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The purpose of this Environmental Impact Statement (EIS} is to provide environ-
mental input into the selection and implementation of final disposal actions for
high-Tevel, transuranic and tank wastes Jocated at the Hanford Site, Richtand,
Washington, and into the construction, operation and decommissioning of waste
treatment facilities that may be required in implementing waste disposal
alternatives. Specifically evaluated are a Hanford Waste Vitrification Plant,
Transportable Grout.Facility, and a Waste Receiving and Packaging Facility. Also
an evaluation is presented to assist in determining whether any additional action
should be taken -in terms of Tong-term environmental protection for waste that was
disposed of at Hanford prior to 1970 as Jow-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 folTowing alternatives are considered in this EIS: 1) in—place stabilization
and disposal, where waste is left fn place but is isofated 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-Tevel 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 Isolation Pilot PTant 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-ghell 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
remedial action for TRU-contaminated soil sites and pre-1970 buried suspect TRU-
contaminated soTid wastes (except the 618~-11 site) until additional information is
obtained on 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 envircnmental impacts for
the selection and implementation of final disposal strategies for the high-level (HLW),
tfansuranic (TRU) and tank wastes generated during national defense activities and stored at
the Hanford Site near Richland, Washington. Also an evaluation is presented to assist in
determining whether any additional action should be taken in terms of Tong-term environmental
protection for waste that was disposed of at Hanford prior to 1970 as Tow-Tevel waste (hefore
the transuranic waste category was established by the Atomic Energy Commission (AEC} but
which might fall into that cafegory if generated today). This document also addresses '
environmental impacts associated with the construction, operation and decommissicning of
waste treatment facilitfes that may be required to implement the waste disposaT alternatives.

_ Several previous documents have addressed environmental aspects of the management of
defense waste at the Hanford Site. The first comprehensive one, The Final Environmental
Statement for Hanford Waste Management DEerations (ERDA-1538), was issued in 1975. In that

statement, waste management practices at Hanford were shown to protect the pub?it heaith and
safety and the environﬁent on én interim basis. Those practices, however, were not and are
not.intended as final solutions for long-term isolation and disposal of high-level, TRU and
tank wastes.

In 1977, the Energy Research and DeveTopment Administration (ERDA) issued the report
Alternatives for Long-Term Management of Defense High-Level Radicactive Waste (ERDA-77-44),

which included preliminary cost estimates and analyses of near-term risks associated with
alternativas 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 disposal modes. ' ' '

In 1978, the National Research Council of the National Academies of Science and
Engineering issued a report entitted Radioactive Wastes at the Hanford Reservation: A
Technical Review, concluding that there has not been in the past, and is not at the present,

any signifi;ant radfation hazard to public health and safety from waste management operations
at Hanford. The Council recommended that Tong-term isolatfon and disposal of Hanford high-
Tevel waste become the main focus 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 congerns about potential environmental impacts of wastes disposed of before
1970 as Jow~level wastes (before the Atomic Energy Commission established the TRU 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. Accordingly, on April 1, 1983, the
Department of Energy (DOE} published in the Federal Register (48 FR 14029} a Notice of Intent
(NGI} to prepare an EIS on Disposal of Radioactive Defense High-Level and Transuranic Wastes

at Hanford.

Eighteen comment Tetters 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 recarding its opreparation., The draft EIS was published during March ‘1986,
and its availability was published in the Federal Register on Aprili-11 (51 FR 12547}, DBuring
the 120-day agency and public comment period on the draft EIS, which began on April 11, 1986,
243 Tetters were received that provided about 2000 substantive comments on the draft EIS, 1In
additicn, oral testimony was heard on the draft EIS in'pub1ic hearings held during July 1986,
in Richland, Washington; Portiand, Oregon; Seattle, Washington; and Spokane, Washington... -

Excluded from consideration in this EIS are low-tevel radioactive wastes in liguid and
solid disposai sites at Hanford (see ERDA 1538).. These waste sites are presently being
reviewed under hazardous-waste regulations. Also excluded are wastes generated by decon~-
tamination and decommissioning of surplus or retired facilities after the year 1983 o*her
than for those facilities directly associated with waste disposal). 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 1330 after
sufficient experiénce 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 environmenta’
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 civitian and defense wastes
and the programs to effect their disposal. Both types of waste include fisston prodUcts and
transuranic waste elements. On the other hand, the quantities of these elements, the physi-
cal and chemical forms of the wastes, and the technically sound alternatives .for their dis-
posal are markedly different. 1In all cases, for both c1v111an and defense, the final methods
selected will have fo meet the Environmental Protection Agency {EPA) 'standards (40 CFR 191) _
for the disposdl of spent fuel and high-level and TRYU wastes. The Muclear 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 chemical processing of about
100,000 metric tons of nuclear rdactor fuel with that of a commercial repository containing
70,0D0 metric tons. of spent fuel elements is en]ightenﬁng. In this comparison, the waste
inventory from 100,000 metric tons of Hanford reactor fuel cohtains about 4% as much of the
readily transportable {geohydrologically) isctopes ;4C, gch, and 1291 as is contained in

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

about C.1% as much of the primary transuranics 239Pu, 240Pu,- and 241Am.' The -volume of the
Hanford wastes is markedly larger than -the civilian wastes cited above--410,000 m3 of Hanford

wastes as compared to 25,000 m3 of commercial spent fuel,

The physical and chemical characteristics of existing and potential waste forms P
considered in this EIS are highly diverse: 1iquid waste in doub\e-she11 tanks,
vitrified/canistered wastes {from processed double-shell tank wastes}: siudge and salts in
the single-shell tanks; strontium and cesium capsules that are further protected with a
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hand1ing contaimer; previously disposed of pre-1970 wastes in various forms and containers:
and finally, Tow-level waste products, from the'processfng of doubie-sheil-tank waste, in the

form of grout..

In accordance with the reqUirements of NEPA, as amended, and implementing regulations of

the Council on Environmental Quality (CEQ) published in the Code of Federal Requlations as
40 CFR 1500, this EIS was written early in the decision-making process to ensure that 'l
environmental values and alternatives are fully considered before any decisions are made that
might lead to adverse environmental impacts or 3imit the choice of reasonable alternatives.
This process will also nelp ensure that the public is fully informed and is involved in the
decision<making process. ' .

To compTy wifh the NEPA's requiremeht for early preparation of environmental documenta-

tion, this EIS has been prepared early in the disbosa?-de;ision process. -As with any major
action, it is expected that once a disposal decision is made, subsequent'detéiled engineering

“may enhance specific waste retrieval, treatment, handling, 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 &ny of the options, the processes would not be
expected to .result ¥n environmental impacts that significantly exceed those described here.

- The BOE believes that bounding analyses performed in this EIS meet the requirements of CEQ

regulations for- analysis of all reasonably forseeable significant adverse impacts.

Imp]ementation of defense waste disposal under the alternatives described in this EIS
will be done in compliance with the Tetter and spirit of applicable federal and state
environmehfal'statutes, regulations 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 findlly proposed.- On the basis of these reviews, DOE will determine in
accord with agency guidelines what additional NEPA documentation is required. The DOE

ant1c1pates that a supptemental EIS wilt be prepared prior to a decision on a disposal option

for single-shell tank waste.

This ~document is not intended to provide the envi ronmental input necessary for siting or-
constructing a geologic repository. For analysis of environmental impacts of alternatives
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, inctuding Hanford.

Other NEPA documentation relevant to this EIS incltudes the supplement to ERDA-1538,
Double-Shell Tanks for Defense High-level Radicactive Waste Storage at the Hanford Site
{DOE/E1S-0063), and the Final Environﬁenta] 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.)
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Environmental considerations regarding disposal of Hanford's retrievably stéred TRY _
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 Statement--Waste Isolation Pilot Ptant
(DOE/ETS-D026). Environmental considerations associated with waéie dispp§31 in geologic
repositories are based on information from the Final Fnvironmental Impact Statement--
Management of Commercially Generated Radioacfive Waste (DOE/ETS~0046F). Alternatives to
disposal of high-level waste in 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 operatien of a plant to provide
yitrified waste are based in part on information developed in three previous DOE documents:
Fina} Environmental Impact Statement --Defense Waste Processing Facility Savannah River Plént,
Aiken, South Caroiina_(DOE/EiS-DOSZ); Environmenta) Assessment--Waste Form Selection
for SRP High-Levei Waste (DOE/EA-0179); and Ana]yseé of tHe Terminal Waste Form Selection far
the West Valley Demonstration Project (NVDP—lOO DOE). ' o ’

The EIS has been structured to conform as closely as possible 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 jis
included in 22 appendices (YoTumes 2 and 3). figure 1l -in the Introduction to the Appendices
(Volume 2, p. xxiv) shows the purpese of each appendix and how appendices relate to each
other and to the text of VYolume 1. Lines in fhe margins of Volumes 1, 2 and 3 indicate the
areas 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 a}l of the comment ?etters'receiyed. '

The final EIS is being transmitted to commanting 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 DOE 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 decisfon in a publicly avaiiable Record of Decision (RN}

document published in the Federal Register. .
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INTRODUCTION

Ehyirgnmenta? impacts resutting from the implementation of disposal/no disposal alter-
natives are reported in Chapters 1, 3 and 5 of this EIS. To provide more infbrmatién for the
reader than can he réported within tHe text, the more-detailed information is included as
appendicés. 'There-are 22 appendices that address, in general, such technical issues as
1) waste sources and disposal facitities, 2} assessment of operational impacts, and 3) post -

disposal impact assessment. -

More specifically, the appendices include detailed information on such topics as methods -
to calculate radiclegical doses and nonradiological consequences, assessment of transporta-
tion impacts, transport of radionuclides and chemicals through Hanford soils, 1bng-term per-
formance of disposal systems, and other technical iss&es. These and other data were needed

to -assess impacts resulting from disposal operationé in the near term and waste disposal sys-

:tems for the Tong term.

Figure ! indicates the purposa of each appendix and how appendices relate to each other
in the aralysis. The rationale and bases for developing these analyses are described in the
next section, entitled "Analytical Methodology.” '

EPA Regulations requiring predictioné 10,000 years-into the future are unique to the
disposal of radioactive waste. A Record of Decision must be one that meets the requirements
of the National Environmental Policy Act (NEPA}} The analytical approach developed to meet
both. of - these needs is also described tn the Aha]ytica] Methodology sectien.
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Disposal Facilities Assessment Postdisposal Impact Assessment
Appendix
A Description of Dafense Waste, ﬂ ~» G Methods Used for Calculating - M Préliminary Analysis of the ~
Inventories, Characteristics, Nonradiological Injuries and Partormance of the Protective
Waste Farms, 5_torage Fatalities Barrier and Marker System
Facilities, Location on Hanford
Site . .
& ) Method Used for Calculating  «jp. g O Status of Hydrologic and -
Repository Emplacement Geochemical Models Used to
Cost Simulate Contaminant
migration From Hanford
l$ T Methods for Assessing - gf’fensel Waste Following
B Mew Facilities and Processes, Nonradiological Air-Quality 15posa
Protectiva Barriers and Impacts X
Markers . [=» P Description of Release Models g Preliminary Analysis of iy
" : for Subsurface Scurces and Groundwater Transport of
. Description of Potential Calcularion of Relgase Periods Chemicals Rejeased From
C Hanford Waste Vitrification Cperational Ac;!den}s and and Reiease Rates to the Hanford Singte-Sheli Tanks in
Plant (HWVP} Associated Rad\clnglcal Water Table Following . the Future
impacts to the Offsite Disposal
D Transpertable Grout Facility Population - Application of Hydrologic
{TGF} =P \V Hanford Site Experience with =i Models 10 Postulated Release
= | Description of Radiclogical ~ Wasta Migration . ’ . Seenarios Following Disposal
E Waste Recaiving end :mpa_c;: a“g ;‘ot::‘dem‘?ulgiw * -
- RAP njuel an a mes . .
Processing Facility (WRAP) and Papulation Alang Routes N Analysis of Radiclogically . Assessment of Long-Term pare
for Transportation of Waste to Related Health Effects Performance of Waste
Repositories . . Disposal Systems, Description
F Method Used for Calculating =i of Potential Disruptive Events,
L. K - ‘5 . - Radiclogical Doses, Potential _and Associated Radiological
Description of Socioeconamic Pathways to Man. Description ‘impacts
Impasts of Computer Codes Used
E Probability,Conseguence and
. Sumary of Nonradioiogical :23?;:33’:;:‘;::::::;nd
Impacts From Disposal
Opperatfon: lncllugic:-ng Transport Following Disposal
Resource H‘eqmremenls and as a Function of Postulated
Costs Intrysion Events.Comparison
) - 10 EPA Standard
le . 40 CFR 191
Chapter 5 - Chapter 6 . Chapter 5

Operational Impacts Comparison with Standards Postdispesal Impacts

FIGURE 1, Interaction Aniong Appendices
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_RNALYTICAL METHODOLOGY

NEED FOR ARALYSIS

The purpose of the National Environmental Policy Act (NEPA) of 1969 {40 CFR 1500-1517)
is to aid public officials in making decisions that are based on our understanding of the
environment and in taking acticns that protect and enhance the environmant. NEPA's purpose
is to foster excellent decisions, not to generate dafinitive scientific documents.

From the outset, a uniform body of law has developed that addresses the problem con~
fronted by Federal agencies Yacking definitive information to analyze the potential environ-
mental effects of high-risk activities over long pariods of time. The agencies are required
to fully disclose the lack of important information and to provide a reasonabls forecast of
the Tikely consequences of proceeding without such information. Unequivocal proof of compli-
ance is neither expected nor required because of the substantial uncertainties ipharant in
such long-term projections. This “rule of reason®™ encompasses analysis based on available
data and, in some cases, engineering estimates. A "bounding"” analysis is used throughout the
£15 for estimating impacts. The DOE heliaves that bounding analyses performed in this EIS
meet the requirements of analy5is of all reasonably forseeable significant adverse impacts as
noted in the .5, Court of Appeals for the Eighth Circuit [Lamm vs Weinberger {86-1517, May
27, 1987)]. 1t is important that the nature of this analysis be understood and how it differs

from other, perhaps more familiar, aralyses.

The timing of NEPA statements necessitates an analysis prior te any major decision.
After such a decision, compliance analysis may be necessary before obtaining a permit,
license, start-up of a plant, etc. Such analysis may entail developing experimental or engi-
nearing data and validating codes that predict observed performance. In the case of Hanford
defense waste (HDW), this work is under way or planned under the Hanford Waste Management
Ptan (DOE 1986). '

Other types of analyses are sometimes used in environmental analysis. In the best-
estimate analyses used in the repository Envircnmental Analyses, the majer parameters are
developed either as distributions in the Basalt Waste Isolation Project or as most likely
values. Performance is assessed under unperturbed conditions using these values,

The. approach used in this EIS bounds the fmpacts by assuming the worst set of circum-
stances that can be reasonably expected to occur at the same time. These sets are, in con-
trast to a probabilistic approach, assumed to occur with a probability of one. While there
is no universally accepted definition. of bounding analysis, the following is used in this
EIS: A bounding analysis is deterministic and is performed with a set of data, modeling
assumptions, and accidental release scenarios which, totafed, so compounds consefvatfsms that

the calculated {predicted) environmental impacts should exceed those actually expected or

experienced.
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Individual parameters are not necessarily extreme values. Thay may be mean vaiues in
cases where ample data warrant such a chaice or may be va1ues we]l on the conservat1ve(a)
side of the expected mean for parameters with highly uncertain ranges of values. Because of -
uncertainty, the modeting assumptions -are chosen to he conservative. Finally, accident sce-
narios are chosen to describe the most serious incidents :that could reasonab1y DeCUr.

KEY PARAMETERS

In discussing key parameters that most influence the impacts calculated in this analy-
sis, 1t is important to note that the individual parameters'ﬁhemseTves do not make the analy-
sis bounding, Instead it is the systems analysis in_whiéh these vq]ues.are used that bounds
the reasonably expected impacts. "Bounding value" is thus ndt an appropriate term in the
context of this EIS; to use it can only cause confusion. '

Numerdus modeling assumptions, scerario definitions, and data selections must be made in
calculating all environmental impacts that could be gensrated by the Hanford Defense MWaste
Program. The resulting impacts, however, are highly sensitivé to only a limited number of
these parameters. The most important of these, listed in Table 1, are discussed, These val-
ues may come from a weli-developed data set, from Timited data where‘judgments are required
in the selection of values, from pure éngineering judgment‘where no -data exist, or from
assumptfons that have no basis othér than reason. In discussing these parametefs an effort
is made to point out the basis for each. Parameters are discussed in the order of their
Tlisting in Table 1.

Figure 2 depicts the major steps by which waste nuclides can migrate from the Orﬁginal
waste form, through the envirpament, and eventually to humans: The figure i1lustrates  how
the results compound; iong-term impacts are generally the product of factors shown. '(Many
other parameters of less sensitivity exist that are not shown.) Dther lmpacts, such 4s oper-
ations and transportation, are additive in the total sense, but they have internal values
that also compound conservatism. Thus, if reasanable values {whether based on data or engi-
neering judgment} are chosen for these parameters, it can be seen that the radiological
impacts are defensible as bounding on the basis of compounded.conservatfsm.

Waste Inventories

Approach. Values of inventories used are those provided by Rockwell (1985}, and ‘unless
specified otherwise, are best estimates. Average uncertainty on values provﬁdéd was esti-
mated by Rockwell to be within +50% -30%, but'thfs value was not used. in PNL's analysis. The
distribution of radionuclides between single-shel} -and double-shell tanks may be more uncer-
tain than that expressed by this range. -To account for this uncertainty in existing tark
waste, the tanked waste Tiquid invéntory was assigned to both single-shell and double-shell
tanks for ca1cuTating impacts.- '

{a) Conservative values as used in the HDW-EI3 refer to those va]ues or assumptions. that
tend to overestimate rather than underestimate impacts..
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Waste Inventories

TABLE 1. Key Paﬁameters in Calculated HDW Impacts

.- Waste Release Parameters
a. Recharge Rate and Climatic Conditions
b. Pérformahce of Protective Barriers
c. MWaste Form Releases
d., Tank Integrity
3. Geohydrologic Transport
A Transport in the Vadose Zone
b. Transport in the Unqonffned Aquifer .
4, Pathways and Dosimetry
a. Radiation Dosimetry
B. Definition of Long-Term Exposure Scenarios
B, Short-Term Conseduences
a. Radiological Consequences of Operatiocnal Accidents
b. Transportation RadioTogical Exposure Inciuding Accidents
6. Radiplogically Related Health Effects
Short-Term
Impacts
. Operations
- Reoutine Emissions : Operational
Accidental Releases Impacts
Transportation

L Radiglogical Impacts

= Traffic Fatalities ~==-~-~- R ) |, Pathway Analysis |} Population Health
h ‘'] and Dosimetry Dose Effects
] -
H k Exposure Scenarios
Long-Term ’ Dosimetry
Impacts Y S U
Source | [Source Releasel | Geohydrologic
Definition Parameters - M Transport
I_Waste ] Protective Recharge Rates To;al
Inventariesy Barriers Vadase Zone Impacts
' Waste-Form -

Release

Unconfined Aguifer

Tank Integrity

FIGURE 2. Key Impact Parameters
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Features of This Approach. This so-called “double accounting" is a comservative assump-

tion made to accommodate any Uncertainties in the inventory distribution in tank wastes,
specifically for -the 1iqu1d distribution. For axample, the tota? 903r Tnventory in ali tanks
is estimatad to be 60, 000 000 Ci. . Of this total, 40,000,000 Ci are assumed to be solid and
are with some confidence located in the single-shell tanks. There is much greater
uncertainty about the location of the balance, 20,000,000 Ci, assumed to be in solution. Féf
impact analysis, this liguid inventory is assumed to be both in the single- and in the
double~shell tanks. In effect the impacts are calculated on the basis of an 80,000,000 Ci
tank inventory, a result of 40,000,000 Ci (so11d) plus 2 times 20,000, 000 Ci (11qu1d) which
equals 80,000,000 Ci.

For other waste classes the information provided is the best available and is expected
to be reasonably -conservative. Hence, actual impacts are not expected to exceed those

presented.

‘Waste Release Parameters

a. Average Annual Recharge Rate and Climatic Conditions

Approach Used de-Present Conditions. To be significant, the water pathway obviousiy .
requires some infiltration of moisture into the s0ils above the waste dispasal site, desorp-
tion or dissolutfon of radionuctides and hazardous chemicals, and migration of the solute .
through the unsaturated zone to the water table. In transport calculations the operative
factor is average annual recharge rate. Even though this is referred to simply as
“recharge,” the reader should remember that it is the long-term average that is pertinent to
the issue. Recharge, in fhis context, is Toosely defined as water that has drained bé!ow the
zone where evapotranspiration can remove it from the system, Rechérge dépends on climatic
variables, vegetation types and distributions, and the hydraulic ‘conductivities of the vari-
ous sediments through which the mofsture-mey pass. S0l hydraulic propert?es,'p?ant—water' '
uptake, and climate variables were modeled for th1s EIS '

Under present cl1matic conditions, and with _no barrier in p1ace, the recharge rate-on
the 200 Areas p]ateau is assumed to be between zgro and a few centimeters per year in undis-
turbed areas, At sites where surface soils are'fine-textured and there is adequate plant
tover, it is likely that an extremely tow recharge rate exists under these conditiens. ‘
Recharge is probably much higher where the soil has been removed arid no-plant cover exists.
This conclusion s based primarily on several years of field iysimeter data, on the testing
of both surface and deep-well observations of water contents in'the 200 Area sediments as a -
function of time and depth, and on current understahding of the influence of soil texture on
hydraulic propertles. Unfortunately, there are na direct measurements of water balance and
few, if any, in situ field measurements of hydrau11c conductivities of 200 Area sediments
that can be used to predict recharge. Thus, reliance has been almost entirely on assumed or
estimated hydraulic conductivity values in calculations. This fact, combined with fhe 1im-
ited resolution of the neutron probe measurements used to measure water contént changes in
the soil, dictates that quantitative predictions of water recharge rates are good on]y'to :
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within 2 or 3 ¢m/yr. Therefore, even if: “the present recharge or the 200 Area is’ zero, there
are as. yet no exper1menta1 data that conf1rm ‘this.

" Features of This Approach. For the EIS, a range of U 5 to 5 .cmfyr was se1ected on the .,

' ba515 of engineering judgment as a reasonable range of recharge rates to be expected on. the

200 Areas pIateau over the next 10, 000 years, It seems likely that this range represents a ..
current climate (dry) recharge rate of 0.5 cm/yr and'a wetter climate at the 5 -cm/yr value,
Recharge can vary from zero to more than the annual precipitation rate (present]y 16 cm/yr).
Recharge depends on the surface conditions {topography, soil type, plant cover, etc. ) as well.
as precipitation input; therefore it is site specific, particular1y for an arid zite. 1ike
Hanford (see Appendix B of Fayer, Gee and Jones 1986)}. However, the single rate of 0.5 cm/yr
is considered a reasonable representation of the site when .considering unperturbed soi]/pTant
conditiOne.(e.g.,.c1imate, s0iT and plents) in the 200 Area, where the majority of the wastes
addressed- in this EIS are stored. This singie value is in 1ine with the range of recharge
rates predicted by the U.S. Geo]ogica} Survey (Bauer and Vaccaro 1986), who predicted that
recharge on the 200 Areas plateau ranged from 0.1 to 1.2 cm/yr (based on c11mate records. from
1957 to 1977). A great deal of uncerta1nty persists about recharge at Hanford bath present
and future, and efforts are befng made through the Hanford Site Performance Assessment -
Pragram to. document the range of recharge that occurs on site under a variety of surface
conditions. While significantly higher values could have been chosen and perhaps justified,
the rate of 5 cm/yr was selected for the unperturbed soil/plant conditions. (While this '
number was developed and used for potential future climate conditions, its use in the
calcutational system permits'examination of the impacts affected by this parameter.)-

Approach Used for Potentially Wetter Conditions. Natural recharge rates, where no mul- )

timedia barrier is in place, may change in the thousands of years pertinent to this EIS per-
formance assessment study. qu this EIS, a future average annua] recharge rate_of 5 cm/yr
was assumed because 1) experimental fietd evidehce'indicates that in wet years the present.
recharge rate in the 300 Area may be near 5 ¢m/yr, and 2) nationally recognized consuitants
have stated that. for the Columbia Plateau, future average precipitation values are theTy to
be within the extremes of present values. Nationally recagnized consultants support the

assumption that rainfall for the present 100-year extreme is a reasonable value for the mean

annual rainfall in a wetter climate Scenario. Also selected and tested were both a fall
{1948) and a spring (1947) bias in the temporal distribution of the .annual rainfall used in
the modeling. The rainfall in both years was rormalized to an annual total of 30 cm. The"f
200 Areas have not yet been parametrically simulated using assumed future values for climatic’
variables and vegetation. ' This is primarily because the models have not yet beeh caTibrated'
or demonstrated against experimental results. This type of act1v1ty is called for Tn the
Hanford Waste Management TechnoTogy PIan (DOE 1986)

No™ future 200 Area onsite systematic 1rr1gat1on effects such as sprinkling, leaky pipes,.
and canals are assumed. Although to assume no onsite artificial recharge is not, conserva-
t1ve, it is consistent with the assumptions made regardTng systematic intrusion within the _l
boundary system with its warning markers.
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~ Features of This Approach, The potential impacts of future offsite artificial recharge

(e.g.,_irrigation, canal leakage, water losses beneath. communities) are considered. Impacts
primarily consist of changed elevations of the water table under the 200 Areas;: these affect
the direction and rate of water movement, These factors thave been aha1yzed via predictive
modeling of the sha1low\grdundwater system ih_the Pasco Basin. The 5-cm/yr recharge is a
reasonable estimate of potential recharge for conditions of grass cover oh coarse soils, It
would be consistent with values measured in the 300 Area:in 1983, one of the wettest years on
record, Based on consultants' advice, this is probably a reasenable value to evaluate poten-
tial impacts of a wetter climate, ' -

b. Performance of the Conceptual Protective Barrier

Approach Used for Present Conditions. Computer modeling results to date reveal that a

properly designed and built multi-layer barrier will storé rainwater and snowmelt until it s
removed naturally from the barrier system via evapotranspiration during the plants' growing
geason, The water is stared in the soil layer that overlies a gravel and baéait‘riprap -
zone. The fine soil can be thought of as ‘acting like a sponge. There s 1ittle or no
potential for the moisture to drain out of the overlying soil into the coarse gravel and
riprap. As long as the soil does not saturate, the forces holding. the water in the soil are

-greater than that of gravity. Thus the water remains suspended until plants can take it up

and. transpire the water away from the barrier system. The modeling parameters selected for N
the EIS were conservative; modeling efforts indicate that the 200 Area soils to be used.are -
adequate. Field data are being collected as part of a barrier development effort (extending
into the mid 1990s) to calibrate and demonstrate the model's adequacy at Hanford.  This type
of cover system has been used at solid waste (uranfum tailings) sites in both humid and . arid

climates,

- Approach Used for Potentially Metter Conditions. The approath used' here was discussed
earlier under "Waste Release Parameters.” Potentially wetter conditions over the mext

several thousand years might include a climate change, onsite artificial recharge, or a-
barrier disruption.' Barrier disruptions that might be contemplated include erosion-of the
upper soil 1ayer via wind and/or-intense storm runoff, or: subsidence of the barrier, or
removal . of soil by human activity. A1l of these potential disruptions are the éubjects of
engineering efforts, For instance, rock mulches are being designed for application.to the-
surface of the barrier to preclude removal of thersoil by wind should vegetative cover be
removed. = Subsidence control technologies are be{ng tested in the field, and warning. systems
have been designed and tested to deter human intrusion and activity on the barrier.

