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EXECUTIVE SUMMARY

The Hanford Low-Level Tank Waste Interim Performance
Assesgpent examines the long-term eavircnmental ané human health
affects associated with the disposal of the low-level fractior of
the Hanford single- and double-shell tank waste in the Hanford
Site 200 East Area. This report was prepared as a good
manzgsmant practice to provide needed information about the
relationship between the disposal system design and its
performance a¢ early as possible in the project cycle. The
calculations in this performance asuesssent show that the
- disposal of the low-level fraction can meet environmental and
health performance objectives.

I. BACKGROUMD

The Hanford Site in south-central Washington State has been
used extensively as a location for defense materials production
by the U.§. Department of Energy (DOE) and its prodsceasor
agencies. Over the last 50 years, radioactive and mixed waste
from this production sctivity has been stored on the Banford
gég&. primarily in buried single- and double-shell tanks in the

Arens.

As part of Hanford’s current mission of environmental
restoration, DOE is proceediane with plans to permaneatly
izmmobilize and dispose of this waste on-site in near-surface low-
level tank waste disposal facilities. The plans are based on
Revision 6 of the Hanford Pederal Facility Agreement and Consent
order_(TrI-Party Agreement)® and on the Environsental Impact
Statement for thé TanX Remediation Systems’ (TWRS). These
documents call for the waste to be retrieved from the single- and
double-shell tanks, then pretreated to separate the low-level
fraction from other tank waste. The low-level fraction will then
be immobilized. Over 200,000 m'® (6,000,000 ft?) of low-level
waste will be disposed of under this plan. This quantity is
among the largest amounts in the DOE Complex and contains one of
the largest concentrations of long-lived radionuclides at a low-
level waste facility.

1 Washington State Depariment of Ecology, United States
Environmental Protection Agency, United States
Department of Enexgy, Barford Facility Agreement and
Consept Order, Sixth Amencimeat, February 1996. The
document is available from any of the parties.

2 Enviropmental Impact Statement for the Tank Waste
Remadistion System, DOE/E1S-18%D, U.S. Dgpartment of
Enargy, Washington, D.C., April 1996. Final version
expected in Fall 1596.
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DOE Order 5830.2A, Radiosctive Waote Manzgement® is the
primary regilation governicg management and disposal of
radicactive vaste 4t DOE facilities. The iaterim pe:formance
s3sesszent uses the techniques, methods, rigor of the final
perforzance asseasmant described in DOE Order $820.3A where
possible. MNuch of the data for this interim serformance
assessment i@ based on information from other projects or
prograze. As more of the design effort is completed and more

data are collected, the pr and final performance
assessmanta, vhich are uired by DOE Order 5820.2A, will be
prepared.

II. DATA JOURCES

Tre data used in the interim performance assessment are
documentad in Data Packages for the Hanford Low-Lavel Tank WNaste
Interim Performance Assessment'. The base analysis and
sensitivity cases are provided in Definition of the Piuse Analysis
Cage of the Interim Performance Aszesgaant’. o

Many of the decisions concerning the disposal »f the low-
level fraction of the Hanford tank wasts have not ¥e; besn mnade.
These include the choice of waste form, the selection of the
disposal site, and the design of the d :
Therulore, etadling assunptions weres made.

The release rate of contaminants from the waste form
(4.4 parts nillion per ysar) is based on the Regquest for
Proposal' (ggg;ﬁﬂ 195%) ;%cuod by the Richland Operations Office
for the pretreatment and immobilization of tank wasta.
Sensitivity cases vere also performed for a typical low-level

s *Radicactive Waste Management®, DOE Order S820.2A, U.S.
Departaent of Energy, Washington, D.C., September 236,
1988,

Tank waste Interim Performance Assepsment, WHC-SD-WM-
RPT-166, Revision 0, Westinghouse Hanford Company,
Richland, Washington, July 1995.

A

lyv;3i;//
- . *  PF. M. Mann, C. R. Eiholzer. R. Khalwel, K. W. Kline, A.
e { #. Lu, B. P. McGrail, P. D. Rittmann, and F.

\ 4 F. M. Hann, Data Packages for the Hanford Low-Level

Schmittroth, Definition of the Base Analysis Case of
the Interim Performance Assessmgnt, WHC-SD-WM~-RPT-200,
Revision 0, Westinghouse ilanford Company, Richlang,

\ washington, December 1995,

' Reguest for Pxopomals (RFP) Ko. DE-RP06-96RL13308,
latter from J. D. Wagoner to Prospective Offerors, D.S.
Department of Energy, Richland, Washington, February
20, 19%56.
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waete glasse using computer gimulation to eatimate the rate at
wvaleh the glass wculd releass the contazinants.,

The location of the disposal facllity is.asgumed to be in _
tbe Hanford Site 200 Eaamt Aren., just southwest of the PUREX
facility The disposal facility is assumed to consist of~

. s purface cover (to minimize the amount of water or
gthez iatrusion entering the facility),

° a sand-gravel capillary barrier ([to divert water around
the waste foram), and

. & concrete vault that is assumed to degrade in S00
years.

- Gaologic, hydraulic, geochamical, aad water infiltration data
. obtained for the 200 Area plateaun were used in this analysis and
- are considered to he representative of the disposal area.

The inventory of contaminants in the waste form is based on
egtimstes for the tank wasts inventory and using o conscrvatlgg‘
estimate to projset the low-level fraction of radidnouc

Lﬂfi‘jﬁzeﬂ__d_;p_‘thn waste form after the protrestment- e1d”
isSobiilzation procesass, The taank waste inventory estimate is
bésed on computer simulations of the production reactor history

and the known reprocessing histories. zhaigggggggg_ﬁgx_;ng,ggss
ingg;;gn;_xndiqpuc’ide ip thip analysis (*’Tc) are in agreemaxnt

s s e e

with actual tenk sampling 8:E3“ y
- . '1;( ' D
=~ N&&u1“uuzx‘/ oo ',
. M < 1 L \.l :
IXI. RESULTS o thine —uletd wd. Tl o
A. nltroﬂllﬂtion lj 'L Ny L‘bﬂﬁ' "".Ji,:‘ ‘,(,L'f l'-.';‘é ]r ’(:L' f;

()

performance objectives were established’ to protect the
following:

The general public

The inadvertent intruder
Groundwateyr resources
Surfsce water resources
Alr rasources.

The three-dimeunsional PORFLOW computer code was used to
gimulate the é%g!_gaﬂ_SEQQQEExt-uf*contaninants from the wasts
form - hrough the vadose 2one to the groundwater. The three-
disenalonal VAM3D-CG computer ccde simulaced the fiow and

Eantanaes T ————

? Performance Objsctives of the Tank Naste Resmediation
Systems Lov-Level Nagste Lisposal Program, WEHC-EP-08218,
Revislon 0, Hestinghouse Hazanford Company, Richland.
Washiagton, December 19%4.
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roundwater. The results from PORFLOW and
, VAM3D-CG were inventory and doainetg& data using

the INTEG codé to yrovide concentrations in grount r and dose

.+ rates. ucted to 100, ooo e
\\ . | ¥TeEr disposa ;lizh.s:::nng;g;iong_glgﬁ_€3“§E€' ____:nnnlt- to
s 65 _milliop ysars. nog“gg!gg!;;!g_,ig;ruder analyses %o
100 to

\r‘ g s readsheet was used with calcuiations eifén Y
AN 000 years. -
. s S .
N 4 Because of the very s release of coptaminants from the

' waste form C(hundreds of thousands OF yeirs), the estimated
concentration of radionuclides in the groundwater does not show a
peak, but rather a broad plateau (see, for example, the
beta/photon drinking water dose rute shown in FPigure £S-1). This
contrasts with most other environmental assessmants, whare the
contaminant release time is short compared to the contaminant

travel time resulting in a peaked response.

Figure E5-1. Beta/Fhoton Drinking Water Doss Rates for the Bass
Analyeis Case at & Wall 160 Maters Downgradient from the Disposal

" Pacility. The performance objaectivs is 4.0 mrems i, & year fox
the fizst 10,000 yearxs.

&b -
: b e POFRNTASNTE GRJSCHVR
40
if
zé o
13 }{
ggg - “ 3 { = 2 2 i A - -y i 2, A 3 .! 2 PR 2 !
LS 2nE80 SERD S0 E558D 120800
Ties {ye)
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3. Protaction of the Caneral Public

Table ES-1 compares the performance objectives for
protecting the general public with the results from the base
analysis case calculations over the tise of compliance
{10,000 years). The estimated all-pathwvays doses are
significantly lower than the performance objectives. -The.
nngz_;;vu cases show that for the all-pathways pe __’_g_amnce

cbjective to be exceeded would Y#QUITE Gne G pOre of the
following:

. A waste form not mesting the specifications in the

-

T ——

The other two performance measures (all-pathways including
other Hanford actions and a design that produces dcses as low as
reasonably achievable [ALARA]) are not expected to exceed
100 mren in a year or 300 persons-rem per Year at any time,

Table ES-1. Compariscn of Estimated Impacts vitk Perxformance
Objectivas for Protescting the Public. Time of Compliance is
10,000 Yaaxs. Placs of Compliance is Well Loo Meters

nmqradi.at of Facility.

S R e TR R PSRN T

Forfornance ¥easure Performance | Estimated

: Objective Impact
IAll-pathways (mrem in a yearj 25.0 6.4
{A1l-pathways, including other Hanford 100.0 <19.0

5 Site sources [mrem in a year) ;
S arans (all-nathuaysy fpersons-ram/y] | 5000 | 5.0

4

RS Reqguest for Proposal
- . A high infiltration rate and a disposal facility design
o N \ without & sand-gravel diverter
. A significantly larger inventory of seleniua,
~ technetius, oY { umT
v o~ During the first 10,000 years (the time of compliance), the
F ' estimated doses ars at most 1/3 of the performance objective
2%, = (25 mrem in a year as stated in the DOE order).
J_" RO el . The peak all-
"\ pathways dose ' 123 nrem in a ve is estimated to occur &t about; --
. rs. AT the pEaX, UFfanius and its daughters are the / o
S 2 _main contributors— R

A

3
el ]
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€. Erxotectinpn of Inadverteat Intruders

Table E3-2 compares the eatimated impacts to the performance
objectives for protecting the inadvertent intruder (the valuas
for which are given in the DOE order). A one-time dose (an acute

exposure) scenario a&s well as a continuocus exposure scenario (a
bozesteader) are defined. Both performance cbjectives are mat.

The acute dose {estizated wasuming a person drills a well
through the disposal facility) is much less than the performance
objectiive. The continuous dose (which includes the jingestion of
contaminated food and water, the inhalation of air, and direct
Tadiation exposure) is over a factor of 3 lower than the
Fcrfornnnct objective. At the time of compliance (500 years)

Sn contributes over 95 percent of the dose.

—— e o —— — ——— | o

Table ES-2. Coaparison of Istimated Impacts with Pexformance
objectives for Protecting the Inadvertant Intruder. Time of
Compliance is 500 yeazs.

i performance Mesasure Pexformance
oylgctiv.

jAcute exposure {arem) 500.
 cqp:inuous eXposure [mrem in a year] 100.

D. Protection of Groundwater Resocurces

1able ES-3 compares the estimated impacts to the performance
objectives for protecting the groundwater rescurces. The
performance cbjectives are based on the federal drinking water
standards. The time of compliance is 10,000 years and the point
cf compliance is &t a well 100 maters down gradient of the
disposal faclility. The sstimated impact from beta emitters is a
factor of 2 less than the performance objectives and a factor of
S less than the performance objective for the alpha emitters.
The concentration of radium is insignificant.

The most important driverz are the inveatory of technetium
and uranium, the release rate from thHe vaste form, tha gmount of
mixing 1o the aquitey, umd the area-of thedisposal facllity.

Fof the impact for alpha emitters, the amount of retardation
axperier ced by the uranium igotope:: in the vadose zone iz also
impportant.

viil



Tebie E3-3. Cosmparison of Estimatyd Ismpacts with Performance ,'I"j&_,ft
L

Objectives for Protacting Groundwatar Resources. Time of et
Compliance ir 10,000 Ysars. Place of Compliance is a Well 100
Katars Downgradieant of Pacility. ™

:?axfcraancs Meagure Performance | Estinated !

) , Cbijective Impact
i8sta/Photon Eaitters [mvem in a year) 4. l2.0)
g ' i
Jhloha amittars [pli/l]) 15, 1.7

For the most part, other geotechnical data (water

infiltration rate, hydraulic parameters, and geochemical factors)

are less iaportant, because they nainly affect the time at which

tha plateau is xreached. However, there are two exceptions. If

the watsy lanfiltration rate is a factor of 5 lower than assumed

{which is 0.5 2@/y for the first 1,000 vears [the period during

which the surface barrier is assunmed to functicn] and 3.0 sm/y
thereafter), then the most mobile radionuclides do not reach the
grountdwvater in significant guantities during tne compliance

pericd. Alternatively, if the infiltration rate is & factor of

30 bigher than sssumed and if no capillary barrier is in place to

divert the infiltration, then the uranium group arrives in \
jgigaificant amounts at the water table during the coaspliance A
iperiod. . e S L
i N 4 LT e - i, .
’ The beta/sakza drinking water dese rate is not estimated to Hﬁﬂ: A,
exceed 4 nrem igq B year for 750,000 years, reaching & maximuam ) -
value of 14 m:a%)in a year at ths end of the gimulation period M.
(6% millien yesxs). The concentration of alpha emitters is F/\
egtimated never to exceed 15.0 pCi/f, reaching a maximum of

8.2 pCli/t at 30,000 years.

%, Protection of Surfscoe ¥aizr Repources

Tabie ES-3 displays a ecmpariscn of the estimated impacts to
the parfczmance ohizctives for protecting the surface water
regnurees. The tizme of compliasce im 10,000 years and the point
v vosmpliance is at a well intersscting the groundwater just
mefors the groundwater mizes witk the Columbis River. Because of
the largs flow of the Oolumbia River. trsmendous mixing occurs in
the iver snd the pradicted imyacis would be faryr lower. The
pstimated impacis 3r® over an oréer of magaitude lowar thap the
seriormance objssiives, The caloulations indicate that the
impacTs pever roach ths valuse given as pexrformance objectives.
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Teble E8-4. Comparxiscn of Botimated Ipacts with Pazformance
Odjectives fox Protecting Suxzface Watar Rasouxces. Tima of
Coagpliases 18 10,000 Years., Point of Compliance is 2 Woll just
bafore tha Groundwatsr Mizes with the Columbia River.

Performance

! parformance Msagure

8 Objective
iBeta/Photon Zmitters [mrem in a year) 1. 0.070
fAlpha emitters {pci/t) 15. 0.058

ez

¥F. Protection of Aiz Resources

Table ES-5 cumpares the sstimated impects to the performance
objectives for protecting air resources (the values for which are
giv:io in federal clean air regulations). The time of complianca
is 10.000 vears and the point of complience is just above the
dispcsal facility. The estimated impacts are gignificantly lower
than the valaes prescribed in the performance cbjectives.

Teble £8-5. Comparison of Estimated Impacts with Performance
Objectivas for Protecting Alr Resocurces, Time of Cowmplisnce is
10,0?0 Years. 2lace of Coupliance is juet above the disposal
facility.

%Parfor&ance Meagure Perfiormance | Estimated
: Objective Impact
{Radon pci w? 87! 20, <0.001
fother radionuclides [mrem in a vear] | 10 ~10

XV, DISCUSSION

Because of the early stage of this project, conservative
assgg¥;ignn_hazg\§§gg_gﬁad. Given such assumptions, it is
gracifying that ail the estimsted ispacts meet the performance
objectives.

The numerous sensitivity cases that were run ghow that the
results presented ip this arzessusent are quite robust. The
computer simulations of dissolution rates for low-level glass
{LD6-5412) show that the 4.4 parts per million per year rate can
be met. Concerning radicpuclida inventory, the calculations are
rost sensitive Lo the emount of technetium.” For the basp - ;
analysis case 55 credit 13 TAXEN for enhanced chemical aeparation
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or separation occurring during immobilization. Possible
increases in the amcunts of ™Sr and Y'Cs over the amounts assumad
in the base analysis case have no significant impacts at the
intruder time of compliance of 500 years. Computer simulations
of flow and transport under a wide variety of conditions show
that slightly increased impacts may occur, but that most changes
would result in larger decreases. Pinally, calculations show
that disposing of some of the tank waste in the existing TWRS
grout vaults, which are east of the PUREX facility, will not
aignificantly affect the results.

The preliminary anéd final performance assesspents (regquired
by DOE Order 5830.32A) will benefit from knowledge of the wvasts
form, the disposal facility location, and the disposal facility
design as well as froa an extensive data collection activity for
the generation of site-specific estinates for geochemical data,
hydraulic paraneters, and wvater infiltration rates and waste form
relsase rates. The performance assessments are expacted to show
that the on-site disposal of the low-level Banford tank waste can
maet the performance objectives with a high degree of assurance.
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1.0 INTRODUCTION
1.1 PURNOSE

The purpose of this interim performance assassment is to
exanine the long-ters envircomental effects of the planned
Hanford Low-level Tank Waste Disposal Facility as early as
possible in its project life. That facllity is proposed for the
disposal of low-level radicactive waste that is derived frxom the
treataent of vaste currently stored in the Hanford single- and
éouble-shall tanks. 7The Ranford tank wasts will De separated
into high-level and low-level componants with the low-level

compopant immobillized, ready for placement in the disposal
facility.

This interim performance asssssment is being prepared as a
good management practice toc provide information needed about the
relationship betwvaen the disposal systen performance and its
design. Department of Energy (DOE) Oxrder 5820.3A, Radicactive
Waste Mapagesent (DOE 1988a) is ths primary regulation governing
managemsut and disposal of radioactive waste at DOE fecilities.
This assessment uses the techniques, methods, and rigor of the
final parformance assessmant dascribed in DOE Ordar 5820.2A where

* possible. Unlike the database for a final parformance

| assesssent, much of which is based on experiment and is design
\specific, much of the database for this assessment is based on
information from other projects or programs. As more of the
i:!aaltlgu affort is coaplated -and mors data are collacted, the
Jpreliminary and final performance asssesspents, vhich are required
by DOE Order 3820.2A, will be prepared.

1.2 BACKCROUND

This section provides background information on the Hanford
Site and on other recent anvironmental assessments preparsd at

the Hanford Site. This dogcument builds on earljer Sasford
performanc ts and on Em;_oa-__d!o:u_m_mlm the
lo‘ng-tm affacts of variocus go options of the dispodal
facilicy. -

1.2.1 T™he Eanford sita

The Benford Site, in south-central Washington State (Figure
1-1), has boen usid extansively as a location for defeanse
materials production by DOE its prudacessors, the U.S. Atomic
Energy Commission &nd the U.5. Energy Research and Development
Adainistration. Starting in the 19408, Hanford Site onerations
ware dadicated primarily to producing nuclear weapons materials.
In the 15808, operations were expanded to producing electricity
from a dusl-purpuze reactor, cobducting diverse research
projects, sod paaaglisg wasts. In the late 1960s, tha Hanford
Size’s origipal ziszalon zodsg.
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Figure 1-1. Map of the Ranford Bite Showing the Assumed Location
of the Banford Low-Lavel Tank WMaste Disposal Facility (ELLIWOP).
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% sy, the Site’'s mission is eavironmantal restoration,
anergy-related research, and technology development. A large
inventory of radiocactive and mixed wvaste from the decades of
nuclear mates 2.~ production bhas been acTurulated in buried
single- and doubie-shell tanks in the Sazford Site 200 Areas.

As part of the new mission, DOE 19 proceeding with plans to
permanently Jdispose of this waste. The plans are based on
Revisior 4 of tha Ranford Psderal Facility Agreement and Consent
Order (Tri-Party Agrecment) (Ecology 1996-1) and on the Record of

- Decielon for the Tenk Wacte Remediation Svstems Bavironmental

Impact Stutement (DOE 1996). These documenis call for the waste
to be retrieved from Ranford’s 2ingle- and double-shell tanks,
then pracreated to separate the low-level fraction (renamed jow-
activity fraction) from the high-level and transuranic wasts.
Both fractions will then be immcbilized.

The two products (tha small volume of high-level immobilized
waste and the much larger volume of low-activity waste) will de
disposed of in different locationz. The high-levil waste will be
stored on ths Hanfrrd Site antil disposed of in a federasl
geoclogic repository. The low-activity ismcdilized waste will be
disposed of on tha Ranford Site in a nrzazr-surface disposal
system. Over 200,000 m’ (6,000,000 ft’) of low-activity
immohilized wasts will be disposed under this plan. This is
among the laryest amounts within the DOE Coaplex (DOZ 199%) and
has one of the largest irventories of long-lived radionuclides at
a low-laval waste disposal facility.

1.2.32 Previous Eanford PerfoImasce Asssssmpents

i.2.2.1 Overview. Thig interir performance assessment builds on
the previous performance ass-ssbents prepared for the Hanford
Site. Performance ax’essiants that have been prepared under the
requiremants of DOE Order 5820.2A for other Banford Site dieposal
actions are diacussed in the following puragraphs. Thess
documents are ia various stages of review aad approval. All
performance sssacssments prepared undsr Order 58320.2A are Teviawacd
by 113 rv &l . !ﬁi'fgg;:; for technical
adequacy-” Th W(ﬁ:t 3% , &
compldteness & , Lbd & final review {or @ach performance
ascesuant. Then, INUE-Hesadguarters Yeviews the documents and may
provide approval for the disposal action if the performance
assessment satisfies the requirements of Order 5820.2n.

1.2.2.2 Pexiormance Assessment of Crouted Douvble-fell Tank
Neste Disposal at Esnlford (Kincald 1995). The grout performance
assessment dealt with disposing of lov-level lirquid waste from
the double-szhell tanks. The wasta was to be combined with
cement, flyash, and clay to fors & grout, which would be poured
inte large subsurface vaults located to the east of the 200 Bast
Araa.
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The Srout performance assessmint was approved in prinmciple
by the Pesr Reviev Panel (Wilhite 1954). DOE (Lytle 1995} found
that the &palysis performed in this document was "technically
adeguate and provides Zeasonable assurance that the selected

*
H
.

performance objectives would be met.® Noting, huwever, that the ./~ '

grout project had been canceled, DOE also stated that a new or
revisad performance assesseent would be nseded for routine Ly
disposal of waste in the Grout Disposal Facility. :
1.2.2.3 rerformance ARssessseut for the Disposal of Low-Level £
Waste in thes 200 Waast Area Burial Grounds (NWood 1994b). .The 200
West Area solid waste parformance assessment dealt with the =olid
waste from operations at the Banford S8ite and from other sites.
This waste is placed into trenches in the western part of the 200
West Area and than covered with a Resoirce Conscrvation and
Recovary Act of 1976 (RCRA)-compliant barxier. The Peer Review
Panel found the performance assessment to be technically
acceptable. The 200 West Area performance assessment has besn
*conditionally accepted” by DOE-Headquarters (Cowap 1996). The
conditions baing related to added documentation.

1.2.2.4 Poerformance Rasessment for the Disposal of Low-Level
Waste in the 209 Kast Area Waste Burial Grounds (Nood 1996). The
200 Eaxt Area solid wvaste performance assessssnt addresses waste
that is similar tu that addressed in the 200 Weast Area
perfcraance asseusment. However, the disposal trenches for this
wagta are in the northern part of “he 200 Zast Area. The final
gcrforn:ncc assessment for this action has been asubmitted to DOE
or reviev.

1.2.2.5 ZEnviroamantal Resediatiop Disposal Facility Performance
Assesarent (Wood 1995). The Envirommental Remediation Disposal
Facility (ERDPF; accepts waste generated by the cleanup of the
Hanford Site. Most of this waste is axpected to ba contaminated
80il. Trenches are planned tO be the main means of disposal at
the facility. A preliminary performance assessaent has been
written for ERDF. Becausge ERDF is regulated under the
Coaprehensive Environmental Response, Compensation, and Liability
Act of 1980 (CERCLA), thia performance assessment will not be
submitted to the Peer Review Panel. However, a remedial
investigation and feasibility study report (DOE-RL 19934) was
vritten.

1.2.7 Previcus Work Relatsd to the Proposed Disposal Action

The long-tera epviroamentil impact of varicus design
features for the low-level tank was.e disposal facility hag heen
analyzed. The first analysis is given in Revision 0 ¢f Impacts
of Disposal System Design Options on Lov-Level Glass Waste
Disposal System Performance (Rawling 1994). Revision 1 (Mand
19554) updated that analysis based on batter data and on the
comments received concerning Revision 0. However, neither report
iz as comprehensive as this perforsance asaessment.

R
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1.2.4 Review of Data Packages for Interim Performance Assessment

Some of the inforsation used for the interim performance
assessment has already besn raviewsd by external groups to ensure
its acceptability by peers and stakeholders. The performance
objectives and scenarios used in this performance assassaent vere
reviewed by Hanford Site stakeholdsrs. The results of the review
were transmitted io 8 letter report (Murkowski 1995). The
dosinetry rssults presented in this report were revieswed by
members of the Hanford Environmental Dose Overviev Panel. The
i;;:lta nf the raviev were transmitted in & letter report (Rhodes

).

1.2.5 kelationship with Otbar Parts of the Froject

The performance assessment activity is closely connected
with other parts ¢of the LLW Disposal Subproject. As shown in
Figure 1-2, the schedule for the major events of the LIN Disposal
Subproject, the performance assessment activity is iterative,
consisting of an interim performance assesment (this document),
a prelimipary performance assessment, apd ths fipnal performance
assessment. The results from the interim and preliminary
perfornauce assessaents feed into design activities. gngiggglgof
the Prelimipary Parformance Assessasnt also allows detalil
design of the disposal faclility to proceed. The desmign
activities feed back into the preliminary and final perforaance
assessments. The approval of the final performance assessmsnt by
the DOE is one of the conditions for the startup of the disposal
facility and will be an important input for the full-scale
immesilization of Hanford Site tank waste.

— — —

1.3 GENERAL DESCRIPTIOR OF THE FACILITY

The disposal facility has not yet been desisned. Howsver,
conceptual ideas (Biholzer 1995) envision immob: ized waste being
disposad in wmata)l containers ©on the scale of 1 .. 2 msters in
each direction. These containers would be placed into concrete
vaults, with & vaults forming a row. Sand-gravel capillary
barriers would bs placed over and along sida the vaults to divert
water around the vault to ainimize ipfiltration. The dispossl
facility would be capped by a surface barrier to minimize wvater,
plant, animal, and human intrusion. Two concepts are being
considered and eveiluated in this performance assessaent. The
main differsnce hetween the coocepts is whether soil is present
between the vault xows or not. Saction 2.4 provides more details
oh Ix th two concepts.

The DOE iz proceeding (DOE-RL 1996) with the process to
procure services for treating and immobilizing the tank waste.
Depanding on ths cutcome of that process, diffsrent waste forms
or contaipers may emergs, which may affect the disposal facility
coucept.

i-5
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1.4 GUIDANCE DOCUNENTS

The format and content of this document are based on
guidance from the Peer Review Panel and on other performance
assessments submitted to the Peer Review Panel for their review.
The rec amendations made in the following documents were used as
guidance in preparing this interim performance assesgm~nt:

. Recommended Pormat and Content for DOE Low-Level Waste
Disposal Facility Radioclogical Performance Assessment
Reports, DOE/LIWN-81 (Case 1989)

. Parformsnce Assessment Review Guide for lLow-Level
Radiocactive Waste Disposal Facility, DOE/LLW-93 (Dodge
1991)

. Proceedings of the Department of Energy Performance
Assessment Briefing, Denver, Colorado, October 28,
1591, DOE/LIM-138 (NLLWP 1992)

. Performance Asscisment Task Team Progress Report,
Revigion 1, DOE/LIW-157 {Wood 19%4a) '

. A Compilation of DOE Performance Assesssent Pser Review
Panel Review Comments and Recommendations, DOE/LIM-216
(RWSTP 1994).

. DOE Readquarters Review of the "Performance Assessment
of Grouted Double-Shell Tank Naste at Ranford®" (Lytle
1993).

- Implementation Plan, Daefense Nuclear Facilities Safety
Board Recommendation $4-2, Compliance with Safety
Standards at Departsant of Energy Low-Level Nuclear
Wazte Sites (DOE 19%6a).

1.5 PERFORMMICE OBJECTIVES
1.5.) Ovazview

The DOE’'s requirsments for waste digposal (LOE 1988a and
DOE-RL 1993) are as follows:.

Protect public health and safety
- Protect the environment.

Mogt of the reguiresents are ganaral {for example, the
sequirement to “protect ¢roundwater reaources consiztent with
Federal, State, and local requiremants®) or indirectly reierence
other requirements {for azeaple, the requirssent that “releases
to the atnmosphere shall meet the requirements of 40 CFR 61*). A
faw ©0f the reguirskRents state gquastitative limits such az the
lizit of 3% arsk ip 3 year for all szposures.

i-7



For this interim performunce assessmant, ths following
methods were used to establish the quantitative performance
objectives explained in Perforsancs Objectives of the Tank Naste
Remediation Systems Low-level Waste Disposal Program, {(PAT 1993):

. Investigating all poteutﬁally applicable regulations as
wall as interpretations mads by the Peer Review Panel

. Working with Storage and Disposal Project managament to
establish their needs

. working with the Hanford Site stakeholders to
understand the values of residents in the Pacific
Morthwast .

These efforts produced the parformance objectives that were used
in this interim performance asasssment. They are presenied in
Table 1-1.

Table 1-1. Performance Objectives.’?

Protection of Genaral Public and Workers

all-pathways dose from only this facility

25 mrem in a year™*!
all-pathways dose including other Hanford scurces

100 srem in a yeaxcf?
ALARA (trested as an integrated tll-pat%?nyt dose)

Protoetion of an Inaédvertent Int:ude:*'

acute exposure 500 nren |
continuous exposurs B 100 mrem in a year

Protection of Groundwatct Resources®*!

'_alpha enitters
a“h * I’h
all others (total)

beta apd photon emitters

Protection of Suzrace ﬁcter Recouxcta“

-alpha saitters ;
Mpa + Wp, 0.3 pCisA*t
all others (total) 15 pciszt’ |}

| beta and photon emitters ' 1 mrex in a year® |

Protaction of Aiz ansource°"

§ Radon 20 pCi a2 37 §
Lh11 other redicnuclides s ———— 103 Year |
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* Taken from PAT 1995, except for limit that includes other
Banford sourcea which is taken froem DOE 1996

> All doses are calculated as Effective Dcse Bquivalents (EDE)
all concentrations are in water taken from a well

* Evaluated for 10,000 ysars, but calculated to the time of peak
or 10,000 years, whichever is longer.

¢ Pvaluated for 500 years, but calculated to 1,000 years

* Pvaluated at point of maximal exposurs, but no closer than 100
neters (328 feet) from tha disposal facility

! EZvaluated at the 200 East Area fance

¢ Evaluated at the disposal facility

* Evaluated at the Columbia River, no mixieng with the river is
assuned

! Main driver is DOE Order 5820.2A, Radiocactive Naste Management
(DOE 1988a)

) Main driver is DOE Order 5400.5, Radiation Protection of the
Public and the Envirocament (DOE 1993)

' Main driver is DOE/RL lmplementing Directive 5820.2A,
Radicactive Naste Napagesent (DOE-RL 1993)

! Main driver is ¥ational Primary Drinking Water Regulations
{40 CFR 141)

* Main driver is Washington State Surface Watar Standards
(WAC 173-~-201h)

* Main driver is National Emission Standards for Hazardous Air
Pollutants (40 CFR 61H and 40 CPR 610Q).

The following sections vummarize how the quantitative
performance objectives were established.

1.5.2 ZRegulations and Othexr Ferfoxmance Assessmants

1.3.2.1 Introduction. Several federal and state regulations
potentially apply to how well the public health and safety and
the environnent must be protected. These regulations were
reviewed for relevance to this proposed disposal action. Tae
following categories of requirements were reviewed:

Protection of the general public
Protection for workers

Protection of the inadvertent intruder
Protection of groundwatar resources
Protaction of surface watsr resources
Proteaction of air resourcss.

Appendix B of the performan.g oblectives document (PAT 199%)
iiets the regulations that were .eviewed and judged tc be
potentially relevant to this projcsed disposal action. Some
regulations and ganeral eavironmauntal actis ware judged not
ralavant for one or moye of the following reasons:

> Regu’rements are the responsibility of othars of the
Disposal Subprojact {fcr examEple, ensuring compliance
with the National Znviroamentul Policy Act [REPAL)

i-3
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. Requiromsnts are for different anvironmental actions
(for axample, the Coaprehensive Environsent Response.
Compengation, and Licbi;ity Act of 1980 {CERCLA])

. Raquiremants deal with ganerazi snvironmental concerns
{protection of endangered species) which are thought to
be sdequately protected for the long-tara by
regulations presanted bhare

. Regquirsments are only at z preliminary stage and are
likely to change. fe.g., the °*Radlation Sits Cleanup
Regulation® {[proposed Title 40 Coda of Fedsral
Regulations (CPR) 196) and “Environmental Radlation
Standards for Managemsnt asd Disposal of Low-Lsvel
Waste® [proposed 40 CPR 193] from the D.S.
Environmsntal Protection Agsncy}. The developsent of
thess requiraments will be closely followed and
incorporated as appropriate.

perforsance assessments of low-level wasts disposal in the
DOE complex were also reviewed to identify any regulations
ralevant to this proposed disposal action. Thess assessaents
provide “case law" interpretations. Appendix C of PAT (1993)
lists the other performance asssssments in the DOE complex, &g
well as their parformance cbjectives.

1.5.3.2 rrotection of the Ganeral Public. PFor the interim
psrforsance assesamant, the performance objective for the
protection of ths gensral public is 25 mres (EDE) in a year (EDE,
#ffoctiva Doase BEguivalent). The value is consistently used in
all the regulations and past perforsabcs assesaments. Although
there are othar mathods for determining body dose {PAT 1995), the
effective dose eqivalent method was selected because regulations
pormally use this method. The location for compliance is at ths
point of maximal exposure, but pot lsss than 100 meters

(320 feat) from the disposal facility (Wood 19%la).

