APPENDIX M
RELEASE TO VADOSE ZONE

This appendix supports Chapters 5, 6, and 7; describes the role of the release models with respect to the
groundwater modeling process, the release models and the method used to estimate release rates to the vadose
zone, and the release model parameters; discusses parameter sensitivity; and presents the results from the
release models and the results of the sensitivity analyses.

M.1 INTRODUCTION

The assessment of human heattipacts is an important element of analysis fas frank Closure and
Waste Management Environmental Impact Statement for the Hanford Site, Richland, Washington
(TC& WMEIS). Activities associated with alternatives under consideration for tank clostireraste
management include the placement of waste containingaetie and chemical constituents in the
vadose zone at the Hanford Site (Hanfor@he vadose zone is the unsaturated zone that extendsJ(from
the top of the ground surface to the water tahlie addition, past practices resulting in spills, leaks,
planned dischargeand the disposal of waste also placed such materials in the vadose zone. Major steps
in assessing human health impacts are estimati¢h) oate ofrelease to the vadose zoli2) the rate of
transport through the vadose zof@), therate of transport through the unconfined aquigerd (4) the
magnitude of health impacat the poing of exposure. This appendix describes methods used to estimate
ratesof releaseo the vadose zone, summarizbe values ofthe parameters used in the release models,
summarizegheresults ofthe application of the models, and presents a sensitivity analysis for particular
cases.The relation of the release models in the groundwatmitoring system for th€C & WMEISis

shown in FigureMi 1. Although the bestavailable data and modelgere used to develop the analysis
described in this appendix, uncertaintytlie results remains. Thuncertainty derives from variabikts

in natural and engineered materials, such as soil and,gasutvell aslack of knowledgeregarding
elementssuch aghe applicability of specific models to sispecific locations othetype of climatethat

may beexperienced in the future. The release nwdkescribed in this appendix are applicable for
sources defined within th€C & WMEIS alternatives and for sources associated with the cumulative
analysis. Because of the large uncertainties involved in projection of impacts beyond a period of
1,000yeas, U.S. Department of EnergpOE) guidance recommends a period of analysis of 1y@adds
for assessment of performance of #mwvel radioactive wastgLLW) disposal facilities (DOE
Manual435.21). However, the low rate of movement of water and solutes through the vadose zone at
Hanford and the objective of identifying peak impacts support selection of a longer period of analysis for
this TC& WMEIS. The analysis of travel time in the vadoseneopresented in Appendi,
SectionN.5.1, is appropriate for constituents that move at the velocity of waldre analysisin
AppendixO, Sectior0.6.4, for uranium, a constituent that moves slower than groundveaigports
selection of a 10,00Qear peiod of analysis. Thus, loagrm groundwater impacts in thi€ & WMEIS
are estimated for a 10,08@ar period of analysis extending over calendar years 1940 to 1I5988er
detaik on sources associated wittecumulative analysiarepresented in Appendi&.
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Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

M.2 DESCRIPTION OF RELEA SE MODELS

A variety of sources with related release mechanisms needed to be analyzedTGr&HWEM EIS. To
provide a consistent approach and to ensure quality seshlt stepwise procedure summarized in
TableMi 1 was applied for release model development. Releases to the vadosardmmeharacterized
according to the physical plasf the source and by the ratentrolling mechanism of the release. For
this TC& WMEIS releases to the vadose zone are characterized as occurring from the diquid
solid-phase sources. For solid sources, releasde controlled by liquidto solid-phase partitioning,
solubility, or diffusion mechanisms. For each release malgelvariation irthetiming of the infiltration
rate is represented as a series of pulses. The increase or decrease in the infiltration rate reflects the change
in conditions, including the removal or recovery of vegetation and the placement and wgathan

| engineered barrier. The form of the time dependence of the infiltration rate is presented iVAigure

Table Mi 1. Steps in Release Model Development

Step Number Content
1 Identify sources and characterize physical processes
2 Develop conceptual modef the release process
3 Develop mathematical description of the release
4 Develop algorithm for solution of mathematical model
5 Develop computer code implementing equations and solution algorithm
6 Verify computer code, including documentation oficepts, equations, and
algorithms and execution of test cases
7 Apply release model
A
Disturbed
conditions
Infiltration
rate Background
conditions Degraded
Cap cap
Time -

| Figure Mi 2. Time Dependence of Infiltration Rate

The nature and level of complexity of these models is consistent with available guidance Z085RP
and past sitspecific analysis (Riley and Lo Pre2f04). A summary list of waste forms and associated
release models is presented in Tablie2Mand moe-detailed descriptions of each model are presented in
the following sections. Althougalternativeconceptual modelsuch as constituent solubilitymited or
partitioninglimited release may be applicalitegiven circumstancg preference is given itis analysis

to the partitioningimited mechanism due to uncertainty associated with formation of metastable, or
mixed-composition, precipitation phases and the availability ofspeific measurements consistent
with partitioninglimited release (Lockam2005; Mattigod et aR001).
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Appendix M Release to Vadose Zone