The climate change scenarfo was analyzed by means of predictive modeling. The present
100-year extreme annual rainfail (30,1 cm/yr) was:se1ected'and applied to the barrier in '
successive years until an equilibrium water balance was attained. A water balance
equilibrium is. assumed when the barrier stops accumulating water (i.e., zero net storage).
That is, evapotranspiration and drainage through the-barrier equal the precipitation applied -
to the upper soil layer. ' ' ' ‘
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‘The preliminary results of modeling the future c¢limate scenario reveal that, with fine-
textured soil and shallow-rooted cheatgrass (a 152-day grow1ng/transp1rat1on cycle}, a water

“balance would be reached before any water drained (recharge) below the top 1ayer of the

barrier. The 1.5-m, fine-textured 507l would totally prevent natural water Eecharge for the -
mean precipftation {30 cm) assumed for the wetter climate scemario. A thicker sofl Tayer was
found to be undesirable unless deeper—hooted-Vegetation-Was used. As noted aboVe;'these
results are based-.on preliminary modeling work. The computer codes are being calibrated and
tested against actual barriers at Hanford that are subjected to present natural conditions
and simulated future environmental cond1t10ns.

Future barrier failure scenarios were hypothesized: 1) a disruptive failure due to
removal of soil by humans, and 2) a funcfiona1_faiiure_due to wind -erosion, seismic events,
subsidence, or use of construction materials that are out of specification. These potential
disrdptions were analyzed as follows. In the disruptive case it was assumed that the barrier
failed in such a way that 10% of the waste 1nventory was subjected to direct Teaching at
15-em/yr recharge (the barrier failure is assumed to coincide with a wetter clamate) In the
functional barrier failure, it was assumed that 50% of the barrier was degraded to the point

- where it a1!owed 0.1 cm/yr to 1nf11trate the under]y1ng wastes under wetter climate con-

ditions (30-cm/yr annual average precipitation).

Features of This Approach. EXperience'(frOm non-Hanford ‘projects} in barrier modeling

provides confidence in the calculated performance results for the unperturbed barrier. For
these calculations it was assumed that cheatgrass would grow on the barrier.' It seems more
Tikely that with fncreased_avefage pfecipitation the-barrier'cbver of fine siTt/sand would
support a natural grass with more ‘extensive root and Teaf systems as well as a longer growing
season than exhibited by cheatgrass. Such vegetative cover would result in a significantly
higher evapotransplratTOn potential than the one assumed,

The barrier performance was analyzed through an assumption that enough barrier topsdf]
was removed to result in direct leaching of 10% of the waste inventory. No available data
support this assumption. Wind erosion may remove some of the topsoil from the barrier, par-:
ticularly if no surface armoring is inciuded. in the design., While a flash flgod in Cold
Creek could inundate a corner of. the plateau-under extreme conditions, the topdgraphy is such
that it would not erode the barriers, but could deposit sediments. Irrigation of large areas
of the barrier surface is not deemed ¢redible since it entails systematic intrusion of the
messaged marker system. The mosf Tikely cause of.Barrier'disruption is. considered to be

_ human 1intrusion. This means that the individual who disrupts the barrier must ignore rec-

ords, the message-marked boundary, the waste marker obe11sks, and the. buried markers. This
intrusion is considered unlikely, but not impossible.

c. HWaste Form Releases

‘Aggroach. Releases take two forms:_ 1) wastes without a barrier that are Jleached by
infiltrating water and 2) wastes with a barrier that are released via a diffusion-controlled’
transport pathway. Oirect teaching is used also for inventories leached due to barrfer fail-

ure,. Release mechanisms for specific wastes are shown in Tables 2 and 3.
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TABLE 2. Direct Leaching (without a barrier or for barrier failure)

Waste : . Release Mechanism.or. Model

Grout S Release rate scaled from Savannah River
Laboratory. {SRL) data (DOE 1982)

Sait Cake and Sludge = Constant-solution concentration dissolution
of nitrate, congruent release of radionuclides

Liguid Distribution coefficient, K,
TRU : Pu/Am: - Constant-solution concentration
dissofution of radionuclides
Sr/Cs: Distribution coefficient, K4

Sr/Cs Capsules No release

TABLE 3. Hagtes with an Operative Barrier

Waste Release Mechanism or Model

Grout _ ~Constant-solution concentration
dissolution of nitrate and congruent
release of radionuclides

Salt Cake and Sludge Constant-solution concentration
dissolution of nitrate and congruent
release of radionuciides

Features of This Approach

s Grout release rate scaled from Savannah River Laboratory (SRL) data

The release rate obtained from the SRL: Yysimeter study is scaled to Hanford grout
geometry and applied to nitrate release, The rate, taken from some of the very @arly
data, is projected to continue indefinitely -in the model applied in this EIS. The
actual release rate will, instead, decrease continuously with time. By applying a con-
stant rate for a finite time and by using initial release data to define the rate, a
conservative release is achieved. This implicitly assumes that the SRL grout. and
Hanford- grout are similar entities. Because of their physical and chemical differences,
1t s necessary to confirm this assumption. '

Constant~sclution concentration dissolution of nitrate and congruent release of

radionuclides

Both the dissolution-controlled and the diffusion-controlled release models employ a

concept of constant concentration of solution, For grout release from beneath a protective
barrier and for all salt cake releases, the chemical component of interest is nitrate salt.
A congruent release is assumed for all radionuclides. For TRU wastes, piutonium and amer-
icium refeases are defined by solution concentrations of the radionuclide,
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The calculation of salt-cake releases in single-shell tanks was based on solution
concentrations reported by Schulz (1980) for interstitial Tiquors taken from single-shel?l

tanks, These are the highest known published concentrations. Although it is unlikely that
the chemical specfes in the salt cake and sludge will demonstrate solution concentrations as
high as those measured in the tank Tiquers, these values are used for conservatism. The same

solution concentrations are used for both direct- 1each1ng and diffusion-controlled release

scanarios.,

-~ The concentrations and oxidation state of plutonium and americium in TRU sofil sites are

defined as a result of research conducted on a decommissioned crib site. Thus, the ralease
models for plutonium and americium in the TRU wastes are documented in the open literature.

Although ‘the applicable data are limited, the best ava11ab1e data have been’ used.

o Distribution coeff1c1ent

Yalues of distribution coefficient used in the Kq release model applied to double-
shell tank (liquid) and TRU wastes have been taken from DeTegard and Barney (1983) As
described 1n the discussion of transport in the vadose zone {where these same Kd values
are used to model attenuation), the Kd represents the only data on synthet1c or hypo-
thetical Hanford single-shell tank wastes that are:beiieved to be some of the more
mobile wastes at Hanford., Therefore, deeorption'(i.e., release) and transport defined
by these data represent the best that can be done with existing data. Use of sing1e¥
value distribution coefficients {Tumping compiex chemistry into a single constant) has
come under severe criticism recently. Despite the potential pitfalls of this approach,
it has been chosen because of the 1imited data base. Double-shell ‘tank tiquids are
characterized in the data as concentrated {salt content) 'and as comptexed (organic com-
plexant). It would strengthen-the analysis considerably if data were available on the
status of organic and inorganic -complexation since this affects the effective Kd‘
Transuranic wastes are characterized as dilute and as non-complexed. The scarcity of.
data from which to developTavereges and/or make comparisons requires that the data be
consideréd realistic but not extreéme values. However, because the data emp1oyed'are
taken from some of the more mobile wastes, there is confidence that releases are esti-
mated conservatively.

Availability of moisture

Two issues exist regarding soil moisture and releases from singte-shell tanks,
First, is there a continuous water pathway over which diftusion can transport the
release to the advection- contro]]ed zone or the water table? Diffusion transport
through vadose-zone sediments does occur even at the relat1ve1y Tow moisture contents
that exist at Hanford. Therefore the transport pathway and mechanisms are plausible.

Second, can scil moisture move to the waste From surrounding soils, dissolve the
waste, and subsequently 1each it to the soil? It is highly conservative to assume, as
this EIS does, that an unlimited quantity of soil water is available for such a leach
process. No studies have been conducted to determine viable mechanisms or approximate
quantities of water involved. However, the high salt content of single~shell tank

xxxiidi .




R

A

F}wlm.l

wastes will provide a hygroscopic force, i.e,, a vapor potential gradient, that will
draw sof} moisture to.the tank if 1} significant tank surface area has corroded or h
degraded {no eredit is assumed for restrictton of water movement afforded by the tanks
past the year 2150)-and 2) the heat of the. tank- contents .does not completely -counteract
the hygroscopic force. . Because the heat diminishes relatively soon, the operative.'
assumption must be that soil.moisture is drawn to the waste. While no study has .exam-
ined the detailed situatiom, it is possible that soil moisture could supply water to a
tank Tndefﬁnite1y if a moisture cycle is created.. Therefore, without research contra-
d1ct1ng the concept of the moisture cyc]e and quantifying the moisture available via the
vapor potent1a1 gradient, the conservat1ve assumpt10n must be made that moisture is
available indefinitely. G1Ven the 11m1ted moisture content expected under the protec-

‘tive barriers, this assumpt1on of water ava11ab111ty may prove overly conservative.

'd. Tank Integrity 7

Approach. Hanford sing]e—she]] tanks'turrentTy contain 5a1t cake and s!udge; they also
contain a limited quantlty of 11qu1d. The ¥1qu1d is held w1th1n the salt cake and is s1ow to
drain for removal by pumping: At issue is how sa!t cake and sludge are released from the
structural encasement of the tanks. White the tank was designed to contain 1iquid wastes, it
serves also as a barrier to the release of solid ‘wastes. For example, even after we]ds fail,
the tank walls isolate 5011d wastes from the soil. The approach taken assumes a time (year
2150) after which no credit is'taken for tank structure as an inhibitor to the release

mechanism.,

No studies yet conducted identify.specific mechanisms of release or quantify fiux from
sing1e-she11 tanks, . Under current‘c1imatic conditions, however, corrosion and degradation of
steel and concrete structures is slow. .1t will be hundreds, perhaps thousands, of years
before existing single-shell tanks cannot be recognized as such., Some‘time-beforelcomp1ete
degradation but after containment- {e.g., weld) failures, the.tank surface will corrode.and
generally provide no barrier to soil.moisture. It is -hypothesized that hygroscopic forces
will draw water vapor.to the salt. cake wastes, dissolve the solid wastes, and Jeach contami-

nation to surrounding soil.

The approach taken assumes that existing and future localized structural failures do not
represent degradation of a significant surface area. However, because corrosion and degrada-
tion studies are limited, there is no basis for taking credit for a significant period of
isolation. Furthermore, there is currently no basis for a time¥sertes'mode1 ot_tank failure.
Consequentiy, an arbitrary assumption_has been made that none of the tanks provides-a barrier
after the year 2150. This is equivalent to assuming the tanks provide a barrier to signifi-
cant 1eve1s of ‘vapor-phase transport of mo1sture for another 165 years.

Features of Th1s Approach. The extreme value wou1d assume no credit for the tank struc—
ture, that is, a zero for tank 1ntegr1ty. There are, however, no data to suggest that s1g—
nificant releases from the sol1d waste form are currently occurr1ng.
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Geohydrologic Transport

a,. Transport in the Vadose Zone

Approach. Contaminants in the vadose zone are assumed to be transported by two mech-
anisms--advection and/or molecular diffusion. For analyses not involving the protective bar-

-rier, the source release is to the surrounding soil water and transport is dominated by .the

advective mechanism. When the protective barrier is in place, transport is calculated by a
combination of diffusion and advection. Releases involving a protective barrier are accumu-
lated at the bottom of the vadose zone to prov1de a fraction-remaining curve: app11cab1e -at
the water table,

Releases without a protective barrier are assumed to move in a uniformly'yerticaT path-

way to the water table. Travel time of water is approximated with a unit hydraulic gradient
model. Solute transport is modeled by the advection-dispersion model and the retarded veloc-
ﬁty concept, f.e., the linear-sorption isotherm. It is further assumed that these 1inearf
sorption isotherms generated for saturated conditions apply also to unsaturated soils.,
Pore-water ve10c1ty is based on travel time and moisture. content, and diffusion-type drsper-
sion values used are appropriate to the vadose zone.

Releases with a protective parrier are modeted by dividing the vadose .zome into
advection-controiled and diffusion-controlied zbnes. Releases from the diffusion-controlled
zone to the advection-controiled zone are simply translated in time to the water table by the
retarded travel time of the radionuclide or chemical. Transport through the diffusion-
controlled zone is more complex and s described below,

The protective barrier covers atmu]tidimensionaT domain. It is modeled as a suite of
one=-dimensional transport'pathways that transmit contamination from the source to either the
advection-controlled vadose zone or the water table. MNote that either the source or the
pathway can act to control the overall release. Because the various sources are poorly char-
acterized, it is assumed that the pathway completely controls the release. MNo credit is

‘taken for the ability of a source to release at a slow or virtually negligible rate. Source

control is neglected by assuming that the source maintains a constant concentration of solu-
tion at the source/soil interface. Key parameters are as follows: .

1} Soil moisture characferistics and relative permeability curves
2) Average_annuaT infilfration rates
3) Coefficient of molecular diffusion

4) Correction factors for diffusion in the vadose zone, i.e., tortuosity, viscosity
and anion exclusion factors

5) Distribution coefficient
6) Constant concentration of solution at source/soil interface,

Features of This Approach. The modeling assumptions and many of the model parameters

employed in analyzing transport through the vadose zone are rea]wst1c rather than extreme.
For example, an ongoing detailed study of two-dimensional movement of moisture beneath the
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protective barrier is showing the existence of a diffusion-controlled region. Actual soitls
data are emplayed; however, soil analyses are too few to guarantee that the most transmissive
soils have been used in the analysis. Infiltration:rates employed do not represent rigor-
ously defined average annual values because too few annual infiltration data are available,
The vatues used, 0.5 and 5 em/yr, do not represent extreme values at the high side of the
known range., However, the coefficient of molecular diffusion in water is taken as ‘1 cmz/day;
or nearly twice the cited values and thus is conservative. A correction is applied to the
diffusion coefficient to account- for partial saturation of the pore space. This correction
fs based on the effects of tortuos1ty, viscosity, and anion exciusion observed in part1a11y
saturated media. A rea115t1c correction factor is applied.

A1l d1str1but10n coefficients are taken from a study re?ated to single-shell tank con-
tents.  The Kd values are reported as functions of salt concentration and of organic. com-
plexant content (i.e., dilute or concentrated salts, and complexed or non-complexed waste).
These wdstés are amgng the most mobile that could exist at Hanford. 'While what was intro-
duced to the tanks is largely known, reactions within the tanks and transfers of contents
cause some.doubt as to their actual contents and their present chemical speciation.

As Hanford sediments are negatively charged under ambient conditiens, it is very impor-
tant to know whether the radionuclide or hazardous chemical is a cationic (positively

charged), anienic (negatively charged) or neutral species. Most of the waste streams consid-

ered in this EIS are alkaline or neutral and are not expected to change the alkaline nature
of the soils and sediments that exhibit a net nagative charge. Anionic and neutral species
tend to travel with water, whereas cationic species tend to be retarded by the negétivély'
charged soils. A good example of the importance of this factor is a recent experience at
Hanford in which uranium- entered the groundwater. Carbonate complexing (uranium carbonate
ahionié'comp1exes) appears to-have played a significant rele in the mobitity of the uran-
ium. This event has prompted review of the original assumptions on the transport of uranium,
and Kd values of D, 7, and 16-mL/g will be tested. . Distribution coefficients categorized as
complexed~-concentrated or complexed-dilute are used for single-shell tank, double-shell tank,
and grout waste forms. Qn?y transuranic wastes {soil, buried, new) are modeled with non-

complexed values of the distribution coefficients. Because of the mobitity of the synthetic

wastes tested to determine the distribution coefficients and because of the soil’s ability to
buffer.and disperse the release, values of Ky applied to these wastes are believed to be on
the extreme of known values. ' '

Through use of constant concentrat1on of so]ut1on at the source/soil 1nterface, the
waste form 1tse1f is not .allowed to decrease or to contro] the level or rate of release.

The portrayal of transpert and dose results contributes to overall conservatism in the
HDW-EIS. Aurange of‘current climate is employed in the EIS, with annual average infiltration
rate characterized as bétween 0.5 and 5 cm/yr. A tow extreme,bf 0 cm/yr is not beyond rea-
son, The low extreme implies no advective'transport in the vadose zone, hénce, no re1ease to
the water table in the 10,000-year period of interest. To maintain conservatism, however,
these potential results {zero transport) are not highlighted in this EIS.
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Finally, release calculations are made more conservative through the assumption of a
10-m protective barrier overhang in the simplified analyses. Construction will be preceded,
however, by a design phase where an overhang of up to 30 m can be specified. This increased
overhang distance will permit flexibility in the design phase for individual sources (e.g.,
tank farm). More detailed performance assessments based on source- and site—specifiﬁ'data
are then assured of meeting or exceeding the performance calculated in this EIS,

b. Transport in the Unconfined Aquifer

Approach. Transport in the unconfined aquifer has been simulated through use of the
Hanford groundwater model calibrated to existing conditioné, combined with the effects of a
constant infiltration rate assumed to apply over the Hanford aquifer watershed, For hoth '
annual infiltration rate cases, 0.5 cm/yr and 5 cn/yr, the steady-state version of the Varia-
ble Thickness Transient computer code was used to détermine & groundwater potent1é1 distribu-
tion in the unconfined aquifer beneath the Hanford Site. The kinematic pathline method was
used to determine a set of pathlines defining the streamtube associated with each given-waste
disposal site.  Starting points for individual pathlines bounded the site perbendicd]ér to
the flow field. In the case of the 5-km well, the streamlines were intercepted at 5 k&m from"
the 200 Area fence iine and the travel time was recorded. In the model of saturated trans-
part, the variation in travel times was used to determine longitudinal dispersion along the
flow tube.

Groundwater Modeling for Streamtube Generation.. The calculated groundwater potential

surfaces assume that after loss of institutional control the infiltration rate in the Pasco
Basin remains constant, resulting in a steady-state groundwater system. .This assumes no
major disposal of mported water or major pumping from the unconfined aquifer.

The transmissivity distribution, representing the spatial distribution of the product of
hydrauTic conductivity and saturated formation thickness applied in.the model of the uncon-
fined aquifer, is determined from tests conducted on Hanford wells ‘and adjusted through model
calibration to repreduce the water table under transient conditions, Travel times generated
using the modeled potential surface for the existing climate correlate well with those .
observed, in the Hanford Groundwater Monitoring Program, for low-Tevel tritium and nitrate
movement from the 200 Areas., .

In the wetter-climate scénario, the net infiltration on hillsides and valleys upgradient
from the edges ({boundaries) of the model fs accumulated and added as flow to'the model bound-
arfes. In the case of the Tower water table (i.e., current ciimate), the botfom outcrops
above the water table are determined from the approximate aquifer bottom topography and the
final predicted water table.

In both climate scenarios, river elevations are held constant at levels corresponding to
present average daily flow rates. This is reasonable for the 0.5-cmfyr rate because the base
flows of the Columbia River are not determined by the local climate. The shift to a wetter
climate, however, would be regional, and river flow and river elevations a1ong the .banks
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would be higher, As the Tower elevations were used in this EIS, analysis is conservative
since this assumption results in slightly greater gradients and shorter travel times to the
Columbia River, '

Streamtube Transport. The dimensions of the streamtube for a given waste site were '
determined by the site's vertical projection on the flow field and its dimensian perpend1cu-
Tar to the flow field. The tube width at the 5-km well Tocation is defined by the boundary
streamlines. The concentration of a radionuciide at the 5-km well was calculated by using
the width between bounding streamlines, the assumed 5-m screened depth of a well, and the
average velocity, of the groundwater past the weli. Five meters was assumed as the nominal
mixing depth, based on the fact that any pump capahle of providing the 5-gal/min.{low rate .at
a 1ift of about 70 m would require.a submergence of at least 5 m. Any pumping would draw
water from above, alongside, and below the pump tocation. The dimensions are believed to be

_ conservative.

Features of This Approach. Lateral dispersion, or $preading outside of the defined
streamtube, will further decrease the concentration of solute in the streamtube. Permitting
no transverse or lateral dispersion is conservative because it maximizes solute

concentration.

Pathways and Dosimetry

a. Radiation Dosimetry

Approach. Radiation dose is proportional to the quantity of energy deposited per unit
mass. UOefinitions of length of time of exposure and Yength of time following exposure are
what determine the format of the dose reported.

Five basic categories of public radiation doses are used in this EIS:

1} One-year dose from one year of expasure (external plus internal). This is the
dose'cubrent}y used for comparison with occupational exposure standards and the
ong 0r1g1na11y used for compar1son with pub11c standards.

The one-year dose is used in this EIS as a measure of potentTa1 short-term 1mpact
from accidental releases during waste.management operations.

23 Committed dose from one-year external exposure plus exténded internal’ dose accumu-
lated as a result of a one-year intake {ingestion plus inhalation}.: A 70-year
" dose-commitment period is used in this EIS.

The committed dose is used as a measure of the potential longer-term impact of
acctdents and as a measure of impact of routine releases.

3) Bccumulated dose from a lifetime (70 years} of external exposure p!us intake via
ingestion and inhalation. This 1nc1udes the effects af radionuclide accumu]at10n
or decay in the environment dur1ng the exposure per1od. This dose is most c1ose1y
relatable to health effects from radiation exposure. This can also be construed

as the 1ifetime committed dose from continuous exposure.
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The ‘accumulated dose is used as a measure of the total impact of any operation
that results in chronic releases over periods of some duration, or from long-
Tasting, relatively constant groundwater contamination.

4)  Maximum annual dose. 'This dose 1is céTcu]ated for each year of exposure accounting

for each year's external exposure pius the internal dose from nuclides taken in
during the year of ‘interest and all previous years. The maximum annual dose is
identified by inspection for-each organ,

The maximum anrual dose is calculated fer scenarios of human intrusion or long-.
term casual exposure to disposed-of wastes.

5) Integrated or collective doses from very long-term population exposuﬁe-(up to
10,000 years). This dose 15 calculated as a sum of 1lifetime accumulated doses to
populations over leng time periods. It gives a measure of the total impact of ‘a
very lang, time»dependent're1ease of radionuciides to the environment.

The integrated population dose is used for Tong-term groundwater and surface-water-

‘scenarios.

The dose model used is derived from that originally given by the International Commis-
sion on Radio1ogica1 Prptecticn (ICRP 1959} for body burden and maximum permissib!é concen-
tration. Effective decay energies for radionuclides are calculated using the ICRP model.
This model is based on the assumption that the entire quantity of a given radionucltide fs
Tocated at the center-of a spherical organ with an appropriate effective radius (Soldat
1976}. Metabolic parameters for the Standard Man are used (ICRP 1975). Some of the parame- -
ters are updated from later ICRP publications and some use earlier values (1959).

The internal distribution of radicnuclides following inhalation adds some complexity due
to variable retention in the lungs. The model of the respiratory tract adopted by the Task
Group on Lung Dynamics (ICRP 1966) forms the general basis for the mathematical models devel-
oped to caiculate the dose from the inhalation of radionuclides.

Features of This Approach. The models used are based an the early ICRP_repcrfs. They

are mathematically straightforward (using sing1e—exponentié1 retention. functions to simulate
human metaholic parametefs}, allowing the formulation of the five dose types described above.
The newer dosimetry models, described in ICRP-26 and ICRP-30 and its supplements, are pres-
ently available only as a bO-year committed dose, and thus to date they preclude immediate
conversion of the set of models used for the EIS analyses. Adaptation of the newer models to
use the newer dosimetric data is planned, but it will entail several years' effort.

The actual “dose factors," the calculated vé]ues of rem per curie ingested or inhaled,
vary both up and down between the ICRP-Z and ICRP-30 models. Most of the major changes are a
resuit of revisions in the metabolic. data, rather than in the actual calculationatl proce-
dures, The ratios of 50-year dose commitments to critical organs fbr nuclides. of importance
cafculated using ICRP-2 and ICRP-SO models. are givén in Table 4.

XXXT %




TABLE 4. Ratios of Dose Factors Calculated Using ICRP-30 Dosimetry Methods for
Selected Nuclides . ‘

Criticai Ratio (ICRP-2/ICRP-30)

Radionuclide Pathway Organ Critical Organ Body
Long-Term Groundwater Scenarios
14¢ Ingestion Bone 1.3 0.27
B Tngestion 61 Tract 1.5 0,04
129y Ingestion  Thyroid 0.77" 0.07
Operational Releases )
908r Ingestioh‘ Bone ) 2.4 7.7
137C5_ Externatl Body 1.0 1.0
233p, Inhalation Bone _ _ 0.17 0.15
intrusion Scenarios .
K 905 Ingestion Bone 2.4 7.7
137¢s External Body 1.0 1.0
e 239, Inhalation  Bone 0.17 0,15
P - : : :
i ' .
ot For long-term groundwater migration, the radionuciides identified by the transport
— assessment as being. of major importance are 14C, 99Tc, and 129I; The changes in critical-
e organ dose resulting from.the new system shown in Table 4 are between 20% and 50% for. these
" nuclides.
i For the operational releases, most doses result from releases of the fission products
- 90sr and 137Cs, with a small contribution from 239Pu. The major pathway of exposure forgOSr

is ingestion of crop plants from atmospheric deposition, for 137Cs it is extermal exposure
from fallout, and for 23%y it is inhalation. Since. the doses are dominated by 90sr and
o 137Cs, the values in Table 4 indicate that the resuit is conservatively modeled using the
older dosimetry. Most of the difference in the 239Pu dose factor fis fhe result of a_change
in the definition of "bone" to “bone surface" in ICRP-30, resulting in an effective irradi-

s
L

ated mass much less than that used in ICRP-Z.

For the intrusion scenarios, the doses at times less than 400 years are controlled by
external dose from 137(?5 and by ingestion of.QOSr. At longer times, inhalation of resus-
pended 239Pu becomes the controlling pathway. Thus the Table 4 data indicate that the ICRP-2
dosimetry conservatively models the doses at short times.but may be low further in the
future.

The ratios of the old “total-body dose® to the new effective "whole-body dose" show
somewhat more variation in Table 4. This is because the definitions and methods of calcula-
tion have completely changed. However, if the total downriver population doses as reported
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{(in Appendix R) were to be recalculated using the whole-body dose, the total number of health
effects for the disposal alternatives would stiil be in the range O to 1 because the popula-
tion doses are so small.

It can be seen that differences in the dosimetry affect the reported critical organ
doses by factors of 2 or less, and total-body (or whole-body)} doses by less than an order of
magnitude. It must be remembered that the transport,'bibaccumu1ation and uptake parameters
of the models used have far more uncertainty. and .variability than this. The internal
dosimetry method used is one of the Teast variable portions of the final estimate.

b. Definition of Long-Term Exposure Scenarios

Approach. Calculated projections of possible radiation dose have been used in this EIS
as a measure of potential impact on public health and safety. ‘The International Commission
on Radiological Protection "believes that dose currently is the best available measure of the
detriment to an'éxposed individual, and emphasizes that dose to individuais and collective
doses to groups and'popd]ations provide the best bases for assessing the implications of
radicactive materials in the environment® (ICRP 1979). The approach has hbeen to select rep-
resentative individuals and critical groups for a wide range of -exposure scenarios involving
all identified potential exposure pathways.