The Dufense Nuclear Facilities Safety doard {DNFSE 1994)
poted that a member of the public could receive sxposures from
several sources at a DOE site. Guidance from DOE-Headquarters
(DOE 1996a) is that protection of the general public from

pultiple sources should be dased on Radistion Protectios of the

Public apd the Eoviroament, DOE Oxder 5400.3, (DOB 1993-1). This
ordar 3sts a limit of 100 mrem ia a ysar from all sources. The
interpretation of DOE Order 5400.5 places the point of compliance
at the Teoce 1ibe Ol the future site. Por the Hanford Site, this
ig cobhdidatad TS DE I fance sufttumding the presaat Nanford

200 Areas In cootrast, DOB Ordar 2830.3a provides z more
restrictive standard {25 mrem in a year at & location not less

‘than 100 meters from the facility} to enable the design of the

disposal facility to cecur without considering the effact of
other facilities. :

Little guidance is provided oc the interpretation of ALARA
{as low as reasodadly achievadls). For this assessuent, the

i-1t



requirements of DOZ, Eichland Operations Office (RL) Implemanting :°

Directive S830.3A, Radiocactive Naste Management (DOE-RL 1953), po L
were used. This requirement gives ALARA doses as an integrated I .
dose for all pathways of 50C person-rem in a year. &

The compliance time for this performance assessment is
10,000 years. (The campliance time is the time starting
100 years from the present over which the predicted dose must
renain below the performance objectives.) However, the
calculation was carried out to the time of maximum impact if that
time is longer than 10,000 ysars. The compliance time used is
consiatent with the compliance time used in the Grout Performance
Assessment {Kincaid 1995-1) and the 200 West Ares Solid Waste
\ Performance Assessuent (Wood 19%4b-1). Using the 10,000 yaars

. '\ compliance time is also consistent with the draft U.S. Nuclear

v+ U Regulatory Commission (NRC) branch technical position on

v ‘| performsnce asssssment for low-level wvaste disposal facilities

'l (NRC 1984).

-~

1.5.2.3 Protection fox Workexrs. ror this performancs assessasnt
as with others performed under 5820.2A, no distinction is made
betwean performance objectives for workersand¢ focr the general
public. Sioce the protection requirements are more restrictive
for the general public than for the workers, the workers will be
adequately protected. Protection for workers during construction
and operations will be addressed in the Safety Analysis Report
that will be written for the LLIW Disposal Subproject.

1.5.2.4 Protection of the Inadvertent Intzuder. The exposure
limits for protecting a hypothetical inadvertent intruder are
consistent with the requlations and with sarliexr performance
assssgments. (Appendices Tables B-2 and C-2 in PAT 1995,
respectively, give details). These lixits are 500 mrem (EDE) for
a one-time (acute) exposure and 100 arem(EDE)/year for a
continuous exposure. These limits are used in this performance
assessment.

The compliance t for protecting ap inadvertent intruder
is defined Qdifferent n the time of compliance for protecting
the general public or the cnvironnant.n.ggg'iggggggxﬂnt
intrusion, the compliance time is defi ine after which
the sstimated dose is below the performance objectivs.

The inadvertant intrusion time of compliance time differs
slightly bet.2an regulations., RL directive 5820.2A (DOE-RL 1993)
allows a compliance time of 500 yeari if passive barriers and
markers are used. The current DOE-HQ orxder (DOE 1938a; does pot
mention 1sing such barriers or markers and stipulatss a
conplisvce time of 100 years. The Fanford Grout Perfosmance
Assessgpeant [Kincaid 1595-1) used the 500 vears complisnce time
based o the assumption that passive barriers and markers would
be present. Tha performance assesssents for the disposal of
Hanford solid Waste (Wood 1994b and Wood 1996) have alsc used a
complisnce time of 500 years. Thia is consistent with the NRC |
requirenent for Class C waste {10 CFR €1-1) that inadvertent v
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intrudars be protected for 500 years. Other previous performance
assessments have assumad that the disposal faciliity will be under
activa control for at least 100 yvyears and have used 100 years as

the compliance time.

Pollowing the precedent of the other Hanford performance
asgessments, the 500-year compliance time was used in this
assessaeut becsuse passive barriers and markers are planoed for
this proposed diasposmal action. Therefore, protection of an
inadvertent intruder shall be considered msat i1f the exposure
limits are met at S00 years after closure. Calculations were run

- from 100 years after time of disposal to 1,000 years to obtain

the doses as a function of tine.

' 1.5.2.9% Protection of Sroundwater Rssources. This is the most

complicated requirement to determine. The protection of
groundwater is usually based on its intendad use. However,
predicting future groundvater use is highly subjective given the
long time franmes involved in a performance assassnent. The
quantities being limited (decay rate and dose) differ in the
various regulations. Moreovér;—different-regulatory agencies
approach the protection of groundwater resources using different
methods. In addition, earlier DOE performance assessmants have
taken different approaches.

Previous performance assessments have generalized the

' requirements from the Netional Primary Drinking Water Regulations

(40 CFR 141) for determining whether the disposal action mat the
groundwater protection requirement. 7The scenario used is based
on a public drinking water systea servicing about 25 people and
located not less thai 100 meters (328 feet) dowvnstream from the
disposal facility. The previcus performance ssgsessments set a
limit for the total exposure from all radionuclidea for an
individual drinking the water at less than 4 mrem (EDE) in a
yeax. The National Primary Drinking Water Regulations, however,
use the limit of 4 mrem in a yesar not for all radionuclides, but
just for beta and gamma emitters. The distance of 100 meters is
given in the RL Implesenting Directive 5820.2x. Four (4) mrem
(EDE) in a year was chosen for two reasons. The value
corresponds to the risk-based iimit found in the National Primary
Drinking Water Regulaticas (40 CFR 141). Also, for most of the
sadionuclides, the value is more restrictive (see Table B-3 of
PAT 1995) than decay rate concentration limits specified in the
wWashington State regulations (WAC 173-200).

The ragquirements for alpha emitters are the same in both the
Washington State (MAC 173-300) and federal (10 CFR 141)
regulations. Both the state and feceral regulations limit alpha
enitters, not by annual dose, but by decay rate concentration
limite. In addition, both sets of regquirements limit the sanme
subsets of alphas emitters ('*Ra, total radium, and other) and set
the same quantitative liamits. These decay rate concentration
linits {Tabie 1-2) are ussd for this performancs assessment. .

1-12
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Washington State’s requirements for beta emitters are based
on & screaning level previously used by the U.S. Environmental
Protection Agency (EPA). These screening levels wers selected
bscause the requirenants are easily verified in the field. (The
current EPA regulation are based on risk limitation.) The
current state screening level ensures that evan for beta eaitters
emitting high-energy cammz radiation, the dose limit will be met.
Bowever, for low-anergy beta enitters, the state screeaning level
is overly coanservative by about a factor of 100. This higg
degree of conservatism exists for radionuclides, such as c,
that are important in this performance assessment.

For this performance sassessient, the federal standards are
used. Thig follows the precedent of the Tank Waste Remediation
Syster Environaental Impact Statement (TWRS EIS) (DOE 1996d), a
joint publication of th: Washington State Department of Ecology
and DOE. That is, the current EPA regulation goveraing drinking
water (40 CFR 141) i»s used to protect groundwater. Thus the
performance objective is an effective dose equivalent (BDE) of 4
mrem for beta/photon emittars and a concentration of 15 pCi per
liter for alpha emitters. Although uranium is not restricted in
the regulations, for this analysis it i» included under other
alpha emitters. The values are displayed in Table 1-1. A dose
©of 4 area (EDE) in a year for 70 years corresponds to an
incremental health risk of 0.0001 (EPA 1983h).

Only the “National Primary Drinking Water Ragulations’
(40 CFR 14]1) were used for determining the protection of the
groundwater resources. The "National Secondary Dripking Water
Standards® (40 CFR 143) were not used because they are stataed
only as goals.

To ensure compliance with the intent of federal and state
groundwater regulations, the limits shown in Table 1-1 are
applied to a well 100 meters downgradient from the disposal
facility for o tine of 10,000 years after closure (the same tine
of compliance as for protection of the genaral public). The
hypotheticsl well from which the wvater is drawvn is sized to serve
the minimal public drinking water system for 25 people. Further
information is given in Section 3.4.8. The effect of placing the
well at other locations (including the Banford 200 Area fence
line) are 2ls0 determiied.

1.5.2.6 Protaction of Surface Water Rssources. The thrugt of the
federal (10 CFR 141) and state requirements {WAC 173-201Aa} for
surface water resocurces protection {s the same. The point of
compliance is where the groundwater ie predicted to reach the
Coluat ia River. The concentrations ot radiodbuclildes in the
grounowater at the point where it enters the Columbia River
should meet all of the standards liated in Table 1-1.

The 1.0 mrem (EDE) in a year (one-quarter of the EPA
drinking water standard) value is used because it meets the
washington State requlation while ainimizing reporting
reguirements. The Washington State regulation (WAC 173-201a)
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mandates & dose limit that is the lesser of the EPA dripking
water standard and explicit limits contained in the state
regulation. Por the major radionuclides of intersast, ths
explicit limits (when concerted to doses) are greatsr than 1.3
ares in a year. Using 1.0 mrem in a year for the sum of all
beta/photon smitters is restrictive.

The time of compliance for the protection of surface water
resources is selected as 10,000 years, the same coapliance time
as for protecting groundwater resources. However, the
calculations are carried out to the time of maximus impact, if
the peak occurs after 10,000 years.

1.3.2.7 Protection of Alr Resouxces. Air emissions limits were
taken from Parts ®H and Q of the "National Emissions Standards for
Bazardous Alir Pollutants® (40 CFR 61H and 40 CFPR £1Q). These
limits are more restrictive than the Washington State
requirements (WAC 173-480 and WAC 246-247). Based on these
standards, eaissions (except rsdon) are limited to 10 mrem (EDE)
in a year with radon emissions limited to 20 pCi/w’s.

1.5.3 Programmatic Reguirements

The LLW Disposal Subproject has also established other
requirementa. The project mandated that all waste to be disposed
of or stored in the facility shall mest NRC Class C concentration
limita (10 Cre 61-3).

1.5.4 Public Involvement

It is important that Hanford Site astakeholders have an
opportunity to affect the performance objectivas of this proposed
disposal action. A summary of the performance objectives and
scenarios (WHC 1994b) was written for stakehclders. The summary
was sant to sach member and slternate of the Eanford advisory
Board, to sealected Hanford Site contractor smployees. and to
selectea menbers of the DOZ's Peer Review Panel and Perfocrmance
Assessment Task Teanm.

Feudback was received from tae stakeholders and wve have
responded to their concerns. Copies of the performances
objectivas documaent (PAT 1994) ware sont to all who requested it.
All coamants received op eithar the swmmary or the performance
okiectives have been documented as ar internal file. Thass
comnients and corrasponding responses are availadble for review
(Murkows¥i 1995).
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1.6 STRUCIVARE OF TXIS PIRFOMIANCE ASSESSMINT

This performance assessment is divided into seven chapters
and five appendices. Tha appendices provide addi+ional detailed
information about topics presented in the chapteris. The contents
of each of the following chapters are summarized in this section.

Chapter 2 describes the Hanford environment, the wvaste
characteristics, and the waste disposal system,

Chapter 3 covers the methods used to assass performance
of the system, including the radionuclide tranasport
pathways and sxposure scenarios. It also discusses the
agsumptions used in modeling system performance, and
outlines tha quality assurance procedures.

Chapter & presents and integrates results from the
transport and exposurs models used to estimate the
potential consequences of long-term contaminant release
from the disposal vaults.

Chapter 5 interprets disposal facility performance with
respect to the performance objectives dafined in
Chapter 1.

Chapter 6 contains brief resunes of contributors to the
document..

Chapter 7 lists the citad references.

Appendix A rapeats the specificaticns for
imwodbilization given in ths request for proposal
(DOE-RL 18%98§).

Appendix B displays the dose factors used in the
dosimetry calculations,

Appendix C describes ths computer simulation of the
performance of a glass vaste form.

Appsndix D describes the -caputer codes used in
soisture flow and contaminant transport simulations.

Appandix E providas detalled reasults of tae computer
simulations.
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2.0 DISPOSAL FACILITY DESCRIPTION

This chapter explains the expected environment within the
region and around the low-lgvel tank waste disposal facility,
probable waste ratrieval and immobilization, and likely design,
operating, and closure concepts for. the disposal facility. It
covers the following topics.

. Banford Site Charxacteristics (Section 2.2). This topic
includes dsscriptions of regional and local geocgraphy,
derography {(including future land use), climate,
geology, hydroleogy, soils, ecology and biotic
conditiona, and natural radiation background.

. Waste Characteristics (Section 2.3). This topic
discusses current waste storage in underground tanks
and plans for retrieving the waste, separating it into
high- and low-level fractions, and immobilizing the
low-level fraction, including packaging and
certification.

. Disposal Technology (Section 2.4). This topic
describes the currect copcepts on disposal units, waste
handling and interim storage operations, waste
smplacement, disposal unit closure and stabilization,
and site closure.

2.2 HANTORD SITE CHARACTURISTICS

2.2.1 Ovarview

This section describes the regional and local environment in
which the low-level tank waste disposal facility will likely be
located. Extensive ressarch has been done on the Hanford Site.
However, this section will cover only the characteristics that
will be used to model the low-level tank waste disposal
facility’'s long-term performance. More complete descriptions
will be referenced whenever possible.

2.2.2 Seogxaphy

The Hanford Site is a 1,450-km? (560-mi’) area of semiaria
land located in south-central Washingion State. The Sanford Site
is owned by the U.S. Government and restricted to uses approved
by the DOE. Figure 2-1 shows the Banford Site in relation to the
rast of the state. It also identifies the major cities in the
region, Seattle, Portland, and Spokare, which are over
160 kilometers {100 mileg) from the Hanford Site.

2-1
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rigure 2-1. Eanford Site in Washington Statas.

The major features of regional geography are the nearby
rivers and mountains. The Colusbia River, which forms the
eastern boundary of the Hanford Site, is an important source of
water and hydroelectric power for the region. Other important
rivers near the Hanford Site are the Yakima River to the
southwest and the Snake River to the east. The Cascade
Mountains, which are about 160 kilometers {100 miles) to the
west, have an important ¢ffect on the climate of the arsa as
discussed in Section 2.2.4.

Figure 2-2 shows the Hanford Site. The DOE is planaing to
release soxe of the Hanford Site land for public use. The areas
planned for relsase are the area north of the Columbia River and
the area to the southwest of State Highway 240 (the
Fitzner/Frerhardt Arid Lands Ecolo7T Ressrve}. The 200 Arean,
where the tank waste is currently located. are in the center of
the Hanford Site. Just south of the 200 Areas is land used for
commercial low-level radicactive waste disposal (US. Ecology).
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Pigure 2~2. Hauford Site Map Showing Public Highways.
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The location of the low-level tank waste uisposal facility
has not yet basen deternined. The preferred location
{Shord 198%5). which is used in thic perfozrmance assessment, is in
the south-central part of the 200 Zast Area of the Hanford Site.
The disposal facllity will be pari of the proposed Tank Waste
Treatment Complex {TWRS Complex). The TWRS Complex is to be
locatad batween existing office structures and the PUREX fuel
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reprocessing facility. Figure 2-3 shows the proposed TWRS
complex arsa. This location was chosen for the following three
reagons:

» The location is near existing tank farms
» UOnused land iz availadble
« The location is inside the fance line of the 200 Areas.

However, this location still needs to be approved. There is some
consideration in using the four existing empty vaults in the
Grout Disposal Facllity to dispose of the iratial part of the
waste.

Tigare 2-3. Activities in the 200 Axeas. The proposed location
of the disposal facility is part of the Tank Waste Treatamnt
Complax, located in the south ceatral part of the 300 East Azea.

2.2.3 bpamography (Including Land and Water Use)

2.2.3.1 Ovarviewv. Denographic data are used in & performance
aagsasspent ©o help sat the scanarios and zelect the dosimetry
paraneters. This section describas the current population
database, area socioceconomica, past and plannad DOE activities,
and the results of an investigation of future uses conducted by
the Eanford Future Site Tses Working Group.

2.2.1.3 ?Population. The mzjor population centers within an
80-kilometer (S50-mile) radius of the Eanford Site are illustrated
in Figurs 2-4, along with populations based oo the 19950 U.S.
Bursau of Census estimates {DO{ 159913;. This radius is centered
on the Ranford Meteorology Station (EMS), located detween the 200
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East and 400 West Areas. The Tri-Cities (Richland, Kennewick,
and Paaco), southesast of the Site, is the largest population
center closest to the Hanford Site. Other major population
centers include Yakima and the Yakima Valley towns to the west,
Unatilla and Eermiston to the south, and Moses Lake to the north.
The cities of Ellensburg and Walla Walla lie just beyond the
80-kilcmeter (50-mile} radius. Portions of Benton, Franklin,
Adams, Grant, Kittitas, Yakima, Klickitat, walla Walla, Norrow,
and Umatilla counties lie within the 80 kilometer radius.

The population estimates for Washington State (OFM 1994) as
sumaarized in Cushing (1995-1) are used. The population in
Benton County was approximately 127,000 in 1993. Approximately
35,000 pecple reside in Richland; 47,000 people reside in
Kennewick; and 12,000 people reside in West Richland, Benton
City, and Prosser. The approximate population in the
unincorporated portions of the county is 32,600. The estimated
population of Franklin County was 43,000 in 1993, with 22,000
people living in Pasco, 3,400 people living in other incorporated
areas, and 17,600 people living in unincorporated areas. During
1990, Benton and Franklin Counties accounted for spproximately
3 percent of Washingtos State’s population.

Based on estinates made during the 1970 and 1980 census
years, the population in the arsa grev approximately 55 percent
(Watson 1584). This population growth and the subsequent decline
in 1382 were attributed to the creation and loss of several
thousand construction jobs at the Washington Public Power Supply
Systen power reactors. Watson st al. (Watson 1984) projected
that the populations within a l16-kilometer (10-mile) radius,
primarily reflecting the Tri-Cities, would increase by 94 percent
between 1980 and 2030 and that the population between
16 and 80 kilometers (10 and 50 miles) would increase by
55 percent.

2.2.3.3 8Socciceconomics. The socioeconomics of the area
surrounding the Banford Site are more fully described in Cushicg
(1995-2). The major employment sectors in the Tri-Cities area
since 1970 have been the DOE and the EHanford Site coatractors;
the Washington Public Power Supply System, which oparates a
nuclear power plant; agriculture and a large food-processing
industry; plus several smaller industrial operations. Other than
DOE activities, agriculture and food processing are the dominant
industries. .

The land use around the Hapford Site varies from urban to
rural. Mogt of the land south of the Hanford Site is urban,
including the Tri-Cities, while much of the land to the north and
east is irrigated crop land. Most of the irrigation water comes
from :he Bureau of Reclamation’: Columbia Baein Proje.t, which
uses the Grand Coulee Dan as the primary water source. The water
is transported via canals to the areaz north 2nd east of the
Columbia Rivaer. The land to the west of the Hanford Site is used
for a mixture of irrigated agriculture (near the Yakima River)
and 4dry-land farming (at the higher elevations).
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Figure 2-¢. Population Canters Within an $p-kilometer Radius of
tha Bangord 8ita. Populations sShowa Are Bassod cn 1990 Canaus
{DOC 1551).

-
.
.

Nota: I popraiation not belod, jeas than 1 500

HMS = Hardand kismoroiogios) Siation

Tha are2 rivers are used primarily as sources of irrigation
apd drinking water but also for recreation. The Mational Parks
service has suggasted that the frau-flowing portion of the
Columbia River along the Banford Site boundary (known as the
Hanford Reach) be desigsated a2 a recraational river under the
Wild and Scenic River system. A record of decision is pending
with Congressional actiocc expacted.

The major land use on the Hanfcrd Site is the result of
DOE‘s nuc.ear activities, which are nore fully descridbed in
Saction 2.2.3.4. No major mining operations sxist im the .anford
Site arsa othar than so@e local gravel processing. 04l and gas
exploration has occurred; however, no sconcmically viable
accumulations were found.
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2.2.3,4 Past and Muture DOE Activities at the Banford Site. In
1543, the U.8. Army Corps of Engineerszs created the Hanford Site
from small farming areas along the Columbias River and land ceded
by local Indian Tribes to locate facilities for producing nuclear
wveapon materials for fighting World War II. Since then, the
sajor activities on the Hanford Site have been controlled by the
DOEZ and its predecessors, the Atomic Energy Commission (1945-
1975) and the Energy and Research Development Administration
{1975-6). Current major programs at the Banford Site are
dedicated to wasts managesment, environmental restoration, and
research and dsvelopment.

The DOE nuclear facilities occupy about € percent of the
Site’s total available area. The operatiirg areas, as shown in
Figure 2-2, are identified by numbers: 100 Areas, 200 Areas,
300 Area, and 400 Area. The activities in these areas are
described in the following paragraphs.

The 100 Areas, directly bordering the Columbia River (Figure
2-32), contain nine graphite-moderated plutonium production
reactors, eight of vhich were shut down by the early 19570’s. The
ninth is the N Reacteor, the first dual-purpose reactor built in
the United States. N Reactor began opsrating in 1963 and ran
until it was shut down in 1986.

Tuel reprocessing, plutonium and uranium separationm,
plutonius finishing, and waste management, including treatment,
storage, and dispomal activities, were conducted in thae 200
Areas. Some waste from research and development activities and
fuel fabrication activities in the 300 Area, reactor operation
programs conducted ip the 100 Areas, and the Fast Flux Test
Faclility (FFTF) ip the 400 A-ea is sent to the 200 Areas for
storage and disposal. Active waste management activities are
scheduled to continue until the mid 21st century.

Waste management facilities are located in the 200 Areas
which are surrounded by security fencing (Figure 2-2.) The
following major facilities are located in the 200 Areas:

- Burial trenches

* gightean ubderground storage tank farms {(the A, AN, AP,
AH, AX, RY, AL, B, BX, B¥, £, 8, 5X, 5%, T, TX, TY, and
) ;

e Very largs fuml proceasing and racovery facilitiss (B,
¥, U, and ¥ Plants and the REDOX and PUREX facilitiss)

» Water svaporatoy facilitiss {(242-A, -8, and -T)

» Office and warehouse duildings.

The locaticns of thess facilities arg shown in Pigurs 2-3.

Betweaan apnd just south of the 200 Zast and ¥astr Areas iz the
gnvirogmental Remediation Dispogsl Pacility (ZRDF, Figure 2-23.
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This trench system will hold most of the contaminated soll and
materials from facility dscontamination and decosmissioning and
Hanford Site remediation.

Some sites near the 200 Areas have been leased i10r disposal
of commercial low-level waste. A 3.9-km’ (1.5-mi?) parcel
located between the 200 West and East Areas is leasad to
Washington State. A portion of this land is subleased to U.S.
Ecology, Inc., a private company, for the disposal of
commercially generated low-level radiocactive waste.

The Fast Flux Test Facllity (Frrr) 1s located in the
400 Area. This facllity contains a ligquid-metal cooled fast
reactor previously used for testing breeder reactor fuels,
materials, and componentsa. The FFTF cperated until 1992 and is
now shut down.

A 4.4-Xn° (1.7-mri?) parcel northeast of the 400 Area is
leased to the Washington Public Power Supply Systam for
cosmarcial nuclear power reactors. The Washington Nuclear Plant
(WNP-2), a bolling-water reactor, is currently the only operating
suclear reactor on the Hanford Site. Construction of WNP-1 and
WNP-4 will not be complsted; both rasactors were to be
preasurized-water raactors.

The 300 Area had been dedicated to fabricating fue] for the
N Reactor and other reactors on the Hanford $ite. Now, the 369
Area is used for research programs performed in laboratories
cchatructed over the last 30 years.

Besides the DOE activities already mentionsd. the maip
future DOE activities will deal with site xemadiation. The
largest addition will be the TWRS Complex, which will include the
proposed disposal facility. The TWRS Complex will be used to
treat and store the waste now in the underground storage tanks in
the 200 Area. It will alsc be ussd to dispose of the low-level
fraction of that wvaste.

The proposed TWRS Complex consists of a pretreatment
facility, a low-level waste immobilization plant, & high-level
waste vitrification plant, and ths low-level (or low-activity)
tank waste disposal facility. These facilities will be located
about €10 meters (2,000 feet) weat of the PUREX Plant and about
430 neters (1,400 fewt) wmast-of the 300 Area Office Complex
(Figure 2-3) . Immediately south of the TWRE Complex is the 200
Easzt Area boundary fence and iamediately morth is unaliocated
land. PRMurther north ags waste burial trenches., the B (B, BX, and
BY) tank farms, and the B Plant processing building.

2.2.3.% ruture Banford Use. ID 1933, DOE, EPA, and the
washington State Departeent of Ecology gathered a group of
Hanford stakeholders to study future land-use of the Hanford
Site. This Hanford Future Sitzs Uses Working Group issued a
sunmary {EFSUMWG 15%3a) and a detailed report (HPSUWG 1993b) of
its Iindinga.
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For nearer ters land use planning, as part of thea Washington
State Growth Managsment Act of 1991, Benton County is identifying
land uses for the Ranford Site. This plan has the 200 Areas
tresated as industrial areas surrounded by °*critical areas.® By
state law, °®critical areas® are defined as land to be protacted
from use bacause of wildlife habitat, geologic, or environmental
conditions. The only arsas found suitable for davelopasnt are as
follows:

. To the northwest of the 200 West Ares (a minimum of
6 kilometers [4 miles]), in an area known as the McCGee
ranch, wvhare farming would be allowed

. to the sast of the 200 East Area (a2 ninimum of
5 kilometers [3 miles])) where research and develepment
activities would be allowed,

However, sny forsal land use planning is not expected to be
accurate in the time frams of this analysis (hundreds to hundreds
of thousands of years).

2.2.4 Climats and Msteoxology

2.2.4.1 Overview. local and regional climate pattarns and
projections must be considered when svaluating the amount of
water entering the disposal aystam. Some of the water will enter
the disposal facility, react with the waste form, then Carry away
contaminants. Weather also affects the potential for flooding.
Both total precipitation and sessobal frequency axe important.
Potential long-term climatic conditions must be projected to
evaluate future climate changes that might cause higher
precipitation rates or glaciation.

The climate of the Pasco Basin (whare the Hanford Site is
located) can be classified as midlatitude semiarid or midlatitude
desert, depending on the climatological clasaification aystem
being used. Summers are warm and Ary with abundant sunshioe.
Large diurnal temperature variations are common, resulting froa
intense solar heating and nighttime cooling. Daytime high
temperature in June, July, and August can sxceed 40 °‘C (104 °"F).
Wwinters are cool with occasional precipitation that makes up
about 44 percent of the yearly total. During the winter,
outbreaks of cold air assoclated with modified arctic air masses
can reach the area and cause teaperatures to drop below -18 °C
(0 "F). Overcast skies and fog do occur duriag the fall and
winter months.

The ~ascade Mountain Range grertly affect the temperature,
wind, ana precipitation in the regiin. Alir sasses that reach the
Pasco Basin are changed as they pass over the region’s relatively
complex topography. The mountains limit the Pacific Ocsan’s
maritime influence, making the cliasate of Easterrn Mashington
drier with greater temperature extremes thas the coast. 1In
addition to the rain shadow effect, tha Cascades are a source of
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¢old &ir drainage, which has a considerable effect on the Site’'s
wind regime.

This rest of this section summarizes the modarn climate
patterns in the Hanford Site area., the regional climate patterns
of the recent past, and ths possible future changes.

3.2.4.2 Current Data. Climatological data are available from
the Hanford Meteorclogical Station (HMS), located between the
200 East and 200 West Areas at about 215 meters (705 feet)
clevation. Data have been ccllected at this location sinces 194¢S.
Temperaturs and precipitation data also are availahle from nearby
locations for the period from 1912 through 1943. Data from the
8MS are representative of the general climatic conditions for the
region and describe the specific climate of tha 200 Areas.
Summaries have been published by Hoitinik {(1994) and Stone
{1983).

The average mopthly temperature at the HMS is 12 °C (54 °F).
The unusually cool nights that occur result from cool gravity
winds originating from the Cascade Mountains. Seasonal
temperature extremes are greater at the Hanford Site than they
would be without the Cascade Nountains. The Pasco Basin has
milder winters thap sites at the sams latitude on the Great
Plainas because mountain ranges to the north and east shield the
area from many of the arctic surges that descend from Canada.
Ralf of all vintars are free ¢! tesperatures of -18 ‘C (0 °F) eor
lover.

Precipitation has been measured at the ENS since 1945,
Average annual precipitation at the BMS is 16 cm (6.3 in.). The
precipitation during November, December, and January accounts for
44 pesrcent of this total, while precipitation from July through
September accounts for only 13 percent. On the average, only
twice a year éo 24-hour amounts of precipitation measure 1.3 cm
(0.5 in.) or more. Rainfall intensities of 1.3 em/h (0.5 in./h)
persisting for 1 hour are sxpectead once every 10 years.
Occurrences of 24-hour amounts of precipitation of 5S.1 cm (2 in.)
or more have been reacorded only twice from 1946 through 1980.

One of these was the record storm of October 1-2, 1957, in which
rainfall totaled 2.7 cm (1.08 in.) in 3 hours, 4.3 cm (1.68 in.)
in & hours, and 4.8 cm {1.88 in.) in 12 hours.

About 38 percent of all precipitation that accurs during
December through Februsry is in the form of pnow. Winter monthly
average snpowfsll ranges from 0.8 ca (0.3 in.) in March to 13.5 o=
(5.3 in.) in January. Ouly one winter in four is .expected to
accunulate as much as 15 o (5.9 in.) of snow on the ground.
bDuring these winters, four days, on average, have 15.2 cm
{6.0 in.) or more of soow on thke ground. ERowever, the 1964-1965
winter had 35 days with znow on the ground, 32 of which ware
consecutive. That winter alsc provided one of the deepest
accumulations, with 31 cm {12 in.) of snow occurring in December
1964. ‘The record accumulation of snow is - 62.2 cm {(24.5 in.} in

Pebruary 1916.
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Prevailing wind directions on the Hanford Central Plateau
are from the northwest in all months of the year. Secondary
maxima occur for southwesterly winds. Monthly average wind
speeds are lowest during the winter, averaging about 10 km/h
(6 mi/h). The winds are highest during the summar, averaging
1S km/h (9 mi/h). Wind spesds that are wall above average are
usually asscciated with southwesterly winds. However, the
sunnertine drainage winds are generally northwesterly and
frequently reach 50 km/h (30 mi/h).

This climsate profile suggests opportunities for moisture
infiltration or recharge (See Section 2.2.6.5 for a discussion of
natural recharge rates). This infiltration is centered around
the frequency of precipitation events during the winter months
when oqurntion is less and plant uptake and transpiration are
at & ninimum.

2.2.4.3 Historical pata. Historical climate data can provide
insights into how future and current climate patterns may differ.
Information axists on climate for the past few centuries and, in
leos detail, for the last 10,000 years.

Cropper and Fritts (Crcpper 1986) derived s 360-year
regional reconstruction of seasonal and annual variations in
temperature and precipitation from statistical relationships
between meteoroclogical records from Columbia Basin stations and
tres-ring data from vestern North America. They calibrated the
relationship betwesen Columbia Basin weather records and a network
of 63 tree-ring chronologies. The results suggest that the
average temperature of the Columbia Basin for the past 3
centuries was slightly higher by 0.09 °C (0.16°F) and more
variable (¢ percent higher standard deviation) than in the 20th
century. The increase was primarily attributed to warmer
winters. This reconstruction also suggests that the past 3
centuries wers wettaer on the average by 0.8 cm (0.3 in.),
primarily in the autumn. Furthersmore, droughts were apparently
more frequent atarting in the second half of the 17th century and
lasted longer than droughts of the 20th century.

Gramulich (1987) also used multiple rejression nmodels to
reconstruct precipitation in the Pacific Northwest. The results
indicate that the average precipitation of the 18th and 19%th
centuries did not differ from the average precipitation of the
20th century.

Chatters (1991) and Chatters and Hoover (Chatters 1992)
summarized proxy evidence for climatic change in the Columbia
Bagin for the past 10,000 to 13,000 years. They identify an
anvironment of about -13,000 years 3o that was kept cocl and dry
by masses of ice and glscial meltwar.ar, supporting a mosaic of
isolated plant and animal communities. This was followed between
10,000 and 8,500 years ago by a period of warmer than modern
sumpasrs, colder than modern winters and low, but spring-dominant,
precipitation. This climate supported extensive grasslands and
their associated fauna. By B,000 years ago, summers and winters
were both relatively warm, and precipitation was at least
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33 percent below current levels. This climate pattern resulted
in reduced stream flows, with late spring flow maxima, and
extansive development of shrub-steppe vegetation throughout most
of the region. Between 4,500 and 3,900 years ago, the climate
want through a period of transition to wetter and cooler
conditions. Rivers flooded frequently and forests expandad into
steppe zones. From 3,900 to 2,400 years ago the climate was cool
in the summer and cold in the wintcr, with winter-dominant
precipitation at lsast 30 percant above current levels. Warmer,
drier conditions returned betwsen 2,400 and 2,000 years ago,
reducing vegetation density and renewing flooding.

2.32.4.4 long-Range ¥oracasts. Future long-range forecasts of
climate are uncertain. Climatologists universally accept that
global climates bave undergone significant variation in the past
and that such natural variations are expected to continue into
the future. Berger et al. (1991) reviewed 7 models of different
complexity developed to predict the global climate for the next
10,000 to 100,000 years. All the models are in relatively good
agreemant. Without man-made disturbances, the long-term cooling
trend that began some 6,000 years ago is expected to continue for
the next 5,000 vyears. This trend should be followed by a
stabilization at about 135,000 years, a cold interval centered at
approximately 25,000 years, and finally a major glaciation at
about 55,000 ysars. Although man-made distributions (such as the
green-house sffect) may occur, the sajin elfects ares to delay the
onsat ¢of these trends.

2.2.4.3 Climate Summaxy. The analysss of present and future
clinmate conditions at the Hanford Site and in the surrounding
region suggest that climatic conditions aimilar to current
conditions will prevail for at least 10,000 ysars and probably
considerably beyond. However, considering the uncertainty
inherent ip any climate analysis, wetter climste conditions and
associated higher recharge or infiltration also will de .
considered. 1t is generally accepted that, at sbout 50,000 years
or beyond, major glaciation will occur, followed by possible
flooding similar to that near the end of the last glacial stage.
Although considerable uncertainty is associated with future
glaciation, some simulations in this performance assessaent will
sxanine human health impacts associated with a resident
population following flooding and rsdeposition aftar

50,000 years.

2.2.5 Regicoal Geology

2.2.5.1 Overview. IXaowledge of the thickness and lateral
distribution of the sediments ai1d other geologic characteristics
is required for tha following reascus:

» To define & coaceptual model for contaminant traasport
from the disposal facility through the vadose zone {the
sone betweed tF  3u.iace and the groundwater which is
not saturatet th water) and from the unconfined
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aquifar (the upper most groundwater layer) to the human
environsent -

. To define hydraulic paraseters
. To intarprst modeling results.

