to the hypothetical maximally
exposad individual for 1984 was 2 mrem, well below the present DOE radiation protection stan-
- dard of 100 mrem/yr. The calcuiated total-body dose to the population within 80 km from the
200 Areas from éxposure to Hanford éources in 1984 was 5 man-rem. The annual population dose

from natural background radiation would be aboyt 34,000_man-rem'based on the 1980 census
population of 340,000,

Reviews of natural radiation sources are given in DOE (1980&), Speer et al. (1976),
Houston and Blumer (1978; 1979a,b; 1980a,b), the National Academy of Sciences (1978}, and the
National Councii on Radfation Protection and Measurements (NCRP 1975),
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‘TABLE #.2. Radionuclide Concentrations in Columbia Rivér'Hater Downstream
from the Hanford Site, Measured in 1984 (Price et al.. 1985)

peijie’ _
. v . ] Concgntfgsmn
Radionuélide C Maximum _ Minimum Average ' Guide
CH 270 £+ 14 130 ¢ 13 or2z - 4,000,000
' ; - - -3 -3
60cq plc) 2,2 x 1072 t 4.7 x 1073 €1.2 x 1073 £ 3.6 x 1073 7.6 x 1073 £ 2.5 x 10 30,000
oooptel 9lzx107? s 1.2 ¢ 1078 <1 %1073 + 8.8 x 1072 1,2 « 1072 3 7.7 x 1073
835p 3 x 10l 1 x107h <100 c 102 £ 13 x 1070 15 x 107 £ 8.2 3072 3,000
Y ‘ 2.6 x 107 & 1.1 ¢ 1071 2.3 % 102+ 89 x10 1.7 x10°1 141 %102 300
- - -3 o 1-3 o
957 . P 6.7 x 103 s a4 ¢1073  <3,3x30°3 557 x103  1.5x1079 £ 1.5% 10 6,000
i D 1.1 x 1072 1 1.1 x 10°? CBx10-3: 1x1072 . <53xw0ts29x 1073 - :
By P 5.5 % 1073 £ 301 x 3073 "<e4,2 x 1073 £ 3.3 x 10'3 1.4 x 19-3 1.1 x-1u:§ 100,000
D 9.5 x 102 8.2 x 1073 <52 x 1073 57,3 x 107 <4 x 10°% £ 2.1 x 10
- - -3
108, p 3.4 x 102 £ 2.3 x 1072 <-1,0 x 102 £ 2,8 x 1072 <2,5 x 1073 £ 7,6 x 10 10,000
¢ D’ 6.1 x 1072 £ 4.7 x 1072 <5 x 1072 ¢ 5.1 x 1072 <4,2 x 107% £ 1.6 x 1072
129; D - 1Zx107%i1.1x10°° 8.4 x 1075 ¢ 8.9 x 1075 7.4 % 0% £ 2.9 x 10°° 60
131 -3 -3 -4 x 1073 & 5.1 x 1073 2 x 1073 ¢ 1.6 x 1073 300
1 p 6 x 107 £ 3,9 x 10 <-4 x 1072 + 5.1 x x 107 L0~
B 5.6 x 10°2°% 1.1 x 1072 <-1.8 x 10°¥ § 1.1 x 1072 1.7x 102 ¢ 7 x1077
137 -2 -3 -3 -3 1.1 x 102 3 1.1 x 1073 20,000
Cs P 1.5 x. 1072 £ 2.7 x-10 7.7 x 1073 £3.3 x 10 Lx 102z : .
: D 3.2 x 1072 £ 7.6 x 1073 1.3 x 102 3 5.9 x 1070 2.3 x 1072 ¢ 2.3 x 107
- - -4 -3
144 p @7x103: 15102 <51 x1073 581 %1073 @.6x 1072 £ 2,2 x 107 10, 000
ce o 16 x10251,5 1072 1.9 %1025 2 x1072 1.6 x 107% £ 4,8 x 10 3
¢ (natural) 7.3 x 1071 £ 0.00 < 2.7 x 1071 1 0.m0 4.5 x 107! & 8,5 x 1072 600
238p, Po <31 x 3078 13,2 x10 <1 x 1078 & 0,00 2.2 x 1078 & 1.4 1u:§ 5,000
D 8.5 x 107 + 5,6 x 1070 <2 x 107% £ 0,00 4.4 x 1075 £ 3.0 x 10
' ‘ : - - -5 -6
239,280p, p 2.5 %105+ §x 10 axwbr2ax10®  1.8x10%:8.3x10 5,000
Yy 4.9 x 107% & 1,2 x 107% 2.6 x 1078 + 4.1 ¢ 107°  «1.5x 10°% 1 1,8 % 1070

{a) Maximum and minimum values + two sigma counting error. Average & two standard error of the calculated mean (95%
confidenca interval).

b) DOE 1981,

(c) P - particulate; D - dissolved.

4,2 GEOLOGY AND PHYSTOGRAPHY

The Hanford Site 1s located in the Pasco Basin, a structural and topographiC«depressidn
within the Columbia Plateau. The terrain of the central and eastern parts of the Site is
relatively flat (DOE 1984)_and the central part of the Site, including the 200 Areas platéau,
has undergone minimal erosion sinde deposition of Hanford formation sediments by glacial
floodwaters about 13,000 years ago. .These floods resulted when 1ce'dams'were breached in
western Montana and northern Idaho, allowing large volumes of water to spill across eastern
and ‘central Washington (DOE 1986). ' o '

The principal geologic uriits {Figure 4.2) beneath the Hanford Site are, in ascending
order: the Columbia River Basalt Group with interbedded sediments of the Ellensburg Forma-

~tion, the Ringoeld Formation, and the Hanford Formation. The.thick.éequénce--as much as -~

5,000 m {Mitchell and Bergstrom 1983)3—of thb]eiitic flood basalts of the Columbia River .-
Basalt Group is estimated to range in'age from 17 to 6 million, years (Watkins and Baksi 1974;
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TABLE 4.3. Radionuclides in Hanford Soils, Measured in 1984 (Price et al. 1985}

pCi/g dry weight(a)

Radionuclide - Maximum _ Minimum Average’
505 5.8 x 1071 + 2.9 x 1072 3,2 x 1072 $ 5.4 x 1072 3.2 x 10°1 + 1 x 107}
137¢s 21.0 £ 0.23 6.4 x 1072 £ 2,2 x 1072 1.9 + 2.8
239,280py 7445102+ 4.1 x 103 3.4x 1073+ 1.9x 1073 1.6 x 1072 + 9.3 x 10°3
U (total) 1.0 £ 1.5 x 1071 2.7x 107 £ 7.3 x 102 4.6 x 1071 + 1.1 x 107}
(a) Results + two sigma couriting error.
- TABLE 4.4, Radronuclide Concentrations in Hanford Plants and An1mals,
' Measured in 1984 (Price et al. 1985)
Sample Typé deatiqn . 905 137¢5. : 60co 239,240p,, U (total)
Vegetation, Hanford Site 0,19 ¢ 0,14(2) 0,036 + 0.033 | G.001 £ 0.00085 0.0093 2 0. 0026

pCi/g dry wt

Birds, pCi/g wet wt
Pheasant--Muscle 100 Areas 0.02

+ 0.02 0.003 + 0,008
300 Area . n.0l-+ 0,02 0.0l + 0.02

Chukar=--Myscle 200 Areas 0.07 £ 0.03 0.067 ¢ 0.01
Mallard Duck-- 200 Aresas

Muscle B Pond- 3.4 £ 1.9

U Pond <36 & 77
300 Area ’ 0.3 +0.4
Mammals, pCi/q wet wt

Cottontail Rabbit

--Muscle 100 Areas 0.014 + 0.013

--Bone <16 £ 17 i
Jack Rabbit . )

~=Muscle 200 Areas 0.019 + 0.01

-~-Bone 6.9 + 2.7
Deer

=-Muscie Onsite road <0.0004 + 0.006

kills
-=Liver ’ 0.0002 + 0.0002
Columbia Rivar. Fish,
pCi/g wet wt
Whitefish--Muscle Upstream of - 0.008 % 0.008 0.01 ¢ 0,02 0.001 £ 0.01
' S5ite .

) ) 1000 vicinity 0.006 + 0,003 0.02 £ 0.01 .02 ¢ 0.01
Bass--Muscle 100F sloughs  0.002 £ 0.001 0.06 * 0.02 0.004 t 0.01

{a} Averazges + two standard error of the calcilated mean.

McKee et al. 1977, 1981). These basalt flows are interbedded with and overlain by Miocene-
Pliocene epiclastic and vo]can1c1ast1c sediments of the Ellensburg Formation (Myers et :
al. 1979).

Directly overlying the Columbia River Basalt Group are the fluvial/flcod plain sédfmenfs
of the Ringold Formation, deposited some 3.7 to-8.5 million years ago (Myers et al. 1979).
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FIGURE 4.2.