The potential pathways of exposure to buried wastes are diagrammed in Figure 3.
Although no significant releases of radionuclides from disposed wastes are expected during
planned operation of the HDW disposal systems, reasonably postulated events that might cause
releases or exposures have been investigated. As il]ustréted in Figure 3, releases from
undisturbed sites with functional barriers would be through siow migration of material to
groundwater. The critical groups selected for anaiyses from this release mechanism are,
first, users of downgradient domestic water welis in Hanford's unconfined aquifer, and ulti-
mately, all people .along the Columbia River between Hanford and the Pacific Ocean. For
comparative purposes, sites without protective barriers, which therefore allow the other con-
taminant migration:pathways of Figure 3, have also been analyZed. Erosion and biotic trans-
port lead to localized surface contamination. The critical group for this set of pathways is
onsite residents in the absence of institutional controls.

The natural pathways shown in Figure 3 can be abruptly short-circuited by human intru-
sion. It is impossible to accurately predict human behavior, and a determined individual can
ignore, circumvent, or destroy any potential barrier. Therefore, an individual could poten-
tially receive any exposure from incidental to total disruption of a site. For this reason,
a set of scenarios has been used illustrating a range of exposure from negligible to total.
For those intruding unintentiorally who would remain ignorant of their exposure, the residen-
tial/house garden and drilling/post-driliing scemarios are used. For syétematic intrusion,
an excavation scenario is assumed. Because intrusive effects are 1oca1Tzed,'the critical
individuals for these caiculations are the intruders themselves.

Features of This Approach. While the scenarios chosen for analysis are repreéentative

of many types of potential exposure, the parameters chosen for each are selected to ensure
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- that the ca]culated.resu1ts:contr1bute toward representing the'bounding_ana]ysis of con-
g sequences. - That is, while-the extreme scenarios like meteorites or -nuclear war have not been
o analyzed, the more realistic scenarios that are used still give conservative results {i.e.,

high doses).

For the scenarios involving groundwéter interception with-a well, the well is assumed.to
be placed so that it draws water from the central, most concentrated, part of the contaminant
plume. . The potential uses of the contaminated well water are also maximized:. for drinking=-
water calculations, 100% of the individual's annual Tiquid intake is assumed to come from the
well, and for the extended scenario {i.e., gardening), 100% of the individual's annual diet
is assumed, to be grown with-contaminated.irrigation water. To calcuTate an upper-bound on
the population doses possible through this set of pathways, a\commUnjty of small farms was .-
postulated that withdraws 100% of the potentially contaminated water and uses it for irriga- .
tion and ingestion, ' g

For the calculations 1nVo1ving the general population downriver of Hanford;'essentia11y
al]l of the radiocactive material entering the groundwater eventua11y reaches the Columbia
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River, For the time-variant calculation, a large increase in population over time was
assumed. - A future population about 10 times the siza of the present one is assumed to
develop, with essentially -all of the people using river water. This large population
increase required a large increase in the amount of irrigated land--essentially all produc-
tive land along the river between Hanford and the Cascadé Mountains is assumed to be put
under irrigation. No credit is taken for dilution of the contaminants in the Columbia from
tributaries such as the Snake, Yakima,'Desthutes, or Willamette Rivers. This additional
ditution. would potént1a11y reduce the rivér concentrations by over half.

For the intrusion scenarios, the wastes in each disposal category are répresented by the
sites with the highest known inventories and/or'concentrétions of radionuclides. Those
drii]ing'or digging are assumed to hift the areas of highest activity. WNo reduction.is taken
for the probability, or relative unlikelihood, of a scenario's occurring; the intrusions are
simply assumed to occur and the results are presented. For the biotic transport and farming
portions of the scenarios, roots from all types of'p1ants, Tnc1uding’food crops, are assumed
able to penetrate to a depth of up to 10 m; this is a conservative assumption.

Radiation doéeé to special subgroups, such as children, are not calculated, nor are spe-
cialized pathways such as direct ingestion of sbi]'by children. Al1 doses reported are for a
Standard Man (ICRP 1977). However, since all doses are calculated on the basis of a lifetime
of continuous exposure, these groups and bathways should contribute only a minor portjon:of
the total dose.

Short-Term Consequences

a. Radiological Consequences of Operational Accidents

Approach. An estimate was made of the airborne releases resulting from the conditions
imposed up&n the materials invoived during each unit operation in the proposed processing
steps, and the accident with the greatest downwind radiological consequences was chosen to
represent the processing step.

Features of This Approach. Each disposal-a]terhative (geologic, in=-place stabilization
and disposal, reference and preferred} is made up of various processing steps to prepare each

waste form for disposal. Processing steps can have more than one unit operation associated
with them. The potential airborne release of radionuclides involved in each unit operation
resulting from postulated significant accidents is assessed. The accident resulting in the
greatest downwind radiolegical consequences for each unit operation was selected as the maxi- -
mum credible accident. For processing steps with more than one unit operation, the accident.
selected as the maximum credible was the one resulting in the greatest downwind radiological -
consequences from all unit operations in that step. The maximum credible accident for all
processing steps in a disposal alternative was selected as the maximum credible accident for
that aiternative.. Wherever more than one accident resulted in similar downwind radiological
consequences, both were considered.

The potential airborne releases from the postulated accidents were assessed by various
means. For proposed operations that have been analyzed in the pubiished literature, values
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given for the various scenarios were used, Additional ‘scenarios nat evaluated were subjec-
tively considered to determine whether the values used could be exceeded by accidents not
covered. For proposed operations not covered in the published literature, airborne releases
were eva}uated for accidents based upon-the materials involved in the operatiens, the barri-
ers and engineered safety systems assumed to be présent, and the experience of the authors in
assessing consequences of accidents. The accidents considered were those that result in con-
ditions most conducive ta the suspension of the radionuclide forms involved. The quantities
of maﬁeria]s involved were Timited only by va]ueé.given for the operation {in some zases all
the materialt). The releases were limited only by experimental data for the airborne release
of the same or similar material under similar conditions ar physica! or chemical Taws.

b. Transportation Radiological Exposure Including Accidents

Approach,. .Following.is a list of specific items that are included in the transpdrtation

impact analysis. Items 1, 2, and 3 relate. to routine (1nc1dent free) exposUres, and items 4

to 7 pertain to impacts of transportation aceidents.

1} - Paint Source. Routine radiological exposures are calculated based on the-assumption
that the shipping cask is a point-source of external penetrating radiation.

Features of This Approach. The point-source approximation tends to overestimate

exposures at distances less than two times the cask length. Since the largest fraction
of the routine dose is received by crew members and the population at stops, use of the
point-source approximation overestimates the total dose.

2} Truck Stops. Doses to persons at truck Tocations and/or raflyards are calculated assum-
ing no shieiding by intervening buildings and the surrounding terrain; it is further
assumed that 50 persons are exposed at- each truck stop.

. Features of This Approach. Most persons at truck stops are within buildings, such

as restaurants, that would provide an additional level of shielding; Madsen and Wilmot
(1983} estimate the dose to persons within buildings (assumed to be primarily of con-
crete) could be reduced by a factor of 7 for.a more realistic estimate. This factor-
of-7 reduction is not incorporated into tHe analysis.- Madsen and Wilmot {1983) indicate
also that an average. exposure distance of 50 m is more appropriate than the value of

2% m used in this analysis. This:resu1ts in a conservative factor of approximately 4.

Madsen and Wilmot based these findings on the results of a study that followed
actual shipments to determine realistic values for these parameters.

3} Crew Exposures. Routine exposures of crew members are based on an average exposure rate
of 2 mrem/hr in the truck cab, which is the regulatory maximum vaiue.

Features of This Approach. Actual shipping experience indicates that dose rates in

truck cabs are usually less than 0.2 mrem/hr because of the distance from the cask and
shielding provided by intervening material (NRC 1977). Thus, use of the regulatory max-
imum value tends to overestimate the actual doses received by crew members. Alsec,
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according to Madsen and Wilmot (1983}, having two truck drivers is common anly for
Targe-quantity shipments. Thus, this {is the maximum number of drivers for .shipments of :
wastes other than Tow-level.

The doses to truck or train crew and to persons at stops are found to dominate the °
total incident-free exposures. The other affected population groups, incTuding persons '
in ‘vehicles along routes and persons residing along routes, receive insignificant

~ exposures when compared to the former two population groups. As a result, if the doses

to crew members ‘and the doses at stops can be considered conservative, the total dose

can be considered conservative.

4) Rail Stops. A revised rail?stop exposure mode] was used to calculate exposures to rail

5)

employees that handle rail casks during rail stops (i.e., close-proximity exposures), to
rail employees not handling the shipment, and to the general population that surrounds
the railyard.

Features of This Approach. The rail-stop model in the RADTRAN computer code was

recently revised to incorporate the results of a detailed analysis of rail operations
that are important for transportation risk assessments. The report (Madsen et al. 1986)
describes in detafl the railroad operations that octur_at classification yards. These
details include such items as the number of times a raflroad employee is close to the
cask, the distance between the employee and the cask, exposure times, stop times, and '
pbpuTation densities in and surrounding railyards. The effect of these revisions on the
routine-exposure results is to reduce rajl-stop exposurés. The revised rail-stop model
incorporates more realistic data than the previous model, which was extremely éon#erva—
tive because it lacked these detailed data. Thus, the results are believed to more
accurately reflect real-world conditions.

The model s still believed to be conservative because of assumptions regarding the
effectiveness of shielding between the cask and railroad employees and between the cask
and the populatien surrounding the railyard. In addition, the population density used
to calculate doses to rail employees not handling the cask and to the genéfa1 pobu1ation
surrounding the railyard is conservatively assumed to be represented by a "suburban“
population density (i.e., 719 persons/km?). However, the more realistic yard population
densities calculated from the results of the detailed rail operatibns ana1ysis rangé
from 30 to 110 persons/kmz. Moreover, areas nearest railyards are generally used for
commercial and industrial development. These two items in combination indicate that
suburban population density is a conservative assumption.

Groundshine, Resuspension, and Ingestion. -RADTRAN III calculates radiolegical health

effects (due to transportation accidents) that arise from several pathways. Three path-
ways considered are groundshine (external exposure.to material deposited on the ground);
resuspension (inhalation of material that is deposited and then resuspended);‘and inges-
tion (eating or drinking contaminated food or liquid}.

Features of This Approach. These three pathways could potentially be avoided

entirely, and in fact, in actual practice would largely be avoided. The three pathﬁays
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model the health effects that would result from persons remaining in close proximity to
the accident. In actual practice, the first responder to a potential accident involving
a release {most 1ikely local police or fire personnel) will close off the immediate area

" and evacuate nearby residents. Then the released material would be cleaned up and

removed and the area would be decontaminated. If there were ‘any serious threats to 10ca1
1nhab1tants, ‘they would not be allawed to return to their homes until the area was
cleaned up. Any sevene1y contaminated food supplies would not be allowed to be con-
sumed. Therefore, inclusion of the health effects from these three pathways tends to
overestimate actual risks of transportation accidents. '

Accident_Frequencies. Estimated accident frequencies used are based on analysis of

extensive reports and surveys.

Features of This Approach. Acc1dent frequencies for truck and rail sh1pments are

based on extens1ve shipper surveys and accident/incident reports compiled by the Depart—
ment of Transpertation (DOT) and the NRC, These data were compiled and analyzed by
McClure and Emerson (1980) during development of a “Radioactive Material Accident/
Incident Data Analysis Program." Accident frequencies were chosen near the hlgh ‘end of
the expected distribution, based on analysis of an extensive .data base.

RespiEab]e and Dispersible Fractions. Two fractions describe the dispersibility of

radicactive materials after their release. Due to a lack of data, very conservative
assumptions were made for strontium/cesium capsules.

Features of This Approach For high-level waste (HLW}, the fraction of g]ass'that
is assumed to be converted to resp1rab1e particles is assumed to be 5 x 107 8 This

value was chosen from the upper end of the distribution of particle size after a
30-km/hr impact test (Ross and Smith 1975). The value chosen for the EIS is a factor of
100 Targer than that used for the.Defense Waste Processing Facility (DWPF) EIS (DOE
1982), That is, an extreme value was chosen because of data limitations.

For strontium/cesium capsules, the réspirable and dispersible fractions are each
assumed to-be 1.0. Thus, all of this material is assumed to consist of particles less
than 10 microns in diameter.  As no actual data exist related to the dispersibility and
respirability of this waste form after a transportat{on accident, a highly conservative
value was assumed. '

© 1t was assumed that TRU wastes in a cast-slag form would be represented by the dis~-
persibility characteristics of a sintered ceramic such as U0,. This was assumed because
the dynamic response of cast slag to actident‘conditions is relatively unknown. It-is.
believed that this material would behave similarly to a HLW glass waste form, but in the
absence of adequate data, conservative values were chosen.

For retrievably stored and newly generated TRU wastes, respirable and d15pers1b1e
fractions representative of loose, small powders were chosen to bound the impacts.
These va1ues are roughly equivalent to the airborne release fractions from combustion of
contam1nated f1ammab1e {paper, plastic, rubber, etc. ) wastes (Mishima and Schwendiman
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1973} and represent average values near the high end of the distribution. An extensive
testing program was performed to obtain these results.

8) Release to Dose Conversion. Factors that convert radioisotope release concentrétidns to .

a value of exposure were taken from several standard sources. The values of air submer-
sion and inhalation dose factors are. best estimetes based on extensive testing and anal-
ysis of radionuclide uptake. The values of inhalation dose factors were based on the
Inﬁernational Commission on Radiologicai Proteetfon_(lckp 1977} and Hoenes and:501dat_
{1977). Air submersion dose factors were obtained from Kocher (1980), As these are
best estimates rather than very conservative ones, they do net contribute to a baunding
analysis.

Radiologically Related Health Effects

Approach. For the estimation of health effects resuTting from exposure to radiation or
radionuclides, a linear, nonthreshold re]ationship between tatal ﬁobu]ation dose and:hea1th
effects 15'used Health effects considered in the analysis are fatal cancers to the exposed
1nd1v1dua1s and spec1f1c genet1c effects to all generations.

A range. encompassing commonly used cancer risk factors is employed, compatible with
BEIR III(a) and UNSCEAR, (b) but-also including new data from revised studies of atomic bomb
survivors that indicate the earlier estimates may be slightly Tow. The range of total fatal
cancers used is an 1nc1dence of 50 to 500 per 106 man-rem {see Append1x N of this EIS for
details),

A range of B0 to 500 specific genetic effects, caused by exposure of the germ cells
{dominant and x~1inked, chromosoma1 and multifactorial), is employed in the health-effect
estimates. This is essentia11y the range recommended in the BEIR III repqrt{

No -special risks are considered to be associated with-any specific rad1onuc11de except
as reflected in the calculation of their dose equ1va]ent (1n rem}.

Features of This. Approach. The full range of dose to health effects conversion factors
is used, based on the most widely reported values, No correction is made for dose rate; only
the total cumu]at1ve popuTat1on dose is used in the ca?cu1atrons.. Some data indicate that
at the very low dose rates. generally reported n ‘the EIS, there is a possibility of no
effects.

In all cases where-health effects are reported, the full range is used to give a low and
a high estimate. Values in the Tower -range of the risk estimates are most dppropriate.for
comparison with the. estimated risks. of other energy techno1ogies. 'Va1ues_from the high" end
of the renge are more-aﬁpropriate for planning and as maxima for radiation-protection. consid-
erations. Combined with the conservatisms in the exposure and'radiation-ddsimetry caleula=-
tions, these provide an upper estimate of the potential for long-term adverse effects.

{a) Report of theeAdvisory_Committee on the Bielogical'EffeCts of Ionizing'Radiation,
Division of Medical Sciences, National Academy of Sciences (NAS/NRC 1980).
(b) United Nations Scientific Committee on Atomic Radiation.
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APPENDIX A

WASTE SITE DESCRIPTIONS AND INVENTORIES

The waste sites addressed in Section 3.2 of this EIS are described'be1ow-in more detail,
together with ‘the expected inventories of major radioactive nﬂteriais at these sites. Inven-
tories of selected nonradiocactive materiale are also inen for wastes stored in tanks. The
engineering data in this appendix were obtained prfmari]y from'the engineering support'data

‘provided by Rockwell Hanford Operations (Rockwe]T 1985), data without explicit references are

generally from this source. The numerical 1nf0rmat1on is the most accurate data available.

The existing waste inventories are based on historical records and are believed to be ade-

quate for the generic'waSte class destriptions. Future characterization of wastes will be
necessary to-provide more deta11, and . in "some cases is a]ready under way.

Most sites are described as of January 1984, Ex1st1ng tank waste s descr1bed as of
October 1983 (before. resumption of operations at the PUREX P1ant), wastes generated after
that time are included in future tank waste. Projections of future tank waste and newly gen-
erated TRU solid waste are through 1996. Radicactive decay for all waste is calculated: to
December 31, 1995, S -

A.1 EXISTING TANK WASTE

Four major typee of waste are contained in existing tank waste: . .
1. sludges produced from components of h1gh 1eve1 waste that precipitate when ‘the

waste 1is neutra11zed

2. salt cake produced when waste supernatant liquids are concentrated heyond the sol-
ubility Timit of a major ‘component

3. double-shell s]urry, which is the supernatant Tiquid after sa1t cake format}on

4. complexed concentrate produced by concentration of wastes conta1n1ng ]arge amounts :
of organic complexing agents. '

The first two types of waste are predonfnantly stored in older {single-shell) tanke, the Tat~
ter two are in newer (double-shell} tanks. Some supernatantxliquid'is contained. in older
tanks and is being transferred as completely as possible to new tanks. This transfer is
expected to be complete before disposal actiona begin. ' '

'A.1.1 MWaste Tank Descriptions

A schematic layout of the Hanford tank farm facilities is shown in Figure A.1. Detailed

descriptions of the waste tanks are given in the final environmental statement for current
waste management operations (ERDA 1975; DOF 1980). The single-shell and double-shell tanks
are briefly described below.
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FIGURE A.l. Schematic Representation of Hanford Tank Farm Facilities {Not to scale.
Farms in 200 East and 200 West Areas are about 10 km apart.,)

A.1.1.1 Single-Shell Tanks

Hanford's underground single-shell tanks (Fjgure_A.Z}'are reinforced concrete with car-
bon steel liners on the bottoms and sides. The 149 single-shell tanks, ranging. in capacity
from 210 to 3,800 m3 {Table A.1)}, were constructed between 1944 and 1964, Distancés from the

‘tank bottoms to the water table are given in Table A.2.

Forced ventilation currently provides‘COOIing for 16 tanks containing materials which,
through radioactive decay, generate heat that- could exceed established concrete temperature
limits. Single-stage high-efficiency particulate air (HEPA) filters allow atmospheric
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FIGURE A.2. Underground Single-Shell Tanks

breathing for tanks that do not require cooTing. Gases generated by radiolytic decomposition
disperse in this manner. Maintenance and repeir of equipment, as well as testing of filters,
is provided.

Concrete in the single-shell tanks has maintained its integrity, preventing tank col-
Tapse, during many years of service (ERDA 1977; DeFigh-Price 1982; Dahlke and DeFigh-Price
1983). . . ,

A.1.1.2 Double-Shell Tanks

A cross section of a typical .double-shell-tank is shown in Figure A.3. The tapk-within-
a-tank design provides double containment and ensures complete containment in the event of a
leak in the primary ({inner) shell. The steel inper tanks have been stress re]]eved to pre-
vent failure from stress-corrosion cracking.

Twenty double-shell tanks, each with a volume of 3,80D e to 4,300 m3, Were constructed
between 1970 and 1982 (Table A.l). Eight more have been constructed in AP Farm (see Fig-
ure A.1). Additional double-shell tanks will be constructed as necesSary. Distances:from }
tank- bottoms to the water table. are given in Table A.2.

Further details on the new doubie- she]l tanks are g1ven in the final env1ronmental
impact statement supplement for doubTe- she]T tanks (DOE 1980)
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TABLE A,1. Tank Farm Summary

Tank Number of Capacity, rn3
Farm Tanks Per Tank Total
A 6 3,800 22,800
anfa) 7 4,300 30,100
ap (b) 8 4,300 34,400
a2 6 4,300 25,800
AX 4 3,800 15,200
ay(a) ) 3,800 7,600
azta) 2 3,800 7,600
8 12 2,000 24,800
e 210 |
BX 12 2,000 24,000
[ BY 12 2,800 33,600
- ' c 12 2,000 24,800
4 210
A s 12 2,800 33, 600
e _ L) . 15 3,800 - 57,000
syla) 3 4,300 12,900
i”“r T 12 . 2,000 . 24,800
R 4 210
_9?% : TX s 2,800 50,400
1
r _ _ Y 6 - 2,800 - 16,800
asee Y 12 2,000 24,800
e 4 .20 -
| ' Total 177¢¢) 471,000

{2) Double-shell tanks.
{b} Double-shell tanks under
construction,
() Does not include four double-shell
tanks, 4,300 m” each, in the
- proposed AQ tank farm.

A.1.2 inventories in Existing Tank Waste

Volumes and compositions of waste in individual tanks or.tank farms vary considerably,
depending on the waste source and on past waste management practices:at the respective tank
farms. Alternatives for disposing of this waste are dependent on the storage mode, radioac-
tive content, thermal release due to radicactive decay, and chemical and physical form of the
waste and thus on fhe ease of retrieval and prbcessing; Waste in single-shell tanks has gen-
erally been converted to solid forms (sludge or salt cake} to reduce the chance of content
leakage to surrounding seil in the event of tank failure. Residual liquids (aquedus'
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TABLE A.2. Hanford Waste Storage Tanks

GROUND SURFACE
- 2 \ \
7
NUMBER OF
TANK TYPES DIMENSIONS (m)
. A c
TANK FARM oon eV . (APPROX)
A 5 23 143 70.1
AX 4 2.3 143 65.8
AY 2 21 149 . 65.8
AZ 2 21 148 59.4
B 4 1.8 6.1 64.3
B 12 1.8 85 61.9
BX 12 2.7 9.8 66.4
BY 12 2.4 11.9 60.0
c a 1.8 6.1 69.5
TYPE TANKS c 12 27 85 66.1
s 12 24 119 43.9
I 210m3 [ 15 23 4.3 43.0
i 2000 m3 T 4 1B 6.1 . 53.9
1 2800 m? T 12 2.7 8.5 50.6
[+ IV 3800 m? EP's 18 24 11.8 51.2
V 3800 m? TY [ 24 1.9 46.6
[DOUBLE CONTAINED} u 4 1.8 6.1 53.6
u 12 2.7 8.5 50.3
AW 6 2.7 148 69.5
AP 8 25 - 149 67.4
-AN 7 2.1 14.9 63.4
sY 3 21 148 42.1
P58308-44

e

%
£3
w

solutions) in these tanks are jet pumped, leaving as small a liquid heel (less than 190 m3)
in the tanks as practicable. Waste inventories are presented as expected values after
completion of this-solution transfer. '

The estimated mass of chemical components associated with existing in-tank waste is
shown in Table A.3. The estimated radionuclide content in the tanks after completion of . jet-
well pumping is summarized in Table A.4, . The maximum inventory of TRU and fission products
in any one tank is given in Table A.5. .

A.1.3 Single-Shell Tank Characterization

Sing]e~she}1 tank waste characterization includes the develepment of a plan to assemble
existing characterization data and to acquire additienal data as required. The waste
characterization data will be used to form a data base for the single-shell tank wastes.
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" Two methods are currently being pursued to characterize wastes in single-shell tanks:
LT I} simulation modeling and 2) sampling and analysis. Development wark s .required to cali-
brate the computer model used to estimate the total waste inventory and the distributien of
| — . ) .
- waste components among tanks. Core-sampling equipment, which takes waste samples from the
. tanks while maintaining the waste layers, has been demonstrated. Wastes in nine tanks have

now been sampled and analyzed far comparison with computer model predictions. The-tanks
: r14
{-°C,

chosen for sampling were predicted to contain significant amounts of key radionuc1idés
1291 gch 239Pu Zdﬂpu and 241Am) Computer predlct1ons for % were about 1,000 t1mes
higher than the amount actually found, and may be highly conservat1ve for this radio-
nuclide. The actual amount of 239, 240Pu found is about three times the model pred1ct1on.'
Agreement was much better for the other radionuclides; the computer predictions were within

- the 95% confidence interval of anaTyses for at least half-of the tanks (Rockwell 198?)

A.1.4 Transfer of Liquid from Sing]e-Sheil Tanks

The transfer of pumpable liquids from single-shell tanks to doub]erheil tanks is ﬁart
of an ongoing program of waste stabilization. MWaste disposail alternatives are based on com-
pletion of this program befare initiation of disposal actions. The transfer process is
briefly described below.

The typical single-shell tank contains a layer of salt cake on top of a layer of sludge
(Figure A.4). Tanks may contain only salt cake or sludge. The void spaces of the salt cake
and sludge contain 1iquids, which are removed by salt well jet pumps.
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TABLE A.3. Chemical Components Associated with Existing Tank Radioactive Wastes, tla)
Total
‘ Total Bulk Doubte-
: Butk Salt Shel Complex

Chemical®)  Sludge  Cake  Liquid S1urqylc) Concentrates Total
AT 1,100 630 490 3,000 110 5,400
B 26D 260
Ca 130 130
cd 4 4
Ce 230 230
cr. 9 96
Fe 630 80 710

Hg 0.9 0.9
Mn 120 , _ 120
. Na 15,000 34,000 - 2,300 15,000 2,300 69,000
- Ni 180 180
. Zr 250 : 250
o c0, 1,200 410 40 260 720 2,600
e cT 40 | 40
F 800 5 19 7 830
" Fe(CN)g 320 320
o NO5 15,000 80,000 1,800 12,000 3,100 110,000
- NO, 2,000 1,500 1,300 8,200 280 14,000
OH 5,200 2,400 1,600 9,700 580 19,000
s PO, 7,400 1,200 160 1,100 46 9,900
" 50, 500. 1,100 120 1,700
Cancriniteld? 2,700 ' 2,700
= organic Carbon 200 430 1,100 1,700
s Ho0 26,000 13,000 4,200 13,000 6,000 63,000
Totals 79,000 130,000 12,000 63,000 ° 14,000 300,000

{a) After c0m81et1on of jet pumping. The volume of saggle -shell tank waste is ,
140,000 m” and double-shell tank waste is 45,000 m°, for a total of 190,000 m3.

(b) . Most minor components (<100 t total) are not 115ted.

{c} Based on limited sample analyses and predicted volumes of complex concentrate.