The geology o the Hanford Site includes thick sequences of
vatar-Cderived sedisents varying in texture from cobbles and
coarse gravels to fine silts and clays. These sedimants overlay
thick basalt flows. The top sequence (surface s0il) has been
modified by wind. An unconfined aguifer exists in the lower part
of the sedimu ntary saquence overlaying ihe uppermost baszalt flow.
This relatively thin aquifer is considered the primary
contaminant pathway for evaluating exposure scenarios. The
aguifer intercepts infiltration from the vadose (unsaturated)
zone above it, providing a pathway for water and contaminant
transport to the Columbia River.

The geological and physical settings of the Hanford Site
have been extensively characterized during past activities. This
section summarizes the physical geology and environmental setting
ot the Hanford S8ite and of the proposed disposal site. Emphasis
is on the ssdimentary ssquence which i the pathway to the
groundwatear. More detailed discussions of the geology of the
northwest region and the Hanford Site are found in DOE (1987-1).
DOE (1988b), Myars (1979%9), Myers (1981), Reidel {1989), and
Delaneay (1991). The related subject of hydrology is summarized
in Saction 2.2.6,

2.2.5.2 Zopography and FPhysiogriphy. The proposed disposal
facility is on the Hanford Central Plateau, a Pleistocene flood
bar most commonly referrad to as the 200 Areas Plateaun, near the
center of the Hanford Site. The Hanford Tantxal Plateau is
approximately 198 metars (650 fest) to 229 metars (750 feet)
above msan sea level. The plateau decresses in slevation to the
north, morthwest, and sast toward the Columbia River. The
plateau ascarpments have eslsvition changss of 15 to 30 meters
(50 to 100 feet).

The Hanford Site is situsted within the Pasco Basin of
south-central Wastington State {(Figure 2-5). The Pasco Basin is
one of many topographic depressions located within the Coluabia
Intermontane Province (Figure 2-6). a broad basin located Datween
the Cascade Range and the Rocky Mountains. The Columbia
Intermontane Province is the product of Miocene conticantal
flood, basalt volcapism, and regional deformation that occurred
6 to 17.5 million years ago. The Pesco Basio is bounded on the
north by the Saddle Mountaips; on the west by Ustanum Ridge,
Yakima Ridge, and the Rattlesnake F_lls; on the south by the
Horse Heaaven Hills:; and on the east by the Palouse Slope (Figure
2-5).
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Tigure 2-5. Geologic Structures of the Pasco Basin and tho
Ranford Site.
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Figuze 2-6. Divisions of the Iatermontane Fhysiographic and
Adjacent Snake River Plains Provinces.

The physical geography of the Hanford Site is domirated by
the low-ralle! plains of the Pasco Basin and anticlinal ridges of
the Yakima Folds physiographic region (Figure 2-7). The surface
topography of the Hanford Site is the result of the following
events:

. Oplift of anticlinal ridges
. Pleistocene cataclysmic flooding
. Holocene sclian activity.

Uplift of the ridges began in the Miocene epoch (starting about
17 million years ago) and continues to the present. This uplift
is occurring on geclogic time sceles (i.e¢., over tens of millions
of years). The uplift is not incorporated into our concsptual
model of the low-level tank vaste disposal facility, which
addresses a time scale of tens of thousanis of years.

Glacier-related flooding has h~3 a major impact on the
phyaical jeography. Cataclysmic fl.:0ding occurred when ice dazms
ip western Nontana and northern Idino wers breached, allowing
large volumes of water to spill across 2astern and central
Washington. The last major flood occurred about 13,000 years
ago, during the late Pleistocene Epoch. Interconnected flood
channels, g9iant current ripples, and giapt flood bars are among
the landforma crasted by the floods. These formations resulied
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Figure 2-7. Landforms of the Pasco Basin and the Nanford Sitas.
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in heterogeneous and discontinuous characteristics for sediments
ranging in size frcm sllts to coarse gravels. These sediments
yvield a wide range of vadose zone hydraulic properties.

Landslides have had a limited ef'fect on physical geography.
Previous landslide activity in the ares is generally limited to
the White Bluffs area east of the Hanford Site and the
Rattlesnake Hills south of the Bite. No landslide activity is
observed in the Hanford Central Plateau.

During the Bolocene Epoch (the last 11,000 years), winds
have locally reworked the flood sediments. The winds deposited
dune sands in the lower elevation and loess (very fine wind-blown
silts) around the margins of the Pasco "asin. Generally, sand
dunes have been stabilized by anchoring vegeatation. However,
they have been reactivated where vegetation has been disturbed.
Most sand dunes on the Hanford Site are located southsast of the
200 East Area and are stabilizod by vegetation (Pigure 2-7).

The location of the Ranford Site in ap intermontane basin

ips maintain a seniarid climate with low recharge. Most
topographical surface features, such as sand dunes and
landslides, that could disturb the near-surface hydraulic
characteristics affecting recharge are not found at the proposed
location of the low-level tank waste disposal facility.
Horeover, sand dunes are indicators of past, cumulative wind
directions. Their location approximately downwind of the
proposed disposal facility site suggests that future dune
formation over the facility is not likely.

2.2.5.3 Stratigrapby

2.2.5.3.1 overview. The stratigraphy or geologic layering
is not extremely complex in the Banford region. Late Miocene to
Pleistocene suprabasalt sediments (2 tc 5 million years old) and
miccene-aged basalt (16 to 17 million years nld) of the Colurbia
River Basalt Group mostly lie beneath the Eanford Site. Miocene-
aged basalt is exposed at some locations, including Gable
Mountain and Gable Butte. Tha basalts and sediments thicken into
the Pasco Basin and gensrally reach maxinum thicknesses in the
Cold Creek syncline, which is southwest of the proposed site for
the disposal fac.ility. Cenozoic (25 to 65 million years old)
sedimentary and volcaniclastic rocks underlying the basalts are
not exposed st the surface near the Hanford Site.

Figure 2-8 delinsaces the gensral stratigraphy of the
suprabagalt sedimentation that makes up the vadose zone sediments
beneath the proposed location of the disposal facility. This
figure illustrates the degree of hetercgepeity aond discontinuity
in the gzdiments. The sedimeats* ion is composed largely of
Ringold Formatioan and Hanford foxmation sediments, with the
anford forme~ion sbove the Ringold Formation. At the proposed
disposal faci.ity site, the Hanford formation makes up most of
the vadose one.
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Piguze 2-8. Generalised Stratigrapby of the Suprabasalt
Sedimants Baneath the Hanford gits.

;
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The suprabasalt sedimeatary sequence at the Hanford Site is
about 230 meters (750 feet) thick in the west central Cold Creek
syncline. This sedimentary sequence pinches ocut against the
Saddle Mountains anticline, Gable Mountain/Uatanum Ridge
anticline, Yakima Ridge anticline, and Rattlesnake Hills
anticline. The suprabasalt sediments are dominated by laterally
extensive deposits assigned to the late Miocene- to Pliocene-aged
Ringold Formation and the Pleistocene-aged Hanford formation
{(Figure 2-8). Locally occurving strata assigned to the
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inforsally defined Plio-Pleistocens unit, early “Palouse” soil,
and pre-Mizacula gravels coapose the rosaiander of the asquance.

the followisg ssactions describe the geclogy of the Ringold
and Ranford formstions sediments in some detail. These sadiments
are the basis for dstermining vadose rona hydraulic and
gsochamical properties for contamipant transport modsling.

2.2.5.3.2 xingold Formatiom. The Xingold Formation varies
in thickness throughout the Hanford Site. It is up to 183 meters
{600 feat) thick in the despast part of the Cold Creek syncline
south of the 200 Weast Ares and 170 meters (560 feet) thick in the
westers Wahluke syncline pear the 100 B Area. It pinches out
against the Gable Mountain, Yskima hidge, Saddle Mountains, and
Rattlesnake Nountain anticlines (Figure 2-3). It is mostly
sbsent in the northern and northeasterp parts of the 200 Bast
Area and adjacent srsas to tha north near West Pond.

The Ringold PYormation is assigned to a late Miocens to
Pliocene age (Pecht 1987, DOE 1988b) and consists of clay, silt,
compacted sud, fine- to coarss-grained sand, and granular to
cobble gravel. In general, it tends to be Iiner-grainec¢, or
siltier., in the upper parts just balow the Hanford formation.

The strata of the Ringold Formation are generally divided as
!ollg::.éncueulh 1938; Kewcomb 1972; Myers 1979; Bjornstad 1984¢;
3.0 ):

The gravel, sazd, and paleoscls of the basal unit
The clay and silt of the lower unit

The gravel of the middle unit

The nud and lesser sand of the upper unit

The basaltic detritus in localized arsas.

* & & % =

Ringold strata alsc have bssn divided on the basis of facies
types {(Tallman 1981) and fining upward sequences (PSPL 1982).
Recant studies of the Ringold Formation (Lindsey 1989 and 1991)
divided the formation ob the baasis of sediment facies (individual
stratigraphic bodies) associations and their distribution.

facies associations in the Ringold rormation (defined on the
basis of lithology, petrology, and stratificaticu) include
fluvial gravel, fluvial sand, overbank deposits, lacustrine
deposits, and basaltic gravel.

2.2.5.3.3 Eanford Torsation. The Hanford formation (an
informal designation) is up to €4 meters (210 feet) thick in the
Cold Creek bar near the 200 areas. It is absent on ridges
approximately 360 maters (1,180 feet) above sea level.

The Hapford formation was depositeé by the catastrophic ice-
age flooding thai ended sbout 13,000 yesars ago. The formation
cousists of pebble-to-boulder sized gravel, fine- to coarse-
grained sand, and gilt. It can be divided into two main facies:
coarse-grained or gravelly deposits and fine-grained or sandy aad
silty deposits. The Banford formation is &also comaonly diviged
into two informal membera: the Pasco gravels and the Touchet
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Beds (Myers 1979, Tallman 1981, Fecht 1987, DOE 1988b). The
Fasco gravels correspond to the gravelly facies, and the Touchet
bads to the sandy and silty facles.

The gravelly facies consists of coarse-gruined sand and
granule-to-bouldar saized gravel. Those gravels often lack matrix
psaterial and heve an open framework ippearance. The gravelly
facies dominutes the Hanford formaticn in ths 100 Areas north of
Gable Mcuntain, the northern part of tha 200 Bast Area, and the
eastern part of the Hanford Site, including the 300 Area. In the
200 East and 200 West Areas, the facius association generally
bacomes finer to the south. The gravelly facies was deposited by
high-sneryy flood waters in flood bars and along channelways such
as the Ringold Coulee, east of the Han'ord Site. and Gable
Mountain channel, north of the Central Plateau.

The sand and ailt faclez consiats of silt and fine- to
coarse-grained sand that commonly displey normally graded
rhythmites a fow centimeters to several tens of centimeters thick
in ocutcrop (Myers 1579, DOE 1988d). Thia facies is found
throughout the cantral, southern, and weitern Cold Creek ayncline
within and south of the 200 Areas. These sediments were
dop:-i;:gbundor slackvater conditions and in backflooded areas
(DO ).

Clastic dikes are vartical features occasionally seen in the
Banford formation. In clastic dikes a vertical hexagonal
structure of very-fine graiced sand is surrounded by coarser
Hapford formation materials. The importanc: of these features
will be ianvestigsted in future studies.

2.2.5.3.4 8urficial Deposits. Holocen: murficial deposits
conaist of s8ilt, sand, and gravel that form & thin (< 4.9 meters,
{16 fset)) veneer atop much of the Hanford Site. These sediments
ware deposited by wind and flood processes.

2.2.5.4 Seismic

2.2.5.4.1 Overview. Seismic events can uaccelerate the
daegradation of the disposal facility and of the waste form.

The Ranford Site lies in the Pasco Basin near the eastern
limit of the Yakima Foldbalt. The &ite is underlain by basalt of
the Columbia River Basalt Group, which is covered by up to
213 »eters (700 feat) of relatively stiff zediments. It is in an
area of low-magynitude seismicity and is under north-south
comprassional stress, which is reflected ia the deformation of
che Yakima folds. The following sources are major contributors
to the seismic hazard in and around the Banford Site:

. Pault sources related to the Yakima folda
. Shallow basalt sousices that account for the observed

seismicity within the Columbia River Basalt Group and
not associated with the Yakima Folds

2-21



WHC-EP-0884
° Crystalline basemsnt scurce region
- Cascadia Subduction fone earthquakes.

The largest historical sarthquake in the Columbia Plateau
occurred in 1936 pear Nilton-Freevater, Oregon, approximately
90 kilometers (54 miles) east of the site. The earthquaks had a
magnitude of 5.75 and was followed by a number of aftershocks.
The ground motica from this event is estimated to have been lass
than 0.03 ¢ at the Hanford Site.

A seigmic monitoring network has been oparated in and around
the site since 196%. The network, operated by DOE, can locate
all earthguakes of magnitude 1.5 and larger on or near the
Hanford Site, and magnitude 2.0 and larger throughout south-
central and south-sastern Washington Stats. The largest recorded
earthquake oo the Hanford Site was a magnitude 3.8 near Coyote
Rapids in 1971 and wvas felt in the 100 ¥ Arsa.

2.2.5.4.2 Beismic Naxard Assessment. This section explains
ths exrthquake ground motions that the facility is expected to
experience during the performance period. EZlemsnts of the
disposal facility that serve asc barriers in the overall
performance must continue to perform at some level throughout the
performance pariod. Deformation and or cracking from earthquake
ground sotion ia one of the major drivera of physical degradation
of the snginesred system.

A probabilistic seismic hazard analyais was recently
completed Tor thé Eanford Site (Geomatrix 19%6). Previous
seismic hazatd snalyses were done for Washington Public Pover
Supply System’'s (Supply System) WNP-1/4 and WNP/2, which also are
located on the Hanford Site (Power et al. 1981). Woodward Clyde
Consultants (WCC 1989) later applisd the Supply System study %o
the Hanford Site areas under DOE coatrol.

The following seismic hazard valuas are based on the current
seismic hazard study by Geomatrix (1996), which incorporates
seismo-tectonic data and interpretations included in the Supply
System’s earlier assesament. The mead seimmic hazurd curves for
tha 200 West, 200 Eaat, and 400 Areas are shown in Frigure 2.9. '
The 200 West horizontal groupd motion values are shown for the
selected time period in Table 3-1. (See Geomatrix [1996] for
details including response spectra).

2.2.6 Regionmal Bydrology (Both Surface and Groundwater)

2.2.6.1 Ovarview. This section describes the concept of
recha ge rate for the surface ani subsurface hydrology of the
Banford Site regiob and the proposed site for the disposal
facility. The surface hydrology is important in determining
poseible surface pathways for dissolved or suspended
contaminants, as well as for identifying sources of infiltration.
The groundwater hydrology helps determine posaible flow paths for
contaninants released from the disposal facility and provides a
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Table 2-1. Approzimata Probability of Exceeding Gives Gxound
Noticas Puring 2elected Time Periods

Retuzn Exceedsnce
Period Probabilicy
{(Years) {EP)* ovar
50 years

1,000, i 5.%
2,000.° ) 2.4
5,000. i 1.%
| 10,000 | 0,58

i (I-p whers ' '
P = the annuyal probability of exceedance,
n » ths performance life, and
ZP = the probablility of exceedance over the performance
life.
* performance Category 3, DOE Order 5480.28.

basis for determining vadoas zobe thickness.

2.2.6.2 Surface Eydrology. The hydrology of the Pasco Basin
{Figure 2-10) ia characterized by & number of surface acurces and
aquifers. Surface drainage snters the Pasco Basin from several
other basins, including the Yakima River Basin, the Horse Hsaven
Basgin, the Walla Walla River Baszin, thc Palouse/Snake Basin, and
the Big Band Basin. Within the Pasco Basin, major tributaries,
the Yakima, Snake, and Walla Walla Rivers, join the Columbia
River. Two intermittent streasms, Cold Creek and Dry Creek. cut
through the Hanford Site. Water drains through these pathways
during wetter winter and spring months. No peresnnial streams
originate within the Pasco Basin.

The total estimated precipitation over the basio averages
16.0 cm/y (6.3 in./y) (Ssction 2.2.4.2). Mean annual runoff from
the basip is estimated to be laas than 3.1 x 10’ w’/y (2.5 x 10*
acre f£t/y). or approximataly 3 percent of the total
precipitation. The remaining precipitation is assumed to be lost
through evapotranspiration, with a small component {perhaps a few
percent) coatributing to the recharging of the groundwater (DOE
1968b).

The Eaaford Site has one pond, West Lake, and variocus water
digposal pouds. iest Lake, located 2.7 kilometers (1.7 m.les)
north of the I00 East Area, is a shallow pond with an average
dapth of about 1 meter {3 feet) snd a surface area of 4 hectares
{10 acres). While described as a natural lake, the source of
recharge to the lake is groundwater that is locally mounded
because of infiltzation from 200 Arsa operations. The pond is a
topographic deprersion that intersects the artificially elevated
water table (DOE-RL 1993b-1). 200 Area disposal activities are
scheduled to halt within & few decadas. When this happens, the
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Figuze 21-9. Compaxison of #eisaic Xazard fox Vazious Regions of
the Banford Sita.
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water tabls will 4rop and West Lake will becoss an iatermittent
seasonal pond (DOEZ-RL 1933C). Waste watsr ponds, cribs, and
ditchas associated with suclear fual processing and waste
disposal activities, although currently present on the Haanford
Site {FPigure 2-11j, will not be an important source of water in
the future.

#o surface strsams sre neAar the proposed disposal facility,
but current dizposal ponds have an artificial iafluence on det
contribut.ons to the watar talble. These disposal ponds and
related facilities are not sxpacted to exist after current
operations end, #0 their long-term influence i3 not considered in
this performsance assessment.

The surface draipage characteristics of the Hanford Site and
ragional area indicate that the Columbia Rivar and its
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Piguse 2~-10, Hydrologic Bssius Deuignated for tha Washington
#tats Portian of the Columbia Platsai (DOL 1988b).

tributaries are the major surface drainage pathways. The
Columbia River is the domipent pathway. The large volume of flow
in the Columbia River (typically 1,000 to 3,000 m'/s (Woodruff
19%3]) through the Pasco Bacin and dowmstrean permits
considerable dilution of any contaminants that reach the river.

Routine water-quality sonitoring of the Columbia River is
conducted by DCE for both radiclogical and nonradioleogical
parameters. The Pacific Worthwest National Laboratory (PNNL) has
been reporting the water quality data since 1973. The Washington
State Department of Ecology (Bcology 1992) has imssued a Class A
{axcellent) quality designation for Columbias River water from
Grand Coules Dam, through the Pasco Basin, to McNary Dan. This
designation reguires that all industrial uses of this water be
compatible with other uses, including drinking, wildlife habitat,
and recreaticon. The Columbia River water is characterized by a
low suspanded load, a low nutriant coptent, and an absence of
microbial contaminants (Woodruff 19932).
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Pigure 2-1i. Location of Water Dispasal Poads on the
Eanford Sita. .

To Tehtma {67 Mine)
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2.2.6.3 TYlooding. Cushing (1995-3) describes flooding
potentials at the Eanford Site. Except for catastrophic glacier
tiooding, which is not expected for tens of thousands of years,
oo floods are axpected to affect the Banfcrd Central Plateau.

The flows for the thrae largest probable Columbia River
flood ecenarios range from 17,000 tc 600,000 m’/s (600,000 to
321 million ft'/s). The probable maximum flood on the Columbias
River (DOEZ 1986), based on natural conditions, has been
calculated to be 40,000 m’/s (1.4 million fti’/s). This 19
greater than the 500-year flood. A landslide resulting in
Columbia River blockage, followed by flooding could yield a
saximum flow of 17,000 w’/s (600,000 ft'/s). The U.S. Army Corps
of Enginesers estimatad that a 50 parcent breach in the Grand
Coules Dam, the largest dam in ths region, would yield flows of
600,000 m'/s (21 million ft’/s). None of these flow rates are
large enough to cause the waters of the Columbia River to reach
the Hanford Central Plateau.

A flood risk analysis of Cold Creek {wast of the 200 West
Area) was conducted to characterize a basaltic repository for
high-level radicactive waste (Skaggs 1981). Based on this
evaluation, the probable maximum flood would be 8 kilometers
(5 miles) to the west of the TWRS Treatment Complex and its
clo::st approach would ba about 6 kilometerg (3.6 miles) to the
south.

. 2-2.6.4 Groundwater Nydrology. The groundwater pathway is
considered the moast likely pathway for contaninants released from
the low-level tank waste disposal facility for the following
Teasons .

. Low precipitation in the Pasco Basin

. Lack of surface transport pathways near the disposal
facility

. Subsurface location of the disposal facility

* Near-surface lysimeter measurements showing downward
movement of water

. Sanmples showing the existence of radicactive
contaninant plumes in the groundwater due to paat
Hanford operations.

To evaluate this pathway, information is required about the types
of aquifers present, depths to the vater table, regional flow
paths. and the net recharge rats.

The khydrology of the Pasco Basin is characterized by a
multiaquifer system. This system consists of four hydrologic
units corresponding to the upper three formations of the Columbia
River Basalt Group (Grande Ronds Basalt, Wanapum Basalt, and
Saddles Mountalns Basalt) and the overlying suprabasalt sediments
{the Hanfiord for=stion and Zingold Formation). The basalt
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agquifers consist of the tholalitic flood basalts of tha Columbia
River Basalt Group and relatively sainor amounts of intarcalatsd
sadisents of the Ellenshurg formation. Confined zones in the
basalt agquifers are present in the sedimentary interbeds and/or
interflow zones that occur betwsen dense basalt flows. The main
water-bearing portions of the interflov zones are nstworks of
interconnecting vesicles and fractures in the flow tops and flow
bottoms (DOE 1988Dh).

The upperacst aquifer system consists of fluvial, .
lacustrine, and glaciofluvial sedimants. Within the Pasco Basin,
this aquifer is regicnally unconfined and is contained primariiy
within the Ringold formation and the Hanford formation. The main
body of the unconfined agquifar usually occurs within the Ringold
rormation. Ths watar table in the southwestern Pasco Basin is
genarally within Ringold fluvial gravels. In the northern and
eastern Pasco Basin, the water table is generally within the
Hanford formation. Hydraulic conductivities in the Ban‘ford
formation ar? usually greater than in the gravel facies of the
Ringold Formation (Grzham 1981). However, fins-grained deposits
in the Ringold Formation form locally confining layers for
Ringold fluvial gravels.

" The base of the uppermost aquifer syatem is defined as the
top of the uppermost basalt flow. This aquifer system is bounded
laterally I unticlinal basalt ridges and is about 152 meters
({500 feet) thick near the center of the Pasco Basin. Within the
Hanford Site, this uppermost agquifer system lies at depths
ranging from less than 0.3 eeter {1 feet) balow ground surface
near West Lake and the Columbia and Yakima Rivers, to greater
than 107 meters (350 feet) in the central portion of the Cold
Creek syncline,

Because the uppermost unconfined aquifer is considered the
primary pathway for possible contaminant transport from the low-
level tank waste disposal facility, it has special importance in
this performance assessment. The conceptual model of the
uncoufined agquifer is discussed in Chapter 3.0. Modeling results
are given in Chapter 4.0.

Before the ligquid waste disposal asystems, such as B Pond,
hegan operating, and befors the orsst of large regional
irrigation proiects, the groundwat - r table for the Hanford Site
ooild be repreasented by a 1344 w=' -~ table map {(Figure 2-12).
Thiz waner 2ap iasliudea limited 3 gation near the former towns
of White Bluff and Hanford but oot the irrlgation sow comaon in
Cold and Dry Craaks. The 1944 water table contours suggest that
groundwater flow is £33terly toward the Columbia River with a
relativaly unifora hydraulie gradient (approximately 1.5 m/km
{3 fey/mil,. BReglopel groundwater f.ow was generally tovard the
sast-northeast; 2lthough flow north of Gable Hountain was more to
rhe aarih.

Effiuent disposal at the Hanford Site has altered hydraulic
gradients ard flow diractiony of tha uppermost agquifer systen,
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Yigure 2-12. Eimdoast Watsr Table Map of the Hanford 8ite,
January 1944 (EXDA 1973).
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particularly near the 200 Areas. Figure 2-13 shows the current
water table map influenced by sffluent disposal actions.

Regional irrigation projects had a mioor influence on the changes
shown in Figure 3-13. Groundwater flow is still nominally
sasterly towvard the Columbia River, but mounding occcurs in the
200 2ast Area near ® Pond. Groundwater flow north of Gable
Mountain now trends in a more northesasterly direction as a result
of mounding near reactors and northerly flow through Gable Gap
between Gable Mouotain and Gable Butte. South of Gable Mountain,
flow is intarrupted locally by the groundwater mounds in the 200
ATsaz. Some groundwater from the 200 Aress flows to the north
between Gable Mountain and Gable Butte. Por the time periods
considered in this performanca assessnent, effluant disposal
operations will have stopped.

Figure 2-13. Eanford Site Watar Table Map, June 1989
(8mith 199¢).
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2.2.6.5 Natural Bechaxge Rates. Recharge is the net amount of
total precipitation that infiltrates into the unsaturated zone
(vadocse zone) aftar runoff, evaporation, and transpiration by
plants have occurred. Recharge from rain and snow melt is a
major hydrologic variable affecting contaminant transport from
the low-level tank wvaste disposal facility. Studies conducted
over the last 35 vears at the Hanford Site (surmmarized beiow),
indicate that recharge can vary gresatly depending on factors such
as climate, vegatation, land use, and soll texture. Estimates
usedifor thc’infiltratian rate in the nodeling are discussed in
Section 3.4.7.

Most racharge rate data at Hanford have been measured
directly using a combination of drainage and weighing lysimetars
(Rockhold 1985, Gee 1992). These lysimeters are long vertical
tubes (some are 5 meters in length) in the ground filled with
variocus type of scils and covered with various types of
vegetation. At the bottom of the lysimeters the water which
passed through the tube of soil is collectsd and measured (by
volume or weight). PFrom such msasurements, the rate at which
moisturs escapes the pear-surface part of the vadose zone can be
deternined. Because no Bechanicisns are assumed to exist which
. act as traps for the moisture, the measured rate from the
lysinaters is considered a good approximation to the recharse
rate for the conditions (soil, vegetation, and precipitation)
tested by the lysimster.

The recharge rate has been shown to depend on a variety of
conditions. The racharge rate depends on the seasonal
distribution of precipitation, with maximun recharge events
occurring following the wettest winter periods. The effect of a
variety of surface soils, vegetation, and climate conditions on
recharge have been studied. Under normal conditions, the
recharge rate is highest in coarse-textured soils without
vegetation and is at the measurement threshold in fine-textured
soil with or without vegetation. Coarse scil surfaces that are
either vegetated with shallow-rooted species or are bare exhibit
recharge on the order of 50 percent of the precipitation.

Routson and Johnson {(Routson 1990) reviewed water
infiltration data from a l3-year observation period for a closed-
bottom lysimeter located in the 200 East Area and 'Cs profile
data from a solid-wvaste burial ground trench in the 200 West
Area. The recharge rate of the closed-bottom lysimeter was
estimated to be 0.0 £ 2.0 mn/y (0.0 £ 0.08 in./y) based on the
13-yeaxr record. Gee (1992) reviewed zll published lysimeter
studies for the Banford Site. They noted that the main
deterniners for recharge was the texture of the 20il and the
amount and type of vegetation on the solil.

The very limited data from enviroanmental tracer techniques
are generally consistent with data from the lysimeters. The
tracer data indicate that (undisturbed)} vegetated sites have
experienced as little as 0.01 to 0.1 mm/y (0.0004 to
0.004 in./y) of rscharge and up to 3. to 4. mm/y (0.1 to
0.2 in./y) (Prych 1995). Bowever, the tracer techniques, while
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ful, are not applicable to disturbed (or sngineered) sites.
Also, these tachaiques have bean unable to measure significant
zates of recharge at sitee with coarse soils and shallow-rootad
vogntnti::; bacause of desp psrcolation of natural tracers at
these s .

Ia addition to studies using lysimeter and tracer
technigques. a number of studies have bean conducted to estimate
racharge on a regional scale. PFor example, Bauer and Vaccaro
(Bauer 1990) sstimated groundwataer rscharge for the Ranford Site
as part of their study of recharge affecting the Columbia Plateau
regional aquifar. Using estimates of soil type and land uss and
a water balance mcdesl, thay estimated recharge rates for most of
the Site (includiag the low-level tank waste diaposal facility
site) ranging fxcm 0 to 12.7 ma/y {0 to 0.5 in./y). In contrast,
in the vicinity of sand dunes in the middle of the Hanford Site,
they estinated rates as high as 51. ma/y (2.0 in./y).

More recently, Fayer and Walters (Fayer 1995¢) estimated
recharge rates based on measurements (of drainage, water
coateants, tracers) and numerical modeling. Estimatas from these
aethods were assigned to specific soil-vegetation combinations
and distributed across the Hanford Site using a soil map and a
vegctation/land use aap. The long-tarms averags rates varied from
2.6 wm/y (0.1 in./y) for several soil and vegetation comabinations
in wae 200 Areas (including the low-level tank waste disposal
facility site) to 137. mm/y (5.0 in./y) for basalt outcrop with
nogvegatation 4t the crest of the Rattlesnake Mountain (Fayer
19850,

‘:%=‘ Because of the high degree of variability and importance of

recharge to the performance aassessnent, a ional

. 5 _
- ‘planned to estimate recharge rates through a combination of

computer simulations. lysiNeteér measuredents, and tracer methods

{(PAG 1993a). These efforts will consider the comments made by

outside experts (Honeyman 1995).

2.2.7 Geaology and Eydrology of the Proposed Low-lLevel Tank Waste
pispossl Tacility Zocation

2,2.7.1 Overview. The geology and hydrology of the 300 East
Area have been the subjects of much study and reports over the
past several decadss {(Myers 1979, Myers 1981, Gephart 1979,
Tallean 1979, Graham 1981, Routson 1990). The most recent work
on the 300 East Area is by Lindsey (1992) and by Connely (1592a).

The 200 East Area lies on the Cold Creek bar, a gecmorphic
remnant of the cataclysmic floods of the Pleistocene. As the
ficod wa'ers raced across thes lowlinds of the Pasco Basin, they
lost energy and began leaving behlird deposits of gravels. The
Banford Central Plateau is on. of the most prominent of such
deposite. The plateau lies just south of one of the major
channelways across the Hanford Site that forms the topographic
lowliand south of Gable Mountain,
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The principal source of geologic and hydrologic information
for the 200 East Area is boraholes. WNumerous borsholes have been
drillied in the 300 Bast Area for groundwater monitoring and wvaste
Ranagement studiea. However, because few boreholes have been
drilled in the arez near the TWRS Treatment Complex, data are
limited. Most boreholes in the 200 East Area have been drilled
using ths cable-tocl method. Some borsholes were drilled using

and wire-line coring methods. Geologic logs based on
these boreholes are constructed by examining chips and cuttings,
wvhich limits information on all but thu broadest stratigraphic
upits. Chip samples, which are typicslly taken at l1.S5-metes
(5-feat) intarvals, are routinely archived at the Ranford
Gaotechnical Sample Library.

70 better determine the site-specific properties of the
vadose zohe and the unconfined aquifer, three new boreholes are .
planned (PAG 1995-2). Continuous intact core samples are \ e e
pPlanned. The need for these boreholes and the integrated \
characterization plan designed around theam are described by P
Reidel et al (Reidel 1995). (="

{ o Ttk
3.2.7.2 Geological Structural Framawork. The preferred location'""
of the low-level tank wasts disposal facility is south of the e, 7/
Gadble Mountain segeent of the Umtanum Ridge anticline and north + * .
of the Cold Creek syncline (Figure 2-5). The proposed dispcsal .~

facility lies about 3 kilonetsrs {2 milss) north of the axis of
the Cold Cresk syncline, which controls the structural grain of -
the hasalt bedrock and Ringold Formation. The basalt surface and
Ringold rormation trend roughly southeast-northwest, parallel to
the major geologic structures of the Hanford Site. As a result,
the Ringold Formation and the underlying Columbia River Basalt
Group gently dip to the scuth off the Umtanum Ridge anticline
into the Cold Creek syncline.

Geologic mapping at the Hanford Site has not identified any
faults near the proposed disposal facility location (DOE 198Bb).
The closest faults are along the Umtanum Ridge-Gable Mountain
structure to the north and the May Junction fault to the east.
Both faults are about 7.2 kilometers (4.5 miles) from the
disposal site.

2.2.7.3 Stratigraphy Under Propossd Disposal Site.

Borehole 399-E24-7 lies in the northeast corner of the proposed
disposal site and 299-E24-18 i3 located sast of the site. The
proposad disposal site stratigraphy is estimated from the logs of
these borsholes (Figure 2-14). The stratigraphy encountered in
the boreholes is summarized in Figure 2~-8. Section 2.2.5.3
describes the general stratigraphic units and lithology shown in
Figure 2-14. The following sections give details on the
stratigruphic units at the proposed disposal gite.

2.2.7.3.1 Ringolid Frormation. The Ringold Formation at the
proposed disposal site is about 310 to 38 meters (100 to 125 feet)
thick and is dominated by the gravel sequencesa. The Ringold
formation begins at about 100 meters (33C feet) drilled depth and
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Stratigraphic Units and Lithol at the FProposed
£ the Tank Wasta Resadiation lysu:’, Low-level T

Wasts Disposal Pacility.
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Figure 2
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continues to tha top of the Coluabia River Basalt Group at about
137 meters (450 feat).

The primary sediments at the Hanford Site are the Ringold
gravel units A and E. Ringold unit A is probadbly the predominant
unit. Both units are a consolidated sandy gravel to muddy sandy
gravel. #Without an intervening mud unit, the two cannot be
easlly distinguished from sach other.

The Ringold lower aud unit is interpreted to pinch out to
the cast of the proposed disposal facility or just under it. The
lower mud unit is abhsent in borshole 299-E24-7, but might Dde
present farther south under the site. With the lower mud unit
abaent, gravel unit E directly overlies gravel unit A. The two
units caonot be differsntiated in borehole 299-E24-7. Studies in
the 200 East Area {€.9., Tallman 1979) show that the lowver wud
must pinch out somevhere betwesn the sastern boundary of 200 East
Area and the proposed disposal facility site.

3.2.7.3.2 HEanford rormation. At the proposed disposal
Jocation, the Hanford formation is about S0 to 105 meters (300 to
343 feet) thick and consists predominantly of sands and gravelly
sands. The sandy sequence is interpreted to lie betwesen a
slightly gravelly sand and a lover sandy gravel to gravelly sand.
The Hanford formation thickens both to the north and south of the
disposal facility site.