Stratigraphic Units Present in the Pasco Basin (DOE 1984)
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These sediments have locally been divided into four textural units: 1) sand and gravel of
the basal Ringold unit; 2) clay, silt, and fine sand with minor gravel lenses of the lower
Ringold un1t, 3} occasaonaT]y cemented sand and gravel of the middie Ringold unit; and

4) siit and fine sand of the upper Ringold unit {Brown 1959) A wind- ~deposited silt and fine
sand with relatively high caliche content (the Plio-Plefstocene unit) overlies the Ringold
Formation'in'fhe western part of the Hanford Site ({Brown 1960).

The Hanford Formation lies on the eroded surface of the Ringold Formation, the Plio-
Pleistocene 'unit, and the basalt and its interbedded sediments. These sediments were depos-
ited by'cétastrobhic'fioods when glacial dams in western Montana and northern Idaho were
breached and massive volumes of glacial melt water spilled abruptly across eastern and cen-
tral Washington.  The last major depositional sequence from such flooding has been dated at _
about 13,000 years ago (Myers et al. 1979). These sediments have been divided into two main
facies: 1) the Pasco Gravels facies, composed of poorly sorted clasts deposited in a high-
energy environment,. and 2) the Touchet Beds facies, comprising rhythmically bedded sequences
of graded silt, sand, and minor gravel units of a slack-water environment {Myers et ale
1979). ' ) '

The surface of the Hanford Site is jocally veneered with alluvium, coiiuvium, and Joess,
incTuding both active and inactive sand dunes. Figure 4.3 shows a representative cross sec-
tion through the suﬁrabasa]t sediments beneath the pTateau and the Hanford Site. The geo-
togic units are discussed in detail by DOE (1984), Tallman et al. {1979), DOE {1982a}, Myers
et al. (1979), and Myers and Price {198l}. Appendix 0 discusses the physical and chemical
properties of these geologic materials as they relate to movement of groundwaters and
contaminants. The potential for future magmatic, volecanic, or octher geologic hazard is
discussed in Appendix R.

A
180+ Hanford Formation |
. . Approximate
1504 ~ Early “"Paiouse” Soil :
150 _ Y Water Tabie
w 1207 Upper Ringo!d e =N : A’
- le Ri Old
2 %0 Unit . Midd Em‘tng Ringoid Formation_.
= Lower Ringold - :—-—-—
. ’ ’ .
60+ "--..--L._Jﬂt' el — - Herizontal Scale
e e - Feet O 5.000
304 - ) R ——
Basal Ringold Unit Columbia River Meters 0 1,524 Columbia River\'—ﬂ
‘ ’ Basalt Group | (Vertical Exaggeratian '
=82X}.

FIGURE 4.3, Generahzed East-West Cross Section of the Suprabasalt Sedments Beneath
. ' the Hanford Site {after Tallman et al. 1979). See Figure 4.1.
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The elevations of the aliuvial p1a1n that covers much of the Site range from 105 m above
mean sea level in the southeast corner to 245 m in the northwest. The 200 Areas plateau,
where most of the radicactive waste is stored, ranges in elevation from 190 to 245 m. The
highest point is on Rattleshake Mountain {1,093 m) on the southwestern border of the Site.

4.3 SEISMICITY

Earthquake records for the Pacific Northwest extend back to about 1850; however, these

_ear1y records are very gqualitative. Earthquakes occurring before 1969, when a network of

sersmographs was installed on the Columbia Plateau, were documented ma1n¥y from reports of
tremors that were felt {Myers et al. 1979; Weston Geophy51ca1 Research 1977; WPPSS 1981a).
Figure 4.4 shows the distribution and intensity of historical earthquakes and indicates that
the Columbia Plateau is in an area of moderate seismicity {Berg and Baker 1963; Rasmussen
1967). * Earthgquakes within the central Columbia Plateau have been 1nstrumenta11y located
since 1969. While seismic activity above magnitude 3.0 has occurred in this region, act1v1ty
above magnitude 3.5 is most commonly found around the northern and western portions of the
Co1umbia,P1ateau, with a few events occurring a]bng the border between Washington and Oregon
(DOE 1984). - '

Swarms of small, shallow earthquakes are the predominant seismic events of the Columbia
Plateau {Rohay and Davis 1983}, Earthquake swarms (as detected by the'regionai'seismograph
network} may contain from four to more than 100 locatable earthquakes of magnitude 1.0 to 3.5
(DOE 1984). These swarms typically last a few days to several months and occur within areas
typically 2 by 5 km and 3 to 5 km vertically (DOE 1984). Earthquake swarms characteris-
tically do not follow a typical mainshock-aftershock sequence. The earthquakes within swarms
gradually increase and decay in frequency, but not in magnitude.

Shaltow earthquake swarm activity in the central Columbia Plateau is concentrated prin-
cipally north and east of the Hanford Site. Here earthquakes of magnitude greater than 3.0
also occur. The swarm event of perhaps the largest magnitude was recorded 1nstrumenta1!y on
December 20, 1973, as a magnitude 4.4 earthquake located in the Royal Siope area, north of
the Hanford Site (DOE 1984). Other notable earthquake swarms have -occurred at Coyote Rapids
and Wooded Isliand (Figure 4.1). The swarms near Coyote Rapids have been relatively inactive
compared to other areas. However, this was the site of the second Targest instrumenta11y
recorded earthquake in the central Columbia Plateau, with a magnitude of 3.8, on October 25,
1971 (Rohay and Davis 1983), The swarms near Wooded IsTand have been among the more intense
in terms of number of events, but they all are of low magnitude (less than 3.0).

Earthqﬁakes occur to a depth of 28 km in the central Columbia Plateau, e1thoqéh'at much
Tower frequencies than the shallower swarm events {DOE 1984). This 28-km depth ie the
approximate thickness of the earth's crust beneath this portion of Washington State, as
determined by seismic refraction studies (Caggiano and Duncan 1983). Deep seismic activity

_generally occurs randomly and is not associated with known .geologic structures or with pat-

terns of shallow seismicity (DOE 1984).
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Prevailing wind directions are from the northwest in all months (Figure 4.13). “Second-
ary maxima are indicated for southwesterly winds. The wind direction summaries indicate that
winds from the northwest quadrant occur most often during the winter (i.e., December, '
January, February) and summer (i.e., June, July, August). During the spring and fall, the
frequency of southwesterly winds increases with a corresponding decrease in northwest flgw.
Winds blowing from other directions (e.g., northeast) display minimal variation. from month to
month.

Monthly and annual joint frequency distributions of wind direction versus wind speed are
given in Stone et al, (1983). Monthly average wind speeds are lowest during the winter
months, averaging 10 to 11 km/hr, and highest during.the summer, averaging 14 to 16 km/hr on
a monthly basis. Wind speeds that are well above average are usually associated with south-
westerly winds. In the summer, high-speéd winds from the southwest are responsibie for most
of the dust storms experienced in the region.

= o e o g i

rd

/5y« STATION NUMBER
\0.0/ =% CALM )
% OF TIME

a a4 8 04 8121620
KILOMETERS ‘ PERCENT

RICHLAND

KENNEWICK

FIGURE 4.13. Hind Roses for the Hanford Telemetry Network, 1979-1982. The points of each
rose represent the directions from which the winds come (Stone et af. 1983).
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High winds are also associated with afternoon drainage winds and thunderstorms., The
summertime drainage winds are gehera11y northWwesterly and fregueritly reach 50 km/hr. An
average of ten thunderstorms occur each'year. They are most freguent ddring the summer, but
they have occUrred.in each month.  The winds during thunderstorms do not have a directional
preference, " ' | .: | | o

Based on peak gusts observed from'1945 through 1980, Stone et a1.'(1983)_est1mate"the
extreme winds as shown in Table 4.9,

TABLE 4.9. Estimates of Extreme Winds at the Hanford Site

Peak Gusts, km/hr

_ 15,2 m 6l m
Return Period, yr Above Ground Above Ground
S22 - 97 109
10 114 129
100 137 151

1,000 159 175

Tornadoes are infrequent and generally small in the northwest portion of the United
States. Grazulis {1984) lists no violent tornadoes for the region surrounding Hanford. The
Hanford Meteorology Station climatological summary (Stone.et al. 1583) and the National
Severe Stohms Forecast Center (NSSFC) data base list 22 separate tornado occufrences within
161 km of the ‘Hanford Site from 1916. through August 1982, and two additfonal tornadoes have

been reported since August 1982.