(d} Known silica additions are assumed to have reacted with afuminates and hydroxldes
to form. cancrinite (assumed to be 2NaAlSi04.0. 52NaNQ 3+ 0.58H50} .
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. TABLE A.4, FEstimated Hajor'Radionuc]i?e Inventofies of Existing Tank Wastes Ci,
Decayed to the End of 199 a) R 4 _

x 102

: : In Sing]e- ~ In Oouble- Total Input

- Radionuclide Shell Tanks Shell Tanks ~to Tanks

Wy o 3x St ax 10t
243am 2 %10 2x10l . 3x10
14¢ 3 x 10° 2 x 10° 5 x 103
284cm 7 x 1ot 7 x 10t 1 x 107
135¢s 7 x 10! 7 x 10 1 x 102
137¢4(b) 1x 107 1 x 107 2 x 107
129; 2 x 10Y 2 x 10! 5 x 10
83y Caxt0® 0 2 x0f 3 x 10°
: By 3 x 10! 3. x 10! 6 x 10°
B S 238y 4 x 107 1x 100 - 5x10°
e 239y 2 x 10% gx 10t ¢ 2x10t
S 240p, 5 x 103 2 x 10! 5 x 10°
B - 2y 5 x 10% 4 x 107 5 x 104
e ' 226pa 2 x 107° 1x 1077 3x107

; - 106p,,(b) 7°x 1071 4 x 1071 1

o A 7950 8 x 102 1 x 107 9 x 102
|y : - 18lgy 6 % 10° 2% 100 B x 10°
| S 1oy 6x102 . . zx10f  8x 107
' ' 90gpib) 4 107 Bx10° 5 x.107
- . 9%re 2 x 10 1x 104 3x0t
- : 235y 2 x 10! 9 x 1072 2 x 10!
- o By 5 x 102 2 5 x 100
o 93z¢ 4 x 103 2 4 x 103

(a) Status after completion of jet pumping. . .-
(b} Ooes not include activity of short-1ived daughters _
i in equilibrium with parent radionuclide. Daughters
' o - ape- accounted for in modeling. . . i

. The. jet pump s 1nserted into a salt well that reaches to the_bottom of the tank {Fig- ..
ure A.4). A centrifugal pump,circu1a£és 1iqu1d-through a submerged jet within the recircula-
tjoh Joop.- A reduced pfessure; caused by fhe jetted liguid, results in the remova];of 1iquid
that”has drained to the'bottbm of the tank,' The heels are expected to be less than 190 m3

per tank, probably 1ess than 120 m° {Murthy et al. 1983). Although no adverse -radiological

impacts have been postulated for tank leaks, including the ultraconservative assumption of a
40,000 .m> release (Murthy et al, 1983), DOE policy is to reduce the potential for any Tiquid !

reléase whenever practicable.




TABLE A.5. Maximum Inventories in' Any One' Tank of Existing Waste, Ci,
Decayed to the End of 1995 :

Fission Pr?duct

‘Radionuclide . TRU Tank(2) Tank (2
Ay 1x 10t 5, 102
283p 1 x 10! 2 x 1071
140 6 x 102 5 x 1077
24 5 x 10! --
135¢4 8 x 101
1375 (b) 2 x 105 6 x 105
129, ) o
633 4 x 10% 3 x 103
237y, 6 x 1072 3 x 1073
- 238p,, 5 x 101 4 x 10!
o 7 23%,, 2 x 10° 3 x 108
g © 240p, 6 x 102 6 x 102
P, | _ 241p,, 4 x 103 6 x 103
o 226pq 5 x 1077 1x 1077
- 106g,,(b) 2 x 1071 1x 1073
e C Blen 108 2 x 10%
- 1265, 9 x 101 1 x 10!
" 90g.(b) 3 x 108 7 x 106
D o B 1 x 103 -
. 235 6 x 1071 1 x 107t
: 238, 1 x 10! 3
- ‘ 93zp 5 x 102 8 x 101
. _ (2) Tank 105-C contains the maximum TRU
s . . inventory.- Tank 106-C contains the

maximum fission-pnoduct.inventory.

{(b) Ooes not. include activity of short-
tived daughters in equitibrium with
parent radionuclide. OQaughters are
accounted .for in modeling of radiog- -
logical impact.

‘A.1.5 Double-Sheltl Tank Waste Characterization.

:Uﬁgoing efforts to characterize radicactive waste have included - Taboratory studies ‘to . |
fdentify organic constituents in the waste, Some double-shell tank waste contains a number:-
of organfé'tompounds that were used by the Hahford Site chemicatl processing facilities.  Die

to the thermal and rad10Tytfc history of the waste, it is Tikely that a significant frackion
of the organic materials has volatilized, decomposed, or polymerized. ' o '

A.9




SALT WELL PLIMP

WET SALT CAKE

RCPB005-147

FIGURE A.4. Jet Pumping of Solutions from Single-Shell Tanks

Most of the organic compounds in the waste were introduced as chelating agents during -
strontium recovery processing at B Plant. The chelating agents used by B Plant were
hydroxyacetic acid, citric acid, hydroxyethyl ethylene diamine triacetic acid (HEDTA) and
ethylene diamine tetraacetic acid (EDTA}. These compounds were used in approximately the
following -respective ratios: 25, 25, 40, and 10 wt%. Small amounts of these compounds may
be found in multiple waste streams due to residuals after tank-to-tank transfers, Most of
these organics and their degradation products are found in organic complexant waste.

Many of the chemical separation processes are based on extraction of the desired species
from an aqueous solution by an organic solvent. Thus, trace guantities of organic solvents
are present in the wastes. Organic solvents previously used or in use at the Hanford Site
include bis-{2-ethythexyl)-phosphoric acid, methyl isobutyl ketone, hexone, tributyl
phosphate, normal paraffin hydrocarbon (kerosene) and carbon tetrachloride.

Sodium glucopate was introduced into the waste by the B Plant solvent cleanup prdcess.
Sugar (sucrose) is used in the PURE X plant to destroy nitric aCid. Most of the sugar 1;

decomposed by this process.

Recent analytical data have revealed that a large volume of organics has decomposed or
polymerized., Preliminary data, preéented in Table A,6, show that in a sample of neutralized
cladding removal waste {NCRW), 95 wt% of the organic carbon preﬁent in the waste can he
identified. The NCRW does not normally contain organics. The presence of organics in'thfs
sample was due to residual waste in the tank prior to the addition of the NCRW. - However,
analyses of double-shell slurry (DSS} can identify only 1 wt% of the organic carbon
present, Future laboratory work will investigate postulated polymeric compounds present in--
DSS. Preliminary analytical data on organic complexant waste, as shown in Table A.7, allow
75 wti of the organics present to be identified (Rockwell 1987}. While it 1s probable that
the decomposition or polymerization has reduced the complexing capability of the organics,
further characterization and testing are needed to provide definitive information.
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TABLE A.6. Organics Identified in Neutralized Cladding Removal
Waste and Double-Shell Slurry Wastes (Rockwell 1987}(a)

Neutralized Cladding DoubTe-Shelt STurry

Removal Waste Wastes
. ) Carbon Concentration Carbon Concentration
Organics _ in Waste, (ug/g} in Waste, (nug/g)
Solvent exfractab1e - . : .
Tri-n-butyiphosphate 380 7
n-Undecane <1
n-Dodecane 87 2
n-Tridecane 430 8
n-Tetradecane 390G - 4
n-Pentadecane 2
n-CooHag--nCaghyg
Butytlbenzylphthalate
Dicotylphthalate 24 5
&85 Unknown phthatates '
oy Yo]ati]e
. Acetone
B Methylene chloride
oy Chloroform
Unknown {(mol wt 75 or 76)
- Chelating compliexing agents
g Citric acid o 130 8
o, Ethylenediaminetetraacetic aciq {EDTA) 170 22
e Nitrilotriacetic acid (NTA} 2
e Chelator fragments .
s Methanetricarboxylic acid 64 1
' Ethy]enediaminetriacétic,acfd {ED3A) 7 1
= Carboxylic acids
o Pentanediofc acid 130
Hexanedioic acid 610
Heptanedioic acid 330
Octanedigic acid 1,000
Nondnedioic acid 580
Undecanoic acid
Pentadecanoic acid 280 6
Heptadecanoic acid 310 2
Total organic carbon 5,200 5,900
Percent total organic carbon identified : 95% 1%

(a} “No entry indicates that compound is below detection Tevel. Exact contributions of
unknown organics to waste total! organic carben content cannot. be determined unequivo-
n with .

cally. Total organic carbon analysis performed by combustio
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TABLE A.7. Organics Identified in Organic Complexant Waste (Rockwell 1987)

Organics

Carbon Concentration

Chelating/compiexing agents
~Citric acid

N-(2-Hydroxyethyl)ethylenediaminetriacetic acid (HEDTA)

Ethy]enediaminetetraacétic acid {EDTA)

Methane Tricarboxylic acid
Nitrilotriacetic acid (NTA)

Chejator fragments
Ethylenediaminetriacetic acid (ED3AR)

N-({2-Hydroxyethyl)ethylenediamine-N'N'~diacetic acid

(HEDDA)

N-{ethylene)ethylenediaminetriacetic acid {E,DTA)
N-{2-Hydroxyethyl)iminediacetic acid (HEIDA)
N-(2-Hydroxyethyl}-N'-{methyl)ethylenediamine="'N,N"-

diacetic acid (MeHEDDA'A)

N-(methyl)ethylenadiamine-N,N'-diacetic acid (MeEDD'A)

Iminodiacetic acid (IDA)
Molecular weight {mol wt) species (2]
Ar mel wt 122
F: mol wt 173
J: mol wt 247
Carboxylic acids
Doces~13en-oic acid
Hexanedioic acid
Hexadecanoic acid
Phthalic acid
Nonanedigic acid
Tetradecanoic ‘acid
Pentanedioic acid
Octadecanoic acid
Hydroxybutanedioic acid
Butanedioic acid
Alkanes
- nla3-nC3s
Phthalate esters
Dibutylphthalate
Dioctyliphthalate
Total organic carbon
Percent total organic carbon identified

in Waste, (ug/g)

3.800
3,800
3,100
1,200

440

1,400
220

190
150
170
70
2,100
30
20

70

560
130
330
80
60
100
30
80

2,100

190

8

37,000
75%

{a) Molecular weights assigned to unknown chelator fragments on the basis
of electron impact (70 eV) gas chromatograph-mass spectrometer.
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A.2 FUTURE TANK WASTES

Future tank wastes include PUREX Plant wastes generated dﬁrfng current operations, which
began in Nﬁvember 1983, togéther with T1iguid wastes from other Sources projected through
1995, A17 of these wastes are stored in double-shell tanks. The source, composition, and
amount of future tank wastes are described below.

A.2.1 Future High-Level Tank Maste

High-level waste from PUREX Plant operations are neutralized and stored in tank
farms. (@) The destgn specifications for the four tanks equipped with air 1ift recirculators
Timit the heat content to 1 x 107 Btu/hr/tank, or 2.9 MW {ERDA 1975). Approximately
11,000 m of high-1evel waste {HLW} are generated from the processfrg of about 12,000 t of
N Reactor fuel -or its eguivalent.

The following discussion addresses some of the characteristics of future tank waste to
be considered in adopting any of the disposal alternatives.

A.2.1.1 Current Acid Waste

Although acid Waste.(inwprocess HLW) is not one of the wastes considered for dispesal,
it is described -here bacause it is the immediate precursor of stored HLW. On restart of the
PUREX facility in MNovember 1983, the flowsheet used was essentially the same as that used
when the plant was shut down in 1972. About 0.5% of the plutonium fs not recovered in the
PUREX process and will Tikely be in the acid waste or cladding removal waste. Plutonium is _
sepérated from uranium by reducing the plutonium to an oxidation state that is inextractable
by the PUREX process solvent. Iron(IT} sulfamate, used to effect this reduction, is cen-
verted to fron(I1T) and sulfate and becomes part of the acid waste. '

The sulfate content in acid waste may be important to waste management, especially if
the waste is to be vitrified, Only 0.1 to 0.2 wt% suifate can be incorporated in borosili-
cate waste glass without introducing an undesirable crystalline phase in the glass that would
decrease the product's stabi]fty and increase the rate of radionuclide leaching from the

-glass. Thus, although the waste volume may be kept small, the presence of sulfate in the

waste could result in a Targe volume of glass. Therefore, the suifate content of acid waste
must be reduced or the waste will require sulfate removal before it can be converted to
glass, The Department of Energy pians to make early plant tests to substitute other reduc-
tants in place of iron{Il} sulfamate and thus to avoid introducing sulfate to the acid
waste, This substitution, assumed in this EIS to begin in 1987, wiil reduce the amount of
glass produced. '

A.2.1.2 High-Level Waste {(HLY)

The acid waste is reutralized and, until radiolytic heat declines, stored in double-
shell tanks equipped with air-Tift circulators to control beiling of the waste. Neutraliza-
tion is necessary because the carbon steel tanks will corrode rapidiy if acid solutions are

{a) A proposed new tank farm (AQ) that would contain four doubls-shell tanks is not
addressed in this EIS, but the waste that would be stored in these tanks is addressed.
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stored in them. Circulators are necessary to prevent pressure surges and to m1n1m1ze

entrainment of radionuclides in the off gas caused by uneven boiling due to the rad1oact1ve

_decay heat. Circulators also serve to prevent overheating.of tanks from sludge hot spots,

The HLY in double-shell tanks separates into two phases: 1} a solid phase (sludge of
insoluble materials), consisting.mostly of hydroxides or hydrated oxides that are insoluble
in the highly alkaline dquesus.sotution and 2} a supermatant liquid consisting of an aqueous
solution of sodium nitrate (resulting from the neutralization of nitric -acid), sodium nitrite
(resulting from radiolytic -reduction of sodium nitrate), sodium sulfate, sodium hydroxide, -
and sodium zluminate (resylting from aluminum additions to complex fluoride ions).

The sTudge contains most of the fission products (except cesium and technetium) and the
TRU elements. The supernatant‘1iqu1d contains essentiaily all of the cesium and techmetium,
jodine not removed in the .head-end process, ‘and some of the ruthenfum, -The supernatant °
Tiquid s expected to contain only -small concentrations (i'e;, <<100 nCi/g} of TRU elements.

The two-phase aqueous slurry made from high- su1fate content acid waste cannot econOmz-

cally be processed directly to a borosilicate glass because the sulfate influences the quan-

tity of.waste that could be incorporated into glass. The s1udge is separated from the super-
natant liquid and washed free of sulfate. The washed sludge is then incorporated into glass
with about 25 wt% dried s]udgelin_the glass., The waste glass contains the insoluble fission
products énd actinides (residual Uranium, p]utonidm; and other TRU elements in the waste).
Thus, bécause of the sd1fate—free sludge, the volume of glass broduct is not 1imited hy
sulfate content, and a smaller volume of waste glass is produced. The sulfate removal step
also removes soluble aluminate from.the sludge, further decreasing the volume of glass
produced. The volumé of glass produced from washed HLW sludge is therefore even less than

© that produced from HLW without sulfate. The supernatant liquid and sludge washes are

incorporated. into grout,

A.2.2. Fature Non-High-Level Tank MWaste

C1add1ng removal waste (CRW) is generated dur1ng operation of the PUREX Plant by dis-
solving Z1rca}oy c1add1ng using the Zirflex process (DOE 1982).- Organic wash waste (0WW) is-
generated during routine treatment of the PUREX Plant pﬁganic solvent to allow recycle and
reuse. These two-noh;high—1eve1'wasté streams and miscellaneous sump waste may -be combined
and stored in double-shell tanks (DDE 1980). '

Three additional sources of waste--low-level waste from N Réactor-fue]-pfoﬁessing, waste
from Plutonium Finishing Plant operations, and other customer waste--are dilute sotutions
that are not high-level when they are generated. However, after concentration at the tank
farm, these wastes are 1ikely to exceed 100 nCi TRU/g, the concentration above which. waste

becomes TRU waste,
" A1l of these waste types are described helow.

A.2. 2 1 Cladd1ng Removal Waste

The Zircaloy cladding on N Reactor spent fuel is dissolved chemlca11y in the Hanford
PUREX Plant by reaction with an aqueous ammonium fluoride solution containing ammon1um_
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nitrate to suppress hydrogen evolution (the Zirflex process). The dissolvent slowly attacks
the uranium metal as it is exposed after cladding removal. The resulting uranium {IV)
fluoride contains associated actinides and fission products. Centrifugation removes most of
these insoluble fluorides from the waste, but 0.1 to 0.5%¢ of the actinides may remain. - Neu-
tralization of the cladding waste causes precipitation of most of the zirconium as a hydrated
oxide, removing essentially all of the actinides and fission products from the :solution.
Thus, the precipitate from untreated cladding waste may be a TRU waste {>100 nCi/g) but the
supernataht tiquid is expected to be a nbn-TRU, tow-level waste.

The Department of Energy intends to define by sample analyses the concentration of TRU
elements in cladding waste and to explore technology for treating the waste to remove TRU
elements. Since the TRU level in cladding waste is currently uncertain, a conservative
method was selected for estimating plutonium and americium. This method predicts a conser-
vatively high concentration of 281pm in untreated cladding waste. Thefefore, a TRU removal
step {such as a rare—earth-f]ugride scavenging precipitatfon with a TRU recovery efficiency
of ~80%) is assumed to be implemented to treat cladding waste, unless future saﬁp!e analysis
demonstrates that it is non-TRU waste. Location of the procéssing step (PUREX Plant or B
Plant) is not épecified, and associated impacts (installation cost, incremental operating
costs) are treated as the result of a near-term waste management operétion decision, inde-
pendently justified, and are thus outside the scope of this EIS. In other words, the
1mp1ementétion of additional TRU removal is a “given that is common to all a1ternafives, not
as a future waste processing step, but onTy as it controls the TRU content of. the cTadd1ng
waste, '

A.2.2.2 Organic Wash Waste

As part of the PUREX process, the organic solvent, which consists of TBP dissolved in

NPH, 1s washed to remove organic degradation products that would interfere with the process.
The wash solutfon contains sodium carbonate and potassium permanganate. Following this wash,
the organic solvent is reconditioned by treatment with dilute niteic acid. Trace concentra-
tions of metal ions are also removed from the organic solvent by this treatment. Periodic-
ally, the aqueous wash solution becomes depTeted in either carbonate or permanganate and is
repiaced. The depleted aqueous wash solution becomes the organic wash waste. It is combined
with cladding waste for storage in double-shell tanks.

A.2.2.3 Miscellaneous Wastes

Additional wastes result from the PUREX process as ammonia scrubber wastes, miscellan-
eous sump waste, and low-level wastes from the Tater portions of the process. The sécrubber
and sump wastes are combined with the supernatanf Tiquid of ‘the neutralized cladding waste,
and the low-level wastes are combined with other low-level wastes from operations elsewhere
in the 200 Areas. '

Plutonium Finishing Plant waste is generated during conversion of plutonium n1trate or
0x1de to metal, and includes associated 1aborat0ry wastes.

A.l5




Customer waste consists of Hanford waste génerated at other than the 200 Areas: prin-
cipally, N Reactor in 100-N Area, Fast Flux Test Facility (FFTF} and laboratories in Zhe
400 Area, and 1abbratories‘1n the 300 Area. This'wéste is classified as: low-level waste when
generated. '

The Tow-level waste from N Reactor fuel processing {wastes generated in the 200 Areas},
Plutonium Finishing P1ant'waste; and customer waste all contain lew conmcentrations of both
chemical and radicactive components. Because of the high volume of these wastes, they are
concentrated currently by ahout a factor of ten in the wasts tanrks. When concentnated, some
of the wastes may be classified as TRU wastes since the TRU .concentration may exceed.
i00 nCi/g. '

A.2.3 Inventories in Future Waste Tanks

. Quantities of'cnemicals and radfoactive materials in fufuré tank waste are 1isted in
Tables A.3.and A.9, respect1ve1y. Neither vo]ume ner water'qontent is 1isted, since tank
farm operatrons will apprec1ab1y concentrate the wastes. The volumes as generated will be
12,000 m3 of HLN 78,000 rn3 of c?add1rg waste, 64, 000 m3 of m1sce11aneous 200-Area waste,
47,000 mS of Plutonium F1n1sh1ng Plant waste, and 57,000 n3
260,000 m3, However, the ava11abIe volume of double-shell tanks will be only 118,000 m
114,000 m3, assuming space equal to onz empty tank in case of ]eakage) The volume of exist-

of customer waste for a total of
3 (or

ing waste in double- she11 tanks will be 45,000 m3, S0 on?y 69,000 m of space is available

for future tank waste. Thus, 190 DOD m3 of water mus%t be removed to place the prOJected

3

waste into the available tanks. Add1t1ona1 concentration to 52,000 m® is planned to provtde

additional spare tank space. Less concentration hay he needed if disposal actions make addi-

tional tank space available.

A.3: STRONTIUM AND CESIUM CAPSULES

Most of the high-héaf-generating fission products, 0sr and 13705, are contained in
seal~-welded, high-integrity double-shell metal capsules (Figure A.5) as strontium fluoride
and cesium chloride, respective1y." Thase are stored in shielded water basins (Figure A.6)}°
for dissipation of decay heat and the reduction of exposure to aperating personnel.  Storage
of the strontium and cesium caﬁsu?es will be continued in the existing waten basins until a
disposal or other long-term storage alternative is sefected. This method of storage provides
multiple containment by double-shell mgta1 capsules, water basins, a reinforced concrete
building, and a ventilation system containing muitiple HEPA filters. Some capsules have
a]ready been shipped off site for benef1c1a1 use as heat . or rad1at1on sources. Since the
capsu1es are only leased, it is ant1c1pated that they will be returned to Hanford for d15p0—
sal after 137¢s has decayed to levels below beneficial-use specifications. '

The capsules are stored under 4 m of demineralized water in stainiess steel-lined con- -
crete hasins with 0.76 m concrete shielding covers, The basin water 1is circulated through
heat exchangers for cooling and is simultaneously monitored for detection of rad1oact1v1ty in
the event of a failed capsule. Should a capsule fail, it can-be returped to a process cel1,
re-encapsulated, and replaced in the water basin. If contaminated, the basin water can be
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TABLE A.8.  Estimated Mass of Chemical Components Associated with Future Tank Radioactive
- Waste Through 1995, t

Plutonium

Ciadding Finishing
- High-L v?1 ’ 'Remov?% .fiant . Pthgr _

. Chemical. Kaste" Waste Waste Waste Total

AT | 190 57 250

Cga : . 6 1 7

Cr . 3 ' : 6

Fe 42 2 . a4

K 700 700

Mg 6 1 6

Ma _ 1 1 13 15

Na ' 1,200 1,700 280 750 3,900

TR _ 12 12 - 110 140

- I 6 o820 830

o~ c0y 54 120 180

3 22 1,200 9 1,200

- NO4 800 73 480 560 1,300
e N, 800 32 .68 900
) 0 740 1,160 190 110 2,100
w" PO, | S SR 380 340

L ' S0, 78 120 206

. "Cahcrinitefc) 17 ' _ ' _ 17

T Organic Carbon _ 5 5

HLW from processing 12,000 t of N Reactor fuel, 7't of Fast Flux
Test Facility fuel, aqd 16,5 t of 5h1pp1ngport fuet.
" Cladding waste plus organic wash waste, ammonia. scrubber waste,
and miscellaneous sump wastes from processing 12,000 t of
N Reactor fuei and 16.5 t of Shippingport fuel.
T (c} Known silica additions are assumed to have reacted with alumi-
‘nates and hydroxides to form cancrinite (assumed to be
ZNaA1510,-0., 52NaN04. 0. oSHZD)

—
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processed to remove the radionuclides and returned to service, The capsule contents are sol-
uble in water--cesium chloride more so than strontium fiuoride. The basin atmosphere is _
routed to HEPA filters before venting to a stack, and all facility structures aréjdesfgned to
withstand maximum tocal seismic and natural events.

The estimated number of existing and projected stromtium and cesium capsules, their
curia content and heat release are summarized in Table A.10. '
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TABLE A.9. Estimated Major Radionuclide Inventories of ‘Future Tank Waste Accumulated
Through 1995, Ci _ . : .

Piutonium
Finishing
Radionuclide H;gggé?gﬁl Remogg?da;:ge{b) ‘E;:Et 7 0
. ste ther Waste Total

24y C3.0x 10 3.8x 103 1.8 x 104 7.8 %102 3.3 x.10°
Mg 1.9 x 102 9.0 x 10l 2.8 x 102
144c0{c) 1.0 x 108+ . 1,0 x 10° 1.0 x 108
137¢g{e) 4,9 x 107 1.3 x 106 5.1 x 107
ST 7.1 x 103 7.1 x 103
1231 1.2 x 104 ' 1.2 x 101
239,240p, 3.3 x 103 3.0 x 102 2.3x 103 1.9x10%2  6.3x 103
106, (¢} 1.3 x 107 3,2 x 10° ' 7.6 x 104 1.3 x 107
151gn . 3,9 x 10° 3.9 x 102 - 3.9 x 10°
90g.{c) = 4,2 x 107 4.1 x 10% N ' 4.2 x 107
B¢ a7 x10  1axwf o asx 108
238y a0 4,0 - © o3 x 10l 4.7 x 10!

(a) HLW from processing 12,000 t of N Reactor fuel, 7 t of Fast Flux Test Facility
fuel, and 16,5 t of Shippingport blankets. ' :

(b) Cladding waste plus organic wash wastes, ammonia scrubber waste, and miscelia-
neous sump wastes from processing 12,000 t of N Reactor fuel and 16.5 t of
Shippingport fuel.

(¢) Ooes not include activity of short-lived daughters in equilibrium with parent
radionuclide. Short-lived daughters are accounted for in dose calculations.

A.4  TRU-CONTAMINATED SOIL SITES

Formerly used systems for discharging TRU-contaminated solutions to Hanford soils
include: ' ' '

s Cribs - buried structures {often wood or concreté) filled with aggregate that held
or dispersed liquids and/or solutions for percolation into the ground. '

e Ponds - surface depressions bordered by natural or manmade features used to coh%
" tain and detain liquid waste. '

» Trenches .~ open, usua!iy tong, narrow excavations used to deposit limited quanti- -

ties of Tiquid waste.

e Ditches - open, unlined, long, narrow excavations used to transport and/or detain’
Tiquid waste. o ' '

e French Drains - large-diameter pipes buried vertically, normaliy 1éss than 14 m
deep, filled with rocks to allow the percolation of small, intermittent flows of
liquid waste into the soil.
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TABLE A.17. Projected Radionuclide Inventory for Newly Generated TRU Waste,
1984 to 1996, Ci

Radionuclide Invlﬁzgl ) ey o) s 618" Sites(a)
) 'y Handled HandTed® Fuel Hulis 618" Sites
241y 5 x 103 3 x 103 6 x 101 2 x 103 3 x 10°

L4¢ 2 2 '

60c4 3 x 103 6 x 102 2 x 10° 2 x 10°
13704 (c) 5 x 10% 3 x 104 5 x 102 2 x 104 2 x 103
3y 7 7

238p, 9 x 102 6 x 102 1 x 10! 3 x 102 3 x 10t
239, 2 x 10 2 x 104 7 x 10! 2 x 103 7 x 102
240py, 5 x 103 4 x 103 3 x 101 1 x 103 2 x 10°
24lp,, 2 x 10° 1 x 10° 2 x 103 7 x 10 5 x 102
242p, 6 x 1077 3 x 1077 1x 1078 3 x 107/ 1 x 1072
90g,.(c) 4 x 104 3 x 10% 5 x 102 2 x 10% 1 x 103
Volume, m 1.2 x 104 1.1 x 104 3 1.9 x 102 1.5 x 10°

(a) Waste from the "618" sites (see Section A.5 and Table A.13) will bhe
classed as newiy generated TRU waste for the reference alternative

only.

This waste is not included in the total.

There will be 300 m® of

remote-handled waste and 1,200 m” of contact-handled waste from the
518" sites (agter sorting to remove Tow-Tevel waste).