Table Mi 2. Summary List of Waste Forms Evaluated in ThisTC & WM EIS

Waste Form

Material Type

Release Model

Tank Closure Alternatives

Tank salt cake Precipitate Matrix solubilityi limited release
model

Stabilized tank residuals Grout Partitioninglimited, convective
flow release model

Ancillary equipment Grout Partitioninglimited, convective
flow release model

ILAW glass Glass Fractionalreleaserate model

Retired ILAW melters Glass Fractionaireleaserate model

Bulk vitrification glass Glass Fractionalreleaserate model

Cast stone waste

Aluminosilicate

Diffusion-limited release model

Steam reforming waste

Finely divided solids

Matrix solubilityi limited release
model

ETFgenerated secondary waste

Grout

Diffusion-limited release model

Sulfate removal grouted secondar
waste

Grout

Diffusion-limited release model

FFTF Decommissioning Alternatives

Subsurface structures Solids, sall Partitioninglimited, convective
flow release model

Secondary waste Grout Diffusion-limited release model

Waste Management Alternatives

LLBG 218W-5, trenches 31 and | Solids, soil Partitioninglimited, convective

34 waste flow release model

Onsite noACERCLA waste Grout Diffusion-limited release model

Secondary waste Grout Diffusion-limited release model

Offsite waste

Unstabilized matrix

Diffusion-limited release model

Key: CERCLA=Comprehensive Environmental Response, Compensation, and Liability Act; ETF=Effluent Treatment F
FFTF=Fast Flux Test Facility; ILAW=immobilized |oactivity waste; LLBG=LowlLevel Radioactive Waste Burial Groun
TC& WMEIS=Tank Closure andWaste Management Environmental Impact Statement for the Hanford Site, Richland,

Washington

M.2.1 Liquid Sources

The set of types of sources for liquid releases include planned discharges -surfaae facilities,
unplanned releases to neanface soil, paseaks from tanks, and retrieval leaks from tanks. For a given

location, the release model is defined by specification of the elevation, the area and aqueous volume of

the source, the duration of the release, and inventories of constituents releasethdwpegified time

interval.

M.2.2 Solid Sources

Releases from solid sources are categorized according to the mechanism of release. Release mechanisms

cility;

include partitioning from the solid tiheliquid phase with convective flow through the waste form, waste
form dissolution with convective flow through or around the waste form, fractional releage
partitioning from the solid tehe liquid phase with diffusive transport in the waiem. Thebalance of |

this section describes details of release modeksaoin mechanism.
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M.2.2.1 Partitioning -Limited, Convective-Flow Releaseéviodel

In the p@rtitioninglimited, convectiveflow release model, the waste form of a given cisesgional area

with a constant thickness perpendicular to an infiltrating flow of water isdddatthe vadose zone. A
schematic representation of the concept is presented in Ij@Be This figure depicts water infiltration
at a constant rate g through a waste form of cresectional area (&) and height (k).

F

q'inf Hys
A

Awf 1 :

!

qinf

Figure M1 3. Schematicof Release Coceptfor Partitioning -Limited,
ConvectiveFlow Release

A constituent bound to the solid is available for transfer to water moving through the wastarfortine

release rate is determined by the extent of partitioning between the solid and liquid witizsisethe

waste form and the rate of movement of water through the waste form. Constituents are assumed free to
move within the pore space of the waste form, producing a uniform concentration of the constituent
throughout the waste form. A mass balanoea constituent within the waste form prodde relation

between the liquighhase concentration and the initial mass of constituent and dimensions and properties
of the waste form. The mass of the constituent within the waste form is contained vathauith and

solid phases:

AT=V,C+V.Cs= WUCV ( DV,Cs, U (Mi 1)
where:

total mass at a given time, grams

volume of liquid in the waste form, cubic meters

concentration of the constituent in the liquid phase, gramsuixéc meter
volume of solid within the waste form, cubic meters

concentration of the constituent in the solid phase, grams per cubic meter
volumetric moisture content of the waste form, unitless

total volume of the waste form, debmeters

AT
Vi
G
Vs
Cow
U
Vi
v saturategorosty of the waste form, unitless




Appendix M Release to Vadose Zone

The relationship between volumetric and mass concentration in the solid pasdellews

Csv="Tv1sCsm Mi2) |
where:
Csy = concentration of the constituent in the solid phase, gpmnsubic meter
fy = volumetric units conversion factor, cubic centimeters per cubic meter |
s = particle density of the solid in the waste form, grams per cubic centimeter
Csm = concentration of constituent in the solid phase, grams per gram