The expected area for a tormado in the Hanford area is about one square kilometer,
Using thé information in the precediqg‘paragfaph and the estimation technique described by
Markee, Beckerley, and Sanders (1974),'the estimated'probabi1ity of a tornadoe's striking a
point at Hanford is 4 2 10'6.per‘year. The probabilities of extreme winds associated with
tornadbes striking a point can'be estimated using the distribution of'tornado‘intensities for
thé region. Theée probability estimates are givén in Table 4.10. '

TABLE 4,10, Estimate of the Probability of Extreme Winds Associated with Tornadoes
Striking a Point at Hanford {Based on work in progress by dJ. V. Ramsdell,
Pacific Northwest Laboratory} '

‘Wind Speed, km/hr  Probability Per Year

100 _ 2.6 x 10-°
200 6.5 x 1077
300 1.6 x 10~/

400 3.9 x 1078
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. 4.5.2 Temperature and Humidity

Diurna1'and monthly. averages and extremes of temperature, dewpoint, and humfdity are
contained in Stone et al. (1983). For the period 1912 through 1980, the average monthly
temperatures range from a low of -1.5°C in January to a high of 24.7°C in July. During the
winter the highest monthly average temperature at the Hanford Meteorology Station was 6.9°C,
and the record Towest was -5.9°C; both occurred during February. During the summer the
record maximum monthly average temperature was 27.7°C~-in July--and the record lowest was
17.2°C--in June. The annual average relative humidfty at the Hanford Meteorology Station is
54%, with maxima during the winter months (averaging about 75%) and minimum average relative
humidity during the summer (about 35%}.

4.5.3 Precipitation

Average annual precipitation at the Hanford Meteorology Station is 16 cm. Most of the
precipitation takes place during the winter with nearly half of the annual amount occurring
in the months of November through February. Days with greater than 1.3 cm precipitation
occur less than 1% of the year. Rainfall intensities of 1.3 cm/hr persisting for 1 hr are
expected once every 10 years. Rainfall intensities of 2.5 cm/hr for 1 hr are expected only
once every 500 years.. Winter monthly average snowfall ranges from 0.8 cm in March to 13.5 cm ..
in January. The record snowfall of 62 cm occurred in February 1916, but the second highest
snowfall is Tess than half this amount, ' ’ '

4.5.4 Atmospheric Dispersion

Atmospheric dispérsfdn is a function of wind speed, atmospheric stability, and mixing
depth. Dispersion conditions are generally good when winds are moderate to strong, when the
atmosphere 1s neutral or unstable stratified, and when there is a deep mixing Tayer; Good
dispersion conditions ‘associated with neutral and unstable stratification exist about 57% of
the time during the summer. . Less. favorable dispersion conditions occur when. the wind speed
is 1ight and the mixing layer is shallow. These conditions are most common during the winfer
when moderately to extremely stable stratification exists about 66% of the time. Less favor- '
able conditions would also occur periodically for surface and Tow-level releases in all sea-
sonsifrom about sunset to about an hour after sunrise as a result of ground-based femperaturé
inversions and shallow mixing layers. .

Mixing-layer thicknesses have been estimated at the Hanford Meteorology Station using
remote sensors. The variations in mixing-layer thickness described above are summarized in
Table 4.11. ' ’

Occasionally there are extended periods of poor dispersion conditions that are associ-
ated with stagnant air in stationary high-pressure systems. Stone et al. (1972) estimated
the probability of extended periods of poor dispersion conditions. The probability of an
inversion period extending more than 12 hr varies from a low of ‘about 10% in May and June to
a high of about 64% in September and October. These probabiltities decrease rapid1y for
durations greater than 12 hr. Table 4.12 summarizes the probabilities associated with
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TABLE 4.11. Percent Frequency of Occurrence of H1x1ng Layer Th1ckness by
Season and Time of Day . )

Winter - ~ Summer
Mixing Layer, m Night . Day =~ TWight Day
Less than 250 65,7 -35.0 . 48.5 1.2
250-500 24.7 39.8 7.1 - 9.0

More than 500 9.6 95,2 - 14,4 89.9

TABLE 4.12. Percent Probabilities for Extended Periods of Surface—Based Inversion§

Inversion Duration

_ Months . 12hr 24 hr 48 hr
January-February 54 2.5 0.28
March-April © 50 <041 <0.1
May-June 10 <0.1 <0.1
July—AUgust_ _ 18 <0.1 <0.1
September-October 64 0.11 <0.1
November-Oecember 50 1.2 0.13

. extended surface- based inversions. Probabi]ities associated with extended periods of

shallow-mixing- 1ayer thicknesses have not been est1mated

To protect air quality, national Ambient Air- Qua]ity Standards {AADS) have been set by
the U.S. Environmental Protection Agency (EPA)}. The standards define levels of air gquality
that are necessary, with an adequate margin of safety, to*protect the public health (primary.
standards) and the public welfare (secondary standards). Standards exist for sulfur oxides
(measured as sulfur dioxide), nitrogen dioxide, carbon monoxide, and total suspended particu-
lates {Table 4.13), The standards apply to "that portion of the atmosphere, external to
buildings, to which the general public has access" (40 U.S.C. Part 50).

State and local governments have the authority to impose AADS that are stricter than the
national standards. Washington State standards for suifur dioxide and total suspended par-
ticulates are more stringent than the national standards (Table 4.13)., At the local level,
the Tri-County (Benton Frankiin-Halla Walla) Air Pollution Contral Authority has estab11shed’
regional emission criteria, but has not estab11shed more stringent AAQS.

Sulfur-dioxide, n1trogen-d10x1de, carbon- monoxide., and total suspended. particulates have
been periodically monitored in the commdnities and. commercial areas southeast of Hanford
and/or sites within Hanford during the past two decades {(NRC 1982}, The maximum ambient con-
centrations measured in. the region are presented in Table 4.13. Because these measurements -,
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TABLE 4.13. Ambient Air Quality Standards and Maxfmum Measured gackground Concentrations
for the Hanford Site and the Surrounding Area, pg/m :

- National - National SuppTemental Max fmum
Primary Secondary State Ambient
Standard Standard Standard - Concentration
Nitrogen Dioxide {NUZ) . _
Annual arithmetic mean 100 100 - 3%
Sulfur Dioxide (S0,) ‘
Annual arithm?tjc mean 80 80 52 0.5
24-hr maximuT a 365 . 365 260 6
3-hr maximumb2) - 1,300 -- 20
1-hr maximum(a) - S -- 1,018 49
1-hpr maximum(b) -- - 655 49
Carbon Monoxid ECO) . .
8-hr maximum!2 10,000 10,000 - - 6,500
1-hr maximum(2) 40,000 40,000 - 11,800
Total Suspended
Particulates (TSP}
Annual geometfi? mean 75 60 40 + back.(¢) 56/20(9)
24-hr maximum'2

260 150 120 + back.(¢)  353730(d)

Ea) Not to be exceeded more than once per year.

b) Not to be exceeded more than two times in any consecutive 7 days.

{c} back. = background concentration due to natural sources.

{d) The higher values represent concentrations due to the occurrence of exceptional
natural events (i.e., duststorms, brushfires). In the absence of duststorms
and other natural events, thg maximum annual background concentration. would
generally not exceed 20 pg/m” and the maximum 24-hr background concentration
would generally not exceed 30 pg/m~.  For siting and enforcement purposes, the
EPA uses these Tower values for eastern Washington State. '

were taken near iocal sources of poltution and during periods when poT]utant'emissibn rates
were higher than current leveis, these values are estimated to be higher than current maximum
background concentrations.

" Currently, air concentrations of nitrogen dioxide and fotaT suspended particulates are:
routinely monitored on the Hanford Site. The 1ocai monitdring program for nitrogen dioxide
is being conducted by the Hanford Environmental Health Foundation {Ramsdell 1981; DOE 1982b;
Sula et al, 1983)}. This monitoring‘indicateé that the maximum annual average concentrations
of nitrogen dioxide are less than 15 pg/ma. Local monitoring of total suspended particulates
for the Tri-County Afir Pollution Control Board is conducted at the Hanford Meteorclogy Sta-
tion. State-wide monitoring indicates that the concentrations of total suspended particu-
Tates periodicaily reach relatively high Tevels in eastern Washington State due to natural
events (i.e., duststorms, sandstorms,'voicahic eruptions, and large brushfires). Accord-
ingly,; high levels of total suspended particulates have been measured at the Hanford Meteor-
ology Station during such events. Washington State ambient air-quality standards do not
constder "rural fugitive dust" from such natural events when estimating the concentrations of
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particulates in the area east of the Cascade mountain crest for regulatory purposes.
Similarly, the EPA aiso exempts the rural fugitive dust component of background concentra-
tions when considering permit applications and the enforcement of air-quality standards,

4.6 ECOLOGY

The ecology of thé.Hanford Site, along with species lists, has been reported in detail
{ERDA 1975; Rogers and Rickard 1977; damison 1982; Watson et al, 1984), The'f0110w1ng is a
brief summary. The area in which waste disposal is considered has been in use for various
purposes related to the Hanford mission since 1943 and is not now in a pristine state, The
drigfna1 vagetation pattern has been changed through various landscape manipulations associ-
ated with construction of buildings, roads, power lines, buried pipes and cables and plant
operational activities.