(b) Includes 3.9 m

generated through 1990 (caisson waste) and 3.4 m
ated after 1990 (packaged for disposal).

3 gener-

. {c) Does not include activity of short-iived daughters in equilibrium with
Short-Tived daughters are accounted for in dose

parent radjonuclide.
calculations.
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APPENDIX B

DESCRIPTION OF FACILITIES AND PROCESSES

Some new construction would be required for all of the alternatives described in Sec-
tion 3.3. Some Targe facilities or construction actions are described in this appendix.
Processes for each alternative are also described, together with projected releases to'the
environrment during processing, and characteristics of final waste forms. The engineering
data in this appendix were obtained primarily from engineering support data provided by Rock-
well Hanford Operations {1985 and-1587}; data without explicit references are generally from
this source. The numerical information .is the best available data. The existing waste
inventories are based on historical records and are.believed to be adequate for the generic
waste class . descriptions. The projected future waste inventories, as well as the estimated
release data for all waste types, are provided. Radigactive decay js calcuiated to
December 31, 1995,

Three facitities for which appreciable detail is available are described in separate’
appendices: Append1x ¢, Hanford Waste Vitrification Plant; Appendix D, Transportable. Grout
Facility; and Append}x E, Waste Receiving and Processing Facility.

B.1 NEW FACILITIES AND. CONSTRUCTION

New facilities would be required with all disposal alternatives for retrieval of wastes
and for chemical or mechanical processing of wastes. Construction would be required for site
stabilization (subsidence control) and isolation (barriers and markers).

B.1.1 Retrieval of Wastes

Wastes would he retrievéd from all sites in the geo1ogic'disposa1 alternative. Special
facitities would be required for retrieval from single-shell and double-shell tanks, from
TRU-contaminated soil sites, and from pre-1370 soiid TRU waste burial grounds. Retrieval
from double-shell tanks would be required for the other alternatives as well. No special
facilities are anticipated to be required for retrieval of strontium and cesium capsuies or
contact~handled retriévab]y stored and new1y generated TRU soTid waste.

B.1.1.1 Retrieval of Single-Shell Tank Wastes

Methods for removal of the contents. of single-shell tanks must be carefully selected
because the integrity of some.of the tanks is suspect. Addition of 1iquids for removal of
solid waste {sluicing) would increase the risk that some of the tank contents could leak to
the surrounding soil. As of May 1982, 26 tanks among the 149 single-shell tanks at Hanford
were designated as confirmed Teakers {(Murthy et al. 1983),.

In response to comments received on the draft EIS, additional and previous methods for
retrieval of single-shell tank waste were reviewed and three techniques for retrieval of
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single-shell tank wastes were briefly evaluated {Rockwell 1987), Other techniques, such as
hydraulic cavitation, are planned to be evaiuated in further studies. A1l methods considered
are scheduled to be reviewed by the National Academy of Sciences (NAS), The three techniques
evaluated are hydraulic sluicing, modified hydraulic siuicing and dry mechanical retrieval.

Hydraulic sluicing of tanks has been successfully performed both at the Hanford Site and
at the Savannah River Plant. Hanford used a high-pressure sluicer and a multistage pump to
transfer materiai through bipelines to vaults and on to B Plant for the-récovery of strontium
from high-level waste sludges. Savannah River Operations have used in-tank mixers and
multistage turbine pumps to ¢lean out their single-shell tanks and transfer material to their
double-shell tanks. This is the most Tikely process Hanford would use if hydraulic‘sluicing
were selected. Equipment includes a hydraulic sluice nozzle, multistage pumps, deep-well
turbine pumps, and direct-buried and encased ‘shielded piping to transfer the resulting sturry
to nearby transfer vaults. From these vaults, the slurry would he transferred to a double-
shell tank or.directfy to the processing facility for separation {n the high-activity and
low-activity fractions for further processing., Water sluicing can remove up to 99.95% of the
residual wastes. However, less efficient radionuclide removal would be assumed due to past
leaks and anticipated leaks during recovery processing. The risk is that dilute Tiquid could
teak out of tanks during this process; however, analysis of a postulated 40,000-m3 leak of
1iquid waste showed no significant environmental .consequences (Murthy et al, 1983}.

Modified hydraulic sluicing consists of a high-pressure sluicer coupled to a high-
pressure vacuum head. A very similar technique has been developed to suppert decontamination
and decommissioning efforts, and several commercidl models are available. A1l would require
some modification to work in a single-shell tank. Dust control {over dry retrieval} and the
potential for leakage {over regular sluicing techniques) would be greatly reduced.

The third technique is dry mechanical retrieval. This technique reduces the potential
for any additional leakage from the tanks due to retrieval operations. Figures B.l through
B.3 dépict a concept of the equipment that would be used. The mechanj;a] retrieval process
is cdmposed-of three_sequénfial operations: 1) in-tank recovery of waéte; 2) removal of
waste to a transfer point for emplacement in shipping containers; and 3} transfer of waste to
an onhsite processing facility. The syétem would be capable of retrieving all types of salt
cake and sludge without the direct addition of liquids, Only minimal alterations to- the tank
farm structures, specifically, the tdnk dome, would be nécessary. The system would be
designed to avoid direct loads on the dome. ' ‘

Waste tanks would be prepared by adding.entry points (risers), if necessary, and remov-
ing above-ground obstructions to,tﬁe retrieval platform. Where necessary, in-tank obstruc-
tions would be removed aﬁd waste would be prepared for excavation by breaking up large
encrustations. ' o
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FIGURE B.l. Mechanical Retrieval of Wastes from Single-Shell Tanks
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FIGURE B.2. Side View of Mechanical Waste Retrieval System
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FIGURE B.3. Top View of Mechanical Waste Retrieval System

Support equipment and equipment necessary for waste recovery, removal, and containeri-
zation would. be mounted on a p!atfohm that could be moved from tank to tank {Figures B.1
through B.3). The mobile platform, sized to the épproximate 31-m tank spacing, would support
the waste-handling apparatus and contain auxiliary systems necessary for safe retrieval of
waste, A hydraulically actuated, artiCuTated arm would be positioned by a t6war-contro11ed
telescoping tube and carriage mechanism. '

The waste retrieval system would recover the waste mechanically using a clamshell bucket
on the articulated arm and would deposit waste in an elevator bucket for transfer to the
platform level. This recovered "as-is" waste would be unloaded from the elevatdr bucket to a

3 of waste. After being sealed and washed,

snielded shipping container that would hold ~2.7 m
the shipping container would be placed in a clean container that would also be sealed with a

Tocking 1id. A special tractor-trailer would transfer the containers over a dedicated road-

way to an onsite waste processing facility where the waste would be combined with other waste
materials and processed for conversion to a form suitable for ‘geclogic disposal. Additional

safety in transit would be obtained by placing the outer container inside an enclosure of

thick-walled shockéabsdrbing material secured to the trailer bed.

The waste tank would be maintained slightly below atmospheric pressure. Ventilation air
would be discharged through two high-efficiency particulate air (HEPA) filters to maintain
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effluent radionuclide concentrations such that resultant doses would be less than those
permitted by EPA standard 40 CFR 61: 0,025 rem/yr to the total bady or 0.075 rem/yr to any
organ of .a member of the public, or other applicable standards.

The mechanical retrieval technique is estimated to remove at least 95% of the waste.
The residual radicactivity could pe removed by enhanced mechantcal means {e.g., a revolving
wire brush mounted on the articulated arm). Sluicing would also be passible if visual
inspection and the presence of drainable Tiquid inqicated that the tank was sound.

As it presents the upper range of radiological risks as a result of recovery operations,
mechanical retrieval was selected as the bounding case evaluated in this EIS. The total cost
of recovery of the most expensive fechnique is about 6% of the total processing cost; hence,
the cost of the process chosen would hot.affett the overall decisions. These and additional
options would be considered in more detail if the preferred aTternative is chosen for

impTemantation.

B.1.1.2 Hydraulic Sluicing from Double-Shell Tanks

Although hydraulic sTuicing has not been assumed for the. recovery of waste from single-
shell tanks because of the suspect status of the tank liners (see Section B,l.1.1), the
method would be readily acceptable for double-shell tanks. 1In these tanks, if a leak in the
inner liner {primary tank) occurred, it would be detected in the annulus between the inner
and outer liners, and the outer liner would prevent leakage into the sofl under the tank.

The equipment and techniques for recovering and transferring radiocactive Tiquids are
well established and have been used at both Hanford and Savannah River. Existing methods
involving multistage pumps, deep-well turbine pumps, and encased, shielded piping would be
used to transfer liquid waste to nearby transfer vaults. From there the Tiquid would be
transferred to other tanks or to processing faciTities via encased, heat-traced, underground
pipelines. A schematic of this process is shown in Figure B.4. .

WASTE PROCESSING
FACLITY

HANFORD SLUCER
MECHANISM

TRANSFER VAULT

FIPE LINE

FSB308-45

FIGURE B.4. Hydraulic Retrieval of Waste from Double-Shell Tanks
Sluicers, which have been used in pést years for cleanup of sludge heels from the bot-

toms of singTé-she?T tanks, could be used to resuspend double-shell tank wastes. A sluicer
is composed of two basic systems: 1) a high-pressure water supply system comprising a remote
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piping connector,. vertical pipe, flex hose, rotary Joint, and nozzle assembly and 2) a -
nozzle-aiming mechanism consisting of two concentric control rods in a guide tube, nozzle
assembly turning arm, and gear rod for tirning the rotary joint. Figure B.5 depicts -one

HYRRAULLCALLY ACTIVATED
CONTRGL.FOR YERTICAL -
NOZZLE CONTROL ROD

HORIZONTAL SWEEP
'DRlVE uNIT

# T
HOFIIZONTAL i
SWEEP

TURNTABLE

SLUICE PIT

~

"ENCASED PIPELINE

- TANK DOME
&
£

; FLEX HOSE FOR

X . ABSOFIB_!NG HORIZONTAL
: A SWEEP MOTION
HORIZONTAL . :
SWEEP CONTROL, ROD

VERTICAL NOZZLE
ANGLE CONTROL ROD

N

RCP800i-38 -

FIGURE B.5. Hanford Sluicer Installation

concept of hydrau]iceretrieva1'1néta11ation utt1izing the siuicer éssemb1y.- The stuicers
could use externally supplied 1iquid, recirculated in-tank liquid, or a combination of
these. Floating pumps woon be used to transfer the resuspended slurry. Transfer of the
sturry to a waste processing facility or to another tank would be accomplished in the same
manner as described above for liquid, Another hydraulic method utilizing rotating mixer
pumps as demonstrated.et Savannah River could be used to resuspend d0ub1e shell tank
wastes. This system is composed ‘of a low-pressure, - recqrcu1at1ng pump which uses solution
within the tank as the mixing medium.- The intake is - Jocated at the bottom of the pump
perpendicular to. the waste and discharges through two opposing nozzles parallel o the waste
surface while the entire pump rotates. Fleating pumps would be used to transfer the
resuspendéd s1urry in the ‘same manner as the sluicing operation.

The tank would be maintained s11ght1y be]ow atmospher1c pressure. VYentilation air would
be discharged through two HEPA f11ters to maintain effluent concentrations Tess than maximum
permissible concentrations for d1scharge to uncontrolled areas. A similar process has been
impiemented in pést tank.farm operations., This eystem should remove at least 99.95% of the

waste in double-shell tanks.
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» Personnel exposure at ground level would not exceed 0.25.mrem/hr.

e Differential temperature (earth to air) at ground level would not exceed 38°C,
e Capsule waif température would not exceed 375°C.

e Cesium capsule centerline temperature would not exceed 420°C.

o Strontium capsule centeriine temperature would not exceed B50°C.

e Canister voids would be filled with sand having thermal conductivity similar to
that of the surrounding soil.

e Spacing of drywells would be 5 m from center to center.

Based on an initial analysis using these guidelines, indications are that about two
strontium or four cesium capsules would be placed in each canister at the packaging facility
and moved to the drywe11$ by a shielded transporter as shown in Figure B.14, A total of
572 drywells woutd be required, arranged in a grid spaced 5 m from center to center,
occupying ~18,000 me.

g
e

i Shielded
. ) Transporter
£t . Capsule I[IH
. Packaging e e —— ——— :
s _ Facility {e)ED p
e i
T TV TSl l i

7 Drywell
Storage Facility

FIGURE B.14. Transfer of Strontium and Cesium Cabsu]es from the Capsule
Packaging Facility to the Drywell Storage Facility
£

_Each drywell (Figure B.15) would consist of a cylindrical carbon steel canister encase~
ment vessel that would extend ~0.15 m above and 4.6 m below the surface of the ground. The
encasement vessels would be fabricated of 0.36- and 0.61-m diameter pipe joined by a standard
pipe reducer. The encasement would be cﬁosed at the bottom by a pipé cap welded onto the
0.36-m diameter lower section of the encasement. Each drywell encasement vessel would be
furnished with a carbon steel plate which would he field-welded to the top 6f the drywell
after placement of a canister and shield sand. The closure plate would be furnished with
1ifting lugs and a sampTe valve assembly to obtain air samples and measure pressure inside
the drywell. The sample valve would be protected by a detachabie weather cover. A name
plate would be pfo#ided on top of the closure plate for identification of the stored
canister.
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FIGURE B.15. Typical Drywell Assembly

A reusahle metal Epyer wou1d protect empty drywells-from-the weather before canister
placement. A stainless steel thermowell attachéd to the exterior of the.grywel]_encasement
would protect a thermocoUpIe used for periodic heésuremEnts of the drywell encasemeﬁt exte-
rior surface. ' "

" The canister would be transported to the 5torage field in a shielded cask transporter
vehicle. The transportef would be positioned above an'empty drywell, and the shielded cask
would be lowered and pneumatically sealed to the top of the drywell encasement. The can-
ister, attached to a grapple or hook device, would be Towered by a hoist mechanism built into
the cask. :

The canister would be suspended in the drywell by a dish-shaped steel suppoert ring
welided to the pipe reducer section of the encasement. A similar dish~shaped ring woild be
welded to the upper portion of the canister during fabrication of .the canister. -In addition
to supporting the canister, the dish-shaped rings would provfde a seal to retain the sand in
the upper compartment of ‘the encasement vessel. The ring configuration also would serve to
center the canister in the drywe11.during placement. ' ' ;

After the canister was placed in the drywell, a loose.sand fill would be ptaced in the:
compartment space above the canister to create a radiation shield plug. The sand materials
would consist of a dry si]ica'sand, washed to remove any organic materials, and dried to a
minimum moisture content. To reduce the ground-surface-Tevel radiation dose rate, approxi=-
mately 0.5 mS of sand would be used for each sand plug to achieve ‘a minimum sand fiTl of
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1.8 m above the canister. A stainless steel tube through the sand shié!d plug would provide
a connection between the spaces below and above the sand to permit sampling of the drywell
interior for airborne activity.

A monitoring and surveillance program would be conducted. The interior of each drywell
would be sampled periodically for pressure and airborne activity through the sampie valve
located on top of the drywell closure. Detection of abnormal thermal conditions would be
orovided by the thermocouple in the thermowell on the éxterior.bf each drywell encasement.

B.1.3.3 Packaging of Remote-Handled TRU Solid Waste

In the reference and preferred alternatives, the retrievably stored and newly generated
remotely handled TRU waste would be processed through a new faciiity, where it would be immo-
bilized and packaged for shipment to a geotogic repository (assumed for calculational pur-
poses to be the WIPP). This differs from the geologic disposal alternative, in which the
remotely handled TRU would be retrieved and sent to an incinerator facility (Section B.1.2.3)
for final treatment. The new facility would be functﬁonaTEy similar to the Waste Receiving
and Processing facility described in Appendix E, and would include specific processes
required to immobilize and package the remotely handlied solid waste. The unit operations
envisioned include remote-handled and hot-cell operations. to include size reduction, immo-
bilization into a homogeneous waste form and packaging of the waste into approved waste
canisters. These canisters would then be loaded intoe shipping casks and shipped ta the
geologic repository. Several alternmatives for the facility are currently being investi-
gated. The fati1ity would be scheduled to begin operation in 1936. The new solid waste that
does not require processing would be sent directly to a geologic repository. '

B.1.4 Site Stabilization and Isplation

Void spaces in underground contaminated zonés would be filled or compacted to stabilize
the surface before covering the area with a protective barrier and marker system. This would
prevent subsidence and isolate the sites from the biosphere. Research on subsidence control
is being actively performed, and will continue under the Hanford Waste Management Technolouy
Pian. The processes described below are feasible, but may be medified as a result of this

.

research.

B.1.4.1 Subsidence Control for Waste Tanks

Drying of waste in single-shell tanks may be required so that the tank centents would
support the material used for filling the void space in the tank, and to reduce the Tikeli-

_ hood of migration of radicactive material from the tank. The use of radio-frequency energy

to heéat and thereby dry waste has been the most premising and economically feasible of the
technologies -evaluated. The radio-frequency technique could be used for drying in-tank waste
by radiating radio-frequency energy into the interior of an undergrdund tank, where the
energy would be released as heat within the-waste in a manner similar to microwave cooking.
Due to its longer wavelength, radie-frequency energy would provide more even -drying than that
obtained from microwaves. To dry a tank, portable generators would transmit.energy into the
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tank interior:via coaxial cables. Dry, preheated 4ir would be passed through the Laﬂk to
remove water vapor and then discharged through two HEPA filters.

Dome fi11 would minimize the subsidence or collapse of the tank domes, thus mfnimizing
the potential consequences of such a failure. It would also provide an isolating layer {bar-
rier) between the surface environment ahd the residual waste materials. )

Un?fqrm]y graded basalt gravel sized between 1 and 2 tm_has been se]ectéd as dome fil}l
material for use in single- and double-shell tanks.

F111 placement would be accomplished with a modified, cohmercia11y availahle centrifugal
thrower, This ‘equipment s used extensively for the transfer of granular and small lump
materials at seaports and railroad terminals. The operating principle of the equipment is to
change the direction of ‘the falling gravel mass, using the kinetic emergy of the mass to dms-
tributé the material lateraliy. The downward velocity of the gravel is redirected horizon-
tally when the material is carried through an arc om a high-speed helt {Figure B.16)}. |

DETAN. A

DETAIL &

HIGH SPEED 3ELT

RCP212-57A

FIGURE B.16. Centrifugal Thrower for FiTling Waste Tanks : é

The individual tanks would be maintained slightly below atmospheric pressure for the
dome filling process. Ventilation air would be discharged through two HEPA f{]ters to.
mafntain effluent concentrations less than maximum permissib?e concentrations for discharge
to uncontrolled areas. After completion of the fill, accessible risers and dther penetra-
tions to the tank dome would be sea]ed with nonradioactive grout.

In some a1ternatives, dome—fi]l materfa] would be placed on top of waste in single-shell
tanks. Porosity in the dome-fill material would atlow the waste to migrate'into the material
and enhance gas and vapdn release, Waste m1grat10n wou1d not ra1se the waste level In exist-
ing tanks above the he1ght of the steel liner in the waste tank.

B.1.4.2 Subsidence Control for Solid and Liquid Waste Sites

TRU burial grounds would be settled using a pile driver to inject rods {piles) into the
waste zone. Figure B.17 §1lustrates ‘the concept as applied to retrievably stored TRU waste,
A diesel-powered vibratory hammer interfaced with a heavy-duty crane wouid Tnject the rods,
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causing compaction of buried drums and other containers, This approach woeuld be used to
dispose of retrievably stored TRU waste, as well as pre-=1970 burfed waste. The rods would be
withdrawn unless contamination could be detected during rod withdrawal. If contaminated, the

rods wouid be redriven for in-place disposal.

Significant subsidence is possible in liquid disposal sites with underground cavities
that could collapse upoh decay of the structure supporting the void 'space, Records describe
the engineering features of void spaces in settling tanks and the concrete or timber-1ined
caverns of crib systems; other liquid disposal sites do not contain significant voids,
Records would be supplemented with field examinations to select injection points for subsi-
dence control. If.no suitable openings exist into an underground .cavity, a pipe would be
instailed. A cementitious grout would be injected into the cavity and allowed to harden.
The quantity of grout injected would bé monitored, and additional surveys would be conducted
if the amount of grout were Signifiéanfﬁy less than the expected volume of the cavity.

B.1.4.3 Conceptual Protectivé‘Barrier and Marker System

In some alternatives, stabilized sites would be {isolated by applying a protective bar-

wapm

rier and marker system of the type shown in Figure B.18. Principal features of construction.

o) and application to various sites are described briefly below. Further details, including
” evaluation of performance, are described in Appendix M,
[
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FIGURE B.18. <Conceptual Protective Barrier and Marker System

The muitilayer protective barrier system is composed of a 5.4-m-thick mound containing a
1.5-m-deep basin of revegetated soil in the upper-surface over a 3.6<m layer of basa]t ‘
riprap. The soil/basalt layer is laterally extended about 30 m.beyoﬁd_the surface projection
of the waste zone or plume. Various aspects of biointrusion -are to be analyzed under the
Barrier Oevelopment Program. The basalt riprap consists of 12- to 25-cm-diameter rock mate-
rial. A 0.3-m-thick rock/gqravel layer separates the soil from the riprap and aids in N
minimizing the sifting of fine into riprap interstices. A B-m-wide edge (or berm) of -riprap
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is provided for slope protection. The sides of the barrier are constructed on a 1-to-1
slope, and a riprap-filied trench is provided at the toe of the barrier to prevent or further
reduce the likelihood of animal intrusion. The berm consists of both riprap and fine soil
mixed with riprap material separated by a gravel layer.

The materia]s:(soi1,3graVe1, basalt) for the mu]ti]ayer_cover are readily available on
site. A thick geotextile mat, placed difectly under the soil material to aid in layer con-
struction, is being considered as an optional aid in preventing fine soil from sifting'into
the riprap. 0One analog found at Hanford, called cobble ienses, prbvides a practical basis
for expecting long-term survival of the fines-rock interface necessary for the continued
effective performance ‘of the protective barrier.

~ Granite {or, possibly, quartzite) monol1ths would pr0v1de surface markers for the com-
pleted barrier at the original grade. The marker base (Figure B.19) would be 1.5 m below
grade while the apex would extend 3.8 m above grade. A series of repetitive messages would -
be engraved into each face of the monolith and possibly at the bottom base. 'The surface face
near the message would be polished. The messages would be inscribed to a depth of at ieast
2.5 cm, based on extrapolations from data on weathering of tombstones, The actual message
content has not been determined but would consist of simple wdrding such as "Caution: Buried
Hazardous Waste Below" as well as a radiation symbol or simple pictograph. The actual dis-
tribution of these surface markers is still in guestion.

Barriers would be within a rectangular area about 6 km wide (north to south) by 13 km
long (east to west). Markers may also be placed about every 200 m around the boundary of the
rectangular area so that a person standing at one marker could see the markers on each side.
The boundary markers would ‘have wording to the effect "No Trespassing“ or "Keep Dut--Radio-
active Waste Disposal Sites Ahead." This disposal site would include ali-the 200 Area waste
disposal Tocatiens within the scope of this EIS. A1l markers would be built to the best of
current technology, of materfals having natural analogs that would suggest'retention of
integrity for millennia. Thus under this scenaric the marker system would comprise protec-
tion in depth, a Hanford reservation boundary (performing during active institutional
control), a waste disposal site with markers lasting during the period of passive institu-
tional control, and the waste locations with monuments also lasting during the passive
control period.

Three layers of-subsurface markers- would be distributed above the contaminated sofl
region of the barrier (Figure B.20}. These layers would be approximately 0.6, 1.5, and 5 m
from the top of the selected barrier. Markers in each 1ayer would be spaced on 6-m centers
The -twoe top ]ayers would overlap to give an effective 3-m distribution so that any excavat10n
would probably uncover at Teast one of the warn1ng markers. The markers would consist of
12,7-cm-diameter porcelain or stoneware discs. These markers would be protected from surface
erosion and should provide warning to potential inthuders. The markers would warn the
intruder about the potential hazard under1y1ng the barrier, as well as protect1ng the barrier
from further disruption.
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FIGURE B.19. Surface Marker Configuration and Placement

The barrier can be adapted as needed for.épp?ication to any class of waste site as shown
in Figure B.21 for waste tanks,_Figure_B.ZZ for- TRU-contaminated soil sites, and Figure B.Z23
for all appropriate waste sites. Additioral detail on the protective barrier and marker sys-

tem is presented in Appendix M.
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B.2.1 Geglogic Disposal

Material would be retrieved from each waste site and processed so that the bulk of the
radicactive material would be disposed of in a geologic repository. Sdme emissions of
radioactive materials would occur while retrieving the wastes and processing them to a stable
chemical form. Most c1asses'of waste would be divided into a high-activity Tow-volume and
TRU component that goes to a repository, and a ]ow?activity high-volume component. that
remains on site.

For calculational purboses in this EIS, it is assumed that waste in tanks would be
retrigved using mechanical retrieval (Section B.l.1.1) for waste in single-shell tanks and
hydrauiic sluicing {(Section B.1,1.2} for waste in double-shell tanks. Retrieved waste .would
be processed to remove soluble salts from_the‘s1udge-and to destroy organic complexants as
necessary.' The supernatént 1iquid would be processed in.a radionuclide concentration
facility (Section B.l.2.1) to remove cesium, strontium, technetium, and TRU elements so.that
most long-lived radionuciides cdu]d be disposed of in a repository. Residual supernatant
liquid after radionuclide removal would be LLW and would be disposed of in grout
(Appendix D}. The washed sludge would be combined with concentrates of cesium, stfontium,
technetium, and TRU elements for convefsion to a stable chemical form (Section B.1.2.2).
Emptied tanks would be stabilized by filling with gravel or grout, sealing all dome pene-
trations to the tanks (Section B.1.4.1), and covered with a barrier (Section B.1.4.3).

Capsules of strontium and cesium would be stored in the water basin until a geologic
repository becomes available. At that time they would be placed in larger canisters for ease
of handling (Section B.1.3.1), and transported to a geologic repository. Canisters would be
packaged for uniform heat loading by either adjusting the number of capsules per canister or
selecting capsu1es for each canister based on individual heat output. For geologic disposal,
the maximum allowable heat per canister would be 1.17 kW of 905k or 0.8 KW of 137Cs, which
corresponds to an average of about five cesium or three strontium capsules per canister. A1l
materials, including the capsules described above, must meet applicable standards before they
can be shipped to a repository.

Waste from TRU-contaminated soil sites and pre-1970 buried suspect TRU-contaminated
solid waste would be retrieved mechanically (Section B.1.1.3), combined, and processed in a .~
waste processing facility (Section B.l.2.3). The waste would bé retrieved to a sufficient
degree that residual contamination in each site would be classified as LLW (<100 nCi
TRU/g). The retrieved waste would be sorted by TRU content to the extent practicable, and
those portions that were shown to be LLW would be disposed of on site in accordance. with
narmal procedures for LLW. At the waste processing facility the TRU wastes would be heated
to produce a stable chemical form {a sTag if the incineration process were selected for
implementation). The product from this process would be packaged for disposai at a geologic
repository (assumed to be WIPP for calculation purposes),.