The relatonship between concentration of the constituent in the liquid and solid ppageesented a
linear with the distributioroefficientserving as the constant of proportionality

Cs,m= (1/fv) Kd CI (M'I' 3) |
where:
Csm = concentration of theonstituent in the solid phase, grams per gram
f, = volumetric units conversion factor, cubic centimeters per cubic meter |
Ky = distribution coefficient for the constituent in the waste form, milliliters per gram
G = concentration of the constituenttime liquid phase, grams per cubic meter

Substitution of the supporting relations into the mass relatibows calculation of liquiebhase
concentration for a given inventory:

G =AT/(QV(Ry) (Mi4) |
where:
G = concentration of the constituent irettiquid phase, grams per cubic meter
AT = total mass at a given time, grams
u = saturategorosity of the waste form, unitless
Vi = total volume of the waste form, cubic meters
Ry = retardation factor for the constituent in the waste form, unitless
and
Re=U 41T O/ <K (Mi5) |
where
Ry = retardation factor for the constituent in the waste form, unitless
U = volumetric moisture content of the waste form, unitless
u = saturategorosty of the waste form, unitless
Js = particledensity of the solid in the waste form, grams per cubic centimeter
Ky = distribution coefficient for the constituent in the waste form, milliliters per gram
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In saturated flow, the retardation factor for a constituent is the ratio of the rate of movdment o
groundwater to the rate of movement of the constituéntmass balance formed around the waste form
during a time intervaj reflects release by convection and decrease of mass within the waste form. The
rate of flow of water through the waste formeigual to the rate of infiltration at the ground surface,
which is represented as a series of pulses defined farcd Sme intervals (see Figuidi1l). The mass
balance formed around the waste forraggollows

O AT QI\; qinf'j:C| T AT
(1/ AT) OaANTUHYRY) =

=i (i +a) (M 6)
where:
AT = total mass at a given time, grams
| t = time, years
At = crosssectional area of the waste form perpendicular to,fsmuare meters
Onij = rate of infiltration during time period meters per year
G = concentration of the constituent in the liquid phase, grams per cubic meter
& = decay constant, 1 per year
u = saturategorosity of the waste form, unitless
Hus = height of the waste formarallel to flow meters
Ry = retardation factor for the constituent in the waste form, unitless
The total mass remaining in the waste form at any time in the time inteAa{grams), isas follows
| AT = ATg exp [i (fi+a) (ti ts)] (Mi7)
where:
ATs; = mass inthe waste form at the start of time intgrvadams
| t = time, years
ts) = time at the start of time intervglyears

The release rate of the constituent during time intg¢n®; (grams per year) ias follows

Rug = fj ATsjexp [T (fj+ i)&tT ts))] (Mi8)
where:
ATs; = mass inthe waste form at the start of time intgrvgdams
| t = time, years
ts) = time at the start of time intervglyears

| The partitioninglimited, convetive-flow release model is applicable for contaminated soil sources and
grouted waste forgithat have degraded over hundreds of years. Primary parameters of the model are rate
of infiltration, dimensions of the waste form, and distribution coefficient of tonsts.

M.2.2.2 Matrix Solubility i Limited Release Model

In the matrix solubilitylimited release model, hazardous constituents are assumed to be uniformly
distributed throughout a much larger mass of soluble material, such as salt cake. The matrix is porous and
water flowing through the waste form dissolves the matrix and releases encapsulated constituents. The
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Appendix M Release to Vadose Zone

waste form is in the unsaturated zone with a downward, fasvdepicted in Figueli3. The time |
variation of infiltration is represented as a seriestep functionsas shown in Figur®il. A mass
balance formed on the matrixas follows

O s<M O t wf qfnf,j Gs,sc A (M'l' 9)
where:
Mse = mass of matrix, grams
t = time, years
At = crosssectional area of the waste matrix for flow, square meters
Onij = rate of infiltration, meters per year
Cssc = solubility of waste matrix, grams per cubic meter

The mass of waste matrix present at any time during a time peasddfiows

Msc: Msc,j i [(Awf Clint CS,S() (t i ts,i)] (MT 10)

where:

Mg = mass of waste matrix at tinhegrams

Msc; = mass of waste matrix at start of time pefiograms

At = crosssectional area of the waste matrix for flow, square meters

Oint,j = rate of infiltration, meters per year

Cssc = solubility of waste matrixgrams per cubic meter

t = time, yeas |

ts) = time at start of time perigd years

During any interval, the rate of loss of waste matrix given by the second term on tHearighside of
Equation M 10 cannot exceed the amount of waste matrix preseiné atart of the time interval. When
the waste matrix is completely removed by dissolution, the release is termidaredss balance on T
constituenencapsulated in th@aste matrixcanbe expressed dsllows:

O ATI/i ARG Cssc(AT/ M) i & AT (Mi11) |
where:

AT = total amount of constituent, grams

t = time, years

A = crosssectional area of the waste matrix for flow, square meters

Onij = rate of infiltration, meters per year

Cssc = solubility of waste matrix, grams per culieter

Mg = mass of waste matrix at tinhegrams

o = decay constant for the constituent i, 1 per year
The release of hazardous constituent during time intgi&lfj), taking into account dissolution of the
matrix and decay of the constituentgigoressed a®sllows:

RW; = [(Aws Cintj Cs.sd /] [ABs {Msc ] {1 T exp Far (tT ts )]} (Mi12) |

The primary application of the matrix solubility limitedlease model is for releases from salt cake in
high-level radioactive waste (HLW) tanks umdBank Closure Alternatives and 2A and from steam
reforming waste under Tank Closure Alternatin8C. Primary parameters of the model are rate of
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infiltration, mass of the waste matrix, solubility of the waste matrix, and concentration of hazardous
consttuents in the waste matrix.

M.2.2.3 Fractional-ReleaseRate Model

In chemical reactions where reactants and products are present in excess or where complex chemical and
physical processes produce a constant rate of degradation of the waste form, the reléadieaatly
proportional to the amount of hazardous constituent remaining at the source. The physical configuration
of the waste form is the sa&ras that represented in Figl&é3. A mass balance on the hazardous
constituent at the sourceds follows

O M/ i(ft )& (M7 13
where:
M = mass of hazardous constituent at the source, grams
t = time, years
Tt = fractional rate of degradation of the waste form, grams per gram per year
a = decay constant, per year

The amount of hazardogsnstituent present at the source at any tinas i®llows

M = M; exp[-(fus + &) (LT t5)] (Mi14)
where
M = mass of hazardous constituent at the source, grams
M; = mass of hazardous constituent present at the source at the beginning of the time
periodj, grams
Tt = fractional rate of degradation of the waste form, grams per gram per year
a = decay constant, 1 per year
t = time, years
ts = time at start of time perigd years

The release rate of the constituent from the waste form at any taaéaows

Rut = fut My exp[-(fur + ) @& T t)] (Mi19)
where:
Rt = rate of release of the constituent from the waste form, grams per year
fut = fractional rate of degradation of the waste form, grams per gram per year
M; = mass of hazardous constituent present at the source at the beginning of the time
periodj, grams
a = decay constant, 1 per year
t = time, years
ts = time at start of time periojd years

The fractionalreleaserate model is applicable for Waste Treatment Plant (WTP) immobilized
low-activity waste (ILAW) glass, bulk vitrification glass, and glass in retired melters. Primary parameters
of the model ar¢he fractionalreleaserate constant and the initial inventory of hazardous constituents.
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M.2.2.4 Diffusion-Limited Release Models

If a waste form were to have a value of hydraulic conductivity much lower than that of the surrounding
material, convective flow would be diverted around the waste form. In this case, diffusive transport of the
hazardous constituent within the waste fomnould constitute the primary mechanism for constituent
release to the environment. The boundary condition specified for the concentration of the constituent
outside the waste form plays a role in determining the release rate. In a conservative approach t
specification of this boundary condition, the convective flow outside the waste form is assumed to
maintain the concentration of the constituent at a low value at the outside boundary of the form. This
maximizes the release rate of the constituent sliffy out of the waste form. In a less conservative
approach to specification of this boundary condition, the rate of convectivedflobe used to establish

the concentration of the constituent at the boundary of the waste foraddition the wastedrm may
degrade over time, allowingn increase itthe rate ofrelease In thediffusion-limited releasemodels
transportof soluteoccurs only in the liquidilled pore space of the waste form, and partitioning |of
constituents between the solid and iijphases is included in the release model. The geometry of the
waste form is a factor in determining transport distances and the area available for release. For this
TC& WMEIS diffusion-controlled release models have been developed for rectamguacylindrical
geometries. For both geometries, the rate of transport by diffusion is conservatively represented by a
shrinking core model to simplify the mathematical form of the mdqdelvenspiell962; Sarkar
Chakralarti, and Dutta2009). Key assuptions of the shrinking core model are that the interface mqves
slowly in comparisomwith the time needed for a quisieady state profile to develop across the depleted
shell and that the amount of the diffusing constituent in the depleted shell isibiggqall.
Degradation of the waste form is represented as ad@pendent increase in the tortuosity of the waste
form, producing an increase in the rate of diffusion toward the outer boundary of the waste| form.
Tortuosity is a measure of the lengthtloe path traversed by a diffusing species as it moves through the
waste matrix, with the length of the path decreasing as the waste matrix degrades.