4.6.1 Terrestrial Ecology
Plants

The -1and of the Hanford Site is mostly undéve1oped, with scattered clusters of widely
spaced. industrial buildings. The buildings are interconnected by a network of roads, elec- -
trical transmission lines and railroads. In.the years before 1943, portions of the land had
been used for cultivated agriculture, and most of the land had been subjected to grazing by
domestic livestock. Since 1944, most of the land has.not been grazed by livestock, and land
cultivation and irrigation have ceased. There has been no resident human popu]ation on the
site since 1944 (Rickard and Watson 1985),

More than 240 species of plants have been identified on the Hanford Site. The natural
vegetation of the gently sloping land between the Rattlesnake Hills and the western shore of
the Columbia River is dominated by desert shrubs, especially big sagebrush, bitterbrush, rab-
bitbrush, and to a tesser degree spiny hopsage, The herbaceous understory to the shrubs is
mostly dominated by grasses, especially cheatgrass (an alien annual species introduced to
edstern Washington from Eurasia in the late 1800s) and the small native bunchgrass, Sandberg’
bluegrass. The invasion of cheatgrass has been_attributed to the effects of livestock graz-
ing for many decades before 1343 (Mack 1981). The predominant vegetation type on Tand areas
that may be affécted by waste management activities is the sagebrush-cheatgrass (Artemisia
tridentaté - Bromus téttorum). This vegetation typé covers a large area and extends over

much of the 200 Areas plateau.

During the 40 years of industrial operations in the 20b Areas, water used in the indus-
trial processes was discharged more or less continuously into ditches and ponds. Over the
years the ponds became colonized by the agquatic plants and animals characteristic of aquat1c
habitats in the surrounding region (Rickard, Fitzner and Cushing 1981).

The  abandoned agricultura1 fields have been dominated by alien annual plants, such as
cheatgrass and Russian thistle, for four decades, with Tittle evidence of_invasion by the
native perennial plants. Wildfires have destroyed the sagebrush on large pprtionslof the
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200 Areas plateau, leaving cheatgrass and several species of native grasses as stand domi-
nants. Re-establishment of sagebrush in the burned areas is expected to be s1ow.because of
ineffective reseeding from T1v1ng sagebrush stands -and the compet1t1on to sagebrush seedlings
from cheatgrass.

Revegetation of %and that has been severely disturbed by digging and backfilling is
underway in the low-level radiocactive waste .disposal sites of the 200 Areas. Drought-

resistent grasses, especially wheatgrasses {e.g. Agropyron desertorum), have been planted in
some of the disturbed areas to stabilize thé soil against wind and water erosfon. Vegetation
is being studied to measure its capacity to extract water from the soil and return it'td the
atr through the transpiration process. Rooting depth is'aiso being studied in relation to
the depth of burial reqdired to prevent root contact with buried wastes, as well as to the
placement of loose rock layers in reconstructed soil profiles to help prevent deep root
penetration. ' ' :

Terrestrial Animals

The most extensive terrestrial animal habitat on the Hanford Site is the sagebrush-grass
habitat type. The game mammals on the Hanford Site are the mule deer, elk, cottontail, and-
Jjackrabbit. The fur-bearers are the coyote, badger, and bobcat. A1l of these animals except
elk reside in the vicinity of the 200 Areas. Elk are a recemnt introduction to Hanford Site;
they became self-established on the Arfd Lands Ecology Reserve (Figure 4.1) in 1972 and have
been residents ever since (McCorquodale, Raedeke and Taher 1986}. The 200 Areas plateau is
used for foraging by a few mule deer on a year-round basis. It also supports scattered,
smali, isolated popuTafTohs of Nuttall's cottontail rabbits and black-tailed jackrabbits.
Mule deer have the capab111ty to move from the Site to surround1ng areas, where they may be
harvested by huniters.

Resident small mammals include the Great Basin pocket mouse, deer mouse, Townsend ground
squirrel, pocket gopher, harvest mouse, house mouse, Norway rat, sagebrush vole, grasshopper
mouse, vagrant shrew, least chipmunk, and Merriam shrew. Muskrat, porcupine and raccoon have
been observed near the waste ponds in the 200 Areas.

The game birds that nest in the sagebrush-grass habitat type are thé sage grouse, mourn-=
ing dove, chukar partridge, and gray partridge. There is a very small populat1on of ‘sage
grouse on the Arid Lands Ecology Reserve, but these birds are not evident in the v1c1n1ty of
the 200 Areas. California quail and Chinese ring-necked pheasants are found in more mesic,
riparian habitats on the Hanford Site. Hunting has not been permitted on the Site south or
west of the Columbia River since 1943. Hawks and owls use the Hanford Site as a refuge,
especially during nesting (Fitzner et al. 1980), Raptors that nest in or near the 200 Areas
plateau include Swainson's hawk, red-tailed hawk, northern harrier, kestrel, prairie falcon,
burrowing owl and great horned owl. The endangered heregrine falcon apparently does not nest

"on the Site, but may resfde in small numbers in neighboring regions (Rogers and Rickard

1977). With the exception of a few burrowing owls that may be displaced by construction
activities, none of the raptor nesting areas are expected to be affected by the construction
of waste management facilities. '
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Historically, the sagebrush-grass habitat has provided breeding sites for small birds
and animals such as the horned lark, western meadowlark, and the_Great Basin pocket mouse.
Over 125 species of birds have ‘been counted on the 200 Areas p]ateéu (Rogers and Rickard
1977). However, an ever expanding use of land for irrigated agricuiture, dryland wheat
crops,'and urbanization has resuited in substantial loss of sagebrush-grass habitat in east-
ern Washington. Although the land of the Hanford Site has not éxperienced the dramatic loss
of sagebrush-grass habitat that has steadily occurred on the surrounding lands over the past
four decades, some species Of.anima1$ and piants that were abupdant in sagebrush-grass habi-
tats in the past have diminished in abundance to the point where they may in the near future
become extirpated or extinct. Some species may require special kinds of management.
Endangered and threatened p1ants and an1ma15 {as designated by both federal and State of
Washington agencies) that occur or are thought to occur on the Hanford Site are br1ef1y
reviewed in- Tables 4.14 and 4,15, as are thetr known relationships to the Site {and specif-
jcally the 200 Areas).

The Fish and Wildlife Service of the Department of the Interior was contacted for a cur-
rent. 11sting of endangered; threatened or candidate species for the Hanford Site. This '
information is consistent with Table 4.14. Review of the information provided by this agency
indicates that threatened and.endangered species wbu]d not be at risk from waste management
on the 200 Areas plateau, which contains no known habitats critical to their existance.

Insects

More than 300 insect species, both terrestrial and agquatic, have been found on the Site
(ERDA 1975); The grasshoppers and the darkling beetles are among the more conspicuous groups
on the 200 Areas plateau (Rogers and Rickard 1977) and, along with other species, are impor-
tant in the food web of the Tocal birds and mammals. Most species of dafk]ing beeties occur
from spring through fali, although some species are present only during two.or three months
in the fail {Rogers and Rickard 1977). Grasshoppers are evident from. late spring until fall.
Both groups are subJect to wide annual variations in abundance. - '

Reptiles and Amphibians

Three species of lizards, five species of snakes, and three species of toads and frogs
have been observed on the Site. The most abundant reptiles are the side-blotched lizard and
the gopher sndke. The venomous rattlesnake is not abupdant around the 200 Areas, but tends
to be associated more withtfocky_areas. Amphibians are found arcund ponds in the 200 Areas
and ponds and éloughs'of the Columbia River,

Migrating Waterfowl

The Hanford Reach of the Columbia River(a) is an important resting place for Pacific
flyway waterfowl and shore birds. Thousands of ducks and geese rest along the Reach during

(a) The Hanford Reach is the only unimpcunded portion of the Columbia River in interiocr
Washington. It extends upstream from Richland, Washington, to Priest Rapids Dam. Daily
fluctuations in river flow are produced by man1pu1at1on of flows at upstream dams in
response to the needs for electric power.
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TABLE 4.14. Endangered, Threatened and Sensitive Animals on the Hanford Site
(Wash1ngton State 1983}

Taxa Status(a) ~___Relationship te the 200 Areas

WASHINGTON STATE STATUS OF SPECIAL BIRD SPECIES

Birds Assocwated with the Hanford Reach of the Columbia River but not ¥nown to
Mest on the Hanford Site

Bald Eagle . FT A possib]e occasional forager .of sagebrush-
Haliaeetus leucocephalus ST - grass habitats and waste ponds in the

200 Areas; a regular winter visitor to the
Columbia River on the Hanford Site

American White Pelijcan ' : SE Unlikely foragers at waste ponds in the
Pelecanus erythrerhyncus ) 200 Areas; mostly fall and winter use of the