The lower gravel to gravelly sand unit averages about
3% meters (115 feet) thick and probably thins to the sast on an
irregular Ringold surface. Currently, the water table ia
probably in this lower gravel seguence. The Hanford formation
sandy sequence is about 60 metars (200 feet) thick and is the
dominant facies in the propesed disposal facllity area. The
upper ¢ meters (20 feat) is composed of an irregularly
distributed gravelly sand sequence.

2.2.7.3.3 Bolocans Deposits. The southern 200 meters (656
Zeet) of the disposal facility site are covered with a stabilized
dune sand that is as nuch as 8 meters {26 feet) high. Mature
sagebrush covers much of the proposed dlsposal facility site and
in particular the sand dunes. The age of the sagebrush indicates
that the dune field has been stable since before the Ranford Site
was established in the 1940’s. Because of the relative flat
nature of the surface, landslides are not expected to be
significant.

2.2.8% B8oils

Hajek (1966) lists and describes the 15 different soil types
on the Ranford Site, varying from sand to silty and sandy loan.
The following soils are found in the south central part of the
200 East Area:

+ BPurbank Loamy Sand: dark-colored., coarse-texture soil
underlain by gravel. Surface soil is usuzlly about
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40 centimeters (16 inches) thick but can be
76 centinsters (30 inches) thick. Gravel contsent of
subsoil ranges from 20 to 80 percent.

« FEphrats Sandy Loam: surface is dark colored and
subsoil is dark grayish-brown medium-texture soil
undcr%ain by gravelly material, which may continue for
many feet.

+ Immpert Sand: Dbrown-to-grayish brown coarss sand
grading to dark grayish-brown at about 90 centimetasrs
(35 inchas). Developed undsr grass, sagebrush, and
hopsage in coarse sandy alluvial deposits that wers

mantled by wind-blown sand.

2.2.9 Ecology amd Blotic Cosditions

This section summarizes the ecology of the Hanford Site,
enphasizing plant and animal activities that may affect exposure
pathways. The primary impact would be through root penetration
and anisal burrowing through barriers into the disposal facility.
Secondarily, the types of plants and animals and their density
can affect net groundwvater recharge, which is greatly influenced
by surface vegetation and burrowing. Cushing (1995-¢) details
both the tsrrestrial and aquatic ecology of the Hanford Site and
presents extensive listings of plant and animal species. This
gection will consider only terrestrial ecological effects because
the proposed low-level tank waste disposal facility site is not
located near significant agquatic ecological systems.

The Hanford Site consists of mostly undeveloped land. Only
about 6 percent of the site is occupied by chemical pxocessing
facilities, nuclaar reactors that no longer operate, and
supporting facilitiss. Most of the Hanford Site has not
experienced tillage or agricultural grazing since the aarly
1940's.

The Hanford Site is botanically characterized as a shrub-
steppe environment. This environment contains numercus plant and
anisal speciez adapted to the region’s semiarid climate. Because
of the aridity and low water-holding capacity of the soils, the
productivity of both plants and apimals is ralatively low.

The doainant plants on the Hanford Site hava changed ovar
time. In the early 1800’s, before settlement anéd agricultural
activities, the dominant plants were big sagebrush and pereannial
bunchgrass. Agriculture opened the area to invasion by alien
plants, predominantly cheatgrass. Today, cheatgrass dominates
fields aud rangsland that were cultivated 50 years ago. The
dominant plants on the Hanford Central Plateau are big sagebrush,
rabbitbrush, cheatgrass;, and Sandberg’s bluegrass, with
cheatgrass providing half the total plant cover., Root
penetration to depths of over several meters has not been
demonstrated in the 200 Areas. Rabhitbrush roots have been found
at a depth of 2.4 meters (8 feet) near the 200 Areas. ‘
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A variety of birds and sammals inhadit the Eanford Site.
The most adundant mesting birds of the shrub-stappe at the
Rasford Sits are tha horoed lark and western meadowlark.
significant populations of chukar and gray partridge also inhabit
the Site. Mourning doves also nest throughout the Hanford Site.
The most abundant mammala of the Hanford Site are mice, grouand
squirrels. gophars, voles, and cottontail rabbits. larger
apimals incliude mule deer and elk. The coyote is the principal
aspmalian predator on the Banford Sits.

2.2.10 Begiomal Background Contamination and Eanfozrd Site
Nomitoxing

2.2.10.1 Overvisw. Ths Hanford Site has an extanaive monitoring
program. Studies have been directed at determining background
levels of possible contaminants in the soil (DOE-RL 1994b and
DOEB-RL 1995b) snd in the groundwater (Johnson 1%93). Also,
Teports ars issued annually covering general environmental
gggfiticus {Dirkes 1995) and groundwater monitoring (Dresel

).

2.2.10.3 Soil Sackground lavels. Low concentrations of g and
ey were measured in sanples of soil and vegetation during 1994
(Dirkes 1995-1). The levals were gimilar to those measured in
previous yearas. No discernible increase in concentration could
be attributed to current Hanford Site operations. DOE-RL 1995b
summarizes all the measuraments taken to determine radionuclide
background levels at the Hanford Site. Table 2-2 displays the
average of the measurenents.

Table 3-3. Activity of Radionuclides in Hanford Sitewide
Background Data Set (The table is zeproduced from DOL-RL 1993b).

Nuclide |Activity |Nuclide |Activity |Nuclide |Activity
(pCi/e) (pCi/g) (pCi/q)
| x 15.4 “eo 0.00132 | ™sr 0.0806
ey 0.417 1egy 0.0082 | %gu 0.0234
33a° 0.686 Nipn+d 0.687 A4G+D 0.0271

Mpy 0.00158 | #Wxepy 0.0093S

LUGNteIs are inciudec
decay chain and is included in that entry.

Tt a2
3“0

2.2.10.3 Groundwater Background lavels. Sample results from
environmental monitoring can vary depending on local operations,
so a regional beaseline study vas coiducted using these and other
site wide monitoring results (Johnson 1993). Groundwater
background levels are shown in Table 2-3, along with tentative
threshold levels.
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| Background Values for Eanford Site

Syoundwater.” —
(coneentretion) PHL Results® Thresnold Values
m— —
Ammonium (ppd) <50 <120
Arssunic (ppb} 3.922.4 10
Barium (pph) 42 £ 20 68.5
FBeryllium (ppb) <0.3 <S
Bismuth (ppb) <0.02 <S
Boron (ppb) <50 <100
| Cadmion {ppb) <0.2 <10
Calcium {ppb) 40,400 £ 10,300 63,600
Chleride (ppd) 10,300 = 6,500 NC
Chromium (ppb) 422 <30
Copper (ppdb) <1 <30
Pluoride (ppb) 370 = 100 1,340, 7715°
Iron-Mid (ppdb) RA 291
Laad (ppdb) <0.5 <5
Magnesium (ppb) 11,800 = 3,400 16,480
Manganese ({ppb) 725 KC
Mercury {(ppb) <0.1 <0.1
Rickel (ppb) <4 <30
Ritrate (ppb) NA 12,400
Phosphate (pph) <1,000 <1,000
Potassium (ppb) 6,950 = 1,340 7,978
Sslenium (pph) <2 <5
Silver (ppb) ~ <10 <10
Silicon (ppb) HA 26,500
Sodium (ppb) 18,260 = 10,150 33,500
Stroatium (ppd) 23€ = 102 264.1
Sulfate (ppb) 34,300 £ 16,500 90,500
Oranjiun (pCi/t) 1.7 =2 0.8 3.43
Vanadium (ppb) 17 = 9 15
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(Conoantration) PHL Resulcs® Thresnoid values
zinc (ppb) ' 62 T One
rield Alkalinity{ppb) T 21%,000
Lab Alkalioity (ppb) | 123,000 21,000 210, 000
Field pR | ®A 1 ~ (6.90, B.24)
1ab pit 7.64 £ 0.16 {7.25, 8.25)
Total organic Carbon 586 + 347 2,610, 1,610°
(Ppb) { ————
:;:;g/g::ductivity NA 539

ng‘;“’*““ 380 = 62 530
"T0X, LDL (ppb) T NA 60.8, 37.6°
Total Carbon (ppb) ~ NA 50,100
Gross Alpha (pCi/t) - 2.%21.4 63, 5.79°
Gross Beta (pCistl) 19 = 12 35.5, 12.62°
Radium (pCi/t 0.2 0.23

. From Tables 5-9% and S-11 of DOE-RL 1992.

*  Results shown are mean = ons standard deviation, unless
only an upper limit is given.

b Potential outlier observation{s) wers removed.

NA = not available.

NC = not calculated.

2.2.10.4 Radiation Background Levels. Various naturai and
human-produced sources concribute to radiation doses. Thess
sources include natural terrestrial and cosmic background
radiation, medical treatnent and x-rays, natural internal body
radioactivity, and inhalation of naturally occurring radon.
Figure 2-15 shows the national average dose from each of these
sources to an individual. Of the contributions shown in

Figure 2-13, natural background contributes 300 mrem to the
sstinated per capita annual dose to individuals living near the
Hanford Site. Human-produced sources contribute an additional
€5 mrem. In contrast, annual Hanford Site eavironmental reports

su~h as Dirkes and Haanf (Dirkes 1995-2) estimate that the maximun
annual dose to an individual from Hanford Site operations in 1994
was about 0.05 mrem. 7This value in similar to values seen in the

last & years.

Other non-DOE industrial sources of public radiation
exposure exist &t or near the Ranford Site. These include the

low-level radicactive waste burial site operated by U.S. Ecology.
tie puclear generating station operated by the Supply System, the
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suclisar fusl production plant oparated by Siemans Ruclear ¥ower

ation, tha low-level wasts compacting facility operated by
Allied Technol Coyporation, and a decontaminztion facility
operatad by Pacific Muclear Services. Based on information -
gathared from thase companias, Dirkes and Hanf (Dirkes 1995-2)
conservatively determined that the total 1994 annual dose for the
hypothatical maximally exposed individual from those activities
wvad alsc 0.05 mrem.

2-1%. Avarzges for Natural and ¥uman-Froduced Sources of
Eadiation (MCRY 1987).

2.3 VASTE CHABACTERISTICS
4.3.1 Overviaw

‘The source of the waste matarial to be incorporated into a
soiidified waste form is the waste currently stored in the
Hanford Site’s single- and dcuble-ahell tanks.

Processes used to recover plutonium and uranivm from
jrradiated fuel and radionuclides from tank waste plus
miscellaneous sources (¢.gy., laboratory waste and reactor
decontamination solutions) generated over 209,000 m’

(55.3 Mgal) [Hanlon 1996-1] of waste at the Banford Site. This
waste is currently stored in 137 underground tanks in the

2-40



WBC-EF-0083

200 Axeas. The comsistency of the tank waste ranges from dilute
aguecus solutions to thick pasts to hard rock.

The waste will be retrieved from the tanks and pretreated to
form the high-level and low-level radicactive waste streams. The
high-level radicactive vaste stream will contain =o: of the
radionuclides. This waste stream will be vitrifies. wnd the
product stored until it can be transferred to a licer «¢
repesitory. The low-level radiocactive waste streanm contains the
hulk of the acs-radicactive chamicals, and is predominantly made
up of the soluble components of ths wasts in tanks. This
wasts stxeam will be solidified in a glass or other form that
Rests the DOT specifications (DOE-RL 1996, reproduced in Appendix
A)Y. It is proposed to dispooe of the low-level vaste form on
aite in a manner that allows the wvaste to be retrievable for at
::;at.:o years, although this time pariod has not been offically

pted.

This overall strategy for the Hanford Tank Waste Ramaediation
Systam is shown in Figure 2-16 (DOE-RL 199%a-1).

2.3.2 Uudexgrzound Task Storage

To store the liquid radioactive wvaste generated by Hanford
Site operations since 1944, 149 single-shell tanks and 28 double-
;2&11 :ngc:gtcund tanks were built. The tanks are grouped into

tank farms.

rour basic chemical processing cperations generated the
radiocactive waste solutions. Thess operations were the Bissuth
Phosphate process, the REDOX process, the PUREX process, and the
Tridutyl Phosphate process. The first thres processes recovered
plutonium from irradiated reactor fuels. The last process
Tecoversd uranium waste genersted in the bismuth shosphatc
process. Other specialized campaigns recovered '’'Cs, “sr, and
other special nuclesr saterials. To make 1t less corrosive, the
agquacus wvaste was nade alkalins for storage in the underground
tanks. Anderson (1990) provides a history of the liquid vaste
generation and its subsequent handling and storage in the tank
farms.

The single-shell tanks, built between 1943 and 1964, are
msade of rainforced concrete with carbon steel liners (Figure
2-17). Their nominal capacities range from 208 m’® (55,000 gal)
to 3,785 m' (1 Mgal). NoO new waste has been added to any of
thess tanks since 1980. Most of the pumpable liquids have baen
transferred to double-shell tanks for safer storage. The
resaininrg vaste is in the followinc forms:

. Insoluble sludge with interstitial liguida
. Crystalline, watar-soluble solids (salt cake)

. Bupernatant liguids.

4-41



L1 St " a1 1]

Figure 2-16. gStrategy for the Banford Tank Waste Remediation
Systea (from DOE-RL 199Sa-1).

Hanford Tank Waste Remediation System Strategy
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Sixty-seven single-shell tanks have leaked or are suspected to
have lsaked approximately 3,783 m* (1 Mgal) of waste
(Hanlon 1996-2).

The double-shell tanks, first used in 1571, consist of a
carbc. steel primary tank, an srnular space, and a secondary
ste2l tank encased in reinforced concrete (Figure 2-18). Each
doudble-shell tank hasg & capacity of 4,310 w’® (1.14 Mgal)

Most of the tank wvaste has undergone one or BmOre treatment
steps (for example, neutralization, precipitation, decantation,
or evaporation). The neutrzlized waste contains sodium nitrate
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Figrze 2-17. simgle-Fhall Tuak. TFor clarity, fesed lines,
zisazs, and instrumsatation are mot shown.
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and pitrits, sodium hydroxide, sodius aluminats., sodium
phosphate, various insoluble hydroxides and phosphates,
significant quantities of organic masterisls, and appxaxinntqlr
250 Mci of many different radiocnuclides. The main effect of the
trsatuent steps othsr than neutralization was to alter the vater
content of the waste.

2.3.3 Tank ¥Wasta Ratrieval

According to the Tri-Party Agresaent (Ecology 1996-3), as
much wasta aa is technically possible must be removed from the
tanks. Unless limited by waste retrisval t-chnol ogy, the single-
shall tank wagte zesidues muat not exceed -10 =’ (360 £t’) in
sach 100-gseries tank, which can hold 208 m' (55,000 gallons) of
wvaste. Yor the Jno-aoriol tanks, which have volumes above
2,000 »* (530,000 gallona}, the limit is 30 ft’ r-1 m’). On a
tank-by-tank basis, the DOL can request the EPA and Ecology to
spprove 8 higher residue limit.

2.3.4 Sepsraticns

The purposa of the sepirations step is to separate the
retrieved tank vaste into the fellowing two radioactive waste
AtYeaAms :

. A low-leve]l stream containing the bulk of the naterial

. A much smaller high-level stream contalning most of the
radioriclides.

TWRS plans to use the folloving three-step approach to
accompliish this task.

1. Separate the soiudble fraction from the insclukle
fraction of the in-tank waste by means of in-tank
*sludge washing” followed by settle-decant of the
supsrnate.

2. Pretreat the soluble fractior to provide & feed to the
lov-level waste immcbilization facility that is in
accordance with the U.8. Nuclear Regulatory
Commission’s *incidental waste® classification for
Hanford Site wvaste (Berneo 1993).

» The waate has been procesyed (or will further be
procesaed) to remove key radionuclidog to the
maximum axtent pogsible that is technizally and
ecor~sically practical.

- The waste will ba iscorporsted in a solid physical
form 2t & concentraetion level that does not exceed
the applicable concentration limits for Class C
low-level waste as set out in 10 CPR Part 61 (10
CFR 61-3).
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D The waste is tO be ranaged, pursuant to the Atomic
Fnexgy Act (AEA 1954), 8O that safety requiremants
able to the parformance objectives set out
in 10 C7R Parxt €1 (10 CFR €1 - 3) are satisfied.

3. WMash the insoluble fraction in-tank and than use
enhanced in~tank sludge washing (alkaline leaching) t=
rem0ove more soluble non-radiocactive matsrial from the
fend going to ths high-level waste vitrification
facility. Any additional pretrearmsnt reguired will be
;ariggod in the proposed high-level waste pretreataent

ac Y- _

2.3.%5 Imobilization of ths Low-laval Naste

After separation, the waste will be immobilized. The nature
of ths resuliting waste form has not yet besn determined. Only
sone extazual properties (size, shape), including ths maxiaum
contaminaat release rate, have been set (DOZ-RL 1996). MNowever,
there is & high probability that soms o1 al) of the low-level
wvaste will be vitrified. Nons of ths sscondary waste streans
from immobilization sre expacted to go into the proposed low-
level tank waste disposal facility. )

2.3.6§ Privatization

The DOE is procesding to privatize the immobilization
functions of the TWRS. Under privatization, DOE would supply
material retrieved from the tanks to private cospanies. DOE
would then receive back the high-level wasts, tha low-level
solidified weste, and various other vasta ctreams.

Specifications for the separation and immobilization of the first
6 to 13 percent of the retrisved waste are included in Appendix
a-A. BSpecifications for the rsmainder of the waste are nut
sxgected until 2004. In the specifications. the phrase "low-
activity® is used iastead of "louw-level.®

2.3.7 Packaging asd Cartification

The physical, chemical, and rasdiological propsrties of the
waste 3t the time of disposai have not been completely
determined. The wvaste form is expectsd to bs contained in metal
containers having external dimensions of 1.8 by 1.2 by 1.2 weters
(about 6 by 4 by 4 feet) (DOE-RL 1996).

sSince the contract for privatization is about o be avarded,
no certification procedure has beer established. Because of the
tima cnd associated facilities necassary to test the product,
most of the certification procedure will probably address
wonitoring the wacts immobilization process rather than testing
the product itself.
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2.4 DISFOSAL TECEMOLOGY
3.4.1 Overview

The design process for the disposal facilities has not yet
begun. Io the absence of a design, tvo disposal faclility
concents were developad for the interim performance assesssent.
Botn concepts ars based on a vault disposal concept developed for
estimating costs for a disposal options configuration study
{(Mitchall 1995). The vsult concept was enhanced by adding
physical barriers to inhibit water from entering the vault and a
chemical barrier to reducs glass corrosion (Eiholzer 1995). The
concepts were haged oo the assunption that the waste would be in
glass form. The &difference between ths two facility concepts is
the approach takeh to incorporate the enhancements. Figures 2-19
and 2-20 show Concepts 1 and 2, respectively.

The following sections outlins the current concepts and
thinking for uisposal technol for the low-level tank waste
dizposal facility. The disposal units, wvaste handling and
incerim storage opsrations, wast: emplacemsnt, disposal unit ‘
closure and stabilization, and site closure are addressed. For
scma of tha aress covered, plamning work has not started. In
other wreis, the only ideas available now are related to ths
vault concept given in Mitchell 1995,

2.4.2 Disposal Units

The vaulc bay is the basic unit for both disposal facility
ccncepts. The overall concrate facllity i3 divided into ssveral
sections called vault bays. Each vault bay is 38 by 19.5 by 9
meters high (125 by 64 29.5 fest). The nusber of vault bays
depandls on the size of canisters and the spacing between
canisters. 7The vault bays have concrete walls, floors. and
ceilings. 8ix vault bays form a vault row.

Concept 1 consists of 10 adjacent vault rows, all of which
are covarad by continuocus water barriera and s water-conditioning
layer (Figure 2-19). The uppermocst barrier is the surfacs
barrier which is designed to minimize int.rusion and xecharge.
Beneath the surface barrier, a sand-gravel capillary bresk will
divert any moisture that may ocome through tha surface barrier
away from the vault. These two barriers implement the goal of
ninimizing the amount of watar thst enters the wvault.

Beneath the capillary break is a water-conditioning layer of
crushed glass. This layer will increase the silica content of
any koisturs that penetrates the firgt two barriers. It has been
wall Locumsnted in water saturatad tests with a wides variety of
glass comgositions that corrosion rates are much lower in water
that is near saturation wi”h respect to amorphous silica.
Hovever, as yet, there is no theoretical or dirsct laboratory
evidsnce that such preconditioning will be effective in reducing
glass cuLrrosion rates under low moisture conditions, as are
expsacted in the disposal wvault.

3-48&



Pacility comcept 1.

rigure 2-19,

WEC-ER-0084

Uk

AN
T -
Wﬁ

N\

Wi

m__
m_

2-47



Concept 2 consists of 13 vault rows each baving ite own
capillazy bréak and wvater-conditioning layer (Figures 2-20 and
2-21). 7The rows containing wasts canistera are separsited by rowe
of backfilled 30il. The reason for alterpating rows of vault
bays and rows of soll was to rsduce tha width of the capillary
break. The stability of tha 1 capillary break iu Conogpt 1 is
& ooncern. The 20il betwesn wault rows allows sach capillary
bresk to drain isto soil instesd of another vault bay. Each row
containing capistars is covered by & water-conditioning layar
similar to ths ona described for Contept 1. Ths entire
snginecred region of Coacept 2 is capped with a surface barrier.

2.4.3 Uzets Eundliag and Intsrim ftorage Opexatioms

Currently., cooosptual plans for waste handling or storage
are beginnieg to be studied. How the waste coatainers will be
handled and transportsd to interim storage will depend on the
aiza of the containers and the proximity of the storage area to
the wasts immcdilizatiocd processing area. Tha propossd
privatization sffort will determine or influencs these factors.

2.4.4 Wasts Emplacesent

Hitchall (1993) providas as ides ob how the wvaste packages
aight bs placed in tho disposal facility. This concept vas
developad for the vault facility described in Mitchell (1995) and
used as the basis for disposal facility Concepts 1 and 2. The
£11)ed containars would be brought into the disposal facility and
moved within the facility remotsly. A cart on 3 trsck would
bring the vasts container into the facility. A remoctely operated
crane in the facility would remove the waste container from the
cart and place the container in one of the vault bays. This
anplacenent method did not consider the placement of backfilled
a0l betwvean the containars becausa filler material was not
coapidered in Mitchall (1995).

Both Concepts I and 2 include backfilled soil around and on
top of the wvasts containers in the facility. The s0il wvas
included in these concepts for the following threa rsasons:

» Structural support. The initial Mitchell 1995 design
had void space batwesn ths canisters and betwesn the
canisters and the ceiling. The soll would halp prevent
significant subsidence of the physical barriers when
the concreta componsnts of the systes fail and collapse
into the void space.

¢« To wick moisture vay from the wasts canisters.

« To provide radiation shielding for the facility
workers.
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2.4.% Dispossl Uait Closure and Stadbilizatios

Plans for the disposal unit closure and stabilization have
pot beean developed yet. For this anslysis, the unit is assumed
to :In::o.:: 80 that the amount of water inside the disposal unit
is ized.

2.4.6 Disposal Eita Closure

Disposal site closure is presumed to consiat of applying the
surface barrier and placing passive controls on the surface. The
surface barrier enviaion is based on the Hanford Barrier
{Hyers 1994). The intext of the surface barrier is to use
evaporation and plant transpiration to minimize the effect of
precipitation on the disposal) system. The surface barrier
includes a sand/gravel layer to vork as anaother capillary break
and & layer of basalt riprap to deter burrowing animals, plant
root intrusion, and inadvertent intrudsrs.

The original Hanford Barrier included an asphalt layer to
help prevent moisturs for going toward the vanlt. This layer has
been eliminated for the currest disposal concepts for two
reascna. Firat, another capillary break is being used for the
second defense to prevent moisture for reaching ths vault.
Second, the asphalt layer is organic. Organic mixtures are being
avoided because they may enhance colloid transport.

Passive controls are assumaed tO be used to deter inadvertent

intrusion. However, the type of pagsive controls have pot yet
beean selected.
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3.0 AHMALYSIS OF PERFORMANCE

3.1 OVERVIEW

This chapter defines tha wodels, compitar codas, and input
data used to analyze the long-term performance of the p:
diasposal fueilt:g The informaticn from Chaptar 2 is translated
into a ooncept nodel, then into 2 numerical model. The data
for the conceptual and numerical modals are described and
justified to tha sxtanrt practicable. Stronger justification is
expected in the preliminary and final performance assessments.
ror this sssesamsnt, the justification is mostly based on
sngineering judgaent;: for the preliminary and final assessments
it will be bll.d ob experimsntal evidence that is specific to the
site, wasts form, and facility design as well as from
calculational evidsnce.

The analysis strategy for this assessmant waa to define and
perform an analysis of a base analysis cass and sensitivity cases
brackstin~ the base analysis case. 7The base analysis case wvas
devaloped uvsing our best sstimetes of the environmental, the
waste fors, and the disposal facility parameters and how they
will change with time. Following the recommendations of the Peer
Rovisw Paxel (Case 1589), assumptions were "conservative but
reasonable.*

Moat of the information in th's chapter comes from
previously released documents raealated to the interim performance
assessment. HMost of the data are from Data Packages for the
Hanford Low-Level Tank Waste Ibnterim Performance Assessment (Mann
1995a). The base analysis case wvasz defined in Definition of the
Base Analysis Case of the Interim Performance Assessment (Nann
1993h), which also contains a list of sensitivity cases.

This chapter shows in the following manner how the physical
systenss presented in Chapter 2 are translated into the numerical
aodels which produce the results presented in Chaptaer 4.

1. The source term radionuclids inventories are described
{Saction 3.3).

4. The pathways and scenarios anaslyzed are axplained
{Section 31.3).

3. The asrumptions (Secticn 3.4) and methodology (Section
3.5%) ussed in the analyses, including the actual data
used are presented.

4. The guality assurance seagsuras us~d in the project are
described (Section 3.6).
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3.2 S50URCE TX®MS
3.2.1 2elavant Isotopes

The anticipated tank waste inventories wers prescreensd
(Schaittroth 1995a) to detersine which radiocauclides are
potantiasl problems for the ipadvertest intruder and groundwater
pathway scenarios. 7The study indicated that the following
tadioaggzidca are the potentially most important oanss for each
scenario:

. “8:, m; ”’Cl. “‘8&, m“c “'Pth and “‘“ for the
inadvertent intrudar scenario

. Yse, ¥up® (from YIr and "Mo), "Tc, '1I, and uzranium
inotop:s and their daughters for tha groundwater
scenario

. Draninm, plutonium, psptunium, and americium isotopes
and their daughtars for the groundwatar scenario in
which gesochemical retardation effects are ignored.

ror this analysis, the top 10 contributors from the inadvertent
intruder scenario, the top 12 contributors from the groundwater
scenario, and the top 14 contributors from the unretarded
groundwiter wcenaric were used. These 28 isotopas contribute over
39% of the dose for the scenarios.

3.2.2 Inventory Values

The inventory for this study is from Schmittroth 1985b
except vhere noted. Inventory values were not taken from the
Grout Performance Assessnent (Kincaid 1995), because those
cstimates were only the vaste from double-shsll tanks and because
those estimates have been supariadsd., As the TWRS
Characterization Program %roceseds, nev and bettar estimates are
expected and will be used in ths preliminary and final
performance azsessments.

Table 3-1 gives the inventories for the year 2010, which is
halfway through the treatment, immobilization, and disposal
operations. The column labsied "Percent to LLW from Tanks®
provides the current estimate cf the fractional amount of
mater:al that will ¢o into the waste forn. Tils estimate comes
primnrily from the Process Design Group of the Disposal
Engineering Saction of the Weatinghouse Banford Company
{Attzchment 1 of Schaittroth 1995b). However, noted changes in
Table 3-1 are from Petersen 1%95. Inventories for years other
than -J10 and for all the radiontclides are given in Schmittroth
1935b. Tha follcwing paragraphs aummarize how the inventory was
devaloped.
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‘Table 3-1. Inventories for Interim Perforsance Assssssent.’
Iaventory is docayed to 2010.

Radionuclide Percent to LIW Inventory in LIW

from Tanks® Decayed to 2010
(Curies)
M 100 8.94 E+4
Mo 1 " 7.73 E+0
"Se 100° 1.03 E+3
"sr 3¢ 1.61 E+6°
¥2r 1f 4.087 B+l
it b 4.20 B¢}
Hre 82 2.23 E+4
14gn 100" 1.58 EB+)
129y 10! 6.62 E+0
Wing 1* 4.51 E+5°
¥igm 3! 3.16 E+4
3Ra 50'-* 2.35 B-3
Ra 50f-* 1.38 E+0
2’ pe L 1.08 E+D
33%¢h 14k 9.79 E-3
b 9 10 2.68 B-2
NMipg 1005* 1.45 E+2
gy 6 2.58 B+1
s34y 6 1.80 E+1
3y 6 7.36 E-1
¥y 3 4.47 B-1
g 3 1.78 E+1
INp 5 3.74 E+0
Wpy 6 2.23 E+2
- Mopy 5 4.31 E+2
Wiam 8 4.25 E+3
WIpm 8 2.70 E+0
i Moy 100° 1.03 E-1
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* pata are taken from Schamittroth 19935b except as indicated by
superscript *f°.

* ?he fraction of tank waste going ipto the waste foram was
takez from Ehalton 19%5.

* Becausa of the absence of defensible data, no credit is
§pxcnitcr & yaduction ia the amcunt going to the low-level

raction.
% 23 pexcant of ™gr producad want into capsules rather than

* The daughters (™7 sad Ea®) are in secclar equilibrium
with theix parests acd their inventories are not included.

' Thess values are based on the mors recent work of Petarsen
{139%). sSchaittroth 1995h used values of 100 percsnt becausa
of the lack of data.

' 435 percent of 'Cs produced went izto ckpsules rather than
tanks.

b Alsc & decay product of other actinides.

¢ Assumed in order to track significance. Most of 1 ia
assumed to be trapped in off-gas stream and disposed
slasswhare.

3.3.3 Ganeral Description of the Devalepmant of Currsnt
Inventory

3.2.3.1 Intzxoduction. Tank-dy-tank inventories of the
radionuclides are generally not currentiy well koown. Howsver,
reactor production records ars accurate encugh to establish
accurate total tank waste inventory values for most of the
fission products and uranium. The actinide inventory is more
uncertain because actinide production ia sensitive to the time
dependence of the neutron function and to procsssing transiers
apd losses. The estimated loas of fission products (particularly
technetium and iodine) during processing or from tank leaks or
discharges was used in adjusting the inventories.

Scheittroth et al. (Schmittroth 1935h) daveloped an
inventory for this interim psrformance assessasnt. This
inventory is based on the production of variocus radionuclidea and
the losszes of the same radicnuclides frok processing and other
factors. The strategy used started dy calculating radionucliide
production values vith tha ORIGEN2 code (Croff 1%980). (The
datailed ORIGEN2 model is documented in Schmittroth 199%b.)

Then, the calculated producticn values were corrected for koown
losses. Mexit, the reduction factors (splits) frxrom the pretreated
waste Lo an assumed glass waste form (Shelton 1993) are
incorgorated. Sections 3.2.3.2 through 3.2.3.5 summarize this
strategy. Schmittroth (1993b) gives the datails.

3.2.3.2 Calculated Badiomuclidse Production. The irradiation
histories of Banford’'s production rszactors are modeled as two
conceptual reaactors. The ORIGENZ computer code (Croff 19890) is
used for this modeling. One conceptull reactor is representative
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of all the single-pass irradiations. The other conceptual
rsactor axplicitly modals the N reactor, the last production
Teactor at the Ranford Site. 1In both Cases, detailed fuel types
and irradistion histories are simplified, but stil) accurate.
ror example, althcugh some anriched fuel was used in the single-
pass irreadiations. it was assuned that all the single-pass fuel
was oatursl urasium. Likewiss, although N reactor produced some
waapons-grads plutonium, s burnup of 2,000 MMA/NTU, more typical
of fuels-grade production., was uysed for the entire operatinc
history. 7Tha consequences of these assumptions are nore fully
reported in Schaittroth 1995b.

Schmittroth st al. (1995b) modified an earlier radionuclide
production calaulation to obtain the current inventory. Two
thorium campaigns were added to the model to account for 0
production. N reactor fuel discharged to the K Basions was
deleted from the production history because this fuel will not be
g::eeoe.d. Cross section modificetiona wers alsoc included. The
Hgin.2n) crc-- section vas adjusted to bettar account for np
production. The thorium capture cross section was changed to
account for g production.

The uncertainties of the ORIGEN2 results vary for differeat
nuciides. For some., including the important fissiom products
“re, *Sr, and *'Cs, and I, these uncertainties are expected to
be less than 10 psrcent. The results in these instances depand
primarily on fission-product yields and the production resactor
operating histories. Both these areas are well known. The
isventories of U and Py before rYeprocessing are also well-
kaown. Howaver. reprocessing sfficiencies and othar losses
introduce significant uncertainties in the estimated tank waste
inventories for thess isotopes. These uncertajinties are less
than a factor of 2 and based on conservative reprocessing
efficiencies; {.e., losses to waste were overestinated.
Uncertainties for uranium, neptunium, and plutonium may also be
siynificant. Calculations for *H and ‘¢ require special care,
apd current resuits are only rough estimates.

3,2.3.3 Nanford Pr~duction Frocesaing and Storage. Recovery
fractions from the processing of material from the Hanford Site
production reactors were included in the ORIGEN2 model. Thess
fractions were deducted from the reprocessed wvaste. The assunad
uranium recovery value from reprocessing was 0.99 to give a more
coaservative (larger) value for the amount of uranium waste.
While efficiencies vere higher for much of the reprocessing
history, considerable uncertainty is associated with early
operations. 1o the early operations, the uranium was discarded,
then later extracted in U plant recovery oparations.

The separation fractions for technetium and neptunium were
alsoc large. Evidunce is good that 20 percent or more of the
techuastium produced was lcat to the waste stream, sainly co-
processed vith the U0, and sent coff site. Snmall amounts of
techaetiua were lost to the environment as well. For most of the
Hanford procsssing history, about 70 percent of thes neptunium was
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racovered. Support for these values ia provided in Section & of
gchmictroth (1993b).