Retrieval of wastes from cafssons and reverse wells would require modifications of the
retrieval process described in Section B.l.1.3. Retrieval from caissons is described in
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Section B.1.1.4, and retrieval from reverse wells is described in Section B. 1,1.5. Material
retrieved from caissons and reverse we]]s wou]d be combined with other wastes and processed
as descr1bed in the preceding paragraph

- Contact~handied TRU waste would be prbcessed in the Waste Receiving and Processing
Facility (Appendix E), with TRU waste being sent to the WIPP geologic repository, and with
non-TRU waste being disposed of on site in the same-manner as other LLW.

Caisson waste, which is remote handled, would be retrﬁeved as described in Sec-
t1on 8.1.1.4 and processed along with TRU-contamipated soil and pre- -1970 buried TRU setid
waste in the waste processing -facility {Section B.l.2: 3}

Airborne emissions of radioactive materials (Table B.1) would occur with all classes of
waste, but the emissions from processing strontium and cesium capsules would be limited to
those occurring durIng water basin storage before transferr1ng capsules to the packag1ng
fac111ty. Emissions in the standby mode are estimated to be 1076 Ci/yr of alpha and

| TABLE B,1. Annua} ?asequs Emiésions of Radionuc]ides, Geologié_Djsposa] Altefnative,.

Cifyr'd
) Tank Waste TRU Waste ) .
Nuclide Existing - Future Soil Pre-1970  Retrievable Total
281,y 6107 2x106 7x107 1x10% 3x100 gx10°
4¢ g x 108 2 5x10°% gyx100 2 '
137c(b) 3 x10% 3x107% ax10l 5 1 x 102 1 x 107
3y . 8x 10 5yx102 5 x 10t 7 5 x 104
129 6x 10710 1x 107 ’ 1 x 1076
147ppy - 2x 107 2 x 1077 2 x 1075
238p, 431099 1x107% 9x10® 2x1077 3x 100 3 x 1070
1233y 23107 " 3x108 ‘2x106  4x106  1x10° 2 x 107°
240py 6x108 7x10% 5x107 1x10% 3x10° 5 x 1070
241py, 51077 - 2x108 1x10% 3x100 9x10°° 9 x 1075
106, (b) 3y 10711 3 x 10°* gx 10011 2x10°%  3x107?
L5lgy 9x 106  2x10 1x 107
905 (b) gy 10+ 3x10% 9x10% 5x103 9xw?  1x10
- 997¢ 4x 1077 . 3x10°8 4 x 1077
93z 6x 1008 1 x 1078 7 x 1078

{a) Based on Rockwell 1985
(b) Does not include act1v1ty of short-]1ved daughters in equ111br1um with
parent “radionuclide. Daughters are accounted for in dose ca1cu1at10ns.
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10"5.C1/yr of beta ﬁctfvity. Duration of emissions and operations leading to emissions vary
with the waste class. It is assumed that tank waste would be processed-over an 18-year
period, with most emissions coming from efther vitrification or tank ventf]affon. Carbon
emissions would also be significant during hydrau]ic sluicing-and ruthenium emissions during
feed preparatioﬁ. Emissions dﬁe to TRU-éontaminated_soi] sites ‘and pre-1970 buried TRU solid
waste would Targely arise over a 20—yéar period from the waste processing facility. However,
tritium emissions from solid waste sites would occur primarily during waste retrieval. Emis-
sion during processing of retrievably stored and newly generated TRU waste would be_rdughiy
equal from the Waste Receiving and Processing Facility and from the waste processing:faci11ty
used for caisson waste. Each facility would qpérate for about 12 years.

No contaminated iiquid releases are anticipated for the geologic disposal alternative.

Although the majority of radivactive material would be sent to a geologic repository,
same, from most of thé waste classes, would remain on. site. Tank waste would be divided
between glass canisters being sent to geologic disposal and grout retained on site. Some
waste would not be retrieved from its current_location, but would remain as residue in tanks,
TRU-contaminated soil sites, or pre-19706 TRU sotid waste burial sites. Residual activity at
current ﬁaste sites is expected to be greatest for single-shell tanks (5% of original) and
Teast for doubTe-shell tanks {0.05% of original). Essentially no residual onsite radiocactiv-
ity 1s expected for strontium and cesium capsules or for retrievable and newly generated TRU
solid waste. Estimated compositions of final waste forms {glass, grout, and stag) are iisted
in Table B.2.

The average concentration of albha-eﬁitting TRU radionuciides in the grout would be
about 0,004 Ci/m3 (equivalent to ~3 nCi/g, assuming a grout density of 1.4 g/gm3). Since it
would not be practical to make a uniform blend of all waste that goes into the grout, and
since c1add1ng removal waste or other waste may be TRU waste streams, individual ‘grout
batches may have a higher-than-average TRU concentration. If the TRU concentration in
cladding waste could be reduced significantly, the chance for higher TRU concentrations in
grout would reduce apprecfabTy. Blending with the large volume of grout from existing tank
waste would also reduce TRU concentrations to low levels.

B.2.2 In-Place Stabilization and Disposal

Material would be stabilized in its present Tocation if practicable. Some processing
and relocation of waste would be required to achieve the desired Tevel of stabilization.
Each site containing residual: HLW or TRU waste would be covered with a protective barrier and
marker system (Section B:1.4.3} to isolate the site from the environment.

Waste in single-shell taﬁks would be left in place, and dried as required to achieve
adequate ‘stability. Void space in the tank would be filled and surface-accessible dome
penetrations would be sealed (Section B.1.4.1).

Immediate installation of barriers is a problem for approximately 12 tanks in A, C, and
SX farms since these tanks may reach unacceptably high temperatures. Deferral of barrier
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TABLE B,Z2. -Avera?e Composition of Final Waste Forms for Geologic Disposal Alternative,

Ci/m
Existing : Future o
o Tank Waste(P) ) Tank waste(c) TRU Soi1 plus Pre-lgzg
Nuclide - Grout Glass Grout Glass .TRU S01id Waste Sites )
2 pn 3x 1004 4 3 x 1072 2 x 102 2 x 107!
l4¢ 7 x 1073, 3 x 1073 _ 2 x 1075
137gg(e) 34100 2x108 2x 100 2x 10t 4 x 1071
3y 7 x 1072
129; 6 x 1075 1 x 1074
W75 ' 2 x 1071 2 x 103
238, 3x10°% 4x102 1x10% 1x 107t 2 x 10°%
239, 1x10°% 2. 2x10% 2 6 x 107
240p,, 4x 1085 ax10l 6x100% 6x 107! 1 x 1071
2y, o 35107t g 2 x 1073 2 4 x 107!
106p,(e) " 8 x 1077 s5x100° 7x10] 3x103 3 x 1077
len 5 x1073 7x10!  z2x1002 2 x 102
0g.(e) 35107l ax103 2 2 x 104 4 x 1071
997c 4 x 1074 2 2x103. 2
937p 3x10° 4x10l 6 9 x 107}

x 1074

(a) Based on Rockweil 1985, To convert from Ci/m3 to nCi/g, muitiply by 714
. for grout or by 357 for glass or slag.
- (b) Volume. of grout would be 736,000 m”; volume of glass would be 12,300'm3 in

19,800 canisters.

(c) Volume of grout would be 99, 000 m3, volume of glass would be 2,050 m in
3,310 canisters.

{d} These two classes af waste wou1d be combined during process1ng, and would
result in 58,000 m” of slag.

{e}. Does not include activity of shert-lived daughters in equilibrium with
parent radionuclide, Daughters are accounted for in dose calculations.

construction over these tanks until the year 2030 would reduce-the number of problem tanks to.

one. This-tank would essentially be disposed of in 2030 by installing barriers and supple-
menting the normal heat dissipation with a system of heat pipes.

Heat pipes would be installed vertically around the outer perimeters of the tank, The
Tower ends of the heat pipes would be Just above the tank base while the tops would extend
above the barriers to dissipate heat into the afr. A total of 102 pipes would be used. The
heat pipe system would be maintained until the decay heat being generated was no longer suf-
ficient to overheat the tank (about 2070). At that time, the pipeé would be sealed or filled
with c¢lean grout, .

Waste in double-shell tanks would be retrieved by hydraulic siuicing (Section B.1.1.2},
HLW would be processed through B Plant and the Waste Encapsulation and Storage Facility for
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cesfum removal and encapsulation. Wastes with high concentrations of organic complexants
would. be. treated to reduce the complexant concentration to an acceptable Tevel (Sec—

tion B.1.2.1). The residues from HLW processing (except the cesium capsu]es) would be com-
bined with residues from organic complexant destruction and all other waste from double-shell
tanks. This combined waste would be processed through the Transportable Grout Faci]ity
(Appendfx D) and disposed of'in near-surface vaults or as fill for void space in tanks.

Based on a preliminary cost and process feasibility analysis, it is assumed that vault dis-
posal would be used, An estimated 29 ha of disposal area would be needed to isolate about
272,000 m> of grout. Emptied double-shell tanks would be filled {Section B.1.4.1) and sealed
to isolate them from the environment. Tank sites and grout disposal sites would be covered
with a protective barrier (Section B.1,4.3),

Strontium and cesium capsules would be retrieved from the water basin beginning about
the year 2010, placed in larger canisters for ease of handiing (Section B.1.3.1), and dis-
posed of in drywells (Section B.1.3.2). For the drywells, the maximum allowahble heat per
canister is 500 W, which corresponds to an average of about two stromtium or four -cesium
capsules per can1ster. The drywells would be covered with the protective barrier (Sec-
tion B.1.4.3). ' |

TRU waste would be left in its current near-éurface locations. As additional éctions,
howevér, all sites would be stabilized either by filling void spaces with grout or by com-
paction of solid waste sites {Section B.1.4.2}). Grout fill would be accomp]ished by injec-
tion of cementitious grout. using mixing tanks, proportioning transfer pumps, hoses, and
pneumatic drills. The stabilized site would be isolated by app11cat1on of a protective bar-
rier (Section B.1.4.3).

Airborne emissions of radioactive materials woh]d occur primarily -during processing of -
tank waste (TabTe B.3). Some emissions would occur .during storage of strontium and cesium
capsuies in water basins, estimated to he 1076 Ci/yr of alpha and 107° Ci/yr of beta activ-

ity. Airborne releases from TRU sites would be negligible in comparison to releases’from

other waste classes.

Oischarges of small amounts of'11qu1d radioactive tank-wastes'(Tab1e B.3), resulting
from waste concentration operations, would occur and would be handlad as any other low-Tevel
liquid waste discharge.

The disposal form would he essent1a11y identical to the- present waste comp051t1on
(Appendix A} for all classes of waste except those in double-shel] tanks. Such wastes would
be converted to grout of the composition shown in Table B.4. ' Ih addition, cesium remaval
would result fn 811 capsules containing 4.7 x 107 ci of 137¢s,  About 0,05% of the or1nga1 '
waste would remain in double-shell tanks. '

B.2.3 Reference Alternative

This alternative combines features of the geologic disposal alternative and the in-place
stabilization and disposal alternative, with some process steps unique to this alternative,
Strontium and cesium capsules and retrievably stored and newly generated contact-handled TRU
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TABLE B.3. Annual Releases of R?dfonuclides, In—P1acé Stabitization aﬁd Disposal

Alternative, Ci Iyr( a
Airborne Emissions Liguid Discharges

Existing Future Existing Future
Nuclide Tank Waste Tank Waste Tank Waste Tank Waste
2815 6 x 1077 2 x 1070 5 x 1074 5 x 1074
14¢ 8 x 1078 2 x10°9 ~ g x 107" 1 x 1074
137¢5(b) 3 4 10°% 3 x 1072 4'x 107! 2 x 1071
3y 3 x 10! 3 x 103
129, 6 x 10710 9 x 10-11 8 x 1070 8 x 107
147pp 3 x 1075 7 x 1073
238p,, 4 x 109 1x 107%. 4 x 1077
239, 2 x 1077 3 x 1078 2 x 1078 8 x 1076
280p, 54 1078 8 x 10-9 4 x 1077 2 x 1076
281py 5 x 1077 2 x 1078 6 x 1076
106p,(b) g 4 30712 8 x 1075 6 x 1072 4 x 107}
Blgn 9 x 1076 2 x 1076 6 x 1073 8 x 107
90g.(b) 7 x 1074 2 x 10-3 4 x 107! 8 x 1072
9r¢ 4 x 1077 3 x 1978 6 x 1073 3 x 1073
P7r 5 x 1078 1 x 1078 4 x 1070 5 x 1078

{a] Based on Rockwell 1985,

(b) Does not dinclude activity of short-1ived daughters in equi-
Tibrium with parent radionuclide. Daughters are accounted for
in dose calculations. :

waste would be handled as in the geologic disposal alternative. (Section B.2.1), Retrievably
stored remotely handied TRU waste in.caissons would be processed in a shielded addition to
the TRU waste processing facility or shipped off site. Waste in single-sheil tanks, TRU-
contaminated soil sites, and most pre-1970 suspect TRY solid waste burial grounds would be
left in place, as for the 1n-h1ace stabilization and disposal alternative, and a barrier and
marker system would -be appiied. Solid wastes in a site outside the 200 Areas (site 618-11)
would be retrieved as in the geologic disposal alternative and processed in the TRU waste
processing facility. A recently completed study (DOE 1986), which examined records of
inactive waste disposal locations on the Hanford Site, showed that two 618 sites (618-1 and
618-2) each contained one gram of plutonium rather than the préviously Tisted 1,000 grams
{Rockwell 1985}, As a result of this Tower quantity, both sites are now designated as low-
Tevel waste (Rockwell 1987),

Processing of wastes in double-shell tanks would be somewhat similar to the geologic
disposal alternative, but with a much smaller amount of processing and new facility
construction. Process steps would be similar to geologic disposal for waste retrieval
(Section B.1.1.2), sludge washing, organic complexant destruction, and cesium removal
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TABLE B.4. Average Radionuclide Content og Gsout for In-Place Stabilization
and Disposal Alternative, Ci/m3.2

NucTide Existing Tank Waste Future Tank Waste
2810 9% 1072 3
e ~1x 102 3 x 1073
13704 (b) 6 x 10l 4 x 10!
3N 2 x 1072
1291 1.x 1074 1x 104
147pn 4 x 10!
238py, 6 x 105 2 x 1073
239py 5 x 10-% 5 x 1072
240p, 1 x 1074 1 x 1072
241p, 2 x 1073 3 x 1072
. 106py (b) 3 x 1076 1 x 102

e 1515, 1 4 ’

- 05 {b) 5 x 101 4 x 102 -

; 997¢ 8 x 1072 5 x 1072

e 93z 1 x 10°3 2 x 1072

e |

(a) Based on 173,000 m3 of grout from existing tank
ws waste and 99,000 m® of grout from future tank
. waste. §r1ved from Rockwell 1985. To convert
i from Ci/m” to nCi/g, multiply by 714,
1 (b) Does. not include activity of short-1ived
g daughters in equiTibrium with parent radionuclide.
Daughters are accounted for in dose calculations.

!"_’P*E. .
L (Section B.1.2.1), However, a much smaller version of the radionuclide concentration -
g facility would suffice, since wastes from single-shell tanks wouid not be processed. In
. o fact, some or all of these waste processing operations may be done in existing facilities

such as B Plant. There would be no récoveny of technetium or strontium, thus minimizing new
construction. The. washed sTudge would be combined with the recovered cesium and converted to
a glass in a smatll vitrification facility (Append1x c). Access1b1e voids in emptied tanks
would be filled with gravel (Section B.1.4.1) or other material, and dome penetrations into-.
the tanks would be sealed.

Most releases of radioactive material would occur when processing wastes stored in tanks
(Table 3'5) Most of the gaseous releases from existing tank waste would occur over a
4D-year period from tank ventilation systems, and releases from future tank wastes would
occur over a b-year period during all phases of waste retrieval and processing. Liquid
discharges would occur as a result of evaporation to obtain a concentrated feed for grout.
preparation and disposal. HNo significant releases are anticipated from other classes of
waste,
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_TABLE-B.S. Annual Operational Releases of Radionuclides, Reference or Preferred
' Alternative, Cifyr'd B T ,

Airborne Emissions. ¢ Liquid Discharges

Existing . Future = . Existing Future
Nuclide Tank Waste: Tank Waste’ Tank Waste Tank Waste
2A1pm 6 x 1077 2 x 1076 6 x 107 2 x 107
L4¢ 8 x 1078 7 x 107} 8 x 1074 2 x 1075
137¢5{b) 3 4 107 3% 1072 . 4107} 5 x 102
3y | ‘ 9 ' 9 x 102
1297 6 x 10710 5 x 1076 8 x 1076 2 x 1076
137pg o 3 % 1070 2 x 1073
238p,, 4 x 1079 2 x 1072 6 x 1078 7 x 1078
23%,, 2 x 1077 3x108  2x10° 1 x 1078
240p,, 6 x 1078 8 x 1077 4 x 1077 4 x 1077
28 py 5 x 1077 2 x 1078 9 x 107 1 x 1075,
106p,(b) 3 10711 6 x 107 6 x 1079 1 x 1070
151gn 1 x 107° 3 x 1070 6 x 1073 2 x 1074
90s;. 8 x 1074 2 x 1073 4% 1071 2 x 1072
99rc 4 x 1077 3 x 1078 6 x 1073 9 x 1074
937r 5 x 1078 2 x 1078 4 x 1076 1 x 1075

{a) Based on'Rockwell 1985.

(o) Does not include activity of short 11ved daughters in
equilibrium with parent rad1onuc11de. Daughters are accounted
for in dose calculations. A ’

Doubte- she11 tank waste would be dtsposed of as grout containing low concentrations of
radioactive mater1ais and as a much smaller volume of g1ass conta1n1ng the bulk of the
radioactive materials (Tab]e B.6). Assum1ng a grout dens1ty of 1.4 g/cm , the average TRU..
content of grout would be about 6 nC1/g for existing tank waste and 80 nCi/g for future tank
waste. During processjng, a uniform blend of the two waste types would be produced that
would contain about 30 nCi TRU/g. This TRU concentration is much Tower than the concentra-
tion in the average TRU-contaminated soil_site; The remaining waste classes would be
disposed of in a £inal form similar to their current form.

B.2.4 WNo Disposal Action {Cont1nued Storage)

Wastes would be 1eft in place to the extent practicable, and oniy thase actions wou]d be
undertaken that were necessary to ensure safe interim storage. No actions wou]d be taken
that would make future waste retrieval or disposal more difficult.

' Prthcipol actions would relate to 11quids-essociated with certain wdste classes.
Double-shell tanks contain large volumés of liquid, and leaks through both of the steel
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TABLE B.6. Radionuclide Content of

Firal Disposal Forms fog(gﬁference or Preferred

Alternative Applied to Double-Shell Tanks, Ci/m

TanEx;::gn?b} T e (c)

: e . ank Waste
NucTide Grout Glass Grout Glass
241pn 9 x 103 5 x 10l 1x 1071 g4 102
14¢ 1 x 102 © o 3x 1073

B37a5(d) 5 4 10! 4 x 101 1 x 105
3y 2 x 1072

129, 1 x 1074 1 x 1074

147p, 1 1 x 104
238p,, 6x10%° 35102 2,104 gy gL
239, 5x 107 3x 1070 54103 14 1ol
240p,, 1x100% 8x102 14103 3

281py 2y 107 4x 100 g

1060y (d) 1 4106 g, 1074 g4 10l 1 x 10%
151g, 1x 107! 54 102 1x 1071 14 103
90g.(d) 5 3x 104 1y 10! 1 x 10°
997c 8 x 1072 5 x 1072

93z 1x100% 55100 14103

(a) Based on Rockwell
nCi/g, multiply by

(b) Based on 173,000 m° of grout and 293 p

473 canisters,

(¢) Based on 99,000 m3
595 canisters.

{d) Does not include a
in equilibrium wit
are accounted for

1985, To convert from Ci/m3 to
714 for grout or 35% for glass.
of glass n

of grout and 369 m3 of glass. in
ctivity of short-1ived daughters

h parent radionuciide. Daughters
in dose calculations.

Tiners could result in release of the lig
tanks would continue, and the wastes woul
design life of the tanks was exceeded, §
basins, and loss of water.ffom the basins
capsules would be movaed to dry storage be

exceeded.

Other waste classes would be monitor
safety for interim storage.

Most of the emissions would occur fr
with lesser amounts from hydraulic sluici

uid wastes to the environment. Monitoring of the

d be transferred to replacement tanks befare the

trontium and cesium capsules are stored in water
could increase the temperature of capsules. The

fore the design Tife of the water basins was
ed and maintained as necessary to ensure continued

om waste tanks during storage {forced ventilation)

ng, and evaporation. Airborne emissions from

existing waste tanks would oceur primarily during the 100-year period -of tank breathing

ventilation.  Emissions from future tank

waste would be distributed among all phasas of the
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operatioﬁs. A11 Tiquid discharges from both existing and future tank waste would occur as &
result of evaporation to remove the dilution water used in transferr1ng wasfes to rep]acement
tanks, Table B.7 shows the expected annual’ releases,

TABLE B.7. Annual Releases of Rad1oact1v1ty, Continued Storage Alternative, Ci lyr(a)

Airborne Emissions L1qu1d Discharges

Existing . Future Ex{sting - Future
Nuclide Tank Waste: . Tank Waste Tank Haste Tank Waste
2l am 6 x 10°7 2x 1076 gx10% 7 x1073
Lag 8 x 1078 1 x 1079 8 x 1074 7 x 1070
137¢5(b) 3 4 1074 3 x 1074 4 x 1071 1
3y ' 1 x 10! 1x 10°
129y 6 x 10-10 7-x 10-11 8 x 1076 3 x 106
147py, 2 x 1070 : 7 x 1072
238p,, 4 x 1079 1 x 10°9 2 x 1077 4 x 1078
239p, 2 x 1077 2 x 1078 2 x106 . g9x 10
240p, 6 x 10-8 6 x 1079 4 x 1077 2 x 1078
241py 5 x 1077 2 x 1078 8 x 1076 6 x 1072
106Ru(b) 9 x 10-12 6 x 1072 6 x 1079 2 % 10."1
Blsn  9x 108 2 x 1078 6 x 1073 7 x 1073
905 (b) 7 x 1074 2 x 1074 4 x 101 7 x 1071
997¢ 4 x 1077 3 x 1078 6 x 10=3 1 x 1973
Bzr 5 x 1078 w18 axf T4 x 1070

{a) Based on Rockwell 1985,

(b} Does not include activity of short-Tived daughters in
equ111br1um with parent radionuclide., Daughters are accounted
for in dose calculations.

A1l of the waste classes would retain essentially the same chemical composition and
radionuclide content described in Appendix A, :

8.2.5 Preferred Alternative

This alternative comb1nes features of the reference a1ternat1ve and a deferred decision
on disposal action. Existing tank waste in double- she11 tanks, future tank waste, stront1gm
and cesium capsules and retrievably stored and newly generated TRU solid waste would be
handled as in the reference alternative (Section B.2.3). The low-activity fraction of
double-shell tank waste would be solidified in a cement-based grout'and disposed of near
surface in double-lined vaults, specially designed to meet RCRA and Tong-term performance
requirements. Waste in single-shell tanks, TRU-contaminated soil sites, and pre-1970 buried
suspect. TRU-contaminated solid wastes (except the 61B-11 site) would be left in place pending
decision between geologic dispesal and in-place stabilization and disposal.. Before a finai
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decision is made, these latter wastes will continue to be stored and maintained under the no -
disposal action alternative in the short term.

Releases of radioactive material would be as described in Section B.2.3 and listed in
Table B.5.

Waste forms for final dispbsaT would be as described in Section B.2.3 and tisted in
Table B.6.
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APPENDIX C

HANFORD WASTE VITRIFICATION PLANT
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The turntable system receives empty canisters, rotates canisters to the me1fer discharge
port for filling, and holds the canisters during cooldown. Fol}owing cooldown, which will
typically take between 36 and 72 hr, the filled canisters are removed from the turntable and
transferred to a canister welding and inspection station where a 1id is welded onto. the waste
canister and the weld is inspected., Following acceptance of the 1id weld and before removal
from the process cell, the canister is moved to a decontamination system for initial decon-
tamination. After initial decontamination, the canister is transferred %o a2 final deconta-
mination station after which it will be transported to the facility's Tnterim canister
storage area, The HWYP design includes an in-cell crane to move canisters through the vitri-
fication process within the melter and decontamination celt. The facility design also
includes equipment to move canisters to various process cells and in and out of the interim
canister storage area. '

0ff gas from the me!tef is routed to a process off-gas treatment system. The process
off-gas system will remove condensibles, heat, particles, volatile radionuclides, and chemi-
cals from the melter off gas prior to release to the facility ventiTation exhaust system.
The system will decontaminate the melter off gas so component concentrations at the stack,
following filtration in the facility exhaust system, will meet release requirements such that
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resulting doses would be less than the standard in EPA's 40 CFR 61 subpart H of 0.025 rem/yr
to the total body and 0.075 rem/yr to any organ of a member of the public. The'process off=-
gas system also provides the vacuum operating conditions required by the melter and ‘all
components within the vitrification off-gas system. Condensate collected from-the process
off-gas system will be recycled to the waste féed concentration system and blended with

incoming waste feed.

C.4 HWVP WASTE FORM

A variety of waste forms have been evaluated by DOE to select an acceptable waste form
for high-level waste:. Both borosilicate glass and crystailine ceramic waste forms were
identified as having the highest potential for success for immabilization of high-Tevel waste
for disposal in a geologic repository (DOE 1982b). Evaluatien showed'that environmental
effects resulting from disposal of the Salt Rebosjtory Project (SRP) HLW would not differ
significant]y between the two waste forms (OOE 1982b). Borgsilicate glass was selected for
the Defense Waste Procéssing Facility (DWPF) at SRP és the preferred waste form because
process complexity, development requirements, .and progrémmatic costs would.be less for the
barosilicate gTass than for the crystalline cerahic. Furthermore, West Valley has selected
borosilicate glass as the waste form for high«]eﬁel_waste stored at that facility (DOE 1983).

Atthough not yet explicitly defined, the expected properties of the'HHVP borosilicate
glass can be compared with the DWPF borosilicate glass. Favorable results from a comparison
between the HWVP glass and'the DWPF glass would then indicéte that HWVP glass would be an
acceptable waste form. Utilization of borosilicate gtass at HWVP will minimize differences
in waste forms and ‘thereby simplify. demonstration of compliance to geologic disposal cri-
teria. Furthermore, HWVP will be able to rely upon the technology and information developed
from the DWPF and West Valley experience. .

Properties that help determine acceptability of the waste form are its leachability,
mechanical strength, and- thermal stability. These properties are compared to the SRP glass
as follows: '

e Jleachability - The leachability of the DWPF glass is described in the waste form
selection Environmental Assessment. (DOE 1982b) in terms of the normalized, steady-
state leach rates of strontium,. cesium, and piutonium. At the cited glass

1 and at steady state, solubility effects

area-to-teachant volume ratic of 0.1 cm”
ténd to constrain the leach rate of plutonium, which has a very low solubility,
and of the alkaline-earth elements (e.g., stfontium), whose . concentrations in
leachants tend to decrease with time (McVay 1980). Cesium, unlike other alkali
metals, also has a decreasing concentration with time in static Teach tests.
Solubility effects will similarly constrain the Jeach-.rates of .strontium, cesium,

and plutonium from a HWYP glass (McVay 1980).