Columbia River

Birds Associated with the Hanford Reach of the Columbia River that Also Nest on the

Hanford Site
Great Biue Heron i PM Nests in trees along the Columbia River; an
Ardea herodias : occasicnal forager at waste ponds in the
200 Areas; a year-round resident
Black-Crowned Night Heron PM Nests in trees along the Columbia River: an
Nycticorax nycticorax occasional forager at waste ponds in the

200 Areas; a year-round resident,

Birds Associated with Dryland Habitats of the Hanford Site but not Knoun to Nest on the
Hanford Site

. Golden Eagle PS Forages in sagebrush-grass habitats and ét

Aquila chrysoaetes waste ponds in the 200 Areas; mostly a
winter visitor ‘

Birds that are Infrequent Visitors to the Hanford Site

Peregrine Falcon FE An erratic visitor
Falco peregrinus SE
' Birds Associated with Sagebrush-Grass Habitats
Ferruginous Hawk ST An occasional forager in sagebrush-grass
Buteo regalis : habitats; an occasional nester on the Arid
: Lands Ecology Reserve
Swainson's Hawk ) PS Nests in planted trees near the 200 Areas;
Buteo swainsonii forages in sagebrush-grass habitats in
I spring and summer
Prairie Falcon . Ps Nests on basalt cliffs on Gable Butte;
Falco mexicanus ' forages in sagebrush-grass habitats; a year-
round resident
Burrowing Owl PS Nests in the vicinity of the 200 Areas;
Athena cunicularia . ) forages in sagebrush-grass habitats
Sage Thrasher PS Not known to nest in the v1c1n1ty of the
Oreoscoptes montanus 200 Areas; a possible forager in sagebrush-
grass habitats
Long-Billed Curlew PM Nests in dryland habitats in the vicinity of
Numenius americanus the 200 Areas, mostiy in spring and summer;

forages in sagebrush-grass habitats
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(contd)

Taxa Status (@)

Sage Sparrow . PM
Amphispiza belli

Sage Grouse Undeter-
Centrocercus urophasianus mined

Relationship to the 200 Areas

Nests in desert shrubs in the.vicinify of
the 200G Areas; forages in sagebrush-grass
habitats in spring and summer

‘Not known to nest or forage in the vicinity

of the 200 Areas; a small population
inhabits the Arid Lands Ecology Reserve

WASHINGTON STATE STATUS OF SPECIAL MAMMAL SPECIES |

Pygmy Rabbit . ST
Sylvilagus idahgensis

Merriam's Shrew Ps
Sorex merrjami

White-Tailed Jackrabbit PS
Lepus townsendii -

Sagebrush Vole : oM
Lagurus curtatus

Northern Grasshopper Mouse PM
Onychomys leucogaster

Ord Kangaroo Rat P
Dipodomys ordii .
Townsend Ground Squirretl : PM

Spermoghilus townseadii

An unlikely inhabitaht of sagebrush-grass
habitats in the 200 Areas; may be extirpated’
from the Hanford Site

An unlikely inhabitant of sagebrush-grass
habitats in the 200 Areas; known to inhabit
the Arid Land Ecology Reserve

Ar unlikely inhabitant of sagebrush-grass
habitats in the 200 Areas; may be extirpated
from the Hanford Site

An unlikely inhabitant of the sagebrush-
grass habitats in the vicinity of the

200 Areas; more abundant op the Arid Lands
Ecology Reserve L

Present in sagebrush-grass habitats in the
vicinity of the 200 Areas

Not known to inhabit the Hanford Site

Locally abundant in sagebrush-grass habitats
in the vicirity of the 20D Areas

Several specias of bats may inhabit caves or abandoned bHuildings in the 200 Areas, The Long-
Eared Myotis (Myotis evetis and Pallid Bat (Antrozous pallidus) are listed as Proposed Sensitive

(PS). The Yuma Myotis (Myotis yumanensis) Fringed Myotis (M. th¥sanoides} Long-Legged Myotis
{M. volans) Small-Footed Myatis (M. 1eibi, and Westera Pipistretle (Pipistrellus hesperus) are

Visted as Proposed Monitor {PM), .
The Townsend's Big-eared Bat (Piecotus townsendii}

RRSHINGTON. STATE - STATUS OF SPECIAL

Sagebrush Lizard PM .
Sceloporus gracipsus

Northern Oesert Horned Lizard PM
Phrynosoma platyrhinas

Striped Whipsnake : : PM
Masticophis taeniatus :

is Yisted as Proposed Threatened {PT).

REPTILE AND AMPHIBIAN SPECIES

Known %o inhabit sagebrush-grass habitants
in the vicinity of the 200 Areas )

Known to fnhabit sagebrush-grass habitats in
the vicinity of the 200 Areas

May be present in sagebrush~grass habitats
in the vicinity of the 200 Areas
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TABLE 4.14. (contd)

Taxa e Status (@) Relationship to the 200 Areas

WASHINGTON STATE STATUS OF SPECIAL REPTILE AND AMPHIBIAN SPECIES {contd)
Night Snake PMH May be present in sagebrush-grass hab1tat5

Hypsigiena torquata . in the vicinity of the 200 Areas
Woodhouse's Toad ' PM May be present in the wicinity of the
Bufo woodhousei 200 Areas near waste ditches and ponds

WASHINGTON STATE STATUS OF SPECIAL INVERTEBRATE SPECIES

CoTumbia River Tiger Beetle ] PE BeTfeved to inhabit the sandy shore of the
Cincindela columbica . Columbia River

Columbia River Limpet Mo Believed to inhabit the Hanford Reach of the
Lanx nuttalii ’ Columbia River

Columbia River Spire Snail ] PM _ Believed to inhabit the Hanford Reach of the
Lithoglyphus cotombiana ) Columbia River

Oregon Swallowtail Butteff]y PM Inhabits sagebrush-grass habitats;

Papilio oregonius ecological status in the vicinity of the

200 Areas s unknown

E = Federally designated endangered species,
FT = Federally designated threatened species,

(a)

Definitions of special classifications of animal species:

State Endangered (SE). A species which is seriously threatened with extirpation within the
state of Washington. These are classified by the State Game Commission as endangered w11dl1fe
{WAC 232-12-014), Protected from taking due to damage (RCW 77.12.265), trafficing

(RCW 77.16.040) and possession, control, or destruction of nests or egas (RCW 77.16.120).

Proposed Endandgered (PE) A species proposed for consideration for State Endangered

classification.

State Threatened'(ST) A species that could become endangered without management or removal of
threats, These species are classified by the State Game Commission as protected wildlife-

(WAL 232-12-011}, Protected from possession, control, or destruction of nests or eggs

{RCW 77.16.120). .

Proposed Threatened (PT}. A species proposed for consideration for State Threatened
classification, :

State Sensitive (SS). A species that could become Threatened if current watér, land, and
environmental practices continue. (lassified by the State Game Commission as Protected Wildlife
and protected from possess1on, control, or destruction of nests or eggs.

Proposed Sensitive (PS). A species proposed for consideration for State Sensitive
classification.

Monitor Species (SM). A species of special interest because of public appeal, need for special
habitats during a portion of their life cycie, status as indicators of environmental quality,
population status that is mostly unknown, taxonomic status in need of further study, or
Just1f1ably removed from Endangered, Threatened or Sensitive classifications.

Progosed Monitor {PM). A species proposed for State Monitor classification.
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TABLE 4.15. Endangered, Threatened and Sensitive Plants on the Hanford Site
{Washington Natural Heritage Program 1984)

Taxa : Status(a) " Relationship -to the 200 Areas
Columhia Milk-Vetch i Threatened A local endemic with its major populations
Astragalus columbianus Barneby G located on the Yakima Firing Center: not
expected to occur in the vicinity of the
200 Areas
Persistentsepal Yellowcress - Endangered  Known to occur on the wetted shoreline of
Rorippa columbiae Suksd. ex Howell c the Columbhia River on the Hanford Site; not
’ T " 1ikely to cccur in the vicinity of the
200 Areas
Thompson 's Sandwort Threatened Exists as A;_frank1inii on stabilized sand
Arenaria frankiinii Oougi. dunes in the vicinity of the 200 Areas;
var, ihompsenii Peck taxonomic status is currently under
consideration
Hoover’s Desert Parsley " Threatened . A local endemic in Yakima, Benton, ‘Grant and
Lomat ivum tuberosum Hoover C Kittitas Counties, not known from the
vicinity of the 200 Areas
Gray Cryptantha Sensitive - Occurs on stabilized sand dunes'ofrthe '
Cryptantha ieucophea Dougl. Pays Hanford Site near the Wye Barricade;

occurrence in the vicinity of the 200 Areas
has not been. established

Piper's Daisy Sensitive A Tocal endehic, occurs on the Arid Lands
Erigeron piperianus Crong. : Ecology Reserve; occurrence in the vicinity
of the 200 Areas has not been established

Tooth=Sepal Dodder ' " Monitor ﬁecent]y found in Benton County; parasitic
Cuscuta denticulata Engelm. : ‘on sagebrush; may occur in the vicinity of
the 200 Areas

{a} Plants that are listed as -"C" are candidates on the 1980 Federal Register Notice of Review
and 1983 Supplement. - ] o

Definitions of special classifications of vascular plants in ¥ashington and special terminology:

Endangered, A vascular plant taxon in- danger of becoming extinct or axtirpated in Washington

" wWithin the near future if factors contributing to its decline continue. These are taxa whose
populations are at critically low levels or whose habitats have been degraded or depleted to a
significant degree. : -

Threatenaed. A vascular plant taxon likely to become endangered within the near future in .
Washington if factors contributing to its population decline or habitat degradation or loss
continue. . .