3.2.3.4 Pretreatment and Vitrification Losses. The fractions of
radionuclides that go to the low-level waste depend on evolving
pretreatmsnt evaluations. The amount of separation is uncertain
because the separation process has not ye* been determined.
Praliminary values were recently updated (Shelton 1995) with
mainly minor changes from the 1394 estimate (Boldt 1994 The
macst significant change was an increase from 60 to 82 pe.cent for
the fraction of technstium that becomes part of the low-level
glass waste. The estimate of tha fraction of uranium going to
the low-level wasts stream (6 percent) was uanchanged. However, a
scmewhat bigher value is possible. All the tin was assumed to
follow the low-level waste, although there is some indication
that the amount may be less than 100 percent. 1In recognition of
the potential importance of I, the fraction going to the low-
lavel waste vas given as 10 percent in a 1994 msemoc (Boldt 19%4).
In the most recent memo (Shelton 19935), this value was reduced to
zerc reflecting the expacted volatilization of iodine in the
melter. To ensure that I continues to be monitored in the
interim performance assessment, the earlier value of 10 percent
was maintained. Table 3-1 shows the specific values for
separation fractions use” in the present analyses.

Much of the total cesium and strontium produced in the
reactors was separated in esrlier chemical processing campaigns
at the Eanford Site. This separated inventory, which currently
resides in capsules. is not included in this low-level waste
inventory. This assumption is consistent with the revised Tri-
Party Agreement (Ecology 1996-2), which assumes that cesium and
strontium in capsules will be disposed of as high-level wvaste.

Following pretreataent of the tank waste, immobilization of
the low-level waste stream is axpected to volatilize some
species, potably iodine, cesium, and potentially technetium. The
present plan is to trap the volatile radionuclides and to dispose
of ther in a separate facility.

3.2.3.5 Modeling of Decay Chai.s. In general, the ORIGEN2 model
represents the coaplete production history as well as the
reprocessing oparations and losses. Thus, the ORIGENZ results
provide total radionuclide inventories for both the single-shell
ané dcuble-shell tanks. FPFor the most part, recovery fractions
and losses expected during pretreataent of the tank waste going
to the low-level waste stream are treated separately. An
exception was made for the uranium pretreatment recovery
fraction, assumed to be 6 percent, that was axplicitly included
in the ORIGENZ? calculation. The long half-lives associated with
uranium and its daughters make it necessary to explicitly follow
the decay thainc after the pretreatment split,
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3.2.4 Tank-to-Tank vVariations

Only the estimate for the total inventory is used for the
ipterim performance assessment. Presently, a good estimate of
tank-to-tank variations is not available. lLarge differences in
concentrations are known to exist among the tanks. For example,
¥Tc concentrations vary from less than 0.01 NCi/m! to 1 ucCi/mt
with a mean of about 0.09 uCi/ml (Schmittroth 1995b). Because
waste from various tanks is expected to be mixesd, the sxtlemas
will not be this severe. However, accurate variations cannot be
estimated novw hecauae the mixing sequence ig not known.
Variations in the amount of other radionuclides are also expected
but at the present at not wall known.

3.2.3 2Releasc Rate from Wasts Form

The radionuclide source term used in the traasport
calculations is not only basad on the inventory discussed but
also on the release rate of the radionuclides. The r1elasase rate
is a function of the vaste form, the disposal facility design,
and the resulting chemical environment, '

For an accurate determination of the source term, the
chemical and physical models for contaminant release from the
waste {orm must be explicitly modelled. BHowever, because the
waste form has not yet been determined and only specifications
for its short-term release rate are known (DOE-RL 1996),
aimplified models are used in this analysis. MNore complete
computer sisulations of wvaste form corrosion and contaminant
relesse are planned similar to the simulations found in some of
the sensitivity studies.

The scepario for radionuclide release is described in
Section 3.3.4 (Contamipant Release Scenario). The release rates
of radionuclides from the waste form actually used in the
calculations are described in Section 3.4.5.4 (Waste Form
Radionuclide Release Rate).

3.3 Pathways and Scenarios
3.3.1 Ovarview

This section discusses the selection criteria, the pathways
considered and not considered, and the exposure pathways
considered and not considared. Special emphasis is given to the
justification of the choices made. 1Ip this discussion pathways
refer to the various environmental paths (for example,
groundwater) by which contaminants move in order to go from the
wasts form to the human exvironment. Scsnarios are the
environmental and humarp-sade events {for example, human intrusion
or irrigation) which influe.ce how contaminants move or affect
humans.

-
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3.3.2 Salection Criteria

The selection of realevaat pathways and scenarios for these
analyses was mainly based on pathways and sceparios used in
earlier Banford Site long-term environmental analysis documents.
Previous long-term snvironmental analyses have included
perfornance assessmants written to satisfy the requirements of
DOE Order 5820.2a as well as anvironmental impact statements. As
noted in Section 1.2.1, four Hanford Site performance assessnents
for the disposal of low-level waste have alrsady bean done
(Kincaid 199%, Wood 1994b, Wood 1995, and Wood 1996). The most
important envircnmental impact statesente (EIS) have been the
Ranford Defense Waste EIS (DOE 1987) and the Tank Waste
Renediation System EIS (DOE 1996d). Thase documents have been
fairly consistent in their choice of pathways and scenarios.

After reviewing ths relevant docunents, reviews, and
gquidance, pathways and scenarics were sslected for this interinm
parformance assasament. Selection was based on the releva~ce of
the pathway or scensrios to the current disposal action and
performance objectives. Sections 3.3.3 and 3.3.4 contain
sumsaries of the selections and justifications.

3.3.3 rathways

3.3.3.1 Iatzoduction. The selection of pathways for this
performance assessypent is covered more fully in Scenarios of the
TWRS Low-Level Waste Disposal Program (WHC 1995). Possible
scenarios wers suggested by analyzing the performance objectives
from Chapter 1 and determining wvhich pathways could lead to a
level of exposure represented by the specified performance
objective. Postulated land use wvas also studied to determine
possible additionsl pathways. Fipally, likely natural events
vere identified.

In previous Hanford Site performance assessnents (Wood
1994b, Kincaid 1995, %Wood 1995, Wood 1996), the domipant pathway
involved the groundwater pathway. Infiltration of moisture from
precipitation entered the engineered system, where the moisture
may cause rslecase of the contaminants (for example in a water-
glass interaction) or may simply carxry away already released
contaminants. The aoisture and released contaminants travel :
downward through the vadose zone until the contaminants reach the
unconfined aquifer where humans can encounter the radioisotopes
through recovery of the groundwater resource for uses in
residantial and agricultural settings. From previous analyses
{(Rawlins 1994, Mann 1995b) supporting the Hanford Low-level Tank
Waste Program, this pathway again is expected to be dominant.

The rast of this discussion on pathways is divided into four
subsections. PFirst, the future land use of the Central Platean
ig discussed. Based on the future land use, the second
subsection gives land-use-driven scenarios. Then the inadvertent
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intruder scenarios are discussed. These intruder scenarios
provide additional pathwvays to consider. Finally possidble
satural event scenarios are identified.

3.3.3.2 rutore lLand Use. 1In 1992 the Hanford Future Site Uses
Working Group (BPSUWG) was charged to determine potential future
uses of the various parts of the Hanford Site. This group
consisted of local, state, and federal officials, re;-esentatives
of affected Indian tribes, and people from agriculture and labor,
as well as members of environmental and other special interest
groups. Their svamary report (HFSUMG 1992a-2) states

*In genaral., the Norking Group desires that the overall
cleanup criteria for the Central Plateau should enable
general usage of the land and groundwater for othaer than
wvaste managesment activities ino the horizon of 100 years from
the decommissioning of waste management facilities and
closure of the disposal arses.”

The following four gsneral land uses can be envisioned for
the Centzral Plateau over the time of interest to a perforaance
assesaxent.

Industrial/commercial
Dry-land farming
Irrigated farming
Natural.

e & & 9

The presant land use i3 heavy industrial. If this use is
maintained, records of past activities (particularly the disposal
~f nuclear materials) are likely to be kept. 1In addition, in an
induptrial a.«a, liquid discharges to ths ground would be highly
regulated and be kept small.

Dry-land farming occurs on the Rorse Heaven Hills which are
south of the Ranford Site. Like the Central Plateau, the Horse
Heaven Hills are near, but at a significantly higher elevation
than, the Columbia River. Little irrigation occurs in the Horse
Heaven Eills becauce of the relatively high energy cost (hence
sconomic ccat) of bringinc water to the surface. Groundwater is
used, however. for household and cother small-scale uses.

East of the Central Plateau, acroas the Columbia River,
irrigated farming is extremely common. The water, however, does
not cone from the nearby stretches of the Columbia River. The
water comes from the Columbia Basin Project, which derives its
water from the Grand Coulee Dam, over 322 kilometers (200 miles)
upstream of the Hanford Site. The water is gravity-fed to the
farms. The regional geography makes such a water delivery system
unlikely for the Central Plateau.

Finally, west of the Central Plateau is the Fitzner/
Eberhardt Arid Lands Ecology Reserve, & nature preserve area.

3-8
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For the bass analysis case, the assumptions used related to
how laud would be used in the future where that knowliedge of the
disposal activities has been retained and that water discharges
to the ground are minimized. T:.ase amsumptions are consistent
with the assumptions of HFSUWG, the DOL, and the local planning
authorities which are all using a short term (50-100 year)
planning horizon.

3.3.3.3 Land-Use-Driven Scenarios

3.3.3.3.1 Introduction. The pathways described here assune
that some controls remain in place to prevent public intrusion
into the disposal site. That ia, the barriers and markers that
are to be left will be affective in preventing open use of the
land over the disposal site. The land surrounding the marked
area, however, could be farmed and could contain wells.

Bassd on previous analyses at the Hanford Site, the main
exposure pathway is expected to be the contamination of the
underground agquifer leading to various exposure scenarios. Other
pathways include the upward diffusion through the engineerad
systea into the air. The scenario for contaminant release from
ths engineered system is given Section 3.3.4. Exposure scenarios
are described in Section 3.3.6.

3.3.2.3.2 Uncontined Aquifar Contamimation. Contamination
of the unconfined agquifer is caused by water (nstural or human-
caused penstrating through the ground surface layer, interacting
with the engineered structure (including the waste), and then
transporting contaminants down through the unsaturated sediments
to the unconfined aquifer. -

The main effects of landuse on the analyses preaented in
this performance assesswent are as follows:

. The amount of water penetrating through the ground
surface layer above the dismposal facility

. The direction and magnitude of flow of the
unconfined agui. ar from regional irrigation

. The amount of well water pumped to the surface.

Because the site of the disposal facility is assumed to be
known to the surrounding population, it was assumed that the
surface immediately above the disposal facility will not be used.
Thus the only sourec of water would be natural rain or snowfall.
The infiltration rate, the rate at which water actually
panetrates through the surface layer and enters the sand-gravel
capillary barrier, is deacribed in Section 3.4.7. However, based
on earlier Hanford Site environmental assessments, the amount of
water entering the dispoxal facility will be small (less than

10. sma/y (0.4 1i0./Y)).
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The second major consaquence of land use is on the flow of
groundwater in the unconfined aquifer. Analysis (ZRDA 1975} of
groundvater flow before the start of Hanford Site operations
shovs a predominantly vest-to-east flow (Figure 2-12). Current
calculations for post-Hanford opsration conditions predict a
similar flow (rigure 3-1). These groundwater calculations form
an important part in this analysis and are deacribed below (the
model in Sectiocn 3.5.3.4, the data in Section 3.5.4.4, and the
results in Section 4.3.3). However, the creation of ponds and
the large amount of water discharged to the ground have altered
the groundwater flow (Dirkes 1995) (Figure 2-13). The use of
irrigation on the Ceatral Plateau that will also affect
groundwater must be considered. No irvigation was assumad for
the base analysiz case becauss the energy requirements for
irrigation in the Central Plateau are significantly higher than
for other nesarby regions. BRNowever, irrigation on the plateau was
considared in sensitivity cases to ses the effects of selected
irrigation on the regional flow of the groundwater in the
uaconfined aquifer. 2Irrigation on the 200 Areas was considered
as this area will be dedicated to waste disposal and hence
irrigation would be considered an inadvertent intrusion. Each of
the following sensitivity cases was considered separstely:

. Irrigated farming in the area north of the 200 Areas
. Irrigated farming in the area west of the 200 Areas.

. Irrigated farming in all areas on the plateau except
the 200 West Area, the 200 East Area, and the region
between thase two arsas

The last major effect is the amount of water being taken
from a well. At the location of the proposed disposal . acility,
there is a very limited amount of water available in the
usconfined aquifer. Because the anount of water is so limited,
either only a small amount would be pumped frcm the unconfined
aquifer or the well would extend much deeper and tap the confined
aquifer instead of the unconfined aquifer. Thus, minimum
distortion of the groundwater flow fisld in the unconfined
aquifer was assuned for the base analysis case. Sensitivity
cases were considered, however, to determine the effect of the
amount of pumping on the calculated doses.

3.3.3.3.3 surfaca Watar. The major surface wvater in the
region is the Columbia River. BEere the main impact of land-use
is possible irrigation of land near the river. The Columbia
River is a more likely scurce of water than the unconfined
aquifer for farm land near the river because of the low elevation
and nearness to the river. Hcwever, as part of the Washington
State Growth Management Act, Benton County is planning te use the
land downgradient from the Central Plateau for research and
developaent purposes or for uses not affecting the groundwater.

For the base analysis case, the assumption was that no
irrigation would occur downgradient from the plateau.
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Tigure 3-}. Preuictsd Groundwater Flowlines for Post Hanford
Conditions.

3.3.3.3.4 Air Resources. Gases and vapors could travel
upward from the facility through the soil to the ground surface.
Thie pathway is maximized with misnimum downward water movement.
No water flow is considered in the calculations for the
protection ¢of air resources. ’

3.3.3.4 Isadvertent Intrudexr Scensxios

3.3.3.4.1 Introduction. The pathways described here assume
that no menory of the disposal facility remains. Two principal
cases of intruders ware considered:

The disposal facility is compromised by irrigation for
commercial farming. A large amount of water enters the
disposal facility, cesusing increased contaminant
releass from the facility and increased transport to
the unconfined aquifer.

An ingdvertent intruder digs or drills into the
disposal site and brings some of the waste to the
surface, receiving an acute dose. Another intruder
tills the waste intc the scil and grows vegstables,
receiving a coatinuous dose while engaged in various
activities.
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3.3.3.4.2 Izrigated Faraing on the Disposal Site. Thie
pathwvay is basically the same as the base analysis case. Ths
difference is that inatead of a small amount of water naturally
intiltrating the disposal facility, a much larger amount of water
entexrs the disposal facility. The larger amount of water may
increase the contaminant rslease rate from the engineered
facility. The increased amount of water certainly speeds the
transport of the contaminants through the vadose zone into the
unconfined aquifer.

3.3.3.4.3 Ipadvertant dreach of Disposal Pacility. Three
intruder scenarios that involve bringing waste from the disposal
facility to the surface are usually considered in a performance
aszessment. .

1. Excavating for a basemant or building foundation
2. Drilling for groundwater or minerals

3. living where waste has basen sxhumed and scatterad over
the surface.

Scenario 1 is not considersd cr .dible bacmuse the top of the
waste is ovar 10 meters (32.8 feet) below the surface. Neither
bassnents for home residence nor foundations for commercial
structures are likely to extend this far balow surface level,
This scenario was not evaluated in these analyses.

Scenario 2, the construction of small water wells, is quite
possible. The driller scenario begirs with the assumption that
some tine after the disposal practices have ended a well is
drilled through the wagste. Drilling at the disposal site is
unintentional, and the waste is not recognized as a potential
haz4rd, even though it is assumed to be in the form of glass
chunks. The waste, along with unc_ntaminated soil taken from the
wvell. is spread over & work araa near ihe well. The doge to the
worker is the suz of the coatributicns from inhalation of
resuspended dust, ingestion of trace amounts of soil, and
external expoaure ¢t the center of a slad of contaminated soil.

The remaining scenario considers a family planting a garden
using the material taken from the well. Each individual of
concern receives dose by direct exposure to the radiation field
in tha garden, by inhaling resuspended dust, by ingesting trace
amocunts of scil, and by consuming garden produce.

Values for the parametors isportant for these intruder
scenarios are given in Section 3.4.8.

3.3.3.5 ¥atural Event Scenzriod. The main natural events to be
sxpected &re as follows:

Wind erosion of the surface above the disposal facility
. Earthquakas
. Flooding caused by post-glacial events.
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Wind erosion and sarthquakes are considered as drivers for
changes in the engineered structure as a function of time. They
are descrided in Sectioh 3.4.6.7. Massive regional flooding has
occurred many times during the past 50,000 years (see Section
2.2.5.2). The flood in the scanario (caused by the release of
water during glacial retreat from a receding ice dam) removes 30
or more maters of ground (including the disposal units). In this
acenarioc, the waste is uniformly redeposited over the Hanford
Site. Seasonal flooding or flooding caused by collapaed dans
would not affect the disposal site (see Section 2.2.6.3).

3.3.4 Contaminant Releass Scemario

The sctual waste fora that will contain the contaainant is
not yet known. Before the final request for proposal (RFrp) for
the privatization effort was released (DOE-RL 1996), the
reference wvaste form was silicate glasa. Until the privatization
contract is awarded, the wasts foru will be uncertain.

The following subsactions discuss different aspects of
contaminant release. Section 3.%.4.1 gives & general oversll
description of ths contaminant release scenarioc. Section 3.3.4.2
focuses on what occurs during the water/waste form intaraction if
the wvaste form is a silicate glass. This more detailed scenaiio
was developed in the acknowledgement of the maturity of silicate
glass waste forms. The scenario iz based on experience with
silicate glass.

The contaminant release rate used in the calculations is
described in Section 3.5.4.0.

3.3.4.1 General Description. The contaminant releass scanario is
based on a water/waste form interaction. 1Initially, the disposal
facility design (Section 2.4) delays moisture from entering the
vault bays. Evantually, wvater enters tha vault bays and sovas
downward to the waste packages. Once &t a wvaste package, the
water first ioteracts with the ~ontainer, aiding its corrasion.
Once the container is breached, water is assumed to reach the
waste form. The water startes i_:ceracting with and breaking down
the waste form. The waste form then rslsases the contaminants
iato the available water. The release rate will depend on the
material, temperature, and the lccal chemical environment. Then
available water transports the contaminant from the waste package
and through the disposal facility. 1If the vault bay contajins a
getter material that scrbs the contaminant, the contaminant takes
longer to move through the disposal facility. Finally, the
moisture and coantaminants migrate to the vadose zone through
cracks in the bottom of the disposal facility.

3.3.4.2 Contanitant Releass Rased oh Glass Corrxosion. If the
waste form is a silicate glass, glass corrosion processes would
control the initial release of the contaminants. Studies have
shown (Cunnane 1994) that silicate glasses corrode in three
stages. .
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The first stage occurs under dilute solution conditions.
Onder these conditions, the water does not contain significant
conceatrations of many elemsnts released from the glass. The
glass Teacts at a characteristic initial rate (known as the
*forward rate") that depends ouly on glass coaposition,
temperature, and solution pR. During this time the water/glass
reaction releases components of the glass into the water.

The second s:age occurs as the concentration of elemsnts
released from the glasa in the contacting water increases. The.
rate of glass corrosion ocontinually alows as the solution becomes
more concentrated with glass components. The reaction may reach
a point where ths glass corrosion rate cannot be distinguished
from zera. This rate has been calied the saturation rate vhere
apparent saturation occurs with respect to the glass phase. The
solution is not satutated in a thermodynamic sense bacause glass
is matastable. The solution is saturated in a kinetic sense in
that the corrosion rate approaches a very lov coastant value.

The third stage of glass corrosion may occur if secondary
rineral phases begin to precipitats from the °®saturated® fluid.
Precipitation of many of these mineral phases will causs the
solution to become undersaturated with respact to the glass.
This undersaturation affects the glass corrosion rate. ¥Nass
transfer between the asclution and the mineral secondary phases
will maintain undersaturation. The resulting glass corroaion
rate will depend on the specific chemistry of the secondary
mineral phases that ar2 formed. Depending on the secondary
mineral phase formed, glass corrosion could remain near the low
rate attained during the second stage or could accelerate to a
Tate near the forward rate. The mineral phases that consune
silicon from the golution could accelerate the corrosion rate to
near the forward rate.

The glasms corrosion mrocess releases contaminants into the
moisture in contact with tae glass. However, the contaminant
release rate is not necessarily proportionally to the glass
corrosion rate. Rather each contaninant is subject to & variety
of chemical resciions that can significantly alter the
concentration of the contaminants in the scisture that eventually
exits the disposzl wault. These reactions include
oxidation/reduction, dissolution/precipitation, and adsorption.
Experiments and numerical analysis are procesding to bstter
understand the actual contaminant release. Testing is continuing
on selected silicate glasses while testing on waste forms chosen
by the TWRS privatization effort will start as soon as poasible.

3.3.5 Contaminant Transport

3.3.5.1 Ovexview. Previous analyses {(Kincaid 1995, Hann 1995Db,
Wood 19%4b, Wood 1995, Wood 1996) have shown that contaminants
ars transported mainly by their movement in the aqueocus phase.
Contaminant movement can occur by moving with the water and by
dAiffusing through water. Other mechanisas involved vapor phase
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transport of the gaseous coataminations or massive movemants
caused by caia hic evanvs such as glacial-age floading,
Sections 3.3.3.3 ough 3.3.3,5 descridbe how contaminant
transport mechanisa wvere modeled. Appendixz D contains the
squations actually used in the modale.

3.3.35.2 Moisture Movemant. 7Two distinct soisture contant
regimes are preseant during coatamipant transport: (1, the
unconfined aguifer and (2) the vadase sone. In the uncoafined
aguifer, all the pore space of the porous esdiment matrix is
£i1led with water; that is the matrix is water saturated. In the
vadose ong, the pore spacz is only partially filled with water;
that is. the vadcse tone is unsaturated.

Watar flow through a saturated porous medium, such as the
unconfined aguifer, is governed by the empirical relationship
knows as Darcy’s Lav (Fresze 1979%) and by the conservation of
mases. Darcy’s lavw defines tha discharge of water through a cross
section of a porous medium. BRowewsr, in contamination tranaport,
the sverage velocity of watar flowing through the medium is:
needed. This is because contamipants that are not geochemically
retarded move with the water. The averasge velocity of the pore
water is detsrmined by dividing the discharge or Darxcy velocity
of tha vater by the water-filled porosity of the medium. Total
porosity is defined as ths ratio of void space to total volume.

In an uvasatursted medium, the pores are not completely
filled with water. For such a nedium, moisture content is
dafined as the ratio of water filled void space to the total
volume and the average velocity of the pore water i3 determined
by dividing the Darcy velocity by the moisture content.
Additional effacts (capillary foroes, the dependence of hydraulic
conductivity on moisture content) must be considered when
adalyzing an unsaturatsd medium. Richards equation (Richards
1931) becomes the governing aguation (sse Appendix D).

The important parawmeters in these equations are the
following:

. Matric potential (or pressure head)} as a function ot
acisture oontent (water retention fumction)

. Hydraulic conduotivity as a function of moisture
content (relative permeability function)

. The source or sink of moisture.

Under extremsly dry conditions, water vapor diffusion may be
important. Water vapor diffuses through porous media along vapor
pressure gradieats. The presence of water-scluble components
(for example, in the wvaste form} acts to dejpress the water vajyor
potantial and causes the water vapor to diffuse from the
surrounding soils. This water could then condense at the
iocation of the water-soluble material and lesach contamination
from that surface. Important factors in this process are the
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leval of water vapor pressure depression and the effective
diffusion coefficient of wvater vapor.

3.3.9.3 Mvective, Dispersive, and Diffusive Transport. The

ation for the advective, dispersive, and diffusjive transport
° 1:00&;-1:;;:: can be vieved as a maes balance on a differential
volume.

Tha parsmaters important ip this egquation are
> The pore water velocity

. The disparsion cosfficient

. The sffective porosity of the soil layer

. The retardation factor that depends on the soil’s
density and wetted porosity and chamical distridbution
coefficient

. The e2ffective diffusion coefficient
e  The half-life for decay.

An increase in the retardation factor increases the time for the
contaminant to reach the aquifer. 1In the absance of an
advective component, the diffusion process could bring water
soluble contaminants to the land surface vis diffusion in a
continuous liquid pathway.

Because of the very dry conditions in Hanford soils and
expected in the disposal facility, diffusive transport aay be
more important than advective movement in some conditions.
Becasuse of the large storage capacity of the surface soila, the
:ttoet‘ot i:rge transient rainstorms is confined to the top few

eet of soil. )

3.13.5.4 Vapor Transport. Soms contaminants may move upwvard from
the disposal facility to the surface in the vapor phase. Such
sovement is governed by Fick’s law.

3.3.5.5 B8oclid Transport. When another glacial-age catastrophic
flood (such as the previous Missoula floods) occurs, the
contaminants will be widely dispersed. For this case, the entire
inventory is assumed to be mixed with soil to a depth of 20
neters (66 feet) {(the depth of the disposal facility] over the
Hanford Site south of the Columbia River [an area of 906 xm’ (350
mi?). Past glacial-age catastrophic floods have deposited soils
over a far greatsr area {(even to the sxtent of carrying most of
the soil all ths way to the Pacific Ocean) and mixed the soil to
greater depths. 7The all-pathways scanario (described in Section
3.3.6) is then used to satimate the dose.
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3.3.§ ZExposurs Scenarics

Two major exposure scenarios ars considered: drinking
contamipated water and living on a small farm. The details of
these scenarics and the justification for all the paramaters used
in them are in Rittmann (1995). Values for ths parameters in
th-n:d::-nurioc are discussed in Section 3.4.68 and zre given in
Appendix B.

The simpleat case is exposure to contaminated drinking water
punped from a4 well. This well is assumed toc be 0o closer to tha
disposal facility than 100 meters (328 feet) and t0o be located
to provide the msximal exposure. This location is the one
recomnanded by the Performance Assessment Task Team (Wood 1994a)
and reguired by the RL implementation directive (DOE-RL 1993) for
DOE Order 5820.2A (DOE 1986b). The two major exposure parameters
in this scenario are the amount of water consuned and the suite
of dose conversion factors used.

The more lox scenaric has a person not only drinking che
well water, Sut also using it to irrigate a small farm. Exposure
comes from drinking contaminated water, ingesting contaminated
food, ingesting and inhaling contaminated soil, and from direct
irradiation from the contaminated soil. Tha total exposurs
results in the all-pathways dose.

3.4 VALUES/ASSUMPTIONS
3.4.1 Ovexview

This section provides and justifies the conceptual models
and data for those models that wers used in the analyses. The
section covers the selection criteria and key assumptions for the
conceptual models; deacribes the models and their associated
data, the waste form, release rate, disposal facility. and
moisture and moisture infiltration rate. The dosimetry
parameters are also discussed. The mouals actually used in the
computer simulations wers deriv. J from these conceptual models
and are deacribed in Section 3.5,

3.4.2 Selection Critaria

The following criteria are used to sslect among the
alternatives:

. The ability to justify the choice.
The availability of exparimental evidence
The use of best calculational methods. .
The overriding criterion was the ability to justify the data
and calculational mathods selsctad. Justification required that
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all data, assumptions, and procasses wars questionsd for
applicability. Does sach selection realistically portray
probable situations? The justification process quickly
identifies arrors., misundarstandings., and false assumptions that
can be correcied. This procass provides insight into the true
requiremants for methods and the true need for dats.

Whenever posaible, direct experimental evidence is the basis
for selecting data Or approaches for the conceptual models.
However, in Boat cases, collecting direct experimsntal evidence
is not possible. Sometimes collecting all the evidence could
take too long such as obaerving the behavior of glass for
10,000 years. Sowmetimes the amount of data is too large to
ob;:in such as deteraining hydrologic parametars for the entire
VaAGOSe TONe.

¥hen direct experimental evidence is limited, the available
data are usad to support analytical simplifications. This
approach has tvo major sxasples. The firat is extrapolating
laboratory-measured data to field conditions, as in the case of
hydrologic parameters. The secoad is measuring various effects
of the total procass to form a coaplete picture, as was done to
determine the infiltration rate. The infiltration rate was
determined by combining short-term lysimstry with mid- and long-
term tracsr &nd moisture measuremants.

Because this analysis is being performed before key
decisions on waste form, location. and disposal facility design
have been made, relatively little experimental data are available
to directly support this interim performance assessment.

Bowever, significant amounts of axperimental data should de
available to support the preliminary and final performance
assessaents. The statenaents of wvork (PAG 1994 and PAG 15985)
outline the experiments that will be performed in geclcogy.
hydrology, glass performance, other material performance, and
infiltration rate.

Analytic and calculational studies must be performed to
provide data for processes, suth as glass corrosion, that will be
evolving over thousands of ysars. Analytical and computational
tools were selected with ths intention of using them to provide
the most insight and accurate simulations of thess procesces.

3.4.3 Ksy Assumptious

Most of the data needed for a performance assessment have
pot yet been cbtained. However, enough is known about the
proposed disposal action that necassary assumptions can be made.
The key assumptions are as follows:

. Location (wvhich dictates geclogy, stratigraphy,
fanfiltration rate, and associated parameters)
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» Wasts fors (which influsnces the releass rate of
contaminants)

. Invantory
. Disposal facility deaign.

As noted in Section 2.2.2, a preferred location for the
disposal action has been recommended by the technical staff
(Shord 1993). For this interis parformance assessment, the
preferred location vas azssumed to be the site of this disposal
action. Eowevar, &s part of this vwork a sensitivity study 1is
parformad on & sits sast of the Tecommended site to determine the
ispact Lif part of the vaste is disposed in existing TWRS disposal
facilities. Only limited characteriszaticn haz been performad at
e¢ithar site. Bowaver, the central platsau area in which the
preferred sits rests has besn well characterized. Thersfore,
rather good assumptions can be madn about parameters that
describe the proposed disposal site. Extensive charactarization
of the disposal site is planned (Reidel 199%).

As noted in Ssction 2.3.5, the waste form has not heen
datormined. However, thes final specifications for the waste form
are outlined in the RFP for privatization (DOE-RL 1996). The
original waste stabilization program focused on silicate glass.
Bacause of the knowledge and experience base that has been
established for silicate glass, many balieve that it will be the
wvaste fora. 1In any event, the selected waste form is likely to
have release properties similar to those of silicate glass to
aeet performance criteria. This assumption is based on the
requested release rates given in the specifications for the waste
form (DOE-RL 1996). For the base case of this interim
performance assssspent, the specified release rates from the
waste form given in the privatization apecifications was used.

NO other credit was taken. For some ssnsitivity cases, computer
simulations of contaminant relesse rates under disposal
conditions for a silicate glass were performed. When the actual
wvaste form is defined, short- and long-term experiments and
acalyses are planned for understanding the release behavior a. a
function of time and environmental conditions.

The actual composition of the waste form (both radiocactive
and nonyadiocactive) is pot known. Tor these analyses, only the
gean composition based on the estimated total radionuclide
inventory was used. Az restrieval scenarios are better defined
and individual tarnk contents become better known, composition
variations in the waste form will be detarmined. These
variations will then be used in the analyses.

FPinally. only conceptual ideas exist for the facility design
{Sse Section 2.4). Important features have been identified and
preliminary investigations hive been dons (Mann 1995b). Thus,
certaip desi~n features can be included with some confidence.
Much more work remains to be done as the concaptual design ideas
are translated into preliminary and then final designs. Ac
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important part of such work will be experimental and asalytical
studies 0of how ths variocus features behave over =ims.

3.4.4 8ite

3.4.4.1 Introducticd. This suction translates the geclogy.
hydrogeoclogy. and geochemistry found ia Chapter 2 into a
cosceptual model and valuas that can be used in the analyses

supporting this iateris parforsance assessmsent.
ctratigraphy of the disposal site are discussed Jirst.

The location and
Bext, the

hydrologic and gsochemiral properties of the vadose zone are

sddreansd.
axamined.

3.4.4.2 locstion and Brratigraphy.

Fisally, the properties of the unconfined aquifer are

As noted in Section 2.2.2,

the location of the disposal facility has not been determined.
Bowavar, a preferred location in the south ceptral part of the
200 Bast Ares “as been recosmended by tha technical staff (Shord

1993).

The maip strata at this location ars the Hanford

formation and the Ringold Formation.

The Hanford formation beneath the disposal area consists of

three layers.

Saguence.
Ssquence.

The upper § meters (320 feet) is the Upper Gravel
The next 60 meters (197 feet) consists of the Sand
The bottom, the Lowver Gravel Sequsnce, is 25 to

40 meters (82 to 131 feet) thick. For modeling purposes
{(Table 3-2) a mean thickness of this bottoa seguence was taken as

35 moters {115 feet) making

the Hanford formation 101 maters

{331 feet) thick in the model.

Table 3-2.
19595-1)

| Hanford formation

. Upper Gravel Ssquencs
Sand Sequance

Lover Gravel Sequabce

Geclogy Used for the Base Analysis Case.

| Formation | Thickness/Location |

(Reidael

starts at surface
6 meters ( 20 feet) (on surface)
60 matars (197 feet)
35 meters (1185 feet) (bottom)

Ringold Formation
Unit E

starts just balow Hanford formation,
101 meters below the surface
30 meters ( 98 faet)

; Uncoufined aquifer

103 meters (339 feat) below surface,
11; meters (387 feet) above mean sea |
evel
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Belov the Eanford formation lies the Ringold Formation.
Only Unit E is of concern for these analyses. Unit E is
consclidated sandy gravel to muddy sandy gravel 30 maters
{96 faet) thick.

The large discharge of water from Hanford Site cperations
has significantly affacted the level and flow of the unconfined
aquifer. However, DOE has agreed to seversly limit such
discharges; and st the time of this acalysis there will be no
discharges. Based on calculations using the Environmental
Restoration Contractor (ERC) Hanford Sitewide groundwater model
{Law 1996), the presant locatiod of the aquifer at the disposal
site is 5& metars (3135 fgat} below the surface level or
125 meters (410 feet) above mean sea level vwhich is ip good
agresanent vith measuremsnts. Computer simulations were used to
define the lave) of the unconfined aquifer after Hanford Site
operations csase. Current estimates of the post-Hanford water
table (Law 1596} suggest this level as 103 meters (330 feet) '
balow the surface level or 118 neturs {387 feet) above the measn
sea lavel. Tihis level was used for the base analysis case. T.e
pcnt-!:ntord unconfined aguifer is expected to he in the Ringold
Forsation.

Two sensitivity cases were produced to datarmine the
importance of the hydrologic parameters of each layer. The first
sensitivity case considers that all, rather than most, of the
danford formation consists of the Ssnd Sequence. The ascond
sensitivity cass assumes that the Lower Gravel Sequence starts at
531=otaru (1%4 feet) below the surface rather than at 66 meters
{ ieat).