Chick et al. (1984) found that the JTeachability of simulated nuclear waste
glasses was insensitive to small variations in major giass components if the
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required processing properties such as melt v15c051ty and electrical conduct1v1ty;
were maintained. Because the major glass components of the HwVpP g]ass are very
similar to the major DWPF glass components, the durability of the HWVP waste form
is-expected to be:comparable to the DWPF glass.

e mechanical strength - Wald et'a1. (1930} found'that the tepstie strehgth of a
simuTated HLW glass, deSTgnated PNL 76-68 (Mendel 1978), was s1gn1f?cant1y greater '
than for several other waste forms tested, 1nc1ud1ng g]ass ceramic, cement, super
calcine, and 51ntered materials. The standard deviation 1n the measurements wWas
about 17%, due mainly to the distribution of defects in the waste form. Given the
compositiona1 similarity between HWVP glass and DWPF glass, the difference in
mechanical strength between them will be small,

e thermal stability - Chick and Turcotte (1983)'fbund'that the effect of devitrifi-
cation on leachability was not a strOng'function-of glass composition, except for
a high zinc glass. Specifically, a high iron glass, designated PNL 76-68 (Hendel
1978}, and a rare earth glass, designated PNL 77-260 {Slate et a1 1981), h .
similar increases in leach rate after ma x i mum dev1tr1f1cation was 1nduced and‘fni
each case the increase was about a factor of three. o

The same factor-of-three ﬁncrease in Tleach rates was also observed in DWPF g!aes with
40 wt% devitrification (Jantzen, Bickford and Karrater 1984), The time-temperature-
transformation (TTT}) cUrves'associated‘with the devitrified DWPF glass are very simifar to‘
the TTT curve generated for the HWVP glass (Mitchell 1986). Therefore, given the eimi1arity'
of the compositions and TTT curves of the DWPF and HWWP waste fprms, the thermal stability
and resulting durability of the two waste forms should be comparable. '

The decay heat in the HWVP canister is a function of the following factors:
e glass content in the canister
e waste content in the glass
¢ waste composat1on *
. age of the waste.

. The ea]culeted maximum canister-heat generation rate, based upon the reference HWVP
waste composition, is 1,400 watts per canister (Mitchell 1986), The 490°C glass transition
temperature reduced by a safety margin of 100°C (i.e.; 390°C) is the current seTected-upper
waste form temperature 1imit at the time of shipment. For a reference thermal output of -
1,400 watts per canister, the in~-celi can15ter centerline temperature will be about 130°C
after 1n1t1a1 cooldown. Moreover, canlster thermal outputs of up to 6,500 watts can be_
achieved before the canister centerline temperature exceeds 390°C. Draft criteria for
commercial HLW ca@nister acceptance at the Basalt Waste Isoiation Prpject (BNIP)'refer_to a
maximum decay heat of 2500 watts per canister (Rockwe11 1983) “The meximUmtentitipated HWVP
can1ster decay heat is below this commerc1a1 ltmtt. ' ' ' o
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C.5 MASTE FEEDSTREAMS

Waste streams will be routed from various storage areas at Hanford to B Plant -for
pretreatment before being sent to the HWVP for vitri?ication. in the B Plant, soluble salts
will be removed and organic compiexants will be destroyed. Waste stream pretfeatment will
also remove the Tow-level waste Traction separated in the sludge washing step. The remaining
high-activity wastes will be blended and accumutated in HWVP feed tanks that are below-
ground, double-shell storage tanks in the 200 East Area. The Eemoved 1ow—1eveT_wastes and
soluble salts will be routed for disposal in grout. These pretreatment steps are required
prior to processing in the HWVP to concentrate the feed. The pretreatment process will yield
a waste feed that will provide maximum waste 10ading_in the glass. Wastes to be pretreated
include: :

o neutralized current acid waste {NCAW)

e TRU solids from cladding removal waste (CRW}
e Plutonium Finishing Plant {PFP) wastes

‘e double-shell slurry (DSS)

e complexed concentrate (CC).

€.5.1 Waste Pretreatment Operations

Pretreatment operations, as well as glass and grout immobilization operations, are
presented in FiguFé C.7 which indicates two segregated feedstreams (b]ended NCAW-CRW and
complexant'TRU solids from concentrates) entering the HWVP. Current planning assumes that
thesé two streams will be vitrified in separate operating'tampaigns Tasting several years
each. -

The first feed composite 1ikely to be vitrified, the NCAW-CRW blend, is composed pri-
marily of TRU-bearing sludge from neutralized current acid waste (NCAW) generated in the
PUREX process. This sludge will have been washed in 8 Plant to keep soluble salts
(Na+, A103, SUE, NO3) from entering the vitrification process and, hence, minimizing thg .
volume of glass requiring disposal. As indicated in Figure C,7, two other relatively small
waste streams will be blended with the washed NCAW sludge. These two waste streams consist
of 1} LaF3-TRU solids in a slurry resulting from the reaction of LaF3_with PUREX c1add1hg
removal waste for the purpose of removing plutonium and americium contaminants, and 2) cesium
crude concentrate in a concentrated solution of sodium and cesium carbonates resulting from
the separation (via ion-exchange processing in B Plant) of radiocesium from the NCAW
supernate and s]udgé wash solutions. . )

The second vitrification feed composite is expected to be a blend of complexed cencen-
trate (cc) wastes and the TRU solids separated from future Plutonium Finishing'P1ant {PFP}
wastes, Before :blending, the CC wastes will be treated to destroy the organic complexants.
Alternatives for complexant destruction include ozonization, peroxide oxidation, or pres-
surized agueous combustion. A second option being investigated is to remove the TRU through
solvent extraction. A 5-year to l0-year development period is expected for the solvent
extraction or organic complexant destruction method selected. The resulting waste blend is,
therefore, not projected to be generated until after 1995 and, thus, may be scheduled as the
second major vitrification campaign.
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C.5.2 Composite Waste Characteristics

Total oxide mass and composition of major chemical components for the first composite
HWVP feédstream (NCAW-CRW sludge + Cesium concentrate} are given in Table C.l. Volume
projections for the composite waste are similar to volumes expected for unwashed, aged NCAW
{830 L/MTU).

TABLE C.1. Composite 1 Feedstream (NCAW-CRW Sludge + Cesium Concentrate)(2)

Average Wi. Percent Waste Oxides

Component © Scenario AP/ Scenario B\®/
AT,0 : 20 - 21
Na20 11 11
Fe,03 , 42 30
si0," 2.6 3.0
50,° 0.86 0.33
. F ’ 0.588 0.38
FPO 9.2 - 12
s 5
L tocte’ 2.8 -
) . CP203 5.1 4.4
& ~NiD 2.2 2.6
| r0, . 2.4 3.7
& - Oxides {Ca, Be, Cu, 4.3
- : Mg, Mn, Mo)
= o Ndy03 0.22 0
. Lay0y ' 0.63 ~0
- . Pul, 0.005 ~0
i Amy04 0.015 ~0
_ NpO, 0.11 ~0
- S U0 | 0,72 7,4
Ea - Total t waste oxides 230(¢) 210Ze)
- {includes F~ and TOC)
. o (a) Rockwell 1985,

(b) Scenario A: PUREX runs ferrous sulfamate flowsheet
s from late 1983 to early 1996. '

: - {c¢) Scenario B: PUREX runs ferrous sulfamate flowsheet
G o from late 1983 to early 1986. Hydroxylamine nitrate

o flowsheet from early 1986 to early 1996, Waste oxides

~contribution from CRW-TRU concentrate stream assumed
negtigible due to small fraction of CRW requiring
treatment. :
Total organic carbon {(TOC).
Waste oxides in glass are less than these values due
to volatilization of F~ and TOC.

]
St et

Cbmparab]é:data'fdr the second HWVP composite feedstream (TRU solids from complexant
concentrates plus PFP TRU concentrate) are given in Table c.2.

It should be noted that the waste compositions described in Tables C.1 and C.2 ‘are not
HWYP design base feed compositions, but rather they represent the average of several feed-
streams. -Two pessible compositions are shown for composite 1 feedstream. This reflects
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TABLE C.2. Composite 2 Feedstream (?oTpIexant TRU Cencentration
and PFP TRU Concentrate)'d/

Average wt%

Component Haste Oxides
Feo0s 63.0
Al,04 18.0
MG . 4.3
CaFy 4,3
MgO. 3.4
Na,0 3.1
NaF <0.1
Na,Sdy <0,1
Puds, - - <0.1
Amy04 ' <0,1
U30g - 3.8
Total Waste Oxides 280

uncertainties associated with future PUREX treatment chemistries and the potential need to
modify the PUREX chemistry to reduce sulfate anion entering the glass melter.

C.6 RESQURCE REQUIREMENTS FOR HWYP

Major resource requirements expected for construction of HWVYP are listed in Table C.3.
This table gives total requirement estimates for personnel, water, energy, and materials,
Annual personnel, water, energy, and materials requirements for the operation of HWVP are
given in Table C.4, -

~ No natural resources are significantly timited or stressed by the requirements of the
HWVP facility. '

C.7 RADIOLOGICAL IMPACTS AND EMISSIONS

Dose commitments to the general population and to the maximally exposed individual from .
routine operations of the HWVP are presented in Tap1es C.5 through C.8. Doses.are much less
than those permitted by EPA's 40 CFR. 61, 0.0ZS.rem/yr to the total body and 0.075 rem/yr to
any organ of a member of the public. Impacts‘were calculated for existing and future tank
waste over the operational period. Calculated doses are from estimated exposure during feed
preparation and vitrification processes and are presented for l-year and 70-year epréure
periods. For comparison, the offsite popu1at10n near Hanford recefvés about 25,000 man-rem
per year from naturally occurring sources.

Annual radiological emissions during the operational period are shown in Table C.9.
Projected radiological emissions would not exceed applicable guidelines. These emissions,

" averaged over the facilities' design 1ives for long-term dose calculations, are based on
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TABLE C.3. Total Resource Requirements for Construction of iy (2)

Resource Requirements

Personnel, man-yr 3,100
Land, ha 1
Water, m° 15,000
Energy Consumed:{b)
Electrical, Gkh 9
Propane, m 16,000
Diesel, m 3,200
Gasoline, m° 2,100
Materials: '
Concrete, m3 33,000
Steel, t - 6,300
: tainless Steel:
e Iron, t 900
Vel Chrome, t 200
. Nickel, t . 100
& Copper, t 300
e Lumber, m o _ 3,600
Argon, m3 ’ © 1,200
e ' {a) Material requirements derived directly
. from RHO-SD-461-PCR-001 (Shah 1983).
g, - (b) Energy related resource values and
associated emissions, such as €0 or
J— particulates, are scaled .from project
_ capital costs ($281M assumed} using
o standard factors. These values may be
‘ refined as the HWVP design progresses.
i preliminary flowsheets and engineering assumptions regarding radionuctide partitioning {Shah

1983; Rockwell 1985), Emissions of specific radionuclides shown in Table C.9 may be higher
or lower, depending on final plant &esign and preprocessing efficiencies. Also, peaks and
vaileys around these average annual values will occur over the plant lifetime because the
values assumed for calculations are based on an average waste stream, rather than on maximum:
values {as would be used vor shielding design or permitting purposes). In no case would
emissions exceed regulatory limits., That is, no member of the public would be exposed to
greater than the EPA standard of 0.025 rem/yr total body (40 CFR 61 subpart H).
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TABLE C.4. Annual Resource Requirements for Operation of HWVP

Resource Requirements

Personnel, man-yr 86
Water Consumed, m 2.6 x 10°
Energy Consumed:
Electrical, GWh 13
Propane, s 520
Diesel, m® ola)
" Coal, t 2,100
Materials:
Steel, t 60
NaOH, t 24
Glass Frit, t ’ 180

-{a) Canister transportation not incTuded.

TABLE C.5. Population Total-Body Dose Commitments (man-rem) from Feed

Preparation and Vitrification of Existing Tank Waste

Exposure. Period

Pathway 1 yr 70 yr
Air Submersion - 4,0 x 10019 2.9 x 1077
Inhalation 1.0x 100  5.05x 107

Terrestrial {air paths) - 2.0 x 10°® 1.0 x 107%

Total Doses > 3.0 x 1076 1.,0x 107

TABLE

C.6.

Maximum Individual Total-Body Dose Commitment (rem) from
Feed Preparation and Yitrification of Existing Tank Waste

. Exposure Period

Pathway T yr 70 yr
Air Submersion ' 3.2 x 10715 1.6 x 10°14 ‘ |
Inhalation 8.3 x 10712 2.2 x 1074 :

Terrestrial (air paths) 3.5 x 10711 1.8 x 19-9

Total Doses 4,3 x 10-11 1.8 x 1072

c.16




TABLE C.7. Population Total-Body Dose Commitments {man-rem)} from
Feed Preparation and Vitrification of Future Tank HWaste

Exposure Period

Pathway 1 yr 70 vr
Air Submersion 1 x 1072 4 x 107°°
Inhalation 3% 1073 9 x 1073
Terrestrial {air paths) 1 x 1072 3 x 1071
Total Doses 2 x 1072 3 x 1071

TABLE C.8. Maximum Individual Total-Body Dose Commitment (rem) from
Feed Preparation and Vitrification of Future Tank Waste

Exposure Period
Pathway -1 yr 70 yr
= : : 10 10
Air Submersion 1 x 10 3 x 10
& _ Inhalation 2x 108  7x108
— Terrestrial (air paths) 2 x 10~7 4 x 10'5
- Total Doses 2 x 1077 4 x 1076
e
- TABLE C.%9. Apnual Routine Radiological Emissions from
T, Operation of HWVP
. Radionuclide ' Emissions, Ci/yr
. 34 : 0.4
e L4 : 1.0
e 905 _ 2 x 107
. 106p,, 1 x 1073
%5y 129; . 7 % 1076
137¢s _ _ 2 x 107
144c, 6 x 1074
239’240Pu 2 % 10—8
241 1 x 1070

C.8 NONRADIDLOGICAL EMISSIONS

Nonrédio1bgica1 emissions from construction and operation of HWVP are shown 1in
Tab]es.C.IO and C.11, respectively. These emissions -reflect a case where the HWVP is
processing NCAW sTudge {plus cesium concentfate) at an annual glass productibn rate of 170 to
240 t glass per year {i.e., 30 kg to 45 kg glass/hr, 60% time operating éfficiency Wfth an




it

‘ i

TABLE C.10. Total Nonradiological Emission Estimates
: for Construction of HWVP

Pollutant Emissions (@)
" Particulates, t . .24
: SOX, t . . 18
co, t 300
HC, t ' 36
NDX,.t _ _ 240
Fugitive Dust, t . 130
Thermal, TJ ' 810

- - (a) Emissions are derived from energy.
© resource consumption estimates. .
These values may be refined as the
. HWVP design progresses.

TABLE C.11. Annual. Nonradiological Emission Estimates
for Operation of HWVP

Pollutant . . Emissions(2)
Particulates, kg 930
S0, kg o .. 15,000
C0, kg . , - 1,400
€0,, kg SR 6,000
Hydrocarbons, kg - 360
No, (ND,), kg _ 6,200
Fys kg 21
Thermal, ‘Td ) 190

‘(a) Calculation based-on 240 t of glass/yr
for HWVP. These values will be refined
as the HWVP design progresses,

upward design envelope of 100'kg/hr) {Rockwell 1987). For perspective, this represents
between 2,300'MTU and 3;450'MTU df N Reactor fuel processed through PUREX. ,Nofe that these
emissions, averaged over the facilities' design lives, are based on. preliminary flowsheets
and engineering'assumptions (Shah 1983; Rockwell 1985).' Emissions of specific po]Iutanfé
shown in this appehdix may be either higher or 1qwer; depending on final plant design,

~ process flowsheets, preprocessing efficiencies, waste streams, and melter throughput. Also,

peaks and valleys around these average annual values will occur over the plant lifetime as




the emissfons shown are based on continuous dperations. 1In no case would emissions exceed
éppiicable state and federal regulations or DOE guidelines. The HWVP will be designed and
operated in full compliance with applicable hazardous waste regulations.

C.9 COST REQUIREMENTS FOR HWYP

The total design and construction cost for the HWVP facility is expected to be $920 mil-

~ lion, escalated to the midpoint of design and construction activities (about 1993). This

cost translates into $700 million in 1987 doilars. {The design and construction costs
include a contingency factor that must be removed before further escalations or adjustments
are made, and then the contingency factor must be reapplied.) The capital equipment (not
related to construction} costs are estimated at $13 million in 1987 dollars. Prestartup
expenses, including technology support and operations expenses, are estimated to be $225 mit-
lion in 1987 dollars. The annual operating cost for. facility operation is estimated to be
$40 million in 1987 dollars. The cost to decontaminate and decommission the HWYP at the end
of operation is estimated at 20% of construction cost.
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APPERDIX D

TRANSPORTABLE GROUT FACILITY

The purpose of the Transportable Grout Facility (TGF) is to make a cementitious grout

waste form of wastes designated for disposal in near-surface disposal sites located in the

200 East Area.
wastes with gro
posal vaults wi
Cement~based sp

A grouted waste slurry would be formed by blending Hanford defense Tiquid
ut-forming solids. The grout slurry would be pumped into near-surface dis-
th greater than 5 m of cover, where it would solidify into Targe monoliths.
Tidification materials have been used for radioactive wastes since the begin-

ning of the nuclear industry in the United States {Kibbey and Godbee 1980) and are, in fact,

used world-wide
{TAEA 1968; Sp
1986},

This appe

« Cement-based processes of solidification/immobilization are well documented
tsyn 1968, EPA 1978, 1980; Kibbey and Godbee 1980; EPRI 1983; Jolley et al.

dix describes the TGF currentTy planned to be used for dispcsal of designated

wastes at Hanford in the reference disposal alternative described in Chapter 3 of the EIS.

Topics addresse
faciiities (0.2
nonradio]ogicaT
a schematic of

D.1 FACILITIES

d include the facilities (Section D.1), their relatiership to other Hanford
¥, the grouting process (D.3)}, waste feedstreams (D.4), resource needs (B,5},
emissions (D.6), radiclogical impacts (D.7), and costs. (D.8). Figure D.1 is
the grout process. '

DESCRIPTION ,

The TGF wq
Facility (DMREH
grout eguipment]
from which the
3,800-m underg
process.

The DMRHF
ids such as Por
power pTantS),

e rail car u
e storage sfi
e solids con
e solids ble
e truck load
A1l DMRHF equip
blended grout-f

The TGE wo
and future oper

uld consist of two facilities: 1) the Dry Materials Receiving and Handling
). where the grout-forming solids would be blended, and 2} the transportabie
{TGE) modutes, where the blended solids would be mixed with liquid waste and
resulting sturry would be pumpéd to the disposal site (ngure D.2). A

round waste storage tank would serve as the Tiquid feed tank for the grout

would inctude Stationary equipment for storing and blending grout-forming sol-
tland cement, blast-furnace slag, fly-ash (waste product from coal-burning

and clays. Equipment associated with the DMRHF would include:

nToading station _ '

Tos {for incoming and blended sofids)

veyers

nding system _

ing statfon (for transport of blended solids to the TGE), _

ment would be operated in a nonradioactive mode. Trucks would transport the
orming solids from the DMRHF to the TGE, '

t1d consist of modules to mix blended solids with liquid wastes from current
ations, including feedstream pretreatment wastes from B Plant, and wastes from
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FIGURE D.1. Schematic of Grout Pracess

the Hanford Waste Vitrification Ptant {HWVP, see Appendix C); HHVP wastes witl toﬁsist of
wastes from canister decontamination, drying of feed material, and off-gas treatment, _The
resulting slurry would then be pumped into the disposal sites. The system of modules would
produce grout slurries safely and efficiently. The TGE would include:

e blended solids feed system (for providIng solids to the grout mixer)

e grout mixing and pumping system

e off-gas exhausters and filters (for removing contaminants from process off gés}

e tanks for additives and decontamination solutions '

_ e standby electric generator

e control room.
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FIGURE D.2. Near-Surface Disposal of Grout

The grout sTurry would be disposed of in prepared disposal vaults designed to ac
date the volume of grout (~5,300 m3) expected from processing all liquid waste in the

commo -

3,800-m3 feed tank. The conceptual vault design is shown in Figure D.3, The vault will be

designed to conform to the technical requirements of the Resource Conservation and Re
Act (RCRA) and Washington Administrative Code (WAC 173-303) for disposal of hazardous
The grout process will meet the permit requirements for WAC 173-303.

D.2 RELATIONSHIP TO OTHER FACILITIES

Waste to be grouted originates from the operation of several existing and future
ties. These wastes will be processed through B Plant for pretreatment as required.
removal waste (CRW) and neutralized current acid waste (NCAW} are generated by PUREX,
shell slurry {DSS} and complexed concentrate (CC) would be obtained from underground
tanks. Customer wastes are low-level wastes generated by the Plutonium Fipishing Pla
B Plant, T Plant, S Plant, the PUREX Plant, N Reactor, and 300-400 Area facilities.
future, customer wastes would include Tow-Tevel liquid wastes from the HWVP. Custome

that have been mixed with other tank wastes are included within the scope of the EIS,
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FIGURE D.3. Grout Disposal Vault Concept .

those customer wastes stored in a separate tank are addréssed in other evaluations (DOE
1986a). The NCAW supernate would be processed in B Plant to remove 137Cs and TRU-bearing
sludge. The *37Cs and sludge would become feed for the HWVP while the remaining waste stream
would be éohcentrated in the 242-A evaporator before it is grouted. - The removal of D3S, CC,
and CRW from doubTle-shell tanks would provide space for storage of future waste or for dis-
posal of solid wastes that require greater confinement. The grout feeds would be routed to
the grout feed tank {initially Tank 102-AP).through an existing system of encased pipe,
diversion hoxes, and vaults. Most laberatory requirements for the grouting operation would
be.met in'§ Plant. -Decontamination and: maintenance of failed equipment would be conducted in
T Plant or the 242-A evaporator building. o

D.3. PROCESS DESCRIPTION

The process for.making grout is depicted in Figure D.1. Figure D.2 shows the grout dis-
posal facility. This process begins with development of a grout: formulatien and procurement
of grout-forming 'solids. Next, the solids are. blended. in the dry state and then are mixed
with the Tiquid waste to form-a grout slurry. The grout 'is then pumped to a disposal vault,
where it solidifies (Figure D.3).

D.3.1. Grout Formula Development

‘The formula developed must be,compatible_with safe and efficient operation of the grout
process and must ensure effective immobi]izaﬁion of the waste for long-term public safety. A
typical grout mixture might consist of Portland cement, a pozzolan (such as fly aéh), clay,
the Tiquid waste and probably one or more chemical admixtures to enhance specific

D.4




characteristics of the grout (Rockwell 1985; Tallent et al. 1985). The propoftions of edch
component can be adjusted to meet various processing and performance requirements.

Processing requirements include physical and rheological characteristics such as criti-
cat flow rate, gel strength, and frictional pressure drop. These requirements are affected
by the amount and type of grout formers used, the presence of entrained air and admixtures,
and the mixture's water content. These characteristics affect the ease of mixihg, pumping
and emplacing of the grout mixture. '

Long-term grout performance depends on such physical and mechanical properties as den-
sity, porosity, compressive strength, thermal expansion, thermal conductivity, and Teachabil-
ity (Young 1982}. 1In addition, the environment in which the waste-form material would be
placed must also be considered (Roy et al. 1980}, To formulate optimal material for a spe-
¢ific site, the probable effects of exposure to the surrounding conditions throughout'thé
required 1ife span must be evaluated. Changes in the grout after curing are expected to
occur slowly and might affect performance. Long-term containment of wastes would be enhanced
by the Hanford Site's arid climate, which limits the mobility of the hazardous chemical and

P radionuclide constituents in the wastes.
Boe, Grout formulas would be tajlored to each type of waste to ensure that a durable, safe
o waste form is created. Tests will be conducted to provide data required to improve assess-
ments of the operational and long-term performance characteristics of each type of grout
R (DOE 1986b). If it is not possible to develop a grout formu]a'adequate for near-surface dis-
i - posal of a particular waste, several options exist: 1} the waste stream may he treated to
remove or neutralize the waste component(s) of concern, 2) the waste stream may be converted
i to borosilicate glass in the Hanford Waste Vitrification Plant, or 3) the waste stream may be
ey converted to another solid form, such as drummed concrete, and disposed of at a federal waste
repository.
D.3.2 Feed-Tank Filling
- Grouting would be conducted in scheduled campaigns that are determined by the capacity
o of the 3,800 m® waste-feed tank and by the capacity of the grout facilities {nominally 0.2 m3
i of grout per min), After initial startup operations, there would be on the average'about

a five grout campaigns per year, each Tasting about 1 month. About 3,800 m3 of waste feed
would be mixed with the grout formers to produce a total grouted waste volume of abouf

5,300 m3 per campaign. At a rate of five campaigns per year, it would take about 20 years of
operations to grout the total volume of the candidate feed waste streams. The resulting
grouted waste volume would be about 4.9 x 10° m3.

A campaign would begin with the filling of the feed tank with 1iquid wastes that have
been determined to be, through prior testing, acceptable for grouting. The contents of  the
tank would be mixed to ensure that the chemical composition falls within predetermined
bounds. A sample of the waste would bé tested before grouting to ensure that the waste and
resultant grout properties fall within acceptablie limits.
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D.3.3 Solids Procurement and Blending

Grout formers such as Portland cement, blast furnace slag, fly ash, and clay would be
procured in large quantities {3.6 million kg) at the beginning of each grouting campaign ‘and
would be transported to the DMRHF in covered hopper railcars or hy truck. These dry, powdery
solids would be pneumatically transferred from the railcars to assigned storage silos. The
storage silos have the capacity to store the dry materials for only one-half of a campaign.
Blending and unloading operations for the second half-campaign would be conducted concur-
rentiy with the grout mixing and pumping operation. ' ‘

The grout formers would be weighed'individua1iy into a solids-blending system operating
on a batch basis. The batch of blended solids would be pneumatically transferred to a stor-
age silo, where it would await transport to the TGE. As needed, the blended grout formers
would be transported by covered hopper trucks to the TGE. There the grout formers would be
unloaded pneumatically into the blended solids feed system which is connected to the trans-
portable grout mixing moduie. {The solids feed system holds about 4 hr of solids at .a nomi-
nal grout production rate of 0.2 m3/m1n.)

Samples of fhe individual grout formers and of the grout formers blend would be tested
routinely for compliance with performance specifications.  Material balances would be main- ~
tained to ensure that grout formers are blended in desired ratios. Samples may be obtained .

from hopper cars, during transfer operations, and from the silos,

P.3.4 Grout Mixing and Pumping -

Liquid waste would be mixed wifh the dry, blended solids in the TGE and bumped to the
disposal facility., Weighing devices with redundant instrumentation would provide assurance
that the solids blend is added at the prescribed'rate. Any significant variances in the feed
rates would rasult in a shutdown of the procéss until the problem is resolved. The pre-
scribed rate, based on the waste Tiquid flow rate, would be typically 1 t of solids per m of -
waste. The volume of grout would be approximately 1.3 times the volume of waste feed.

Liquid waste would be continuously pumped- frem the feed tank through an encased pipe to
the grout mixer., Redundant f]ow meters provide similar assurance that wastes are being
delivered at the prescribed rate. Again, any significant variance -in.the flow rate would -
result in a shutdown of the process until the problem is resolved. Liquid waste and blended
solids would be added -at one end of the continuous mixer. The rotating action of the mixer
paddles would mix the 1iquid and solids into a homogeneous sturry which would be discharged
by gravity at the opposite end of the mixer. If required, chemicals might also be added to
the mixer and/or the waste feed tank to control foaming, grout viscosity, and grout hardening

rates.