Sensitive. A vascular plant taxon, with small populations or localized distribution within the
state, that is not presently endangered or threatened, but whose populations and habitats will
be jeopardized if current ‘and use practices continue. .

Monitor. A vascular plant taxon of potential concern'because-of'uncertain taxonomic status or
paucity of information concerning distribution; or a taxon that is actually more. abundant or
less threatened than previously thought, :

Local endemic. A taxgn restricted to a limited geographical area, usually within a single
county or several adjacent counties. ’
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the annual ‘autumnal migration. A section of the Reach upstream from the old Hanford townsite
is closed to waterfowl hunting, providing a refuge for many ducks and geese not resting on
federal refuges located elsewhere in the Columbia Basin. The Hanford Reach is also an impor-
tant nesting and resting area for the western Canada goose. For four decades, the nesting
goose population has persisted there in relatively stable numbers (Ball, Bowhay and Yocom
1981),

The waste water ponds in the 200 Areas have attracted waterfowl -in considerable numbers
{Rickard, Fitzner and Cushing 1981). The most abundant nesting waterfowl on the ponds has
been the American coot. The reproductive performance of coots nesting on the industrial
ponds at Hanford has been compared with coots nesting on ponds iocated fn the Columbia
National Wildlife Refuge, located northeast of the Hanford Site (Fitzner, Sipco and
Schreckhise 1930}, PopuTatfon performance of coots on Hanford ponds is comparable to that of
other ponds. '

The only matural wetland areas on the Site are West lake, just north of 200 East Area,
and Rattlesnake Springs, which is located to the west of the 200 West Area.

4.6.2 Aquatic Ecolpgy

Aquatic habitats on the Site include the ponds and ditches in or near the 200 Areas, the
Cotumbia River, and two very small streams formed by RattTesnake Springs and Snively Springs
west of the 200 Areas plateau (Figure 4,7). Ponds found in or near the 200 Areas are Gable
Mountain'?ond, which is undergoing decommissfoning, and B Pond, which receives cooling water
from the 200 E ‘Area (Emery and McShane 1980; Meinhardt and Frostenson 1979). The waste-water
disposal sites have similar water quality characteristics, and support similar kinds of
algae, rooted plants, and invertebrates;'al1 contain introduced popuiations of goldfish. .
West Pond (created by the rise in the water tabie in the 200 Areas) is very alkaline, has a
much lower density and diveréity of plants and animals, and has no fish. The ponds and
ditches are the only sources of water in the arid environment of the 200 Areas plateau and
theréfore provide habitat for many birds and mammals. The ditches are generally less produc-
tive than the.ponds .in terms of biomass per unit area of bottom or unit voiume of water.
Streams formed by Rattlesnake and Snively Springs are quite productive but are remote from.
ﬁhe waste  sites. ' '

The Columbia River is by far the most important aquatic habitat associated with the
Hanford Site. Since 1943, the river has received heated water and radionuclides in’ aqueous
discharges from nuclear reactors located on the Hanford Site {Rickard and Watson 1985).
Since January 1971, the radionuctide burdens to the Columbia River and its associated biota
have been dramatically diminished following the ciosure of eight once-through coolant reac-
tors {Cushing et al. 19381),

Forty-five species of fish have been identified from the Hanford Reach (Gray and Dauble
1977)., The anadromous fishes are chinook salmon, steeThead trout, coho salmon, -sockeye
salmon, and American shad, Resident game fishes are smalimouth bass;'largemouth bass,
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mountain whitefish, sturgeon, walleye, yellow perch, black crappie, bluegiil, channel
catfish, and bullhead. The anadromous and resident fishes provide a sports fishery of local’

importance.

The Hanford Reach has sustained a spawning population of fall chinook salmon. In the
late 1940s and the 1350s, there were estimated to be less than 1,000 salmon redds fin tHe
Hanford Reach (Rickard and Watson 1985%). Ouring the 1980s, the estimated numbers of salimen
redds has exceeded 5,000, The increase in redds in recent years is attributed to fisheries
management practices designed to restore and sustain a mainstem Columbia River.chinook salmon
population. The Hanford Site serves as the spawning area for more than one-third of the fall
chinook in the mid-Cotumbia River,

Columbia River fish provide a food base for nesting populdtions of great biue heroﬁé,
black=-crowned night herons, and Forster's terns. Chemical analysis of excrement cast from
heron nests containing young birds has been a useful way of monitoring the foods eaten by
Hanford Site herons to determine the kinds and quantities of toxic materials availabie to
birds 1n their foraging environments {Fitzner, Rickard and Hinds 1982}, The carcasses of
spawned salmon provide autumn and winter foods for bald eagles {Rickard, Hansen and Fitiner
1982), which, although not commonly found on the 200 Areas plateau, have been reported to
forage in this areé {Landeen and Mitcheil 1981}, The white pelican is also found mainiy
along the river during the fall and winter. The pygmy rabbit has been found near springs in
the Snively Basin, to the_west of the 200 Areas p1ateau'(Washiﬁgton State 1984). Both the
federal and state authorities consider the peregrine falcon to be an endangered species and
the bald eagle a threatened species, The state also classifies the white pelican as endan-

"gered and the ferruginous hawk and the pygmy rabbit as threatened (Table 4.14),

4,7 LAND USE

The entire 1,500 km? of the Hanford Site is a controlled area, for security and pubiic
health and safety reasons, and is expected to remain so for the foreseeable future. HWithin
this.controlled area are several DOE operational areas where access may be restricted further
(Figure 4,1). These major areas are described below.

e The 100 Areas, bordering on the right bank(a) (south shore} of the Columbia River,
are the .sites. of the eight retired piutonium production reactors and the operating
dual-purpose (steam for electrical power generation and plutonium production}

N Reactor. - The 100 Areas occupy about 11 kmz.

o The 200-W and 200-E. Areas are Tocated on a plateau about 8 and 11 km, respec-
tively, from the Columbia River. These areas have been dedicated for over
40 years to fuel reprocessing and waste processing management and disposal activi-

ties. The 200 Areas cover about 16-km2. :

e The 300 Area, located just north of the City of Richiand, is the site of nuclear
: research and development and nuclear fuel fabrication. This area covers 1.5 kme.

(a} "Sides of a stream (right or Tleft) are determined when facing dowinstream.
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o The 400 Area is about 8 km north of the 300 Area and is the site of the Fast Flux
Test Facility used in the testing of breeder reactor systems. Also incTuded in
this area is the Fuels and Materials Examination Facility.

o The 600 Area includes all of the Hanford Site not occupied by the 100, 200, 300 or
400 Areas. Land uses within the 600 Area include:

2

1. the Arid Lands Ecology Reserve, a 310-km® tract set aside for ecd]ogica]

studies

2. 4 km? Teased to the State of Washington, part of which is used for LLW
disposal

3. 4.4 km® for Washington Public Power Supply System nuclear power plants

4., 2.6 km2 transferred to the State of Washington as a potential site for the
disposal of nonradioactive hazardous wastes

5. about 130 km® under revocable use permit to U.S. Fish and WiTdlife Refuge

6. 225 km?.under revocable use permit to Washington State Department of Game for
recreational game management

7. support facilitfes for the controlled access areas

8. the Near-Surface Test Facility in Gable Mountain. This facility is part of
the Basalt Waste Isolation Program (BWIP) to assess the feasibility of
radioactive waste disposal in basalt formations

9. 46.7 km® for the reference repositofy site for the BWIP., This site includes
alt of the 200 West Area (DOE 1982a, 1984). The site of the principal bore-

2

hole and expioratory shaft for the BWIP covers about 1 km“ and is located

just west of the 200 West Area within the reference repository site
10. Retired dry waste disposal sites and low-level liquid waste disposal sites.

The areas designated for the Arid Lands Ecology Reserve, U.S. Fish and WiTdlife Refuge,

2

and Washington State Department of Game total about 660 km“, which provide for a buffer zone -

around the areas of nuclear activity.