Two sensitivity cases will be studisd to determine the
importance of which formation contains the unconfined aguifer.
Io one 3ensitivity came, the top of the unconfined aquifer is at
its present location, 96 meters (315 feet} below the surface
(that is, the top of the aquifer is 7 meters above the position
of the base analysis case). In the other case, the top of the
aquifer is lowered from the base analysis case by the same amount
as it was raised in the first s« ~sitivity cass. Thus for the
second sensitivity case the top ~f the aquifer is at 110 mete:ss
(361 feet) below the surface. In both cases the bottom of the
aquifer remains at the same elevation below the surface.

3.2.4.3 Vefons Tone Bydzoliogic Parameters. Vadose zope
hydrologic perameters for these analyaes come from laboratory
snalysses of samples from the various strata found at the disposal
gite. Samples vere taken from sever locations near the disposal
site (Figure 3-2). Corrections were made for the gravel conteat
and for primary drainage. This resulited in moisture retention
data. A detailed discuasion of the data and methods used to
derive them can be found in the work of Xhaleel and Fresaman
{Khaleel 1595). The following paragraphs summarize the methods
and data.
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Figurs 3-2. Sydrologic-Condnetivity Rample locatioms.
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The moistu:e retention dsta can be described in an empirical
rel: ‘onship following the methods of van Genuchter (1980). The
moik _Jre retention function is

B(v) =0, +1(8,-0] (1« [cy])"

where v{y) is tha volumetric moisture content [dimensionless]
¥ is the matric potential cr pressure head (1}
8, is the residual mcisture contsnt [dimensionless}

. is the saturated moisture contant {dimensionless)
is a fitting parametar (i)

is a fitting parameter [dimensionlass)

is L - 1/n.

P
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Uaing the Mualam {1976) msodel and the above form for moisture
retention, the hydraulic conductivity is

KiS,) » K, * 8! * {1 - [1- g ™"}

wvhere K{8,) is the unsaturated hydraulic copductivity
[{length/tine}
| & is the saturated hydraulic conductivity {l/t)
s, is wifective saturation = (§ - 0,) / (8, - §,)
) iz tha pore-coanectivity parameter, estisated

by Mualam to be about 0.5 for many soils. In
this work, ¢ is takea to be 0.5 (a
dimensionless quantity).

The RETC code (van Ganuchten 1991 was used to determined
values for 6,, 0,, ¢, and n. Values for X, were detarmined by

fittipg laboratory data to a log-normal distribution. The
reasulting values are shown in Table 3-3.

Table 3-3. Values for Bydrxologic Paramsters for thse Vadoss Ions
o the Base Analysis Case.*

vas Geduchtan Curve Fitting Parssaters for sSacturatad
MHoisture Reteastics

L2 ] N at h‘
=i 4ml ——

¢.1578 . 2. 17_810"

0.1312 . 1.32x10°
0.1343 . 8.74x10"

Paramwters {(from Khaloel 1983) are used to datermine ugaaturated hydraulic
copductivity, see taxt. :
Tha saturated volumetric mglsture contest.

I' The residuai voluletric soisture content.

A van Gepuchtan curve fitTing parametsr.

The grout parformance assesvment (Kincaid 1995-2) relied on
the work of Rockhold et al. (Rockhold 19%3) to determine the
unsaturated hydraulic conductivity in the vadose rone. Their
procedure was similar to the Xhalsel and Freeman approach.
However, their data set was slightly smaller and did vot include
ssmples from neAar ths proposed disposal site. The samples used
by Rockhold et al. were mairnly from the Grout Disposal Facility
with scae samples from the AP tank farm, the U.§. Ecol Site,
&sd the 200-8P-1 site. The residual moisture content (8, =
0.0234 cm’/com’) that Rockhold et al. detersined for their
57 samples from the sandy sequence of the Hanford formation ia
very similar to that found by Xhaleel and Fresman (O, =
0.0246 cw’/cw’). The residual moisture coontents found by
Rockhold et al. for the Banford formation lower gravel sequence
(14 samples yielding €, =~ 0.0213 cm’/cw’) and the Ringold
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Formation (5 sasples yielding 0, =~ 0.0283 cm’/ca’) are slightly
higher than the valuss froms the Khaleel and Freeman analysis
(@, = 0.0126 and 0.0220 cn’/ca’, raspectively). 1In general, the
two analyses are in closes agreement.

The hydraulic properties for constructiot materials are
taken from the work of Rockheold et al. {(Rockbold 1993). The
values are displayed in Table 3-4. Hydrologic parameters for
sand (vhich is used in the sand-gravel capillary barrier and in
sensitivity cases) are assumed to be the same as for ths sandy
ssquence of the Nanford forsation. The hydrologic parameters for
the H:tﬂt conditicning layer are assumed to be the same as for
gravel.

Table 3-4. Values for Rydrologic Paramstars for Construction
Materials fox the Base Analysis Case*

van Gapuchtun Curve Pitting Satursted
Parsmeters for Molaturs Retantion J wydraulic
e . ;i Coaductivity

(e | ey | () > (e
-:9.1710 0.0450 0.0681 3.00x10"?
0.5198 | o.0140 | 3.53¢6 1.5
|_0.2258 | 0.0000 |7.6xio 3.75x10"%

Paramstars {frou Rockhold 1993) are used to detarming upsaturate? hydraulic
gosductivity, see taxt,

The saturated volumetric moisturs content.
The residual volumetric mpisture cootant.
A van Geguchten curve fitting paraseter.

For the calculations, the bdulk density of the soil was taken
to be 2.72 g/c»’. The disparsion cnefficient of the
contamipations was taken to be 0.lvtravel length in the direction
of travel. The disperaicn in the vadose zone in the horizontal
direction wvas taken to be one tenth of the value in the direction
of travel. PFor agquifer transport, the dispersion in the
horizontal direction (mot in the direction of flow) was also
taken to be 0.1l*travel length in the direction of flow and in the
vertical direction 0.0l*travel length.

The valus nf the diffusion ccafficient in unsaturated
sediments of the vadose zons i= taken from the grout performance
assesgment (Kincaid 1995-3), using the model of Kexmper and van
schaik (1966).

D= 1.25x10" exp(-10 8] cm’/s,
where § is the volumetric moisture content of the sediment.

To sstimate the release of radon from the gel), radon’s
diffusivity aust be cstimated. Earries et al. (1992) summarized
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the msasuremsnts of gaseocus diffusion performance on concrete
matarials. They concluded that, for dry materials, diffusivities
ranged from 10'3 to 10 cw’/s (10 to 10™ in./s). The presence
of moisturs reduces the diffusivity value. Therefore, for these
analyses, a value (corrssponding to dry conditions) of

1.0 x 10" ca’/s (1.6 x 10 in'?/8) was used. A value 10 times
larger, based on diffusion in air corrected for moisture and
tortucsity. was used in the Hanford Solid Waste Performancs
Assesangnts (¥ood 1954b and uood 1996).

Sensitivity casss center around altering the presuned gtrata
and hence their hydrologic properties. The strata changes
(sensitivity) investigated in this interim parformance assessnent
are given in Section 3.4.4.2.

3.4.4.4 Vadose Iona Ceochemical Retardation Pactors. Cheaical
ipteractions with the soil in the vadose zone can greatly slow
the transport of contaminants. The amount of slowving is
described by a multiplicative fact.or known as the geochemical
retardation factor (see Section 3.3.5.3). Geochenical
retardation factors for thess analyses are based on extensive
laboratory work parformed at the Banford Site. This work is
suxmarized in Kaplan (19935).

Geochamical rstardation in unsaturated conditionz is
predicted to be

Rg-1-+pt¢/9

vhere R, is the geochemical retardation factor
(dimensicnless)
P is the bulk density of the material (N/LY)
K¢ is the chemical distribution coefficient (L'/M).
e is the volumetric moisture zontent

{(dimensionless).

A derivation from the general contaminant transport ecuation is
given in Appendix D, Section D.2.3. The chemical distribution
coefficient (K,} is measured in he laboratory by comparing the
amount of material entrapped ir >r on the soil matrix compared to
the amount in the water phase.

The chemical distribution coefficients used in these
analyses are based on ths reports of Kaplan et al. (Kaplan 1993a
and Kaplan 1995b). Ip particular, Kaplan (1993a) investigates in
detail bast estimate K, values for the most iaportant
contaminants for our disposal conditions. Por other
contaminants, the ®low K, values for neutral-to-high pH, low
salt, low organic, and oxic solutions from Table 6.1 of Kaplan
199%b are the bases for the values used. The values are based on
experiments using saturated Hanford socils (mainly ths sandy
sequance). Until planned experiments are completed, the chemical
distribution coefficients are assunad independent of moisture and
gsologic layer.
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fur conveniance iB modeling, a subset of X, veluzs from
Kaplan (1999) and Kaplan (1995a) vare used in thase analyses.
The computsr code PORFION (see Section 3.5.1.3) traats the
chomical distribution costficisnts as foint-utmu values, not
48 probability functions. The code caiculates the contamigant
transport for only 4 X, values at & time.

To reduce the number of computer simulations made, only
aight valuas are used for the distribution coefficients. PFiva of
the wvalues chosen ars based on the X, values of the most
important elements in these analyses. These eclemants (and the
corresponding K, valuss) are technstium and sslentum (K, = 0 for
both), uranium (K, = 0.6 ml/g), iodine (K, = 3 =f/g), carbon (K, =~
¢ sl/g), and ngptunium (K, = 13 sl g). Two highar K, values,

40 and 100 ni/g., were chosen to represant more retarded elements.
Elements with such high X, valuss have vary little significance
for wvadose zoDe transport within the Nanford Site soils. Thease
higher wvalugos used for ths chemical distribution coefficients for
the less important slemants ir the computer simulations wers
selected to be consarvative. Thess values ars lower “han ths
recomnended valuss given in Kaplan (1995). Table 3-S5 shows the
values recommanded by Kaplan (1995) and Kaplan (1995a) and the
values actually used in these analyses.

Table 3-5. Chemicil Distribution Coefficients (X,) for the Bsase
Anxlysis Cass*

106 ->100 } 1200 -»100
100
50 -> 40 B 1s*
13000 ->100

e pumber to the leit of th
K, value, ths pumber to the right of tha arrow is a
conservative estimaste to minimize the number of computer
simulations since the code ounly uses & K, values at a time.
* pata taken from Kaplan (1995s&}., others from Kaplan (1995).

Because radionuclidos spend significantly shorter time in
the unconfinad aquifer than in the vadose 20ne, no credit for
incrsased travel time in the unconfined aguifer due to
geochemical retardation was taken.
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Seasitivity cases vers used to jud:c the effects of
differant K, vilues. 7Two casas used differsst for uraniun.
Oue case used 8 K, value of zaro for ursnium. 118 was the
consarvative valua used in earlier environmestsl assessments.
The other used a K, value of 100 mi/g for uranium in concreta
(Rrupka 1933} and K, value of 0 for uranium everyvhere alse in
tha systam. Another sepsitivity case uzed £, » 0.1 sl /g for
technstium and selenium.

3.4.4.5 Uucoatfined Muifer Propartier. No data are available on
the hydraulic paranetsrs for the immediste vicinity of the
propossd dispossl sits. The hvdraulic pariastars to be usasd are
from the Environpantal Restoration Contractor (ERC) sitewide
Bodel of the Hanford unconfined 1ifer (law 1996). This sodel
was cresated for the DOE’s remedisl] restorztion effort at the
Sanford Sits. Table 3-6 gives the hydraulic parameters
immediately around the disposal aite and their values used for
these analyses. HNeasured data are plamned for the preliminary
perfarmance assessasant .

Tahle 3-6. Rydraulic Parametsrs for Uncomfined Aquifer
Jmmedistely Azround the Disposal Bits (Lav 1998)

Saturated hydrauvlic conductivity (cm/s) o
Ringold Formation .
Hsnford formation 3.6
et tective porosity

Ringold aguifer tbickaeni (m)

For calculations involvieg a larger region of ths Ranford
Site, the ERC Ranford Bitewids Groundwater Model was used. This
model contains 18 hydrogeclogic matarial types. Ths material
identification numbers for the upper and lowsr layers are shrwn
in Figures 3-3 and 34, respectively. The hydrologic parametars
are displayed in Table 3-7. BRydraulic conductivities for the
200 Bast and West Areas were cbtained from Connelly et al. (1992a
and 1992b) while thoss for other areas ware obtained from Thorne
and Rewcomer {(1992). Because almost all the aguifer tests used
to infer data contained in these compilations ware single well
tests, nu ifuformation is available for estimating the storage
paramaters. 7The aquifer test results were interpoiated from
point measursments to areal values with the application ~f the
software program BarthVision'.

} BarthVision s a registersd trademarkx of Dynanic
Graphics, Inc. .
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Table 3-7. Zlesant Material-Zons Flow Properties. (lLaw 1996)

} Zone Horizontal Storage Effactive
Saturated Conductivity Porosity
{cn/s)
Rz'algr

1 2.5) ¢-3 1.0 @-4 0.10

2 6.03 e-3 1.0 e-4 0.25
3 1.59 e-2 1.0 -4 ‘0.10
4 2.06 e-2 1.0 -4 0.20
S 4&.44 e-2 1.0 e-¢ 0.235
6 2.29 e-1 1.0 e-4 0.25
7 8.25 e-2 . 1.0 e-4 0.10
8 9.52 e-2 1.0 e-4 0.25%
9 1.37 e-1 1.0 -4 0.35
10 1,7% e-1 1.0 a-4 0.25
11 2.44 e-1 1.0 a-4 0.33%
12 2.85 e-1 1.0 -4 0.25
13 4.44 e~ 1.0 -4 0.25
14 9.52 e-1 1.0 e-4 0.35
15 2.38 1.0 e-4 0.3%
16 3.59 1.0 e~4¢ 0.25
17 5.81 1.0 e-¢ 0.25

18 6§.76 0.

3.4.3 Wastes Package

3.4.3.1 Introductios. This section describes the conceptual
aodel for the waste package, which consists of the container and
the waste form. The contents of the waste package are currently
unknown because an affort is urder way to privatize the
immobilized waste function of (TWRS) (Section 2.3.5). Sections
3.4.5.2 through 3.4.5.5 describe what is known about the waste
package components. This description includes the release rate
from the waste form. Alternative waste forms ond release rates
that were used in sensitivity cases are also discussed.
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3.4.5.2 Coatainex. The final TWRS privatization Request for
Proposal (RFP) (DOE-RL 1996) outlines the type of container that
would be acceptable. The aspects of ths container that affect
the parformancs sssessaant are summarized here. Ths containsr
would be an unspecified setii. The nominal cutside dimensions of
the package are 1.8 by 1.2 by 1.2 maters {about 6 by 4 by

4 feet). The thickneas dependa on the type of metal used. It
aust be thick enough to meet the shielding raguirement for a
maximus contact dose rate of 1 rem/hr. The acking height of
containers wvas assumed to be 7.2 maters (23. ‘eeat), which is

§ contaipners high, consistent with the RFP.

The conceptual model for the performance and degradation of
the waste packiga ignores the presence of the containsr. The RPFP
{DOZ-RL 1996) only spacifies that the container bs made cut of
actal. Thus the contsnt and durability of the containar is not
yet known. PFor these analyses., the container material was
assumed to have no effect on hydraulics, chamical retardation, or
vaste form performance. Onca the container has been selected,
testing on the container material and contaiper-wvasts form
interactions will be plannsd to determine the effect cof the
container degradation on waste form perfcrmance.

3.4.5.3 wasts Form. The TWRS privatization RFP (DOE-RL 1%96)
does not spacify a waste form. The waste fora will be based on
maximur package volume related to gram-mole of waste sodium
content and on releass rates. TFor the base analysis case, the
waste forx is not defined. Only a release rate is prascribed
(Section 31.4.5.4). The shape of the waate form is assumed tO be
nearly cublical. The inventory is also assumed to be svenly
distributed among the wasts packages producad. Because the waste
fora will control the release rate of the radionuclide
contaninants, related sensitivity cases are described in the next
section.

31.4.5.4 Yasts Form Radioduclide Release Rats. Although the
final TWRS privatization RIFP does not specify a wasta form, the
request does spacify initial (the first 7 days) fractional
radionuclide release rates (DOE-RL 1996). The initial fractional
radionuclide release rate from the waste form averaged over all
the containers shall not be greater than:

. 1.4 £-13{8") [4.4 ppu/y] for "se, 11, ¥*'Np, and
uranium isotopes

. 2.8 E-14({2’') [0.88 ppa/y] for "Tc.
For the hypothetical waste form used in the base analysis
case, the time dependence of the radionuclide release rate vas

calculated using the non-technetium initial fractional release
rate 04 the following asspuxptions:

1. ZThe waste form corrosion rate is constant in time and
does not vary with location in the vault.
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3. The radjonuclide release rate is proportional to the
waste forR corrosion rate and the inventory density at
the surface. ‘

3. The waste form corrosion rate is proporticonal to the
instantaheocus surface area.

4. The radionuclides are uniformly spatially distributed
in ea2ch waste fora.

5. Bach linear dimension of the waate form decreases at a
socnatant rate.

6. The waste form has similar lengths in each dimension
(for exaxple, & sphere or a cube).

Assumption 3 is parhaps the most questicnable assumption. Waste
fors corrosion rates and, more isvortantly, contaminant relsase
rates ars st--1g9 nonlipear functisns of the local physical and
chamical environment. It is certain that these properties will
vary as a function of time arnd space in the disposal facility.
Bowever, to account for these effects in computer simulations
requires detailad physical and chemical process models for vaste
form corrosion. Bescause the waste form and other details of the
dicposal facility dasign have not yet been specified, assumption
2 was used as an cnabling assunption. Computer simulations of
the physical and chemical processes for the corrosion and
contAminant release {or & silicate wvasts form are performed as
sensitivity cases.

Using thase azsuaptions, the time-dependent release rate is
darived as fcllows. See Mann (1995b) for details. The first
four assumptions yield:

RRR(t) = C * S(t) * I(T) / V(L)

where:

RRR(t) is the radionuclide release rate [Ci/t]

t is the time {t]

C is the corrosion rate [f/t], taken to be
independent of time and chosen so that the
non-Tc rate given in the request for proposal
is naet

S{:} is the surface arss of the waste form ([t?)

I is the inventory in the wvaste form [Ci)

V() is the volume of the waste form. [I’]

Assumption ¢ applies at the initial time {(t=0). Thus
I(t) /7 vit) = I(0) / V(0).
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Than
RRR(t) = C * S(t) = I(0) / V(0}.

The shape of the waste forn and Assumption S5 determine the rate
at which the surface area decrasses. PFor the base analisis case,
the waste form was assumed to be nearly cubical. The aurface
area then becomes:

S(t) = K1 ex(t)’ = K1 ¢ (X2 * (T - t))°
- K3 » (7 - t)?

where,
x is the time-dependent length {{]
T is the time for all the radionuclides to be
released from the waste form [t]
Kl, K2, K3 are constants [various unitas).

The radionuclide release rate for a cubical waste fora then
becones

RRR (t) = C * K3 ¢ (T - t)2 » I(0) / V(0)
= R4 * (T - £)2 + 1(0).

The constant K4 ils determined by the integral over time of the
radionuclide releass rate from 0 to T. The result of the
integral is the total inventory, I(0). Thus,
K¢ = 3/7°.
The radionuclide release rate becomes:
RRR(t) = 3 * J(0) * (T - ¢)? /7 7.

The value cof T can be determined at t=0. At t = O, RRR(0)/I(0)
is the initial fractional radionuclide release rate [FRRR({0)].
This rate is given in the RFP. Thus, the time for the waste form
to release all the radionuclidrs is:

T = 3 , FRRR(D).

The last two egquations were used i{n the base analysis case for
the ti:x :-dependent radionuclide release rate froa the vaste form.
Table 3-8 displays their simplified form.

Table 3-8. PRel:ztive Radionuclide Raleass Rate from the WNaste
rorm for the Base Analysis Case

! Relative Radionuclide Release Rate from the Waste Form
(ppm/year} =
4.4 = [T - time(years))’

R oy o~ ST R

/ 7', where T = 6.8x10° years



WEC-EP-0004

Calculations show that the temperature rise from decay in
the waste form in the disposal facility is less than 1°C. Tae
sail above thae disposal facility will provide a thermal shield.
Thus although the glass corrosion rate is temperature-dependent,
t?g relsase rate is assumed not to change becuause of temperature
effeacts,

Several sensitivity calculations on contamainant release were
performed bacause the release rate is important to the
performance assessment. Some of the senaitivity cases are
variations of the EP" specifications. Others involve a
sechanistic estimation of the release rate as a function of space
and time based on axperimental data. Still others investigate
the effects of different release rates caused by relatively small
pleces of waste form.

Two sensitivity cases focused on variations of the RFP
specifications. The base analysis case was based on a waste forn
that releases all radionuclides at a rate proportional to the
inventory. BHowavar, the RFP specifies that the r2:te for
technetium release be a factor of 5 aslowver based on initial
inventories. Such & reduction can occur if the technetium is
trapped or if 80 percent of the technetium iz removed during
pretreatzment. One sensitivity case based on the RFP analyzes the
effect of trapping the technetium. The case of removing
80 percent of technetium from the inventory is treated as an
inventory sensitivity csse (Section 3.2.5). The other variation
on the RFP was to assume that the waste form shape is not nearly
cubical, but plate-like. This leads to a constant non-technetium
release rate of 4.4 ppn per year for 227,000 years.

The base analysis case is built on a contract specification.
Some sensitivity cases were built on how the wvaste form is
expected to behave. In these cases, the wvaste form was assumed
to be silicate glass. This waste form was the leading candidate
bafore privatization and is the only waste formn for which the RFP
provides an acceptable performance test. The waste form probably
will be a silicate glass. The release rate for these sensitivity
cases results from the model discussed in Section 3.3.4.2 and
implemented in the AREST-CT computer code (Section 3.5.2.2).

3.4.5.%5 Geattar or riller Material. The TWRS privatization RFP
(DOE-RL 1996) s.iates that the container may not have void space
greater than 1 parcent of the volume. This means that a getter
or filler material may be part of the waste form. A getter
material is a material that chsmically combines or traps selected
radiocnuclides. This "trapping® restricts the radionuclides
novengnt downward. Because the form of the waste package is not
known, the base analysis case assumed that the canister vas
completely filled with the stabilized waste form. No getter or
special filler materials are used, only backfill soil is between
the caaisters.
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3.4.6 dNaste Disposal Pacilicy

3.4.6.1 Introduction. The disposal facility concepts summarized
in Section 2.4 and given in Eiholzer (1993) are used for the
conceptual model. Concept 1 (see Figure 2-19) was used for the
base analysis case. Specific aspects of Concept 2 (see Figures
2-20 and 2-21) were used for sansitivity studies. These concepts
were taed because the actual disposal facility has not been
designed, but these concepts are though to featurs the components
thought likely to be in the final design.

Sections 3.4.5.3 through 3.4.6.6 cover the specific key
componentas of the disposal concspts. These components are the
surface barrier, the capillary barrier, the water conditioning
layer, and the vault layout. Values used for each component and
any related sensitivity studies are discussed. Section 3.4.6.7
covers the degradation of the man-made portion of the disposal
facility.

3.4.6.2 Ssurface Baxrrier. The surface barrier is designed to
store water from precipitation !l-ng enough for most of the water
to evaporate or transpire througl plants in the Hanford Site’'s
arid ciimate. 7The sur.ace barrizr in the disposal facility
concepts is expected t. be ~ Hanford-type surface barrier

(Myers 1994) without the «sphalt layer. The top of the surface
barrier will be flush with the soil surface, which is 221 meters
(725 feet) above sea level. The barrier covers tha entire
disposal facility. The barrier extends 1 meter (3.3 feet) beyond
the ocutside sdge of the over all facility and 8.75 meters

(38.7 feet beyond each vault zow for Concepts 1 and 2,
respectively. This is the distance that the sand-gravel
capillary barrier (next subsection) extends beyond the edge.

The surface barrier is not explicitly modaled in the
computer simulatioas. Rather, the rate of moisture wmoving
through the surface barrier (or the degraded barrier) and passing
into the soil beaneath it is considered the top boundary condition
for the computer aimulation. The value for this rate of moisture
movexent (known as the infiltration rate) is discussed in Section
3.4.7.

3.4.6.)3 Sand-Gravel Capillary sarrier. The disposal facility
concepts include a sand-gravel capillary barrier beneath the
surface barrier. The capillary barrier is desigrned to divert
water avay from tho disposal vaults. The barrier is a pyramid
with 1 meter (3.3 feet) of sand on top of gravel (Figure 2-21).
The pyramids for Facility Concepts 1 and 2 have -2° and -5°
slopes, respectively. The pyramids are 4 and 2 meters (about 14
and 6.5 feet) high for Cocncepts 1 and 2, respectively. The
barriers will extend laterally beyond the vaults to mirror the
surface barrier. Based on University of Washington experiments
for the grout program (Kramer 13969), the sand is not expected to
wigrate into the gravel even under seismic shaking.
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Disposal Facility Coacept 1 includes a l-meter (3.3-faet)-
thick gravel wall along the outside vertical concrete walles.
This qgravel wall is a side capillary barrier which encourages the
roisture to reaalin ia the soil and not pass through the gravel
into the disposal facility. Manp (1995) indicates that a gravel
wall will improve the moisture movement around the facility.

Three sensitivity cases looked at the effects of the
capillary barrier. The first case included the large capillary
barrier oves the top of the vault, but no side capillary barrier
The aecond case did not contain any sand-gravel capillary
barriers. The last case locked at the influence of the size of
tha capillary barrier. In this case, the effects of the
capillary barrier for Concept 2 weare conparsd to the effects of
the capillary barrisr for Concept 1. The widths of the capillary
barriers for Concepts 1 and 2 ars 208 and 41 meters (682 and
134.5 fset), respectively.

3.4.6.¢ VMater Conditioning Layer. ETach disposal facility
concapt includes a water conditioning layer. This layer, which
is above the roof of the concrete disposal vaults, is designed to
add silicon to any moisture that reaches the iayer. If the waute
form is a glass, silicon enriched moisture could slow down glass
corrosion. For the conceptual model, this vater conditioning
layer (1 meter {3.3 feet] thick.) was considered only as back-
filled scil. The efficiency of such a water conditioning layer
toc change the chemical environment inside the dispo.al vault will
be investigated in future analyses.

3.4.6.5 Vault. The concrete structure containing the waste
packages is generically called the vault.

As described in Ssection 2.4.2, the basic unit of the vault
is the vault bay. X vault bay consists of four walls, a roof,
and a floor (somatimes call a pad) made from concrete. For the
conceptual design the concrete structure is assumed to be made
from Portland cement. While steel structural reinforcement of
the walls is likely to be used in the design, the inmpacts of the
presence of steel were not included in this study because an
actual design is not available. The bottom of the vault bay
floor is 20.75 neters (68 feet) below grade (200 meters
{656 feat] above mean sea level)}. The dimensions of the vault
bay are given in Table 3-9. | ‘

Six vsult bays placed end tC end make a vault row. For
Concept 1, the vault ..'s are next to each other, sharing a
common wall. For Concept 2, the vault rows are separated by a
row width of soil. 5Such a row of dirt would allow greater
radiation protection for workers and a more robust sand-gravel
capillary barrier would use more land and cost more. Section
2.4.2 depcribes and shows the vault layouts. These are
sumarized in Table 3-10 and displayed in Pigures 2-19 (Concept
1) and 2-320 (Concept 3).
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Table 1-9,

Pimession of a Vault Bay for Basc Analysis can.'

langth width thickncal
roof .- 40 m 21.5 = 0.76 » i
{ceiling) (131 £f¢) {(70.5 ft) (2.5 ft)
internal 9 = dependent on |--- 1=
alls t292.5 Ity floor length (3.3 £ft)
_ler width
ternal 9w epandent on j--- 2 m
alls (29.3 £t) floor length 6.6 ft)
{walls r width
neaxt to i
goil)
21.5 m
(70.% ft)

Six (ﬁ: v*ult bays are laid out torming a vault row s0
that short sides are next tc each other, resulting in a ,
length of 246 meters (807 feet). A vault row is oriented

_ in the east-west direction.

| 2. Concept 1 (base analysis case)

a. Ten (10) vault rows are placed parallel to each
other, having a common internal wall. Total
width is 208 meters (682 ft), resulting in an
arsa of 51,000 m? (12.6 acres). (Eihclzer
1596)

£ 3. Concept 2 (seansitivity)

a. Thirteen (13) vault rows are placed parallel to
each other. (E.“olzear 1996)

b. Vault rows are separazed by 17.5 meters {(57.4
ft), with walls on long side being exterior
walls. Separations filled with compacted

backfill soil created during excavation. The

facility (vault rows plus separations) ia 515.5 §
metars (1,691.3 ft) wide, resulting in an area
of 127,000 02 {31 acres). :

! Bata Trom EiROLzer (19950) expect whi

contains figures (2-19 through 2-21) ca thl facility .
concepts.

Section 3.5.5.6 describes the sensitivity cases analyzed.
These cases focused on the different impacts of design features,
including vault layout and orientation as well as the
effectiveness of varicus facility components.
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3.4.6.6 rillex Material. The disposal facility concepts include
filler material between and sbove the stacks of waste pPackages
inside the vault bays. Section 2.4.3.5 discusses the purposes of
the filler material.

The amount of filler material will depend on the stacking
arrangesent and opumber of waste packages. secauss ths actual
arrsngement is not known, an arrangement wvas developed for each
concept. Figure 3-5 shows the spacing of the waste packages in
the vault bays for Concepts 1 and 2, respectively (Eiholzer
1996)}. The arrangement for Concept 1 was used for the base
analysis case. The arrangement for Concept 2 was used as a
sensitivity case. The sensitivity case that used the arrangemant
for Concept 2 determined the effect of a lower radionuclide
concentration throughout the disposal facility. The arrangements
differ for each concept to examine if the spacing between
canisters affects the overall environmental outcome.

3.4.6.7 Existing TWNXS Disposal Facilities Sunsitivity Study.
Uaing the four existing TWRS disposal vaults as part of the
dispossl action is being considered. These vaults, described in
Performance Assassment of Grouted Double-Shell Tank Waste
Disposal at Hanford (Kincaid 1993-4), are located about one
Kilometer east of the proposed disposal site. They could hold
about 6 percent of the projected waste volume. Because the
vaults are so close to the preferred location, the geoclogy and
associated data are very similar. The design for the grout
vaults is similar to ~he presuned facility design, except that
the grout vaults havs . .% to 1.0 meter of asphalt surrounding the
concrete ztructure. N~ radit is taken for this asphalt, even
though, as shown by ¥ - . id 1895, the asphalt greatly slowed the
1alease of moisture and contaminants from the disposal facility.

3.4.5.8 Degradation of the Waste Disposal Facility. Parts of
the ‘.sposal facility will degrade during the first 10,000 years.
These analyses are based on the assunption that gatural materlals
such as sand and gravel will not degrade, but that manufactured
materials such as concrete and glass +ill. Thias section
discusses components of the wveste disposal facllity and how they
may degrade.

The Ranford surface bariier has a design life of at least
1,000 years ‘"dMyars 1994) , with deterioration thought to come
maialy from (ia effects of wind and animal intrusion. Although
the actual lifetime of the surface barrier is not known,

1,000 years vas used for these analyses. The infiltrationo rate
through the barrier will change at the end of the lifetime of the
barrier (Section 3.4.7). Because the top of the Hanfnrd-type
surface barrier is at ground level, erosion should not pose the
problem that it would if the barrier were above ground. Also,
ths facility’s location {s pot in an area of sand dune formation
{Section 2.2.5.2).
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Figure 3-3. Waste Package Spacing for Disposal Facility Concepts
1 and 2 (from Eiholzer 1996).
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Becauass the capillary barrier is constructed of natural
materiales, it is assumed not to change as a result of its own
degradation.” Studies (Kramer 1989) have shown that the »ixing of
the sand and gravel should not significantly affect performance.
Nowevar, tha capillary barrier could fail if wuch subsidence
occurs within the disposal facility. Large drops or gaps in the
barrier would cause a discostinuity and possible functional
failure. Bowever, calculations (Mann 1995b) indicate that large
subsldence is required for the capillary barrier to fail. The
subsidence aspect of the caplllary barrier was exanmined in a
sensitivity study.

The wasta packages will degrade over time from the water-
vaste form interaction described in sSection 3.4.3.4. The effect
of the dagradation of the waste containers is ignored in these
10,000-ysar analyses becsuse thesa materials will degrade so
quickly in comparison that the contsiner is assumed to have never
axisted. 7The possible effect ¢f <hapged wvaste form release rates
caused by cI _ical intsractions cf the waste form and container
avait the specifications for these materials.

All conCrets structures are conridered tu be degraded at
500 yoars. Five hundred years was choasen bscause of a Nuclear
Regulatory Commission staff’s draft branch techanical position
{RRC 1994) recommending that no crsdit be taken for engineered
physical components after at most 500 years. It is expected that
future analysis will show that because of the design
specifications and conditions on the Hanford Site that the deaign
life of the concrets structures in the disposal facility will be
longer than 500 years.

Earthquakes could accelerats the facility’s degradation,
particularly that of the concrete structures. However,
earthquake analysea will not be performsd for these analyaes
because not enough is known about the design of the disposal
facility. As the facility design develops, the influmance of
sarthquakes will ba incorporated in future low-level tank wvaate
perfornance assessRents.

Besides the influence of subsidence on the capillary
barrier, the following sensitivity cases related to facility
degradation were investigated:

. All the concrete was considered degraded at closure.
This case indicates how important the concrete
structure is to the disposal system.

. The concrete structure degrades at 2,000 years. This
case examined the "bathtudb® effect that occurs when
water collects in the bottom of the disposal facility
for a long time and is then immediately released.
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3.4.7 Infiltration Rate

The infiltration rate is the rate at vhich water lesves the
near-surface zone (the zone affected by plant development, animal
intrusion, and evaporation) and enters the sand-gravel capillaiy
barrier. For the first 1,000 years, the near-surface zone is the
Banford-type barrier. That part of the infiltration rate aot
diverted by the sand-gravel capillary barrier provides the
moisture that drives the corrosion of the waste form and carries
the contaminants from the facility. This moisture and (starting
at some depth into the vadose zone) the diverted watsr carxry the
contaminants into the aguifer. Table 3-11 displays the
infiltration rates for the base analysis case.

Table 3-11. Infiltration Ratss for Base Analysis Cass.
{Rockbold 1933)

At the Diapoual Pacility
FPirst 1,000 vears
Thereafter

Rgcha ge Rate Va;uo

Normally, the infiltration rate is assumed to be equal to
the recharge rite,; the rate at which water enters the aquifer.
This assunpticn is based on the separate aasumption that little
water is stored or converted in the vadose zone. BPecause of the
equality of values, recharge rate and infiltration rate are often
used interchangeably in performance assessmaents. 1In future
performance assessaents, the removal of water from the system
during the corrosion processes will be explicitly included.