A source with rectangular symmetry is shown in Figdiiet. |

Figure Mi 4. Schematicof Rectangular Waste Formwith
Diffusion Release from LowerSurface
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| Resistance to mass transfer is assumed to reside in a layer, with thickness designiat&tigaseMi 4,
that exists between the shrinking core and the environment. The concentration of the constituent outside
the waste form is assumed to be negligible. A mass balance on the diffusing constituent formed in the
waste form isas follows

TU GAD(CT CIX= sAkiRyC OHWT X/ Ot (M1 16)
Re= 0 £+(1i @/ 45 Kq (Mi 17)
where:
| 0 = volumetricmoisture content of the waste form, unitless
Aus = diffusion release area of the waste form, square meters
T = tortuosity of the waste form, unitless
Dy = diffusivity of the constituent in water, square meters per year
C = concentration of theonstituent in the liquid in the core portion of the waste form,
grams per cubic meter
Cv; = concentration of constituent in vadose zone between waste packages, grams per cubic
meter
X = thickness of transport layer, meters
| v = saturatecporosity ofthe waste form, unitless
Ry = retardation factor for the constituent in the waste form, unitless
Hus = thickness of waste form, meters
t = time, years
Js = particle density of the solid in the waste form, grams per cubic centimeter
| Ky = distributioncoefficient for the constituent in the waste fomilliliters per gram

Assuming that the concentration of the diffusing constituent is maintained at a low level outside of the
waste form, the cumulative release of the constituent from the Ry, (grams), calculated from the
mass balance &s follows

| Rucum= [ATo/(Hur T x0)] &{ [(2 (U ) ODW) Ryl t+x0°} i

| [ATY/(Hut i )] (%) (Mi 18)
where:
AT, = initial inventory of the constituent, grams
Hui = thickness of waste form, meters
Xo = initial thickness of the waste form layer outside the core, meters
0 = volumetric moisture content of the waste form, unitless
v = saturated porosity of the waste form, unitless
T = tortuosity of the waste form, unitless
Dw = diffusivity of the constiient in water, square meters per year
Ry = retardation factor for the constituent in the waste form, unitless
t = time, years

This rectangular geometry model assumes that the release occurs from only the lower surface of the waste
form.
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Appendix M Release to Vadose Zone

If the releaseccurs from both the upper and lower surfaces, the waste form is represesteniva in
the volume of Figuréi5. Using the same approach as for a release from a single surfacg, the
cumulative release of the constituent from both surfaces is calcutiatbass:

Ruteum= [2 ATo/(Huf2 - X0)] &{ [(2 T (U ) B, )/ Ry t+ xo*} ¥ ‘
[2 ATo/(Hwi /2T Xo)] (%0) (M1 19)

where:
Rwcum = cumulative release of the constituent from the waste form, grams
AT, = initial inventory of the constituent, grams
Hus = thickness of waste form, meters
Xo = initial thickness of the waste form layer outside the core, meters
T = tortuosity of the waste form, unitless
0 = volumetric moisture content of the waste form, unitless
V) = saturated porosity of the waste foumjtless
Dy = diffusivity of the constituent in water, square meters per year
Ry = retardation factor for the constituent in the waste form, unitless
t = time, years
v
X
gkl
t’ I’ X
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Figure Mi5. Schematicof Rectangular Waste Formwith
Diffusion Release from Upper and LowerSurfaces
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| A source with cylindrical symmetry is shown in Figulé 6.

rd

B et nlar TS

Figure Mi 6. Schematic of a Cylindrical Diffusion Release Model

Resistance to mass transfer is assumed to reside in an annular layer with thiBkness

| (seeFigureMi 6) that separates the core portiminthe cylinder from the environment. Waste forms are
assumed to be placed in a rectangular array, and infiltrating water flows downward through the space
between waste packages. The constituent is released from the waste form by diffusion into the space
between waste packages and then flows downward with the convective flow of infiltrating water. A mass
balance formed on the diffusing constituent in the waste foem fellows

where:

odIC

U DRI O?Ir =0tR; (Mi 20)
Re= (02" § TBL[(CT CH(RT 1)] (M121)
Re=U L+J(17 O/ JsKq (M122)

volumetric moisture content of the waste form, unitless

height of the cylindrical waste form, meters

retardation factor (see Equatiori B) for the constituent in th@aste form, unitless
concentration of the constituent in the pore space of the waste form, grams per cubic
meter

radius of the shrinking core, meters

time, years

rate of release of the constituent from the waste form, grams per year

tortuosity of the waste form, unitless

diffusion coefficient of the constituent in water, square meters per year
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C, = concentration of the constituent in the vadose zone between the waste packages,
grams per cubic meter

R = radius of the cylindemeters

| = saturatecporosity of the waste form, unitless |

s = particle density of the solid in the waste form, grams per cubic centimeter

Ky = distribution coefficient for the constituent and waste form, milliliters per gram