Land use in the surrounding area inciudes urban and industrial-development, irrigated
and dry-land farming, and grazing. Principal agricultural crops include hay, wheat, pota-
toes, corn, apples, soft fruit, hops, grapes and vegetables. . In recent years wine grapes
have gained importance. Industries in the nearby Tri-Cities are mainly those related to
agriculture and energy production.

4.8 SOCTOECONOMICS

The extensiye nuciear-retated development work begun at Hanford in 1943 has been a major
factor in the socioeconomy of the surrounding area. The Tri-Cities (Richland, Kennewick, and
Pasco) and the remainder of Benton and Franklin Counties are the areas that potentially would
be most affected by future waste management and disposal activities on the Site.. This area
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has been designated a Metropolitan Statistical Area (MSA){a) by the Bureau of the Census. A
detailed review of area secioeconomics is given. in Cluett et al. (1984), DOE (1984), HRC
(1982}, Piott and Schau (1983) and Watson et al. (1984). See also Appendix K of this EIS for
additional discussion of the range of sociceconomic impacts investigated.

4.8.1 Economy and Work Force

The primary ecbnohic bases of the Tri-Cities MSA are the activities at Hanford, serv-
ices, wholesale and retail trade and manufacturing {NRC 1982; Piott and Schau 1984), Domi-
nant sectors of the economy in 1983 include services (27% of nonagricultural employment),
wholesale and retail trade (20%), manufacturing (18%) and government {17%). The contract
construction work force declined from 13,550 in 1981 {21% of the nonagricuitural total)} to
5,620 (10% of the nonagricultural total) in December 1983 (Piott and Schau 1983, 1984). Much
of this decline was due to the completion, deferral, or cancellation of nuclear power plant
construction. According to current (1987) figures, the Washington Public Power Supply System
(WPPS5), the major non-DOE-related employer at Hanford, has about 1,500 employees. About
14,450 persons are employed on DOE-related projects at Hanford (July 1987). Agricultural
employment in Benton and Franklin Counties varies seasonaily from a low of about 2,000 to a
high of about 6,000 (Piott and Schau 1983).

The average annual per capita income, ihcluding agricultural payroils, was about $8,300
in 1982, As of September 1985, the unemployment within the Tri-Cities was 7.8% compared with
7.2% for the state and 6.9% for the nation {personal communication, Schau 1985).

Certain projects possibly could compete for workers employed in disposal of Hanford
high-level and transuranic wastes. These. include the construction of a basalt waste isola-
tion facility for disposing of commercially generated radicactive waste {and perhaps defense
waste), with a projected peak force of 1,100, and the expansion of Priest Rapids and Wanapum

‘Dams, with a projected peak work force of 1,100. In order to account for the potential cumu-

lative socioecomomic effects of a major development activity overlapping the Hanford defense
waste disposal hrogram, a bounding scemario analysis was conducted with renewed construction
and operation of the Supply System's WNP-1 included in one baseline scenario and excluded in
another. See Appendix K for additional discussion of these scenarios. '

From 1970 to 1982, housing units increased 94,3%, following increased population and
employmeént that accompanied WPPSS projects in the mid-1970s (Watson et al. 1984). The number
of housing units grew at an amnual average rate of 7.8% from 1973 through 1981. Richland,
Pasco, and Kennewick all have experienced sharp declines in housing growth since 1981 {Watson
et al. 1984). Housing units in 1982 in the Tri-Cities totaled about 58,000 with 69% being
single-family units, 20% multifamily units, and 11% mobile homes (Tri-Cities Real Estate
1983). The total vacancy rate in the Tri-Cities MSA in 1983 was about 8.6%, or 5,000 vacant
housing units {Watson et al. 1984}, ‘

{2) An MSA is a designated population nucleus and includes surrounding areas that are part
of the same economic and social structure. It is composed of a single city of 50,000
population or more plus the surrounding associated areas or is a generally urbanized
area of more than 100,000 population. The MSA usually follows county boundaries.
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4.8.2 Population

There were about 340,000 people residing within an 80-km radius of the 200 Areas accord-
ing to estimates based on the 1980 census (Figure 4.14). The projected population within an
80-km radius of the 200 Areas for 1990 is about 420,000 {Sommer et al. 1981).
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_ The estimated popu1ation of Benton and Franklin Counties from 1981 to 1990 varies from a
decline of abouﬁ 8% to an increase of about 8%, depending on different assumed economic fac-
tors.  These factors include the restart of construction of WPPSS reactors, possible changes
in agricultural growth, er the start of new DOE-related projects (Watson et al, 1984)..

4.8.3 Services
Fducation

A1l schooi'districts in the Tri-Cities MSA offer first- through twelfth-grade education.
The 1987 spring enroliment was about 27,300 students; the Kennewick District is the largest,
with about 10,790 students. '

Schools of higher éducation in the Tri-Cities include Columbia Basin Community College
(CBC).Tn Pasco and the Tri-Cities University Center in Richland., Average enrotlment at the
community college as of the fall of 1986-1987 was about 5,900. The number of students at CBC
has been fairly constant over the past several years, Current figures jndicate an enroliment

_at the Tri-Cities University Center of about 1,100,

Fire and Police Protection

Each of the Tri-Cities maintains a full-time fire protection staff; other municipalities
and rural fire districts typically have one full-time person aided by volunteer personnel.
Mutual aid agreements exist amdng the municipd1 and rural fire departments and the Rockwell
Hanford Fire Protection Department (NRC 1982). These provide for better fire protection for
each jurisdiction by making backup personnel and equipment availabie from neighboring units.

The combined staff of the Richland, Kenmewick and Pasco police departments is about 150;
the smaller cities and the sheriffs' departments of Benton and Franklin Counties have another
8D police personnel. In addition, there are about 350 persons on the Hanford Site security
force, administered by Westinghouse Hanford Company.

Water, Sewer and Solid Hastes

The Columbia River is the source of part or all of the muni;ipa} water supplies for each
of the Tri-Cities. Each city operates its own treatment and distribution system. Richland

3 of Calumbia River water annually for its domestic éupp1y.

directly uses about 15.6 million m
An additional 10.4 wmillion m3 per year are pumped from the river for the recharge of wells
that provide domestic water and for the irrigation of adjacent land., Kennewick withdraws
about 4,7 miilion m3 of water directly from the river for domestic supply during'Apri1
through October. A well-collector system located near the Columbi- River at Kennewitk adds
to this amount during the April-October period, and is the sole source of city water from

3

November through March. Pasco withdraws about 7.6 mitlion m” of water directly from the

river annually.

In addition to the use of Columbia River water by the Tri-Cities, water is pumped from .
the rivéer for 1rrigaf1ng agricultural Tands downstream of the Hanford Site. The withdrawal
of Columbia River water for égricu1ture in the region from the Hanford Site to 130 km down-
stream is about 585 million m> annually. The combined annual withdrawal of this irrigation
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water and the domestic supplies for the Tri-Cities is about 623 million m>. The urban

poputation along this section.of the river was about 91,000 during the 1980 census (Rand
McMaliy 1985}. Including the unreported rural popuTation-a]ong'the'river brings the esti--
mated number of people using Columbia River water within about 130 km downstream of the Site
to about 100,000, This would be the population most likely affected by an accidental release-
of pollutants to the Columbia River at the Site.

Each of the Tri-Cities operates its own plant for primary and secondary sewage treat-
ment. A new sewage treatment plant went into operation in Richland in October 1985. Pasco
is nearing the 1imit of its system; Kennewick's system has some reserve capacity.

Solid refuse is disposed of in sanitary landfills. The City of Richland operates its
own fili, while Kennewick and Pasco contract for this service with private operators. The
capacity of existing tandfills is adequate for existing and anticipated future needs through'
1990. ' ' '

Medical Facilities

Four general hospitals, located in Richiand, Kennewick, Pasco, and Prosser, serve the
region. Their combined capacity is about 320 beds, which exceeds current demand. There are
also sevén'nursihg homes in the area with a capacity of 411 beds, the Mfd-Co]umbfa Mental'
HeaTth Center, and several minor emergency aid centers.

Transportation

" The area is served by three major state highways and two interstate highways. The area
is also served by two raiiroads and three commercial airiines. Barge service on the Columbia
River connects the Tri-Cities downstream with the Portland, Oregon, area and the Pacific
Ocean, and connects them upstream with Lewiston, Idaho, via the Snake River.

There are local traffic problems, particularly during periods of construction on the -
Site. Heavy rush-hour traffic creates bottlenecks, especially in Richland. Part of this
congestion between Richland and Kennewick and Pasco has been alleviated since the Interstate

. Highway-82 bridge across the Columbia River was completed. This bridge provides an alterna-

ttve and shorter route to Pasco and Franklin County from Richland and points west.