Rockhold et al. (Rockhold 1993) estimated the short-term and
long-term recharge rates for the proposed disposal site. The
short-term recharge rate (0.5 mm/y [0.02 in./y)]) was based on the
design specifications of the Hauford surface barrier (Myers 1994
and described in Section 3.4.6. ). The long-term recharge rate
(3 mm/y [0.12 in./y])) was based on ths data for the disposal smite
from Fayer and Walters (Fayer 1995a). Fayer and Walters
estimated recharge rates at locations throughout the Hanford Site
based on vegetation cover and scil type. Site-specific
measurenents will be performed once the location of the disposal
facility is decided.

Because the specifications for the surface barrier cite
1,000 years for the design life, the base analysis case used the
infiltration rate of 0.5 ma/y for the first 1,000 years. Then
the infiltration rate was immediately increased to 3 mm/y. The
infiltration through the surface barrier is aot expected to
increase this quickly. However, no data exist on vhich to base a
slower rate of increase. The infiltration rate outside the
region of the surface bazrier for the first 1,000 years is
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expected to be the natural rate (3 mm/y). However, this effact
is ignored because the barrier covers most of the surface area
importsnt for contaminant transport.

The following three sensitivity cases, based on natural
condi*ions were salectad to bracket the selected infiltration
rates for the disposal facility:

» The first does not consider the surface barrier. The

3 mn/y reacharge rate vaa used throughout the
calculation,

. The second used the rate that was used in the grout
performance assessment (Xincaid 1995). For the grout
perforaance assessnent, the surface barrier wvas assurmad
to be effective foraver. However the recharge rats was
slightly higher, 1 mm/y (0.04 in./y).

. The third used a very low recharge rate. The recharge
rate of 0.1 ma/y (0.004 in./y) was used. rreliminary
tracer measurements indicate that if sagebrush persists
at the disposal site, this recharge rate may be
appropriate,

The infiltration rate used for the land-use sensitivity
cases given in Sections 3.3.3.3.2 and 3.3.3.4.2 was 100 xm/y
(3.9 in./y) to simulate irrigated farming.

3.4.8%8 Xxposure Parameters

3.4.8.1 Ovarview. Data are needed to convert radionuclide
concentrations into human dose equivalent. The first step ia to
decide which of several internal and extarnal dose conversion
libraries to use. The next step is to calculate dose conversion
factors based on the various exposure scenario pathways (Sections
3.3.3 and 3.3.6). Pinally, significant data need to be
determined for the inadvertent intrusion sceparios. The values
forsnll the exposure parameters are thoss recommended in Rittmann
1995.

3.4.0.2 Izternal and Extarnal Dose Conversiom Factors. Both the
Departsent of Energy and the Environmental Protection Agency have
published libraries of values to bs used in converting
radionuclide concentrations into human dose squivalent. 1In
addition, the Hanford Site has developed its own library. This
gection descrides the choice of libraries used for internal and
external dose conversion.

The internal dose conversion factors specify the effective
dose equivalent (EDE) from a unit intake (ingested or inhaled).
These dose factors reflect the coomitted dose over a period of 50
years.of a radionuclide over 50 years. This period was
established by the Internatiocnal Commission for Radiological
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protection (ICRP 1577) for determining internal dose and relating
it to whole body exposure.

Tha three internal dose conversion libraries considerad for
thia performance assessment were the ones developed by the DOE
{DOE 1388d), tha EPA (EPA 1988), and the Banford Site. The
Hanford $S$ite values ware based on the GENII computer code systenm
{Raplexr 1988), which was jast revigsed in 1993 (Rittmann 1983).
In sost cases, the three libraries have similar values. However,
for tachnetium, a kay radionuclide the values greatly differ.
The GERII wvalue for is 70 percent higher than the DOE value.
The EPA valus is 12 percent higher than the DOE value. The DCE
library (DOE 1988d) was chosen for this performance assessrent
hecause of its widespread use in othar DOE performance )
assessmants.

External doae conversion factors give the expected dose
equivalent to an individual standing in the center of a large
contaminated area. The three sources of axternal dose factors
used at the Hanford Site are fxom the DOE (DOE 1588c) and FPA
{EPA 19%3), and from the revised values based on GENII
(Rittmann 1993). The values in the external dose factors
libraries differ more than the values in the internal doss
factors libraries. The DOE external doss factors library assumes
that all radionuclides ars at the surface and that no s0il mixing
has aoceurred. Thus., the values of the DOE library lead to larger
dose estimates. The GEXRII and EPA models are similar to sach
other, but the EPA inpiementation uses a Monte Carlo approach
while GENII uses a deterministic approach. For the key
radionuclides important in external exposurs, **Sn and '’’Cs, the
DOE dose factor is about four times larger than the EPA value.
The GENII value is about 20 percent larger than the EPA value.
Because of its modarn database and methods, the EPA library was
used in these analysas for external doses.

Although not the intent, the effect of these choices is to
choose libraries with the lowest dose factors for the important
radionuclidns. Sensitivity cases were performed using each of
thae dose factor libraries.

3.4.8.3 Drinking Watar and All-Fathways Dosea Conversion Factorxs.
Paraneters other than the dose conversion factors are important
in converting radionuclide concentrations into doses. This
section covers the values needed for the drinking water exposure
pathway and the all-patl:3ys scenario, the two exposure scenarios
considered in this performance assessmant. :

pumping water up from the unconfined aquifer can distort the
groundwater flow at high pumping rates and hence lower the
concentration of radionuclides in the well water. A minimal
pumping rate of 10 liters/day (10.€6 quarts/day) (2 liters/day
(2.1 quarts/day) per person for a family of 5] is assumed. To
maximiza the exposure at the 200 East Area boundary and make the
calculations simpler, the position of the vaults is assumed to be
in the northaast guarter of the disposal area.
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For the drinking wvatar scenario, the dosimetry parameter
needed is the amount of wvater consumed. The value commonly used
ic performsnce assessments, 2 liters/day, is the valus used in
thase analyses. This valus is 35 percent higher than the
1.43 liters/day (1.56 qt/day) messured for the western United
States by the EPA (Yapg 1988). The resulting drinking water dose
factors used for this performance asseasment are displayed in
Table B-1 in Appendix B.

As its namoe implies, the all-pathways scenario is more
inclusive. This acenaric includes drinking water, ingesting and
ioghaling soil, ingesting food, and recaiving external radiation.
Rittmann (199%) provides a complete description of all the
parameters and the justification for the selected values. The
Tesulting dose factors are displayed in Table B-2 in Appendix B.
The following paragraphs cummarize these pathways and the values
used in this performance assessment.

Soil is taken into the oudy by ingestion and by inhalation.
$oil ingestion i assumed to occur through hand-mouth contact,
licking the lips, and similcr motiocns at the rate of
100 milligrams par dey (0.0035 ounce/day) (EPA 198%a). Soil
inhalation is basad on the methods found in MUREG/CR-5512
{:;:f:gy 1992) and results in 2.3 mg/day (0.00008 oz/day) being
i .

rood ingestion exposure is based on the EPA’'s Exposure
Factors Haocdbook (EPA 198%a), daily consumption factors for the
western United States (Yang 1986)., and animal, dairy, and plant
intake rates (Kennedy 1992). EHowaver, water consumption is taxen
as ¢ liters per day. For this calculation it is assumed that
half of the person’s meat is raised on irrigated fodder and
25 percent of the person’s vegatables come from the garden.

Finally, the individual is exposed daily to radiation
sxitted by the contaminated soil. For these analyses, the time
for external exposure was assumed to be 4,120 hours per year
(Rittmann 1995).

The all-pathways dose factors found in Table B-2 are nearly
the same as the 4rinking water doses factors found in Table B-1l.
The drinking water pathway is the largest coatributor for most
nuclides. Table B-2 shows the ratios between the all-pathways
dose factors and the drinking water dose factore.

3.4.8.4 Inadvertant Intrudex Farametaxrs. Selecting values for
parameiers important jin inadvertent intruder scenarios is very
difficult. Such intrusion is postulated to be in the future so
that the nature of the intruasion is ill-defined. Moreover,
uncertainty abounds about the proper valuess to be usad in a given
scenario. This perforaance assesspent looks at the driller and
homssteadar scenarios (Section 3.3.3.4).
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ror the driller scensrio ths most i{mportant paraneters ars
the amount of wasta taken from the site, the size of tha ares
over which tha waste is spread, and the physical integrity of the
vaste.

The amount of waste material taken from the disposal site is
assuned to be tha stack height of the wvaste (7.2 meters
[2).6 feeat) from Section 3.4.5.3) tinpes the area of the bore hole
for the well. Por this performance assessaent, the diameter of
the wall is assumed to be 0.) meter (1 foot). Although
consistant with the diameters used in earlisr Hanford Site
parformapca assoasments, this value is larger than the range of
diameters (10.2 to 25.4 centimaters (4 to 10 inches)) commonly
found in local cczmunities. In future performance assessmanty,
an sestimate of tha well diameter based on actual sxperience will
be used.

Tha area over which the waste is spread is initially 100 m’
(about 1,100 ft’). This value has been historically used in
Hanford performance assessments.

The integrity of the waste fors bscomes important in
deteraining ths amount of radionuclides available for inhalation
or uptake by plants and animals. For the base case analysis,

90 percent of the waste exhumed is assumed to stay within the
waste form. The importance of this assumption was investigated
by sensitivity cases.

The worker at the well drilling site is exposed for 5 4ays
{8 hours per day). The dose to the workaer is the sum of the
contributions from inhalation of resuspended dust (0.1 mg/m’),
ingestion of trace amounts of soil (100 mg/day), and external
exposure at the center of a slad of contaminated soil for
40 hours. The dose factors for this drilling scenarioc can be
found in Table B-3 in Appandix B.

The moat important parameters in the second phase of the
inadvertent intruder scenario, ths hooestsader scenario, are the
volume of waste sxhumed, the ar » over which it is spread, and
the integrity of the waste forr For this scenario, the depuh
over which the waste is mixed with the 30il and the paraseters
from the all-pathways scenirio are slso important.

The same anount of waste is exhumed as in the driller
scenario, but now tha wvaste is assuned to be sprsad over a larger
area. The area over vhich the wvaste is spread is assumed to be
S00 m* {0.124 acre). In all earlier Hanford Site performance
assessnents, tha garden area has been 2,500 m* (0.62 acre). The
500-m’ gardan was chosen for this performance assessment becsuse
the size represents an arsas large eanough to supply a significant
portion of a parson’s vegetable and fruit diet. Household
gardens in the vicinity of the Ranford Site range in size from 10
m’ to 1,000 @ (107 ft? to 0.25 acre) (Napier 1984).
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The valus taken for the depth of the soil mixing is 15 cm
{3.9 in.). 7This value has been used in other onsite performance
asaessmants and is typical for root systems of jarden vegetables.

The valuas for other paraneters for this scenario are taken
from the driller scenario (immodiately above) and from the all-
pathways exposure scefario (Sccotion 3.4.8.3). The resulting dose
factors are displaysd in Table 8B-4 in Appendix B.

A sansitivity case for the 2,%00-2’ garden vas run. The
changa in garden size proportionally changes ths soil
concentration snd internal doses, but only slightly changes the
external dose. Tha larger garden area is five times larger than
the smaller gardan size. The larger garden has soil
concentrations that are a factor of five smaller than the scil
concentration in the small garden. Ths same relationship is
found with ths interpnal dosss. However, ths external doses froa
the larger garden are only 10 to 25 percent less than the
external dose from the smaller gardnn. The amaller garden is
occupisd less (%00 hr/year) than the larger garden )
(4.120 hr/year}. Part of the reduction in effective exposure
time iz caused by the rapid decresase in dose rate as one movas
away from the garden. 7The ratio of sffective doss rites for each
radionuclide for the 500 m’ (5,382 f£t’) garden to the 2,500 m?
(26,910 ft?) {s shown ip Table B-5 in Appendix B.

3.4.8.5 Other 3Scaparios. Two cther scenarios (integrated dose
estimste and tha glacial-age catastrophic flood) have additional
parametars. For the casss vhars integrated doses are calculated,
populations of 25 for a public drinking water system (40 CFR 141)
and 5,000,000 for the number of people living on the Columbia
River (Xincaid 1995-5) were used. The flow rate in the Columbla
River was taken tc be 1000 m’/s (the lower end of typical values,
1,000 - 3,000 m'/s, cited by Woodruff 1992). For the
catastrophic flood scenario, the waste is conservatively assunmed
to be redeposited uniformly to a depth of 20 meters (65.6 feet,
the depth of the bottom of the disposal facility) over an area
equivalent to the Hanford Site (1,450 ka’ {560 mi’)).

It is realized that the exposurs paramsters chosen for the
bass analysis case may not be appropriate for Native American
communities. Future performance assessments will treat thase
communities. -

3.4.8.§ Ealf-lives. The half-lives and decay chain branching
ratios are taken from Radioactive Decay Data Tablea {Kocher
1981). The halflives are other decay data used in this analysis
are presented ip Table 3-12. Normally these data have very small
uncertainties. Eowever, for two key nuclides in this study ("'Se
and }¥sa), the half-livas are based on a single mesasurement from
the 1940's. Unpublished data from the Pacific Northwest National
Laboratory (PNWL)} (Jenquin 1995) indicates that the calculated
values of reactor fuel yield in terms of curies/gram of fuel are
a factor of 7 highar than measured values for "se and a factor
of 4.5 highar for '*Sn. Beczuse the fission yleld is well koown
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and burnout Cross sections are insignificant, these more rscent
rasults ipdicate that the half-life values for "'Se and '¥sn given
10 most standard references are about a factor of five too small.
AD increase in the half-lives would iuply a decrease in the
inventories usaed in this analysis.

Table 3-12. Halflife and Other Decay Information

Balf-1iive (y) Number of Bftnching
. _ Alpha Emitters _Ratio
12.28 . 1.0
1.60x10° ' . 1.0
s,730. . l1.0
2.602 1.0
301,000, . 1.0
1.277x10" : 1.0
0.8561 | : 1.0
e 2.7 0.0 1.0
“co 5.271 0.0 1.0
Wi 75,000. 0.0 1.0
oy 100.1 | 0.0 1.0
| "se 65, 000. 0.0 1.0
opy | 4.73x10™ | 0.0 l1.0
“gy 28.6 0.0 1.0
Y2y 1.53x10* ype 0.0 1.0
yp 14.6 0.0 1.0
*KRb 20,300. 0.0 1.0
My 3,500. 0.0 1.0
"o 213,000. 0.0 1.0
2y 1.0081 0.0 1.0
wpg 16, .50x10° 0.0 1.0
pgt 127. 0.0 1.0
| 10cq 1.2704 0.0 1.0
| cas 13.7 0.0 1.0
g M%1n 4.6x10% 9.0 1.0
§ ingps S5 0.0 1.0
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Parent | Ralf-live (y) Number of Branching
; _ _ 3 | Alpha Emitters Ratio
| 1egn 100,000. 0.0 1.0
gy 2.77 0.0 1.0
laty [1.57x10" | | 0.0 1.0
Nicy 2.062 0.0 1.0
Wics 2.30x10° 0.0 1.0
 7cs 30.17 0.0 l1.0
1iny 10.% 0.0 1.0
pm ____2.623s ] 0.0 1.0
weg | 1.06x10" | 1.0 1.0
Vigy 90. ‘ 0.0 1.0
gy 36. 0.0 1.0
} Y 2u 13.6 0.0 1.0
gy 0.8 0.0 1.0
B ) 4.96 0.0 1.0
i43ca 1.310x10" 1.0 1.0
Mg 1,200. 0.0 1.0
" Re 4.7210% 0.0 1.0
Mgy 3.779 0.0 1.0
Héph 22.26 1.0 1.0
pa 1.600. Hepy 4.0 1.0
gy 5.75 gy, 0.0 1.0
e 21.773 5.0 1.0
Jibrh 1.9132 Mph 5.0 1.0
2oy 7340. 5.0 1.0
| 2o7h 77000 . ipa 1.0 1.0
Wipp 1.40%x10% Ipa 1.0 1.0
Mmpg 32,764. ny . 1.0 1.0
ap 3. 1 1.0 1.0
ary 159200. arvgy, 1.0 1.0
ey 244,500, Boph 1.0 1.0
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Number of Branching |

::flrcat Balf-live (y)

— . Decay Chain | Alpha Emitters Ratio
7.038x10° | mp, 1.0 1.0
| 2y 2.34 10 | 1.0 li.o
mg | 4.468x30° my 1.0 1.0
- ¥Np 2.14 x10* g 1.0 1.0
 14py 3.851 uay 1.0 1.0
| sspy 87.75 g 1.0 1.0
mpg | 24,112 a3y 1.0 1.0
| #py 6,569. ) 1.0 1.0
. W 34.4 Hipm 0.0 1.0
 aapy 375, 800. g 1.0 1.0
Héipy 8.26x10" Miny 1.0 1.0
Mipm 432.2 NNp 1.0 1.0

[ *An® 152. Mpy 1.0 0.82782°
| 399am 7,380, 11py 1.0 1.0
| e 28.5 Mpy 1.0 1.0
!’“Cm 1.1 Hpu 1.0 {1.0
l’“Cm ‘8,500, Mipy 1.0 1.0
Mhom 4,750. 3py 1.0 1.0
| 'Cn 1.56x10’ Mxn 1.0 1.0

f cn 339,000, _ 3upy 1.0 {o.917¢

Rems inder goes to -
* Remainder undergoas spontane. 's fission

3.5 Performance Analysis MHethodology

This section deacribes how the performance of the system was
determined. That is, this section explains hov the data and
conceptual models presented in Sectione 3.2 through 3.4 are
translated into s numerical model suitsble for computer
simulation. First the strategy of the computer simulation is
introduced. Then the computer ¢odn salection criteria are
summarized. The codes used are then described with their
selection justified. Next the description of how the disposal
fecility concepts and the natural aystem are transla:e¢d into
computer models is presented. Finally the paraneters used in the
computer simulations are given.
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Calculztions of relatively simple equations (for sxample,
gaseoun diffision or glacial-age catastrophic flood consequences)
were done dy hand. These eaquations will be treated in Chapter ¢,
where the results are discuased.

3.5.1} 1Ilatsgration

2.%.1.1 Strategy. Previous long-tern environmental assessments
at the Ranford Site have consistently shown that the groundwater
pathway is the most important. This pathway also requires the
most calculations. The conceptual model used for this and
earlier Hanford Site performance assessments takes eight steps:

1. The water leaves the very near-surface scil region at
the infiltration rate.

2. The water moves toward the waste form, most of which is
diverted by any intact capillary barrier.

3. The watar that is not diverted is cheaically modified
by the local environment, interacts with the waste
fora, accumulates contaminants, and again is chemically
modified by the local environment.

4. The water (possibly a rsduced amount) leaves the
disposs) facility csrrying contamipants with {t. Some
contaninants may interact with the material in the
disposal facility, slowving the release of the
contaminants to the surrounding patural environment.

5. The water moves through the undisturbed, unsaturated
zone (vadose zone) below the disposal facility down to
the unconfined aquifer. The contaminants also are
transported through the vadose zone, again possibdly
undergoing some geochemical sorption.

6. The water and contaminants move and mix with the water
in the unconfined aquifer until they are extracted from
the aquifer and brought to the surfaca or until they
reach the Columbia kiver.

7. Contaminants are pormally extracted by being carried to
the surface vith groundwater being pumped through a
well.

8. The radionuclide contaminants then result in human
exposure through a variety of pathways (ingestion,
inhalaticn, and external radiation).

These aight steps are shown in Plgure 3-6 as a flow chart.

The resulie for each Brep &re coaputed separataely and used
in the next ztep 8¢ that computations can be made more easily.
Such an approach is taken to maximize cc.putational efficiency.
Some of the computer sisulations take 100 hours of comnputer time;
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Figuze 3-6. Eight Bagueatial Steps for the Croundwatar Fathway
1) Water starts downwaxd joursey from the near-surface region.

7y ¥Mater diverted by the 3) vatar is chemically modified,
sand-gravel capiliary isteracts with waste fora, and
barrier;. accusulates contaminants.

4) Rater and contaminants leave
the disposal facility, possibly
chaaically interacting with
disposal facility components.

|

5) Water and contaminants sove through the vadose 20ne.

6) Matsr and contaminants move and mix with the water
in the unconficned aquifer.

7) Water aond coutnlxnlntl are pumped to surface.

6) Eumans recsive exposure from contamisants.

some take a fev minutes. Each is & highly specialized
calculation. However, the cverall modsl is always considered at
sach step and consistent data are used throughout.

The strategy for the current cosmputations is to define a
bass analysis cass, then develop sensitivity cases derived from
that base analysis csse. In scme instances the ssnsitivity cases
are built on an sltarnative cass (such as the on2 describing
Concept 2). The results for the uase analysis case and the
sensitivity cases are presented in Chapter 4. Chapter 5 coabines
the results of the computer simulations, the results of sispler
valculations, and the results ¢f other analyses to integrate and
interpret how the contaminants will affect the environment in the
long term.
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3.5.1.2 Base Aalysis Tase. The base analysis cass provides ths
bast estimate of how the system may evolve given the informetion
avsilable. Tha base antlysis case is not nscessarily the way
that the system will behave. As more information concerning the
waste form, the dispossl facility design, and disposal site
location are gathered, it is expacted that the definition of the
base analysis case will evolve. The approached used in the base
analysis case is conservative, but ressonable. This approach is
raquired by the DOE’'s Peer Reviev Panel.

The major features of the base analysis case are as follows:

. rg:siocatxon of the facility is as recommended by Shord
( )

. The future land-use is as a protected area, withou?
artificial recharge

. Tr - design of the dispcsal facility is based on Concept
1 (Section 3.4.6)

. The contasinant release rate from the waste form is
that given in the TWRS Privetization Specifications
{DOE 1996a)

. The data for the natural system are those collected and
interprested for this performance zsssssment (Section
3.4.4).

Mann (1995D) describes the base analysisz case in detail. The
details of the models and related data for the base analysis case
are pressnted in Sections 3.5.3 and 3.5.4, respectively.

3.5.2 Computer Codeo

This section discusser the computer codes used for thias
psrformance asssssuent and justifies their technical adequacy.
The gsneral selection criteria used to select ths msjor computer
codes ars first suzmarized. Succeeding subsections describe each
zajor computer code used and the reason for their selection.

3.5.2.1 Ganaral Sslection Critszia for Computar Codes. The
largs computer codes used for this assessnent were selected based
on sseting gederal code selection criteria and functional
criteria related to “he simulation being done. large computer
codss were peeded for computing in the following two functional
4Xreas:

. Calculation of the contaminant release rate from glass
(used ocaly for 3ensitivity cases in this analysis) and

. Calculaticn of water flow and contaminant transport.
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The codes coasiderad had to first meet the general code selaction
criteria.

The general code sslection criteris vers based on govarnmest
code selection documents and the experience of others. The waste
managensnt code selection criteria of the DOEZ (Cass 13588) and of
the WRC (Kozak 198%) wers used to develop these selection
critaria. Tha criteria wers also shaped by the expevience gained
from other DOE performance asssasments (WSRC 1992, Kincaid 1995-
§) and op codes selected for earlisr Hanford S$ite risk
asaesssents (DOER-RL 199la). The general required selection
critexria included the following:

. gaving the appropriate scientific framework

. Baving documantation covering the undarlying theory,
use, anod verificstion

. Being undar configquratiun control.
General desirable criteria included the following:

Suitable hardvare requirements
Suitabls complexity

Flexible interfaces with other codes

A bias against proprietary codes
ramiliarity of the users with the code.

e - s v 9

Mann 1995c details the development of the general selaction
¢criteria and the conplste criteria.

The actual codes sslectad also had to meet criteria related
to the functicn being simulated. Sections 3.5.5.2 through
3.5.2.6 sumnarize the codes chosen and the reasons for their

selection. References to specific functional criteria will be
given in thelr sections or reslated appendices.

1.5.2.2 ARZST-CY

3.5.2.2.1 Ovarxview. The "nalyzer for Radionuclidf Source-
Term with Chemicel Iransport (AREST-CT) code is the source-temm
code used for some Of the sensitivity cases in the interim
parformance ssseassant. The-.base analysis case snd sany of the
sensitivity cases assumes the release rate is that specified in
the requeat for proposal for the waste form (DOE-RL 1%96) which
was not Jerived from a simulation of how a waste form would
perform. AREST-CT calculates ihe time-dependsnt flux of
radionuclides released from the wvaste form. AREST-CT contaias
two importzat factors that allow the code to simulate the
procasses in the disposal facillity. First, the code is based on
basic principles of physics, chemistry, and thermodynamics which
provides the best estimate of contaminant release over the
spatial and long time periods of interest. Second, the model for
the disposal facility can be coupled with a model for
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Tadionuclide releass, thus providing the ability to eouple the
affects of facility design with vaste fors performance.

Daing chemical resction rates (including the glass corrosion
rates) apd moisture values in the vasults from PORFLOW (Section
3.%.2.3). ARES?T-CT provides ths source term for the vadome zone
calculations. AREST-CT calculates the followipg:

. The degradation of the waste form with correspoading
relense of radionuclices

. The chemical reactions that depand on time and space
(including the formation of secondary mineral phases
and the consumption of water)

. The transport of the water and contaminants through a
vertical slice of ths disposal facility.

3.3.2.2.2 8Sslectiocos. AREST-CT ves sslected bacause it
maets the criteria and requirements for the dispossl cystes
raleasns model (McGrail 1994) and the general code reguirsments
(Mana 1995c). Ten possible scurcs codes wers considered.
AREST-CT was chosen pacause it had the highest score: 361. The
next code had & total score of 264. The scoring methods, the
other codas considsred.: and their scores are prasentsd in
Appendix C.3.

3.5.2.3.3 Code Description. ARIST-CT calculates tha total
wass flux of radionucliides leaving the disposal facility by
solving a coupled set of equations. The set describas the
radionuclide relaass from the waste form and the mass trapsport
fros the waste form through the disposal facility, constrained by
chemical reactions. This coupled set of equations is commonly
known as the resction-transport equation. The valus for
radionuclide release from the waste form is taken from aeither an
assumed constant release rate or a simulation using a mechanistic
glass corrosion model. More detailed decumentation of the design
or models used in the AREST-CT code ars found in Engel (1995) and
Engal (1995a). respectively.

The governing equations are given in Appendix C.2.

3.5.2.2.4 Code Ristory. The AREST-CT code was developed
at PNNL to abnalyze the enginasred barrier syetem of a subsurface
cisposal site for storing nuclear wvaste. The engincered barrier
system {3 the constructed Or human-altared componsnts of the
disposal system. In this case, it is the disposal facility
design starticg with the water conditioning layer.

The code was originally developed to suppurt the engineered-
system parforsance analyses for the proposed high-level waste
rapository at Yucca Mountain, Wevada. Bpecific capabilities that
address the low-level wasta disposal action have been included in
AREST-CT.
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3.5.2.3.% verif_catiam. A two-part verification test of
AREST-CT, Version 1, was dons to ensure that modules of the
program wers correctly isplssented and worked togethsr
{(Chen 1995). A summary is given heare: mare details are given in
Appendix C.&.

Pirst, spscific portions or modules of AREST-CT were unit
tortsd to varify that the modules perforsed correctly.
Individual coda modules were evaluated against hand calculations,
analytical solutions, or other existing numerical codes. Each
aodule wvas unit testad dDefore being incorporsted imto AREST-CT.
Ail modules vare cotisidered acceptakle for current use.

Second, the entire integrated computer code was tested. At
the time of verification, no analytical solutions existed for the
Teaction-tranaport problems designed for AREST-CT. The code was
benchaarked against eimulation results other similar reaction-
transport codes.

A cne-dimensional idealization of a low-lavel-vaste
eppinearing system wvas Tun 48 & benchmark test case. The system
consisted of 7 solids and 12 aquecus species. Two types of
reactiona wvere considered. equilidbrium aqueous reactions and
s0lid dissolution/precipitation reactions. The results of the
test showed that AREST-CT simulations were of similar gqualaity to
the other c¢odes. MNore details are given in Chen (1993).

Addirional testing and verification will be conducted as the
AREST-CT code develops. PFuture tasting will include integration
zesting for machanisms ©of radicactive decay and decay chain in-
growth, and for two-dimensional siamulation. Plans for code
development call for coupling with a multiphase flow solver so
that it cap =odel infiltration velocity changes with time-
dependent po:osity and psrasability changes that result from
solid s:zso0lition/pracipitation reactions and from the
consurptior of water that occurs during the hydrolysis of the
glass vastz form. Oow, the prodram uses the water velocity from
the saparate moisture flow code.

3.5.2.3 PORFLOM.

3.5.2.3.1 Overvieow. 7The PORFLOW code (ACRL 1994) was used
to calculate the transport of contaainants from the waste
packages in the disposal facility to the unconfined aquifer.
PORFLOW was also used to calculate the effect of possible
disposal facility components on the amount of water that goes
into the vaulted area thenh to the vadoss z0ne.

PORFLOW interfaces with the two other major codes. AREST-CT
{Section 3.5.3.2) and VAM3ID-CG (Section 3.5.2.4), used in the
analyses. PORFLOW supplies AREST-C?T with the moisture movament
velocities into the wvault, which drives the glass corrosion
process. AREST-CT supplies PORFLOW with the contaminant source
ters at the bottam of the waste disposal facility. PORFLOW
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supplies VAWID-CG, the code used for the unconfined aguifer, with
tha amount of moisture and contaminants entering the aguifer.

3.5.2.3.2 &Selaction. The process used to select PORFLOW
(Plepho 1995) is summarized hare. PORFLOW vas given first
consideration for use as » flow apd transport zode because it was
used in the Ferformance Assessment of Grouted Double-Shell Tank
Waste Disposal at Haoford (Rincaid 1993) and ip sarlier apulvses
of this disposal sction (Rawlins 1998 and Mann 1995b). The
capabilitiesz of PORFLOW were compared to the capabilities of the
VAMID-CG6 (Buyako.n 1994) and TRACRID (Pirdsell 1991) codes. All
thres« codes net the flow and transport code reguirements for this
perfcraance asaesament (Mann 19%5¢).

Other codas, such as CFEST (Gupta 1587), MODFLOW (McDonald
1981y, ard SLAEMS (Strack 1989), weres considered. However, they
are aquifer codes 4nd hence can not be usad for vadose zone
transport. Code selection documents from the Yucca Mountain
Project (Resves 1994) and the Savaunnah River Saltstone effort
(WSRC 1992) v ~» also consulted fcr alternative codes.

PORFPLON waas selected to simulate flow and transport in the
vadose zone for the following reasons:

. It met all the requirements established for this
performance assessaent

. It had desired features that the other codes lacked
. It was used in the earlier phases of this project
. The analysts ware familiar with PORFLOW

As Section 3.5.2.4.2 describes, VAMID-CG was used for the
unconfined agquifer simulationa because it is used in the Hanford
sitewide groundwater model.

Versions of tha PORFLOW and VAM3ID-CG codes available in 1390
ware approved by Hanford regulators to support Waste Management
and Environmental Rcaediation activities (DOE-RL 199]a and
1991b).

3.5.2.3.3 Code Daacription. PORFLOW (ACRLi 1954) calculates
multi-phase fluid flow, heat transfer, and macs transport in
unsaturated and saturated porous or fractured media. Ths code
can simulate transient or steady state problems in Cartesian or
cylindrica® gacmetry in tvo or three dimencions. The material,
i.®., soil or concrete, that PORFLOW models cah be either uniform
o7 a mixture. The material can contain distinct glements such as
discrete fristures or borsholes within a porous matrix.

In this interim performance assessment, PORFLCW is used to
simulate the following:
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. The maisture contant distribution from the bottom of
the surface barrier into and through the wvault region

. The contaminant concentration distribution from the
vault arsa down into the unconfined aquifer.

Por the first simulation, the saurce rate of the moisture is
the iafiltration rate given in Section 3.4.7. PORFLOW tracks the
moisture front through and around the sand-gravel capillary
barrier, through the ~atar conditioning layser, through the
concreta structure, and into the vault bay with containers and
filler matarial. PORFLOW simulates the moisture content
distribution at the surface of the waste package. This
distribution is an input used by AREST-CT.

Zracking the coniaminants from the vault reglon down into
the unconfined agquifer is & more complicated task. Again PORFLOW
uses the infiltration rate from Section 3.4.7 and the various
featuress of the disposal facility “o establish moisture movement.
For this problem, the vadose zone region below the disposal
facility is also congidared. The moisture content distribution
within ths vadose 100e¢ is predicted. Then PORFLOW tracks the
movanent of the radiocective contaminants dowvn into the
groundwater. The costr~ipants sre assumad to be released from
the surface of the wasie package at the rate established in
Section 3.4.5.4. Each PORFLOW run follows four sets of
radionuclides, sach set corresponding to a different K, value
{Section 3.4.4.4). All the gaologic layers {Section 3.4.4.2)
with their different properties (Ssction 3.4.4.3) are treated in
the same run.

3.5.2.3.4 Verification and Benchmarking. PORFLOW Versicn
2.394gr, used in this analysis, has been extensively verified and
benchmarked (Piepho 1994). Verification and benchmarking efforts
were based on the following:

- Comparing the results of the Version 2.394gxr ~ith
sarlier versions cf PORFLOW

* Reproducing the resul*~ of analytical solutions frca
verification problems

» ' Comparing the results with other codes used to solve
complex problems.

Additional details are given in Appendix D.4.1

3.5.2.3.6 Fiald Testing. As this document is being written
PCRFLOV is belin¢ used to simulate the Sisson/Lu Injection
Experimect and previous leaks from Tank T-106. The Sisson/Lu
experimest {Sissop 1984) injectad a known amount of water and
radiocactive tracers into a well just sast of the proposed
disposal eite. The mathoda, tools, and borsholes have been
recently resvaluated (FPayer 1995c). The unintended leak from

-
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Tazk T 106 is the best characterized of tha Hanford Site tank
laaks. -

3.5.3.4 VAN3ID-CG

3.5.3.4.1 Owearview. VAN3ID-CG (Yariably Saturated jApnalysis
Model in 3-Dimensions with Preconditioned Conjugate Gradient
Matrix Solvers) (Ruyakorn 1994 v used to calculate flow and
contaminant tramsport in the unconfined agquifer from unit
moisture flow and contaminant amounts at the bottom of the vadose
zone.

3.%5.2.4.2 Salectiom. Although PORFLOW was selected to be
the flow and transport code in both the vadose zone and the
unconfined aguifer (Piepho 1995)., VAM3ID-CG was chosen to
calculate results is the aquifer beacause of the need for a model
to treat not just the area near the disposal facility but the
entire ianford Site.