If the concentration of the diffusing constituent is maintained at a low level outside of the waste form
(C,z= 0), the cumulative release of the constituent from the form calculated using the mass basnce is
follows:

Rucum= (2 [Re/1o7] ATo) & (A TUDR)Y RyJt+ (Reiro)°} 1 [Rei ro]) ‘
i ([ATo/r?]1[(2 (UQ) T D)/ Ry]t) (Mi 23)

where
Ruwieum = cumulative release of the constituent from the waste form, grams
R = radius of the cylinder, meters
ro = initial radius ofthe core of the waste form, meters
AT, = initial inventory of the constituent in the waste form, grams
] = volumetric moisture content of the waste form, unitless
v = saturated porosity of the waste form, unitless
T = tortuosity of the waste form, uféss
Dy = diffusion coefficient of the constituent in water, square meters per year
Ry = retardation factor (see Equatiori &) for the constituent in the waste form, unitless
t = time, years

If the concentration of the constituent in the vadose zoneeketwaste forms is not maintained at a low

level, the solution procedure is extended to include a mass balance formed on the constituent in the
volume of soil and water in the space between waste packages. This additional mass balance is expressed
asfollows

(Ari Awt) Hui 0, R3O COERWT Ry, (M7 24)
sz = Af qinf,j Cvz (MT 25)
I:\)d,vzz (Iv\lz/ sz) + [(1 T sz)/ sz] }s Kd:vz (MT 26)
where:
A = area in horizontal plane for infiltration of water, square meters
Ant = area in horizontgblane intersected by stacks of waste packages, square meters
Hus = height of a stack of waste packages, meters
U, = saturated porosity of the vadose zone, unitless |
Riv: = retardation factor for the constituent in the vadose zone betweenpaaktges,
unitless
Cy, = concentration of the constituent in the water in the vadose zone between the waste
packages, grams per cubic meter
t = time, years
Rt = rate of release of the constituent from the waste form, grams per year
R = rate of releasef the constituent from the vadose zone between the waste packages to

the vadose zone below the waste packages, grams per year
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Ontj = rate of infiltration during time interval meters per year

M. = moisture content of the vadose between the wasteagas, unitless

s = particle density of the solid in the waste form, grams per cubic centimeter

Kav: = distribution coefficient for the constituent in the vadose zone between the waste

packages, milliliters per gram

Mass balances of Equatioht 20 and Mi 24 are solved simultaneously for the concentration of the
constituent in the vadose zone between waste pack@ggsaid the release rates to the vadose zone
below waste packageRf).

Diffusion-controlled release models are applicable for groutemment waste forms, such as grouted
HLW tanks or cast stonwaste Primary parameters of the model are dimensions and tortuosity of the
waste form, and the diffusion coefficient, distribution coefficient, and initial inventory for the constituent

M.3 TECHNI CAL BASIS AND VALUES OF RELEASE MODEL PAR AMETERS

Factors affecting release rates of constituents to the vadose zone include environmental factors, such as
rate of infiltration, and factors specific to the nature of the source and the disposal systees. oY edite

of infiltration adopted for use in thisC & WMEIS are those recommended in thechnical Guidance
Document for Tank Closure Environmental Impact Statement Vadose Zone and Groundwater Revised
Analyes (Technical GuidanceDocument) (DOE2005). Technical Guidance Document values
recommended for base case analysis are summariz&dbieMi 3. Postdesign life conditions in
TableMi 3 correspondtothe pedm f t i me Degradedagpd d sWMIFEi gur e

Table Mi 3. Ratesof Infiltration for TC & WM EIS
Base Case Analysis

Rate of Infiltration

Location (millimeters per year)
Pre-Hanford Background
IDF 0.9
Balance of site 3.5
Disturbed Conditions
Gravel (HLW tanks) 100
Sand (cribs and trenches [ditches 50
IDF Barrier
Design life 0.5
Post designlife 0.9
Sitewide Barrier
Design life 0.5
Post design life 3.5

Key: HLW=high-level radioactive waste; IDF=Integrated Disposal
Facility; TC& WMEIS=Tank Closure and Waste Management
Environmental Impact Statement for the Hanford Site, Richland,
Washington

Values of parameters related to specific actions and types of sources are summarized in the following
sections for the Tank Closure, FFTF Decommissioning, and Waste Management alternatives. Tank
Closure alternatives evaluate impacts occuritinthe longterm period following stabilizatio or closure

of the HLW tanks.
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Under Waste Management Alternat@ewaste disposal would occur in an Integratech@ssl Facility
(IDF) in the 206East Area (IDFEast) uncer Waste Management Alternati8ewaste disposal would
occur in IDFEastand other facilities in the 268Bast Area, as well as in an IDF in tA80-West Area
(IDF-West)

M.3.1 Tank Closure Alternatives

Types of sources considered for Tank Closure alternatives include past leaks, retrieval leaks, tank
residuals, and ancillary equipment attdBk farms and planned discharge$ aets of cribs and trenches
(ditches)associated with tank farm operation$hese facilities are all in the 2@nast and 20@West

Areas.