A pubiic bus system has recently been established to serve the Tri-Cftieé and soﬁe,
facilities on the Site. A DOE-run bus service is also available from Richland to the Site
for personnel employed at the federal facilities.

Parks and Recreation

There are 67 federal-, state-, county-, and city-maintained park facitities covering

" almost 50 km? in the Tri-Cities area. Most of these parks are located anng‘tHe Columbia and'

Snake Rivers and provide camping, boating, swimming, and picnic facilities.

4.8.4 1Indians and Indian Reservations

Within North America, the native peopie between the Cascade Mountains and the Northern

Rocky Mountains made distinctive adaptations to the semiarid steppeland environment ringed by

mountains and incised by the Columbia River drainage system. The particular subsistence
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practices emphasized a way of 1ife that followed a.seasonal round of fishing, hunting, and
gathering of natural foods. Common religious beliefs and social practices resulted from the
mutual cross-utilization of subsistence resources throughout the aboriginal Plateau cuiture
area that is now parts of the states of Washington, Oregon, and ldaho.

"Elements of the traditional Plateau culture have been kept alive te varying degrees
among present-day members of these Indian groups. The traditional religious beliefs of these
Indians share many common elements; among these are guardian spirits and shamanistic curing.
Basic beliefs are contained in an extensive body of mythological oral literature. Important -
beliefs include the following: _

e The Earth and its natural resources are inherent]y saéred.

e Guardian spirits are essential to health and good fortune.

@ Il¥lness and misfortune are caused by malevolent spirit powers or soul loss.

¢ Disturbances to the Earth cause disruption in the spirit world.
Longhouse ceremoniaiism, incorporating many. of these beliefs and involving first- foods
feasts, marriages, funerals, memorials, and namings, is well established in the Indian re5er-
vation communities today.

The Hanford Site is located on lands ceded to the United States Government by the Yakima
and Umatilla Indians and is adjacent to lands ceded by the Nez Perce Indians, The Yakima
Indian Nation and the Confederated Tribes of the Umatilla Indian Reservation have reserva-
tions adjacent to the Hanford Site and claimed the land where the Site is now situated.
Treaties with these entities in 1856 established the reservations and provided the. basis and
compensation under which the remainder of the lands claimed by these Indians was ceded te the
United States. The treaties also provided for certain rights and privileges to these Indians
for usage of the Tands that had been ceded. The relationship of these reservations to the
Hanford Site is shown in Figure 4.15. The reservations, the people and relevant portions of
the treaties are described in the following subsections.

Tﬁere are other Indian tribes in the area whose ceded lands did not include any portien
of the Hanford Site.  These include Indians of the Nez Perce Indian Reservation, the Spokane
Indian Reservation, the Colvilie Indian Reservation, and the Warm Springs Indidn Reservation.
The Indians of these reservations and possibly others may make use of the Co1umb1a R1ver
downstream of the Hanford Site for fishing.

4.8.4.1 Reservation for the Confederated Tribes and Bands of the Yakima MNation
2

The Yakima Indian Reservation occupies about 5,670 km“ in the Yakima Valley of south-
central Washington. Tribal headquarters are located in Toppenish, Nashingtoﬁ. In 1974,
approximately 622 of the resefvation was tribally owned, with the balance in lands allotted
to individual tribal members {20%) and non-Indian owned lands {18%} (DOC 1974). The Yakima
Tribe has gradually been adding land to its holdings. The location of the wastes discussed
in the HOW-EIS is 50 to 60 km east of the Yakima Indian Reservation boundary {see

Figure 4.15).
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forest vegetation is typical at higher elevations. Steppeland grasses characterize the vege-
tation in the valleys and bottomlands. Streams throughout the reservation support anadromous
fishes.

In 1985, the Indian population of the Nez Perce Indian Reservation was estimated to be
between 2,000 and 3,000, Resources on the reservation include over 100 k2 of timbered land,

~ much of this managed under the tribal Forest Development Program. There are approximately

150 km2 of dryland crop production on the reservation, farmed mostly by non-Indians.

Dworshak Reservoir and the Clearwater River are the primary watéf resources. The Kez Perce
Tribe operates a printing and publications shop, a limestone quarry, a marina located in
Orofino, Idaho, and a merchandise and grocery store. Nonetheless, unemployment among tribal
members in 1985 was estimated at about 64% of the available work force. Transportation
resources inciude U.S. Highway 12, which runs east-west through the reservation; also, train,
bus and truck lines have stops on the reservation. Lewiston is served by commercial airlines
and is- the only seaport in Idaho. Health care is available primarily from the Lewiston Com-
munity Hospital.

The traditional culture of the Nez Perce Indians was similar to other Plateau peoples
like the Umatillas and Yakimas. The Nez Perce were Sahaptian speakers who shared the basic
religious elements: of the Satmon and Root Feasts. ' h

The original Nez Perce Reservation was established by the Walla Walla Treaty Council in-
1855. Since the United States did not make any subsequent treaties in which all bands were
present and able to speak for themselves, the fundamental rights of the.Nez Perces -and the
obligations of the Federal Government to the Nez Perces stem from the Treaty of 1855. As
with the Yakimas and Umatillas, that treaty inctuded eleven articles that delineated the con-
ditions, rights, and obligations between the Nez Perce Tribe and the United States
Government.

4,8.5 Archaeological, Cultural and Historical Resources

In prehistoric times, the Columbia Basin was occupied by numerous camps and villages of
the various Plateaﬁ Indian groups. Tdday, the Hanford reach of the Co]umbié River contains
the only intact remaining evidence of these aboriginal cultures. Controlled access to the
Hanford Site and the U.S. Department of Energy's policy of not publicizing the specific loca-
tion of sites have protected these remaining sites from destruction by relic collectors.

There are 10 major historical properties.on or adjoining the Hanford Site (DOE 1982a),
and most of these are Tocated on the islands or shoreline of thé Columbia River. In addi-
tion, there are 128 archaeological sites on the Hanford Site, including open camps, fishing
stations, house pit sites, cemeteries and flaking floors (NRC 1982). Five sites are located
about two miles north of the 200 Areas near Gable Mountain and Gable Butte, and four others
lie on the western part of the Site at Rattlesnake Springs and Smively Canyon; however, no
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such sites are known to be located within the 200 Areas or the 6-km by 13-km disposal site
boundary that includes the 200 Areas, The two sites in the vicinity of the 200 Areas were
described in ERDA (1975) as follows:

Gable Mountain Locality

"The Gable Mountain Locality Ties to the northeast of 200-E Area. It includes
area in Sectjons 13 14, 15, 22, 23, and 24, T.13N, R.26E., and Sections 18, 19,
20, and 21, T.13N, 27E., WML

"Relander (1956) reports that th1s 10ca11ty was one of the principal places where
Indian boys and girls were sent on their sp1r1t quests.“

"A corner-notched projectile point was encountered.“

Gable Butte Locality

"The Gable Butte Locality Ties a short ways to the south of 10D-B and 100-K Areas.
It includes area in Sect10ns 13 and 14, T.13N., R.25E., and Sect1ons 18, 19, and
20, T.13N., R. 26E., S

"Severat flakes and rock piles were found. along the top of the ridge at the west -
ern end of the locality."

“Corner-notched projectile points were-encountered‘from this Tocality."

Detailed descriptions of the location and chahacter of other sites can be found in Rice
(1968a,b} and ERDA {1975). ‘

At present, nine archaeological properties on the Hanford Site are listed in the

MNational Register of Historic\P]aces. _Other nearby historical places listed in the National

Register of Historic Places--Washington State are the Franklin.County Courthouse and the
Pasco Carnegie Library in Pasco and the Pasco-Kennewick Bridge (Washington State 1982).

The Gable Mountain 1oca11ty_nes nominated to the Mational Register of Historic Places by
the Atomic Energy Commission in 1976, .The application was returned by the Keeper of the
Nat1ona1 Register for further review and information, and was subsequently w1thdrawn by the
Atom1c Energy Commission because they were.unable to prov1de additional information. The DOE
intends to renominate Gable Mountain for the National Register of Historic Places in the near
future. The DOE is currently consu1ting with concerned Indian tribes to determine how to
minimize any future impacts on the Gabla Butte-Gab}e Mountain localities from Site
activities.

A Programmatic Memorandum ofiAgreement between the Advisory Council on Historic Preser-
vation, the Washington State Office of Archaeology and Historfc Preservation (SHPQ), and the
u.s. Department of Energy is being negotiated to outtine procedures that will be followed in
the management and treatment. of cultural resources encountered during S1te activities. In
the interim, the Hanford Site has inftiated consultation with SHPO. The SHPO affirmed that a
state-of-the-art cultural resources survey should be conducted in.each area of potential
impact and that any cultural resourceé found during that survey should be evaluated and
considered according to the Section 106 Process (36 CFR 800).
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