Recommendation 94-2 of the Defense Nuclear Facilities Safety
Board (DNFSD 1994) stressed the importance of calculating the
environmestal impact of all previous DOE actions on the points of
compliance. This mezns that at the point where performance
objsctivea must be met, the actiors of all disposal and ground
discharges besides the current proposad action must be included
in the evaluation. Portunately. the ERC Haoford Siteswide
Groundwat>t Model (Law 1996) based on VAMID-CG had besn
developed. Although other groundwater models of the Hanford Site
(for example, Wuratner 1995) exist, this model has had boundary
conditions optimized for future land uses.

VANID-CG was selected for the Eanford Sitewide Groundwater
Model (law 1996) for the following reasons:

. The solution algorithms were robuat

. The original developer, an internationally known
expert., was available

» The VAM3ID-CG code is capable of dealing with partially
and fully saturated flow, thus efficiently simulating a
fluctuating free water surface

. The VAM3D-CG code supports the use of special grid
shapes (transitional elemepts) for detailed simulation
of small areas, thereby making computations more
efficient

. The version of the VAMID-CG code available in 1990 was
approved by Hanford Site regulators to support Waste
Management and Invironmental Remediation activities
(DOE-RL 1991a and DOE-RL 1991b).
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The YAMID-CG coda is preferrsd over the PCRFLOW code for
Hanford sitewide groundwatar modeling applications becauss it
offars a curvilinear grid. A curvilinear grid can be set up to
follow lsyerinig or other characteristic patterns. Por exampls,
ihe thicknesa of the aguifer at the Hanford Site varies from over
100 metexs (338 fset) to a few meters. A curvilinear grid was
set up for the varying aguifer thickness, which allows faster
input date prepsratiops and faster code execution. The
rectangular grid representatioans for varying formation
thicknessas can lead to erronacus rasults when coarse grids are
used Or to prohibitively large matrices and computational times
when fine grids are used.

3.5.2.4.3 Cods Descziption. VAM3ID-CG (Huyakorn 1994)
calculatas maturated-unsaturated groundwater flow and solute
transport with variable water table positions snd highly non-
linear s0il moisture conditions. The code can simulate transjient
9r steady stats problems in one, two, or three dimensions using a
finite slempent model. Special gril elements (in the shape of
hexahedrals) are used to define discrete volumes with irregular
geomatry. The size 0f these elements can vary. Many “fine-
elssents cah be used in places where the gecmetry varies gquickly.
Such finer slemants allow a bettar description of regions in
which tha valuss of parametars and variables are rapidly
changing. Ar orthogogal curvilinear grid can also be used to
repreasent flow domains.

In this interim performance assessment, VAM3ID-CG was used to
forscast the contaminant movement in the groundwater. VAN3ID-CG
used the values for the hydrologic parameters from the ERC
Hanford Sitawide Groundwatsr Model (Section 3.4 .4.5). A
normalized contaminant source term was used for the amount of
cortaminant entering the unconfined aquifer. Water flow and
contaninant transport patterns were then distorted by stress of
pumping the water iu the well. Thus VAMID-CG calculated the
contaminant concentration in the well ralative to the normalized
contaminant sourcs term.

3.5.2.4.3 Verification and Banchsarking. Varsions 2.4b (Lu
1994) and 3.1 (Lu 1995) of VAM3ID-CG were tested in the follow.ng
nanner:

« Results of the instzlled version were compared to those
published by the vendor (Huyakorn 1993)

» These versions were benchmarked against the results
from PORFLO-) Version 1.3 (Sagar 1990) for Banforad
Site-relevant problems.

Mores details are given in Appendix D.4.2.

3.5.2.4.6 Calibration and Validation. Calibration and
va'\idation tests wers run for both Versions 2.4db and 3.1. The
calibration/validation affort for Version 2.4b {Lu 1993) used
dat: fron the Hanford Injectiorn Test experiment (Sisson 1984).
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The calibration/validation effort for Version 1.1 used data from
the rsavaluation of the Haniord Injection Test Experimsnt and
from new experiments {(Fayer 1995b). The Ranford Sitewide
Groundvater Flow and Trapsport Calibration Report (Law 1998)
deacxribes ip detail the various comparisons made with Hanford
Sita data.

3.5.2.5 INTEG. INTEG (Mann 1996) calculates a specific impact
{whether dose rTate or concentration level) based on the
iaventory, vadose zope transport, aquifer transport, and the
dosimetry factors. The dose rate calculated depends on the type
of doaimetry factor (l.e., all-pathways, drinking water). The
progzas solvas the following equation for each year under
cousidaration.

Ijte) I (c) w, D,

Regponse - ! ——

I, iz the amount (or inventory) of radionuclide 1 (Ci).
The time-dependsnt value is calculated by INTEG based
on the initial inventory and on decay and the ingrowth
from othar radionuclides.

T, is the flux of contaminants at the bottom of the vadose
zone normalized to an unit inventory for radionuclide
1 ¢{Ci/y)/Ci). The time-dependent value is calculated
by PORFLOW.

w, iz the ratio of the concentration of radionuclide i at
the well location to the contaminant concentration at
the bottor of the vadose zone (Dimensionless). This
quantity was called the well intercept factor in
earlier Hanford performance assassaents. The paak
value as calculated by VAMID-CG is used.

D, is the dose rate factor (mrem/y per Ci/m’). The values
are taksn from the tables in Appendix B. D, is unity
wher. tha response that i ci lculated in @
concantration.

T iz the recharge rate {3/y). The value at 10,000 years
is used at all times.

A is the area over which the contaminant flux enters the
aquifer (n’}. The value used is the area of the
disposal facility being modellsd,

The program is modeled after GRTPA (Rittmann 1993). which
served a similar function in earlier work (Rawlins 1994 and Maon
1995b). INTEG allows greater freedoa in specifying data used in
the integration. The code has been benchmarked against the
results of GRTYPA (Mann 1996).
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3.5.2.6 8Spreadsheets. Commercial spreadsheets wers used in
detarnining insdvertant intrusion doses. The Quattro?

Pro spresdshset vas uased for developing the spreadsheet cells,
while the ¥Wingz’ spreadsheet was used for the actual runs. The
spreadahaet calculations were compared with answars from the
GENII computer program (Rittmann 1994). The verification of the
spreadehest formulas was done as part of the review by the
Ranford Envi.snmental Dose Oversight Panal (HEDOP) (Rhoads 1996).

3.3.3 Cr=putar Models

3.%.3.1 Ovarvisw. This section describes the numerical models
used in tha PORFLOW and VAMID-CG computer simulations. Because
the ARYST-CT simulations of contaminant release rate are only
used in sensitivity studies, the discuasion of its numerical
aocdels is given only in Appendix C.

For both the vadose zone and groundwater calculations, two
slightly different models are used. These ‘models are describe.
in the following sections. Each case has a computational complex
ncdel that describes the effect of many interacting features.
Theae are the disposal facility models for the vadose zone
calculations and the sitewide models for the ¢groundwater
calculations, respactively. Each case alsc has a much simpler
calculational model that comprises the major features of the more
complex models, but allowa gquicker runs. These zimpler models
are the unit cell model for the vadose zone calculations and the
pumping model for the groundwater calculations. The base
analysis case was run using all the models. Moat of the
sensitivity cases were run using the simpler models.

3.5.3.2 Disposal Facility Model. This two-dimensional model,
shown in Figure 3-7. treats an entire vault row (see Section
3.4.6). See Piepho 1996 for more details. The model includes
the sand-gravel capillary barrier, ths water conditioning layer,
the vault row, the waste packages, the filler material, and the
vadose zone. The surface barrier is not treated. The water flux
at the bottom of the surface barrier is conaidered a boundary
condition. Source terms for contaminant release are coneidered
to be at the aurfaces of the waste containers.

Appendix D.6.]1 has the input file foxr the base analysis
case. A two-dimensional model (163 columna with 133 layers) is
unsed. The sand-gravel capillary barrier is modelled with 28
layers, the water conditioning layer with 3, the vault roof,
walls, and floor with 3. 1n each of the five vault bays
nodelled, there are 9 sets of canisters (each canister being
mnodelled by a 2 x 9 grid) separated by a 1 x 9 grid for the

2 Quattro is a ragistered trademark of rorel Corporation

' Wingz is a trademark of Investment Inuciligence Systems
Incorporated
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Pigure 3-7. Ioms Map for Disposal Facility Model
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n. ® ma— T YTY | S— T — b S TTTY Y W
0 20 PP 80 0 100 120
Distance from Centar of Vautt {m)

filler material. The vadose zone was modeled using 46 layers for
the sandy sequence, 36 for the gravel sequence, and the bottom &
modeled for the unconfined agquifer. Symmetry is assumed about
the center of the disposal facility with the last 10 columns
sep+ratirg adjacent vaults.

Farlier versions of this sodel were used in determining the
effect of various disposal facility deaign options on long-term
gnvironmental performance (Mano 1995b).

The Ciffusion coefficient spacified in Section 3.4.4.3 is
based on the Kemper diffusion model (Kemper 1966). However, if
the Kemper modal is used in PORFLOW, then dispersion cannot be
calculated. Therefore the Scheidegger {1961) model was used and
the parametars adjusted to obtain the same diffusion value for
the moisture content- expected in the problem.

3.5.3.3 Unit Cell Model. This two-dimensional model treats a
vertical slice one container (1.8 meter) wide and six containers
high of the disposal facility model. Kline 1996 gives full
details. Figure 3-8 displays the gesometry. The top of the model
is the filler material atop the canisters. The sand-gravel
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figure 3-3. Ione Map for Uuit Cell Model. P = hesad, =
zoncentyation, aq = indilitration zate, and x and 3 are spatial
dirsctions.

-Bﬂﬂﬂiz-aq C=0
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SC/8x =0

o o
: ?
& &
5 Slz=2m [
Lower Hanford Gravelly Sequence

=M
Ringold E
1z=0m WATER TABLE ——
Pe0 -D8CREz=0

capill.ry barrier and concrete roof are not modeled. The modal
contipuas with the canisters and lateral filler material and with
a degraded concrste floor. The vadose zone is below the
enginesrad syatem with the unconfined aquifer at the very bottom
0of the modal.
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The grid spacing is 10 by 530, resulting in Psclet numbers
near unity. donuniform spacing that includes more detail in the
dispcsal facility i3 used to minimize the number of nodes. The
contamioant aocurce terms (6.92x10°' y' m?) are given as a
volumetric source within the waste containers. Both vertical
sides of the model are assumed to be reflective. The boundary
condition at the top is the specified infiltration rate. The
boundary condition at the water table is fully saturated.

An earlisr use of this model (Kline 1935b) showed very good
agresment with full disposal models (Mann 1935b).

3.5.3.4 8itewida Model. The aquifer was analyzed using the ERC
Hanford Sitewide Groundwater Model (Law 13998). & horizontal
finits-element grid size of 600 n by 600 meteczs (1,962.5 by
1,962.5 feet) was selected. Element heights varied depending on
the thickness ¢f the aquifer and the thickness of the high-
conductivity Hanford formation. The model grid consists of 6
layers each with 3,474 elenments and 2,611 nodes. Vertical
discretization was performed using =ix layers: the top .aAree are
ir the Hanford formation, the bottom three, the underlying
Ringold Formation. :

Boundary conditions reflect an arid environment with a few
streams and rivers as vatsr mources. 1Inflow along Cold Creek and
Dry Creek are prescribed as hydraulic head conditions for model
crlibrations under 1979 conditions. For these calculations
inzlux representing the recharge from the Cold Creek and Dry
Creekx was used as flux boundary conditions, replacing the fixed
head condition. 1Influx from the Yakima River is treated as a
prescribed head. The recharge from the front of Rattlesnake
Mountain or from precipitation is not included in the present
model. The model tresats the Columbia River as a boundary that is
held constant in time but variable in distance along the river,
with numerical values odtained by five river stages ganges over a
l1-year pericd (1992-3). The data ars undocumented, but were
collected using the protocol descridbed by Campell (1994). No
flow iz allowed into basalt outcrops or into the bottom of the
model (~orresponding to the top of the underlying basalt unit or
to the lower mud unit of the Ringold Formation).

As noted in Section 3.5.2.4.4, versions of this Ranford
sitewide groundwater model have been used for earlier Hanford
Site performance asseasnants.

3.5.3.5 Pumping Modal. This model is similar to the ERC Ranford
Sitewide Groundwater Model, but ©on a smaller scale. This model
calculates the effect of various pumping rutcs at the well on the
groundwater flow. The element size is 25 by 20 metexs (82 by

65 feeat) and consists of four layers (Figure 3-9). Each layer
has 7,400 slements and 2,501 nodes. The bottom of the model is
flat, using an average value for the top of cthe basalt zone.
Valuas of the hydraulic head from the sitewide model were used as
boundary conditions.
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Tiguze 3-9. Iome Map for Pumping Rodei (Material types 7 aad 12
fxom Tabls J-7 arxe used).
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3.5.4 Input Data

3.%5.4.1 Overview. TRis section specifies the data actually used
iz the computer models for the base analysis case. The intent is
0 follow the data given in Bections 1.2, 3.3, and 1.4 as cloasely
as p?utiglg.s Dats used in the sensitivity casas are given in
Section 3.5%.5.

Input filaes for each computer model related to the base
analysis caze are given in Appendices C.5 apd D.3,

3.%5.4.2 Contamissnt Release Modeling. Ths contaminant releazse
rate from the vasts packags 1s basad cn the requast for proposal
and on a time depeandence dorived in Section 3.4.5.

3.5.4.3 Vadose Boxs Nodeling. The same input data are used for
both the disposal facility and unit cell models. The input data
used by both models for base analysis case ars summarized in
Tabla 3-13. The actual input files for the base analysis case
calculstions are Jresented in Appendix D.5.

3.5.4.4 Aguier Wodaling. The aquifer models ars based on a
Hanford Site groundwatsr model (Law 1996). The hydrologic
paraneter data for the base analysis case are from Table 3-7
{Section 3.4.4.%5). Por ths pump mcdel, only material types 7 anc
12 of the 1§ types ahown in Figures 3-3 and 3-4 ware used.

The data set for the site model wvas calibrated/validated in
three waya. Tha 1979 Hanford Site watsr tables were simulated
using the knowvn Hanford §Site-related artificial recharges and
assuming steady-state conditions. Second, the difference betweon
the 1993 water table and the 1979 water table was calculated
ysing a transient simulation. Finally, the movemsnt of tritium
plumes from 1979 to 1993 was simulated in a transient contaminant
transport calculation. 1In all cases {(Law 1996), good agreemant
vas found between measursd and simulated values.

3.5.4.95 Integration of Resulte. In addition to data already
discussed, the input data for INTEG were taken from the output of
ths vadose zon® and the aguifar asodels. Inventories were taken
from Sseotion 31.2.3. Dose conversion factors were taken from
3sction 3.3.6.
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! Using Value

for the Disposal Facility and Umit Cell Nodels.

.on with
Justificetian for

Upper Gravel Ssquence
Sand Sequence
Lowey Cravel Sequence

6 meters { 30 fty (on surface)
60 meters (197 ft)
IS meters ( 98 ft) (bottom)

Section 3.4.6,2

 Ringold Formsticn

it ®

7 meaters ( 98 fty, below Ranford
formation

Section 3.4.4.2

: Bydrologic Paraneters

| wadoss Zohne So0il Layer

Calculated based on curve-fitting
parameters and saturated hydrauiic
conductivity. See reference
section.

Section 3.4.4.3
{Velues given in
Table 31-3}

§;Conatruction Material

Calculated based on curve-fitting
parameters and saturated hydraulic
conductivity. See reference
zection.

Section 3.4.4.3
{Valuesx gqiven in
Table 3-4)
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i} Paxametar

Section with

T dastificetion for
; natng Valne

ﬂicnochuaical raramsters

icheaical Dletribution
§ Confficients (K,)

Se, Tc, Othare

|4
8r, I
p&. C

wa, Np
Ace, Kb, Am, Ni, Er, Py, Th
Ce, Ca, Tm, By, Ph, Co, Bn

0.0 nt/g
0.5 ol /g
1.¢ wml/g
6.0 nd/g
15. ml/qg
40. wl /g
100 m»l /g

Section 3.4.4.4

ééxniiltrntion Rate

i At the Disposal Facility
f First 1000 years

After 1000 years

0.5 mm/y (0.02 In./y)
3.0 sm/y (0.12 in./y)

Section 3.4.7

[ Contninant Release Rate

T,Relative Radionuclide
Relesse Rate

Calculated release based on initial

release rate and time-dependent

surface area. See reference section.

{ Section 3. 4.5.4

(Yailues given in
Table 3-8)

;3nltggaal racllity Degradation

Concrete

degraded at 500 years

} Section 3. 4.6.7

Natural materials

do uqt degrade
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31.35.4.6 Inadverteat Intrusion. 7The base analysis caz2z evaluates
tha two relevant parti of the inadverzent intrusion scenario:
driiling for grouidvater or minerals and homesteading whare waste
has bean exhused and spread sround the surface. The ipput data
valuag Telatad o the acenarios were taken from Section
1.3.3.4.). 7Thews values are summarized i{n Table 3-14. The dose
conversion factors used ware taken from Section 3.4.8.

Table J-14. Ixpoartant Input Paraseters for the Bass Apalysis
case Inadvertent Istrusior Analysis.

__Farlnottr Value Saction with
Justification

} Dianeter otlwoll 6.3 2 (12 in.) Section 3.3.3.l.§
§drilled

i Gaxdan size ACULe GXDORUTS: fection 3.3.3.4.3

100 (1,071 £¢%)
chronic exposura:
500 o' (5,374 £t2)

Waste Foram Size Calculated by linear | Section 3.4.5.4
releass rate based
on initial release

rate and time

3.35.5 Sansitivity Cases

3.5.%5.1 Overvisw. Sensitivity cases were run to determine the
effect of varicus assumptions and data values. For most
sensitivity cases, only one parameter or one set Of parameters
differs from the basc analysis case or anothsr sensitivity case.
Thua., the change, 1f any, in the final answer will indicate the
effect of that parameter on the overall answer. Table 3-15
summarizes the sensitivity cases. Sections 3.5.3.2 through
3.5.5.12 discuss the sensitivity casas and explain why each case
Wiy Yun.
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tuble 3-1%. List of Sanaitivity Caves
Discussion Sensitivity Case Results
Section Prensnted
in Seciion
Scenarioc '

3.%.%.2 Agsgume different paraseeters for iatrusion scenario: Cases incliude garden 4.2.3
size =~ 2,500 m® [16,930 tt?) rather than 500 w® ({5,382 ft’} and diameter of
the wall = 0.2 m (8 {n) rather than 0.3 m (12 Iin.).

3.%.5.2 Irrigated farming over the disposal facility, implying an infiltration &.7.4.3
rate of 100 mm/y (3.9 in./y) forever, rather than base analysis case of
0.5 sw/y (6.03 in./y) for first 1,000 years and 3.0 mm/y (0.12 in./y)
thereafter.

3.5.5.2 Apsume irrigation occurs on Hanford flateau. Cases studied are 4.8.3.3
irrigation in all areas except 200 Arcas and region between 200 East and
200 Weat Areas, irrigation only north of 200 Areas, and irrigation only
west of 200 Areas. In base analysis case, no irrigation is asaumed.

1.5.5.2 Azsume industry in 200 Areas (recharge reduced in 200 Areas by a factor §.8.3.3
of 2).

3.5.5.2 Assume different well locatjons, renging from 100 m (328 ft) downgradient [4.8.3.3
from the disposal facility to the Columbia River. Base analysis case
assumes well is 100 m (328 ft) downgradient.

3.5.5.2 Assumc different pumping rates at the well £.8.3. 6
(10 m’/d {2,640 gal/day}, 50 wm'/d (13,200 gal/d), 100 w'/d {26,400 gal/d},
and 150 m'/d [39,600 gal/d]) inatead of the rate of 0.01 »’/d [10 £/8 ~2.6
gal/day] used in the base analysis case.

3.5.5.2 Treat natural events, such as glaclal-age flooding. €.11

-
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nelﬁlt-

Dlacussion Senplitivity Case
Section Presented
in Sectio
Inventory
3.5.5.3 Changes in inventory caused by TWRS Privatization Effort. Capes assumes 4.8.2
that only 20% of the "rc inventory of the base analysis case is disposed
in facility.
1.5.5.3 mrbitrary changes in inventory to determine sensitivity (I, Se, U). 4.8.2
Recharge _
3.5.5.4 Recharge rate = 3.0 mm/y (0.12 in./y) forever. The hagse analysis case 4.7.4.2
used 0.5 mm/y (0.042 in./y) for the first 1,000 years, and 3.0 mm/y
theresfter.
3.5. Recharge rate = 1.0 mm/y (0.04 in./y) forever. 6.7,
3. Recharge rate =~ 0.1 mm/y (0.004 in./y) forever. 4.7.
Geology
3.5.5.5 Top of unconfined aguifer is at 96 m (315 ft) below the surface. 1n the 4.7.2.3
bage analysis case, the top of the aquifer im at 103 m (338 ft) below the
surface.
3.5.5.5 Top of unconfined aguifer is at 110 m (360 ft) below the surface. 4.7.2.3
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e it

Shorter sand-gravel caplllary barrier (Concept 2 layout). Base snalvais Aﬂri.i.n,l
rese used Copcept 1 layout.

sapd-gravel cspillary bar. er in facility design rnplnéed with back- 4.6.3.2
i 1} led soil.
| ylge mand-gravel caplilary barrier in facility desigm replaced with back- | 4.6.3.3 1

P bmetss oo Sensitivity Casa Resuits
gyt 4 ey Preseanted
............ — is Saction
Facility
IR peduce radionuclide density in dlsposal facility by & factor of 2 by $.6.2.2
j _ {nieraaging the number of vault rows by a factor of 2.
Paom e g kotate tne disposal facility 90°. Long side mow being north-south. {e.6.2.3

TR A

. { Filled woil.
13 5.5 48 | 5and used as flller material inside the disposal facility instesd of 4.6.3.4
' hack-filled soll.
Deqgradation
1%, 8 7 concrete floors, walle, and ceiling degrade at 2,000 years in order to 4.6.4
test *bath tub effect®. Base analysis case has all concrete degrading at
: 500 years. _
3.5.8.7 pegreded sand-gravel capillary burrier. (The degradation point is at 4.5.4
2/3%]1 from the apex of the barrier vhere 1 iz hal” the width of the
{ barrier.)
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Digcussion Sensitivity Case Repulte
Saction Presentaed
in Section
Hydrologic Parameters

3.5.3.8 Change hydrologic parameters in vadose zone 30 that the antire xone has 4.7.2.3%
parameters corresponding to the Hanford formation sandy sequence instead
of the varying sequences.

3.5.5.8& Change hydrologic parameter~ in vadose zone s0 that the bottom half of 4.7.3.2
the rone has parameters coqrespording to the Banford forsation gravelly
sand sequence instead of the Ringold Forsation.

3.5.5.8 Change diffusion constant foi the vadose zone to 1.00 x 10°° cm’/sec from 4.7.2.2
1.25 x 10’ cm’/sec.

Waste Form

3.5.5.9 Waste form is a thin plate, {mplying a tiee-independent radionuclide 4.4.3.2
release rate.

3.5.3.9 Yec release rate reduced by a factor of 5 from the base analysis case, 4.4.3.3

3.5.5. Al)l K, = 0 elements release rate reduced by factor of 5. 4.

5.% Release rate for all elements reduced by factor of 5. 3.

3.5.5. contaminant release rate from glass as calculated by mechanistic models, 3.4
including sodium {on exchange. Contaminants traasported to floor of
vault.

3.5.%.9 Brc release determined by mechanistic models, but with sodium ion 4.4.3.4

exchange. <Contaminants transported to floor of vialt.
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Discussion Sensitivity Cane Resulits
Section Pregented
_ in Section
3.5.%.9 Yrc release determined by mechaniastic model, with sodium ion exchange. §.€.3 .4
Contaminants transported to floor of vault with pore velocity of 310 cw/y.
GCeochemical
3.9.5.10 Por uranium: K, = 0 instead of 0.6 sl /g ar was used in the bave anslysis $.7.%
case.
3.5.5.10 For uranium: K, = ¢ in vadose zoue and Ky = 100 mt/g in concrete. .T.
3.5.5.10 ¥or major elements (Se and Tc): Ke = 0.1 at /g lantead of ©.
Exposure
3i.5.%.11 Different dose factor sets. The dose factor libraries from DOE, EPA, and [ 4.8.&
GENII computer analyses were used instead of taking internal dose factors
from DOE and external dose factors from EPA.
3.5.5.11 Use different ingestion, inhalation, and time of expozure values from 4.8.4
base analyelis case.
location of Facility
3.5.5.11 Location of facility at existing TWRS disposal (grout) vaults which are 4.8.5

east of the PUREX Faclility, rather than at the proposed location which is |

west of PURERL,
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Discuesion Sensitivity Case | keeuite

Section Presentod
i Se-stiom
Caleslaticns
¥.5.5.13 Halved dispersion of base analysis case for vedose zone contsminsat £.7.2.%
transport. ——d
3.5.5.13 Twice dlapersion of base analysis case for vadose toos contsuinsnt 4. 7. .4
o 1.ransport.

3.5%.5.23 ruice nusbher of grid poiats from base analyeis case for vadose zone flow &§.8. &
el transport.

3.5.%.13 tnitial volumetric moisture content in the disposal factliity = residual ¢ 8. &
molsture content of material, rather than 100 as in the .. xe anraiysis
cane.

3.5.5.13 Initial volumetric mojsture content in dilggsal tccilit: = 20%. b' ¢ B & i
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3.3.3.3 Scepario-Depesdent Sensitivity Csseas. The scenario-
dapendent sabsitivity cases ars sslected analyses to detsrmine if
regults reistad to 8 scenario depend on sslsctsd valuss or
sssunptions. Saevarsl scepario-dependant cases werse developad
{Table 3-13y. laad-use, drinking water, ipadvertant intruder,
snd catastrophic astural acenarios were covsidared {Section 1.3).

Predicting the lshd use at the Hanford Site for the next
16,000 years is impos#ible. WNaturasl conditions were assumed for
tha bass analysis case {Section 3.3.3.2). Por land-use
Banditivity <sases, the effect of variocus land usss wers
calculsted. the Iollowibg uses wers sxaminsd:

a Irrigated fatmiag on top of the disposal facility with
an iafileration rate of 100 mm/y (3.9 in./y). Such
irrigation is considarsd as an inadvertsnt intrusion.
However. in this analyesis such irrigation i3 calculated
aa part of ths groundwatar scenario.

» Irrigated farwing Lo other parts of the Hanf..d Central
Platsau with rachirqe rates of 100 am/y (3.9 in./y).
Such irrigetion will distort the groundwater flow and
changs ths wster table haight.

s Induatrial use of the 200 area, which iz asaumed to
dacrasse the infiltration rate over the entire 200 Area
by a factor of 2, since water would be collected and
than discharged at a point off the 2C0 area plateau.

The real wvalue for the infiltration rate for irrigated farming is
saXadwnh. However, the vslus of 100 mwm/y (3.9 in./y) is the lower
value used {n ths Banford grout performancs assasssment {(Kincaid
199%) {(the other valuea waz 230 ma/year) and twice that used in
ths Eanford solid waste performsnce assessmants (Wood 1994d and
Wood 199%6). These sensitivity cases treat only the effect of
infiltration on the unconfined aquifer; the effect of changed
vadose zona distance is sxamined ssparately (See Section 3.5.5.5)

The drinking water scenario is based ot the pumping rate and
the location of the well. NMinimsl pumping (0.01 m’/day =
10 liters/day {2.6 gallons/day), corresponding to a family of
five using the well osly to obtain drinking water) is assumed for
the base analysis case. As pumping ia increased, water is taken
from & wider acea, resulting eventually in drawing in water that
is uncontaminated. Pumping rateam of 10 to 150 m'/day {2,640 to
39,600 gallons/day) were uped to determine the effect of the
pumping rate on the overall drinking water dose.

In the base snalysis case, the well is assumed to be
100 meters (328 feet) dovngradient from tha disposal fscility.
To determine tha affect of the position of the well, the wall was
iocated as near z8 50 meters (164 feet) ar i at various othar
distapces {inrcluding the 200 Arsa fence line) along flow lines
down 1o the Columbis River.
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For the latTusion scenario, the parameters are guite
cacertain  Por obe ssusitivity case, the well diameter was
craased fram ¢ 3 maters (13 inches) to 0.3 meters (0 inches).
Ia saothar asusitivity cass, the gardan ares was ibcreased from
500 &' to 3,500 @' (0.134 acre to 0.§18 acre). The values uasd
in Lhe saseitivity cases weare the values used in the base case of
the 9rout pariormdnce assasamant (Kincald 199%).

Fioally, the altfects of catastrophic natural svents were
avaluated. The base analysis case does not gvaluete a
catastrophic narsTal svest. Nelther sessonsl flooding nor aven
the collapse of the region’s largeat dam would cause water to
reach tha digposal lacility. However, 2 catastrophic ice-age
flood similar to thows that have occurred in the past, wouid
affact the slsposal facility and is analyzed.

3.5.3.3 Iavemtory-Dependent Sansitivity Casmss. The inventory of
radissuclides that will be np the wasta form iz uncertain. The
invantozy in the waptes form depencs on the amount and type of
wvasta prassntly being stored in the Haoford Site tanks, the
procass used to sapayats tank waste into low-activity and high-
activity wasia sirsams. and the method of immobilization. At
prassent, Tthe paparation process that the private vendors will use
{$ unkhown, as 1z the aethod o0f lmmobhilization. These

s#n tivity casas are designed to evaluate tha effact of
giffszent smounts of kay radivisotopes.

Ons sansitivity case wvas based on a possible strategy for
raducing technetium relsase xates. In the request for proposal,
the total "I¢ release rate is specified at a leval S times lower
than that for otbar radionuclides. One stratsgy for achieving
this reduced ralease rate is to reduce the amount of technetium
by 80 percent. Such a sensitivity case was run.

The dagres to which iodine wili be volatilized in the
immobilization oparation {and hance not be in the final waste
form;} is unkpown. For the base analysis case, it wvas assumed
that 90 percent of the iodine will be volstilized. A sensitivity
cagsae of 50 parcent of the iodine being volatilized was performed.

In the supporting doecunant (WHC 1996) for the DOE patition
to the NRC for the separated waste to be cecnsidered aze non-high-
level wasta, various upcertainty bands are given. The amount of
Cs separstion aay be different f{rom what ia assumed in the base
analysis case. A smenaitivity case increasing the amount of *''Cs
from 0.451 WCL %o 5.0 HC3 was parformmd.

2.5.5.¢ Infiltration-Depondent Senaitivity Cases. The
infiltration rate is one of the most important parameters of the
calculation (Section 31.4.7). Besides the ssnsitivity case of
100 s/y (3.9 in./y) sentioned in Section 3.5.5.2, three
additional casaes involving differsnt recharge rates were run.
The base analysis csse used {.5 mm/y (0.02 in./y) for the first
1,000 years, followed by & rate of 3.0 ma/y (0.13 in./y). The
first aensitivity case models the case of extremely low recharge
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(0.1 sasy) (0.004 in./y]. The second cass usss the SEBS IiAle as
tha Banford Grout Perforsance Assassseant (Xincaid 199%),

(1.0 sm/y) [0.04 in./y]. allowing comparisons to be made with
that analysis. Tha final case ussd a recharge rate of (3.0 mm/y)
{0.12 in./y]. 7This case shovs the sifectiveness of tbe surface
barrisr, because the difference betwveen this sensitivity case and
the basd snalysis case is tha recharge rate for the first

1,000 ysare. 7The techarge vate in the latter cass was based on
tha prasencs of ths surfasce barriar.

3.5.3.3 Geology-Dependsnt Sansitivity Cases. An understanding
of the geologie etrata is the starting point for the vadoss z0De
simalations. Most of the sensitivity studies that are partially
derived from gsologic cossidarstions are described in Sections
1.5.5.8 and 3.5.5.10. The senalitivity cases considered in this
ssction deal with the location of the top of the uncoafined
aguifer. The effscts of contaminant transport in both the vadoss
zone and in the unconfined aquifer v:irs calculated.

Two sensit..ity cases were developed that place the top of
the unconfined aguifer above and below tha position given in the
base snalysis cass, 103 meters (338 feet) bslow the surfacs. Ones
case located the top of the aquifer at 96 meters (315 fest) below
the surface, its present location. This location is in the
Hanford formatiovn; the base analysis case had the aguifer in the
Ringoid Formation. This is an indirect way to study the
influsnce of tha hydrologic parameters.

The other sensitivity case located the top of the aquifer at
110 meters (360 feet) below the surface. This was deaper than
the location used in the base analysis case by the same amcunt as
the previous case was adove the valus of the base analysis case.
The desper location results in a larger vadoss zone. The case
al30 sccounts for the effect of longer contaminant travel tine
through the vadosa zone.

3.5.5.f¢ PFacility-Depondent Reasitivity Cases. The design of the
disposal facility has oot yat =tarted, so the model used in the
bais analysis case has significant uncertainties. Several
sensitivity cases wers studied to determine the importance of
various design features.

Three sensitivity cases . deal with the sand-gravel capillary
barrier proposad Zor the top and sides of the disposal fazility.
/he firat case has no capiliary barrier at all. The sacond caee
has the barrier only at the top of tha facility. The third case
used the Concept 2 layout {Section 3.4.6.3), vhich has a much
shorter barrier.

Another cese rsplaces the goil between sac &€¥- s of
contalpers with sand to examing the erfect of th” " ydrologic
propartiss of the filler saterial. *re byd: - ..o properties
determine the °*wicking® actioe of & - &
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oo additiosal senaitivity cssss dzal with the gecmetry of
tha disposal facility. Is ohe case., thse facility is rotated to
eternine rthe sffect of fscility oriestation on contaminant
coacentrition in the well compared to contapinant concantration
At tha bottom of the vadose zons. The second case doubles the
ares of the faciliiey, while keeping the total iaventory of
gxgionucliidea coastant. This simulates a decresasa in
radionuclide density, which could result from lowaer vaste
loadings, differant spacisg betwesn the coatainers, or other
FCET LTS

3.3.8.7 #aility Degradation-Dependent Sengitivity Casas. Pour
gsnaitivity casdes tast the importance of assumptions made about
facility dagradation for the base analycis case. These
assumptions were that natursal saterials do not degrade but that
san-mads astarials, such as concrete, dagrads at 300 years
{Saction 3.4.8.7).

Two cassz Jdeal with the degradation of the concrete