M.3.1.1 Tank Farm Sources

Liguid and solid sources are considered for release analysis at HHeANL8ank farms. Descriptions of
the dimensions, configuration and closure systems for tank farms aenyge in theTank System
Closureand Facility D&D [decontamination and decommissioniiigta Packag¢DOE 20033.

Primary liquid sources are past leaks andiaeal leaks from 100and 206series tanks located at
singleshell tank farms for all Tank Clase alternativesand ancillary equipment failure leaks at all tank
farms and tank failure leaks at douBleell tank farms for Tank Closure Alternativieand 2A for which
tank closure does not occur.

For past leaks, 6fanks are included in the analysis, and model parameters include volume of liquid,
inventory of constituents, and time of occurrence of the leak. Volumes of liquid assunzathligis
purposse arethose presented in the Hanlon waste tank summary regartidn2003). If a volume
estimate is missing from the Hanlon report for a specific tamleséimate of théeak volume of 3@ubic

meters (8,00@allons) is assumed for that tank. Inventory estimates for past leaks are developed from
field investigatimn reports (FIRs) for tank farms B, BX, and BY (Kn&ijd2); S and SX (CBEM

HILL 2002); and T, TX, and TY (Myer2005). Subsurface conditions reports are used for estimates of
inventory for tank farms A, AX, and C (Wood et al. 206811 U (Wood and Jon@803). If an inventory
estimate for a specific tank included in the Hanlon list is not presented in an FIR or subsurface conditions
report, the inventory for that tank is estimated using the average concentration for leaks from that tank
farm presented ithe FIR or subsurface conditions report and the leak volume from the Hanlon report.
Estimates of volume of leak and date of occurrence for thearfk® are presented ifiableMi 4. |
Estimates of date of occurrence are adopted from the FIRs, subsurfditenemeports, and preliminary

field studies (Jonest al.2000,2001). Estimates of quantities of constituents released with past leaks are
presented in Appendi® of this environmental impact statement (EIS).
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Table Mi 4. Summary of Estimates of Volumes and Datefor Past Leaks

Leak Leak
Volume? Date of Volume? Date of
Tank (gallons) Occurrence Tank (gallons) Occurrence

241-A-103 5,500 1956 241-SX-104 6,000 1954
241-A-104 2,500 1975 241-SX-107 5,000 1964
241-A-105 277,000 1963 241-SX-108 35,000 1965
241-AX-102 3,000 1965 241-SX-109 10,000 1964
241-AX-104 8,000 1965 241-SX-110 5,500 1974
241-B-101 8,000 1974 241-SX-111 2,000 1973
241-B-103 8,000 1945 241-SX-112 30,000 1969
241-B-105 8,000 1968 241-SX-113 15,000 1962
241-B-107 8,000 19661 241-SX-114 8,000 1974
241-B-110 10,000 1970 241-SX-115 50,000 1964
241-B-111 8,000 194% 241-T-101 7,500 1969
241-B-112 2,000 194% 241-T-103 1,000 1973
241-B-201 1,200 1966 241-T-106 115,000 1973
241-B-203 300 1966 241-T-107 8,000 1944p
241-B-204 400 1966 241-T-108 1,000 1944
241-BX-101 8,000 1968 241-T-109 1,000 1944
241-BX-102 70,000 1952 241-T-111 1,000 1944p
241-BX-108 2,500 194& 241-TX-105 8,000 1949
241-BX-110 8,000 194% 241-TX-107 2,500 19779
241-BX-111 8,000 19651 241-TX-110 8,000 1949
241-BY-103 5,000 195( 241-TX-113 8,000 1949
241-BY-105 8,000 1950 241-TX-114 8,000 1949
241-BY-106 8,000 1950 241-TX-115 8,000 1949
241-BY-107 15,100 1950 241-TX-116 8,000 1949
241-BY-108 5,000 1950 241-TX-117 8,000 1949
241-C-101 20,000 1948 241-TY-101 1,000 1953
241-C-110 2,000 1946 241-TY-103 3,000 19719
241-C-111 5,500 1946 241-TY-104 1,400 1953
241-C-201 550 1946 241-TY-105 35,000 1960
241-C-202 450 1946 241-TY-106 20,000 195A@
241-C-203 400 1946 241-U-101 30,000 1946
241-C-204 350 1946 241-U-104 55,000 1958
241-S104 24,000 1965 241-U-110 8,100 1975

241-U-112 8,500 1946

2 Hanlon2003.

b Anderson1990.