The .grout slurry would flow into the intakeend of a progressive-cavity pump.” The grout
would then be pumped through an encased pfpe to a preconstructed, 1ined concrete vault where
the grout slurry would cure to form a solid monolith. Nominal expected pumping pressure
would be about 250 psi. Before it was filled, the vault would be covered with structural and
shielding covers to protebt operating personnel and prevent the release of contaminants.
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High-efficiency particulate air (HEPA} filters, connected to the mixing/pumping module,
wou'ld be used to protect against the release of airborne contamination by pulling air from
contaminated eguipment. Continuous air monitoring would be conducted to detect filter fail-
ure. Activities within the mixing/pumping module will be monitored by television and liquid-
level sensors to permit early detection of pracess problems. Small radicactive spillis and
leaks that may occur would be contained within the modules. Because of these small spills
and leaks, equﬁpment would be periodica]]y flushed and decontaminated. Decqntaminatfon‘so]u-
tions used to clean up spills and leaks would be collected, mixed with grout formers and sim-
ilariy disposed of as grout.

Components of the TGE would eventually wear out and require maintenance or
replacement. A1l waste-processing equipment-in contact with the grout would be designed for
remote replacement, but not for extensive remote maintemance. Difficult maintenance
activities, such as replacement of shaft seals, wiil require that.failed equipment be

replaced or transported to T Plant or the 242-A evaporator building for decontamination and .
maintenance,

In thg event of electric power failure during operation, a standby e]ectricﬁgenerator
would provide emergency power to all equipment required for a safe .and orderly shutdown of
the process.

D.3.5 Selidification

Initial grout solidification (cufing) might take up to 4 weeks, depending on the grout
formuTation and the waste béing grouted. After curing was completed, a nonradioactive grout
slurry would be pumped into the vault to completely fill the vault and seal the radicactive .
grout surface. At a later time, a protective barrfer.and marker system would be placed over
the dispo§a1 vault to protect against intrusion by plants aﬁd animats. The protective -
barrier and marker system is describéd in Appendix M. This system may be modified for
grouted wastes that pose a very low health risk.

The grout waste form, cured and covered with a protective barrier, can be expected to
isolate the waste in the arid Hanford environment for a long time, .Evidence of the longevity
of gfout can be found in ancient structures in Europe (Roy and Langtom 1983}, Cement-based '
structures more thén 3,000 years old are still sfanding. These ancient-analogs provide addi-
tional confidence‘that grouts can be formulated to last for long time periods.

D.4 WASTE FEEDSTREAHS

Grout feedstreams include the Tow-activity fraction of wastes from current Hanford oper-
ations and future low-activity fraction of wastes from pretreatment of waste feedstreams des-
tfnedlfor the HWYP. Wastes are immobilized 1in hydraﬁ]fc cement - based grout in three ways:

1) chemical comb1nat1on or adsorption with the cement constituents to form hydrated com-
pounds, 2} conta1nment in the pore structure of the grout matrix, and 3) mechan1ca1 b1nd1ng
of solid particles by the grout matrix, Some wastes may be difficult to solidify in a grout.
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form due to chemicals in the waste that interfere with grout hardening. In that case, spe-
cial additives may be required to ensure quality grout,” Candidate waste feedstreams for
grouting are shown in Table D.l. Customer waste (CW) is a blend of‘1ow-a6tiv1ty Tiquid.
wastes from several sources. Cladding removal waste, double-shell slurry, neutralized cur-
rent acid waste and complexed concentrate would be treated to separate the soluble salts from
the studge fractions, destroy the organic complexants, and separate out the TRU, if such
steps are required to produce acceptable grouts. The high-activity and transuranic {TRU)
tank waste fractions would be feedstreams for the HWVP, while the Tow-activity fractions
would be feedstreams for grouting.

TABLE D.1. Candidate Wastes for Grduting

Waste Sources
Customer Waste {CW) «B Plant, Z Plant, T Plant, S Plant,
PUREX, HWYP, N Reactor, 30D-400 Areas
Cladding Removal Waste (CRW) - - N Reactor fuel, Shippingport fuel
processing _ .
Double-Shell Sturry (DSS) - Existing waste in double-shell tanks

Neutralized Current Acid Waste (NCAW) Newly generated waste from PUREX
: ' fuel processing

Complexed Concentrate (CC) Existing waste in double-shell tanks

Grouting would be performed on a campaign basis with little blending of waste feeds. In
this way, grout formulations could be tailored to each feedstream to optimize the grout's
processability as well as its chemical and structural properties for inhibiting the release
of nuclides, thereby improving long~term performance,’ '

The compositions of some of the first wastes that would be grouted'are shown in
Table D.2, The estimated volumes are given in Tﬁble D.3. Two cases, Scenario A and Séé-
nario B, are presented in Table D.3. Scenario A:represents no volume reduction of waste
feedstream and would result in the largest volume of grouted waste produced. Scenario B
includes concentration of waste reducing the total volume to be grouted. '

Initial grouting is currently scheduled to begin in 1988 with Tow-level wastes not
within the scope of this EIS, resulting from decontamination operations at'N Reactor (DOE
1986a). Impacts from operatTOns for grouting this material were evaluated (DOE 1986a).
Future grouting actions are expected to utilize the DMRHF and TGE constructed for this low-
level waste. If an additional TGE is required, it would be expected to be similar in design
with incorporation of appropriate technical advances, The second waste stfeam to be grouted
will probably be double-shell sturry (DSS). This waste was generated when a number of dif-
ferent dilute waste streams were concentrated to form a saturated salt slurry. This waste
stream may require further processing to reduce TRU concentratien to <100 nCi TRU/g.
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TABLE 0.2. Typical Composition of Candidate Grout Feedstreams (g/L)

Stream . . ]
Component CHW DSS cc CRW - NCAMW
Nat 23 115 =~ 34 . 115
03 53 1.8 35
NaOH S04 2 1 16 36
NO+NO3 0.54 150 22 150
50,72 0.96 2.9 0.9 19
P0,~3 28 . 85 0.38
00472 8.4 2%
Cro,~2 3.5
F* - . 1.5
NafF - 3.8
NaNO5- : 1.7
o : NH, : 6.8

- o Zr0yeHyh ' 16
NaNO,, - 0.69 _ _ 0.69 _

&y Toc(3) 1.1 3.5 0.03

)
(a) TOC--Total organic carbon.

-

-

) TABLE D.3. Estimated Total Volume of Candidate Grout Feedstreams (m3)
o Feedstream = Scenario A{é) Scenario_B(b)
M oW E 4.2 x 104 1.2 x 10%

o . DSS 1.1 x 10° 1.2 x 10°

. ce 1.4 x 10° 1.5 x 10%

= CRW 8.0 x 10% 5.0 x 104

NCAW 1.1 x 104 1.2 x 104
Total Volume 3.8 x X

10° 2.1 x 10°

{a) Represents no concentration of feedstreams
to reduce waste. volumes to be grouted,
(b} Basis for cost and Fesource estimate
~ presented in text. Assumes that
feedstreams are concentrated to 5 M Na or
50 wt% solids. ’
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Other candidate waste streams for grouting include complexed concentrate (CC), a waste

" concentrated after removing strontium and cesium from high-level waste supernatant; cladding

removal waste {(CRW), a waste generated when cladding s chemically removed from spent

N Reactor fuels (this waste stream may require further processing to reduce TRU Tevels to
<100 nCi TRU/g); and neutralized current acid waste (NCAW) supernatant, a waste stream that
results from the separation of solids and cesium from the high-level waste stream generated

by processing of defense reactor fuel in the PUREX Plant.

Certain chemicals, such as fluorides and organits in CRW, DSS, CC, and NCAW, may retard
the hardening rate of grouts. Additional treatment may be required to remove or neutraiize
these chemicals if grout formulas cannot be developed that ensure acceptable grouts.

D.5 RESQURCE REQUIREMENTS

Resource requirements for grouting Hanford Tiquid wastes are shown in Tables D.4 and
D.5. The resource requirements for construction and operation of the TGF are not considered
significant in that they will not require large quantities of nonrenewable resources,

TABLE D.4. Resource Requirements--TGF Construction

Resource Requirements

Personnel, man-yr 4.2 x 1ol
Land, ha 2.2 x 10!
Water, m3 3;7 X 102
Energy Consumed:
Electrical, GWh 9,0 x 1072
Propane ma 1.6 x 107
Diesel m .. 8.8 x 102
Gasoline m 2.2 x 101
Materials:
Concrete, m: 1.8 x 102
Steel, t 2.7 x 102
Lumber, t 8.0

D.6 NONRADIOLOGICAL EMISSIONS

Nonradiological emissions associated with construction of the TGF, as shown in
Table D.6, include those from the grouting process only. The emissions }isted do not include
those from disposal vault preparation or final grout placement {see Appendix L). The only
nonrad1olog1ca1 emissions expected during operat10n of the TGF are small amounts of fugitive
dust and thermal emissions. Dust reduction systems will be provided in the Dry Materials

0.10




TABLE D.5. Resource Requirements--TGF Operation

Resource Requirements

Persaonnei, man-yr 2.3 x 102
Energy Consumed:
Electrical, GHWh 2.1
Materials:
Cement, t 1.1 x 10°
Fly Ash, t 1.1 x 10°
Clay, t 5.4 x 104

TABLE D.6. Monradiological Emissions--TGF Construction

Pollutant Emissions
o Aldehydes, kg 13
o, ' Particulates, kg 1.3 x 102
. S0,» kg : 1.3 x 102
R co, kg 1.1 x 108
e Hydrocarbons, kg 2.0 x 102
. NO., kg 1.7 x 10°
Thermal, J 2.0 x 1012
e Fugitive [Dust, t 1.2
B
g Receiving and Handling Faciiity (DMRHF) to keep fugitive dust down to insignificant levels.
: None of the nonradiological releases from either construction or operation of the TGF appear
- significant when compared to regulatory limits identified in Chapter 6.
; e D.7 RADIOLOGICAL IMPACTS

Dose commitments to the general population and to the maximally exposed individual for
routine operations under the reference alternative are presented in Tables D.7 through D.10.
Impacts were calcuiated for grouting operations associated with new and existing tank waste
{note that those impacts were calculated using disposal trenches instead of disposal vaults,
The impacts may be reduced by the subsurface disposal vaults with the waste form 5 m or more
deep and covered with a protective barrier). The doses include those from the evaporation
and grouting processes and are presented for exposure periods of one and 70 years. The pro-
jected doses are insignificant in comparison to the dose received from naturally occurring
sources, which contribute 0.1 rem per year for each individual and 42,000 man~rem per year to
the offsite population.
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TASLE D.7. Population Total-Body Dose Commitments. {man-rem) from

‘Eyapbration and Grouting of Existing Tank Waste -

.Exposiure Period

TABLE D.8.

Pathway 1 yr 10 yr
Air Submersion 1.0 x 10711 2.0 x 10°10
Inhalation 2.0 x 1078 5.0 x 107
Terrestrial (air paths) 5.0 x 1008 1,0 x 10°°
Totals . 7.0 x 1078 1.0 x 1072
Maximum Individual Total-Body Dose Commitment {rem) from

Evaporation and Grouting of Existing Tank Waste.

Exposure'Period

Pathway ' 1 yr 70 yr
Air Submersion 9.2 x 10717 159 x 10715
Inhalation = | 1.9 x 10713+ 4.0 x 10712
Terrestrial (air paths) 8.1 x 10713 1.8 x 10710
Totals 1.0 x 10712 1.8 x 10710

TABLE D.9. Population Total-Body Dose Commitments {man-rem) from

Evaporation and Grouting of New Tank Waste

Exposure Period

2.0 x 1073

Pathway 1-yr 70 yr
Ar Submersion 6.0 x 10712 3.0 x 10711
Inhalation - 3.0x 10 2.0 x 1073
Terrestrial {air paths) - 2.0 x 1073 1.0 x 1072
Totals ' 1.0 x 1072
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TABLE D,10. Maximum Individual Totai-Body Dose Commitment (rem) from
Evaporation and Grouting of New Tank HWaste

. : Exposure Period
Pathway 1-yr 70 yr

Air Submersion 4.6 x 10717 2.7 x 10718
Inhalation 2.7 x 1079 1.6 x 1078
Terrestrial (air paths} 2.8 x 1078 1.6 x 1077
Totals 3.1 x 107% 1.8 x 10~/

0.8 COSTS -

Costs for grouting wastes according to the refehence alternative include coﬁstruction,
operation, and decontamination and decommissioning (D&D), as shown in Table D.11. The costs
associated with grouting .are significantly greater than previously estimated in RHO-RE-ST-30 P

TABLE D.11. Cost for Grouting Under the Reference Alternative

Cost, mf]};?ns

Phase of $1987
Construction 400
Operation 270
0&p(b) . 14
Total - 630

{a) Includes costs for research and
development and construction of
protective barriers., Oata apply
to the reference alternative
(Rockwell 1987).

(b} DE&D costs for a facility are

" assumed to be 20% of its
construction cost. -

{Rockwell 1985}, and the reasons for the increase are also discussed by Rockwell (1987). The
increase is primarily due to the costs of vault construction, compared to the earlier trench
design.,

Costs for grouting only SST wastes are shown in Table D.12. The data in Table D,12 are
provided to permit a comparison between the reference and geo1ogic alternatives. Again the
costs include construction, operation, and decontamination and decommissioning. ‘Changes in
grouting requirements delineated for the referénce alternative also apply when estimating
costs for grouting SST waste.
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TABLE D,12. Costs for Grouting Single-Shell Tank - Wastes

Cost, miizgghs'

Phase of $1987
Construction 860
Gperation oo 430
D&D . 40
Total’ - 1,330

{a} Costs jnt!dde'research and develop-
ment costs plus construction costs
for protective barriers.
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APPENDIX E

WASTE RECEIVING AND PROCESSING FACILITY
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FIGURE E.6. WRAP Process Flow Diagram

This RH-TRU waste is expected to be processed and stored with RH-TRU waste_ffom the
decontamination and decommissioning of Hanford facil

disposal.
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E.2 WRAP FACILITY DESCRIPTION

A conceptual floor plan for the WRAP facility is given in Figure E.7. The major areas
are:
e receiving dock
s size-reduction room _ o
o nondestructive assay and examination {NDA/NDE) room
e waste processing room
e shipping dock.

Receiving Dock
Receiving .
Office | 4 N |~
I_Aolcr:k - Box-0Opening
| \Waste- Room
Processing
. Room . \
Nondestructive Air Lock
Assay and o Box
Examination Room ' b Air Lock
Size-
] : Reduction
Restroom | . ~ | ~ Room
[ Laboratory Drum-Curing | . "=——
. Room
: s
~. T \ . .
PN K
Shipping Air.
» Gffice k Lock Shipping Dock
Restroom '

 FIGURE £.7. WRAP Facility Floor Plan

The WRAP facility consists of about 1,700 m2 ﬁf building floor space plus an additional
930 m? of dock space (Rockwell 1985b). The floor plan has been designed to group and cen-
tralize zones with high contamination potential and to separate the docks for waste ‘receiving
and shipping. Zones with high contamination potential are areas of the building where waste
packages are opened and where glove-box, hood or cell operationé are conducted.. Operating
galleries {access hallways) to such areas are also within these zones. Groupfng such areas
together will simplify ventilation system design and minimize air lock requirements. Physi-.
cal separation of the waste-receiving and waste-shipping docks will help prevent inadvertent
mixing of certified and yet-to-be-certified waste package shipments, as might occur on .a
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common receiving/shipping dock. Location of the docks on opposite sides of the facility will
also provide “straight-through" flow paths for waste packages. Figure E.8 depicts the waste
package flow within the WRAP. facility. :

Receiving Dock .

Receiving . l
4

Office - -— . ) e . |~
Air ) ) Box-Opening
1 tock Waste- Room
_Processing

Alr L.ock

Nondestructive
Assay and
Examination Room

|

Box
Air Lock

/7 \ |

Size-
T Reduction

Restroom ' ™~ . I T Room
. l Laboratory i i Drum-Curing -__\..‘_
Change : Room N

N Room ; :
/]Change o — _\ .

‘Room_ Shipping Air :

» . Office k l Lotk . Shipping Dock

Restroom | ;

FIGURE E.8. Waste Package Flow

- E.3 HASTE PROCESS DESCRIPTION

The WRAP faciTity will examine, process, and repackage, as. necessary, 20-year .
retrievabiy'stored TRU (Rockwé]] 1985b). . Both 20-year retrievably stored TRU waste and newly
generated TRU will be certified in the WRAP facility. The WRAP facility waste package flow
is described below.

E.3.1 Receiving Dock
The first step in the waste package flow is off-loading the waste onto the receiving

dock. The dock will be constructed to facilitate. off-Toading of trucks by forklift and pos-
sibly by crane. Once off-loaded, the waste packages will undergo initial inspection to
determine whether incoming wastes meet WIPP criteria or whether further processing is °
required.” For inspection, the receiving dock will be equipped with instruments that measure
surface contamination, surface exposure rates, and physical dimensions. Packages with expo-
sure rates greater than 200 mR/hr will be treated or placed in a canister overpack to reduce

E.7
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_exposure rates., If it is not cost-effective to place waste packages in a canister overpack,

thereby reducing exposure levels below contact handling 1imits, -the waste will be treated as
remote-handied TRU and transferred to remote-handied TRU waste storage.

E.3.2 Size-Reduction Room

Waste packages that exceed WIPP-WAC physical size requirements will be diverted to the
size~reduction room. Here the waste will be repackaged into drums or steel boxes. The size-
reduction area in the WRAP facility will consist of 1) a waste container opening chamber
{box~-opening rodm), é) a waste-entry air lock, and 3) a size-reduction cell. The box-opening
chamber will be equipped with commercially available equipment that will open boxes and
sample for internal airborne contamination. The size-reduction cell will be a Targe
stainless steel enclosure equipped with glove ports and viewing windows., Operations will be
performed both remotely and manuaily. The room will be equipped with a poesitioning table
that rotates horizontally and vertically, manipulators and-cranes, 1ightweight dismantling
tools, and metal sectioning equipment fnrcluding nibblers, mechanical saws, abrasive saws,
electric saws, and/or plasma torches. '

E.3.3 Nondestructive Assay énd Examination Room

Waste packages that meet size, contamination_and exposure criteria will then be routed
to the nondestructive assay and examination (NDA/NDE) room to determine 1) TRU waste content,
2) weight, and 3) the presence of noncompliance items such as free liquids, or cylinders of
compressed gases. Equipment potentially required for NDA/NDE includes: scale systems (both
in-floor, drive-on scales and smaller scales}, neutron- and gamma-scan assayers, X-ray
fluoroscopy equipment, ultrasonic and eddy current systems, and visual examfhation
instruments. A1l directly certifiable waste {waste that requires no further processing to
meet WIPP criteria) will be routed to the shipping dock for transport to.WIPP.. Waste that

~does not meet WIPP criteria will be diverted to the waste~processing room,

E.3.4 Waste-Processing Room

Noncertifiable drummed waste will be sent through the waste-processing room depicted in
Figure E.9. It includes an opening and sorting glove box and a shreddihg and 1mmobilizing
processof. The opening and sorting glove box is shown in Figure E.10. The design provides
for removal of drum lids and for 1ifting, tilting, and unloading of the drum to a sorting
table.  The sorting table will separate drum waste into certifiable categories and will' be
equipped with manipulator arms, glove ports, and tools. This glove box will also be able to
crush empty drums and repackage waste.

The WIPP-WAC requires immobilization of all particulates and removal of free liquids.
The shredder and immobitizer will process drum waste to meet these immobilization criteria.
The shredding/immobilization process Tine is shown in Figure E.11. A slow-speed shredder
with double rotors (Figure E.12} will be used to shred whole 55-gal and 83-gal drums and
other similarly sized containers. The shredder will reduce the size of the waste package by
ripping, tearing, and shearing it. To minimize contamination and the potential for fire or
explosion, the shredding process will be designed to control dust and sparks.
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" RCP3207-65
FIGURE E.12, Schematic of a Typical Siow-Speed Shredder
Identification letters and package weight labeling are required. The shipping dock will
have a labeling station where this final certification of wastes will take plate. Labeled
TRU waste packages will be loaded by forkTift into a TRUPACT transpdrt container fdr_shipmeht

to WIPP by truck.

E.4 RESOURCE REQUIREMENTS

Major resource requirements expected for construction and operation of the WRAP .facility.
are 1isted in Tables E.1l and E.2, respectively. The tables provide annual resource
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TABLE E,1. Total Resource Requirements for Construction of the WRAP Facility

Resource'Requifeménts

Parsonrel, man-hr S 1.8 x 10°
Land, ha . 6.0 x 1071
Energy Consumed; )
~ Electrical, Gih 1.9 x 103
© Diesel, m® - - 5.5 x 104
“Gasoline, L S0
Materials:
Concrete, m 8 1.2 x 10°
Steel, t ' 3.2 x 10t

TABLE E.2. AnnudTiResourcé Réqﬁiremehts for Operation of the WRAP chi1ity

Resource Requirements

Personnel, man-yr. ‘ 20

Water Consuhed, L . 2,5 x 109 °

Energy Consumed: -
Electrical, M = 1.2 x 102
Diesel, rn3 - 2.7 x 102

Materials: : o

 Steel, t o : 7.3 x 10l

Grout, t ' 5,3 x 102

requirements for operations and the total quantity of material needed for construction., No-
resource needs were identified for either construction or operatiaon of the WRAP facility that
would significantly deplete existing resources. '

E.5 RADIOLOGICAL EMISSIONS

Beginning about 1994, about 3,550 m of retrievably stored TRU waste and 9,560 w3 of
newly generated TRU waste were assumed to be' processed in the WRAP facility. The retrievably
stored TRU waste is assumed to be.processed and repackaged during a 5-year period, and the -
nawly generated TRU waste’ is assumed to be processed during a subsequent B-year period. Due
to uncertainties associated with the distribution of the radionuciide inventory, it is
conservatively.assumed that the entire radionuclide inventory is present in the fraction of
waste drums and boxes that are shredded. The annual radiological releaées to the atmosphere
from routine operations at WRAP are presented in Tables E.3 and E.4, Projected annual
releases from the WRAP facility are well below the limits established by DOE for release in
uncontrolled areas (DOE 1986}, .
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"TABLE E.3. Routine Radiological Releases from Processing
Retrievably Stored TRU Waste at WRAP

Isotope

34
14,
GUC
9DSr
85Kr
106,
137
144.,
147p,
155Eu
233
234,
235U
238,
239,
2400,
241p,
242Pu
241Am
232Th

Annual R?;?ase

Ci/yr
5.5 x 10711
1.3 x 1071
2.5 x 1078
2.3 x 1077
3.0 x 1078
2.3 x 1077
2.4 x 1077
4.3 x 1077
3.2 x 1077
2.9 x 10710
5.0 x 10711
4.7 x 1071
1.3 x 10712
2.6 x 1077
1.5 x 10~/
3.6 x 10*8
4.8 x 10~/
1.4 x 1071}
1.0 x 1078
5,2 x 10713

(a) Rockwell 1985a.

Yr 2000 Isotope

Annual Release

TABLE E.4. Roufine Radiological Releases from Processing Future TRU Waste at WRAP

Total Release

Isotope Inventory, Ci Ci/yr Ci
238py, 5.7 x 102 9.0 x 1072 1.1 x 1077
23%,, 1.9 x 10t 3.1 %1077 3.7 x 1076
240p, 4.3 x 103 6.9 x 1078 8,3 x 1077
281p, 1.2 x 10° 2.8 x 1070 2.2 x 1072
281 gy 3.4 x 103 5.4 x 1078 6.5 x 1077
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For calculation purposes, it was assumed that the decontamination factor of each high-
efficiency particulate air (HEPA) filter is 2 x 103 and that two HEPA filters are in series,
The—airborne dust 1e#e1 within the proceés cell was assumed to.be 0,01 g/h3. The cell volume
is about 4,200 m> and the ventilation rate is five air exchanges per hour. 'The average
density of the waste is about 3 x 10° g/m3 and the WRAP facility is assumed to operate one
shift per day, 5 days per week, and 50 weeks per year (2,000 hr/yr).

E.6 RONRADIOLOGICAL EMISSIONS

Routine nonradiological releases for construciion and operation of the conceptual WRAP
facility are summarized in Table E,5. Estimates of total emissions are based on factors for
grams of pollutants per Titer of fuel consumed (EPA 1978, 1979), Not included in the totals
are the emissions relating to the prodqction of electric power, the refinement and transpor-
tation of petroleum, the manufacturing of cement, and the fabrication of equipment and other
materials used in the construction and operation of the WRAP facility.

TABLE E.5. Nonradiological Emissions from the WRAP Facility

Emissions Total Release
Particulates, kg 2.0 x 102
2
$0,, kg 2.1 x 10
€0, kg 6.6 x 102
Hydrpcarbons, kg 9,3 x 102
ND,., kg 2.6 x 103
Aldehydes, kg 4.7 x 10t
Thermal, d 1.2 x 1013

Essentially all the nonradiological emissions occur during construction. Operational
emissions are expected ta be insignificant due to the absence of chemical treatment and the
absence of gasoline- or diesel-fueled equipment, Annual emissions from the WRAP facility are
projected to be well below Eégu]ﬁtory limits (described in Chapter 6) established for atmos-
pheric release. ' '

E.7 RADIOLOGICAL IMPACTS

Dase commitments to the general papulation and to the maximally exposed individual are
presented in Tables E.6 and E.7, respectively. The values presented include doses from the
processing of retrievably stored and newly generated CH-TRU waste. Values are given for
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TABLE E.6. Population Total-Body Dose Commitments (man-rem)
' from the Processing of Retrievably Stored and
 Newly . Generated CH-TRU at WRAP

Exposure Period:

Pathway 1 yr 70 yr .
Air submersion 5.0 x 1011 9.0 x 10"10
InhaTation 1.2 x 10'5 2.4 % 1074

Terrestrial (air paths) 2.0 x 1077 4.0 x 107°

Total Doses 1.2 x 10“5 2.8 x 10—4

TABLE E.7. Maximum Individual Total-Body Dose Commitment (rem) from .
“the Processing of Retrievably Stored and Newly Generated
CH-TRU at WRAP ' L

Exposure Period

Pathway 1 yr 70 yr
Air submersion 3.7 x 10'_16 7.3 x 10710
Inhalation 9.7 x 1071 2,1 x 1079

Terrestrial {air paths) 3.6 x 10712 7.4 x 10710

Total Doses o 1.0x 100 2.9 10°%

exposure periods of one year and 70 years. The projected populatien doses shown in Table E.6
are 1nsignificant when compared to the 2.5 x 104 man-rem the offsite population will receive
over the same time period from natural background radiation sources.

E.8 COSTS

The costs for the WRAP faéiiity are presented in Table E.8. The construétioh-costs
include the capital costs of constructing the facility. The operational costs (through the
year 2006} include shipping and disposal costs and all costs incukred during normal operation
and maintenance while retrievably stored and newly gererated TRU wastes are being'proceésed.
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TABLE E.B. Costs for the Waste Receiving and Processing Facility

Phase Cost (@)
Construction 46
Operations . 78
Decontamination and Decormissioning 8
Tota] I 130

{a) Costg in millions of 1987 dollars (Rockwell
1987).
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