C Wood et al2003.

d Joneset al.2001.

€ Knepp2002.

f CH2MHILL 2002.

9 Joneset al.2000.

h Woodand Joneg003.
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Appendix M Release to Vadose Zone

The DOE estimates that a volume of d&bbic meters (4,000allons) would leak from each of the
149singleshell tanks during waste retrieakee SectioiE.1.2.2.5.2) For each tank farrandalternative |

the retrieval leaks are assumed to occur simultaneously in calend@0¢8ar Estimates of the inventory

of constituents for retrieval leaks are developed by assuming that three volumes of sluicing liquid are
required to entrain one volumef dank solids and that the solids have the composition of the
DecembeR002 estimate of thBestBasisinventory (BBI). The BBI is documented in theventory and
Source Term Data Packad®OE 2003b). Estimates of quantities of constituents releaseeltrieval

leaks are presented in Appendbof this EIS.

Primary solid sources at tank farms are salt cake remaining in -simglletanks under Tank Closure
Alternativesl and 2A and grouted residuals in tanks and ancillary equipment under Alter@&j\as,
3B, 3C, 4, 5, and 6C.

For releases from salt caked sludgethe release model proposed is the matrix solubilitited release |
model described in Sectidn.2.2.2. The proposed value of solubility for the matrix is a literature
estimate of the sohility of sodium nitrateat 25degrees Celsius (°C) (dégrees Fahrenheit [°F])
920,000grams per cubic meteieast and Selb$967). Although the solubility of sludge would b
expected to be significantly lower than that of salt cake, detailed chaératiten of sludge is not
available for all tanksthus,for analysis purposes, the solubility of sludge is assumed equal to that of salt
cake. The mass and volume of waste in each tank farm and inventory of constituents arg those
documented in thdnvenbry and Source Term Data PackadBOE?2003b). For Tank Closure
Alternativel, the residual inventory in each tank at the time of failure (time of loadraistrative or
institutional control) is the total inventory of the BBI. For Tank Closure Altar@2A, the inventory
remaining in each tank at the time of failure ipetcent of the BBl. The magnitude and timing of
infiltration for Tank Closure Alternativek and 2A are summarized Trable M 5. |

Table Mi 5. Tank Closure Alternatives 1 and 2Alnfiltration Sequence Description |

Location Conditions

Tank Closure
Alternative 1

Tank Closure
Alternative 2A

Year at Start

of Infiltration

Infiltration Value
(millimeters per year)

PreHanford 1940 1940 3.5
Disturbedconditions 1948 1948 100
Post barrier asignlife 2108 2194 3.5

For releases from grouted residuals in HLW tanks and ancillary equipment, the proposed release model is
the partitionlimited, convectiveflow release model described BectionM.2.2.1. The inventory is
assumed to reside in the bottothe tank occupying a volume equal to that of the residuals remaining
after retrievalwith a short diffusion distance in the downward vertical direction atwh@ diffusion

distance in the upward vertical direction. Dimensions of the tank are thesgbdd in thelank System

Closure and Facility D&D Data PackagdOE 2003a), and the constituent inventories are fractions of

the BBI appropriate for each alternative with the BBI specified inrfientory and Source Term Data
Packagg DOE 2003b).

Primary remaining parameters of the model are the rate of recharge and the retardation factor defined in
conjunction with EquatioMi5. The magnitude and timing of the sequence of infiltnafar Tank
Closure Alternative€B, 3A, 3B, 3C, 4, 5, and 6C are sumired inTableMi 6. UnderAlternatives2B, |

3A, 3B, 3C, 4, and 6C, modified Resource ConservatimhRecovery Act (RCRA) Subititlé barriers

with a design life of 50§ears would be placed over the tank farms. Hanford barriers with a design life of
1,000years would be placed over the tank faroreder Tank Closure Alternativé. Distribution
coefficient values used to calculae the retardation factor are presented TablesMi 7 (radoactive
constituents) and M8 (chemical constituents) and are theg#ker recommended for grout (DOZED05)or

reported in nationwide surveys of sdlgyeleretal. 1999 Sheppard and Thibaul©90).
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Table Mi 6. Tank Closure Alternatives 2B, 3A, 3B, 3C, 4, 5, and 6C
Infiltration Sequence Description

Tank Closure
Alternative s 2B, 3A, 3B, Tank Closure
3C, 4,and 6C Alternative 5 Infiltration Value
Location Conditions Year at Start of Infiltration Value (millimeters per year)

PreHanfordSite 1940 1940 3.5
Disturbedconditions 1948 1948 100
Barrierdesignlife 2050 2050 0.5
Post barrier aesignlife 2550 3050 35

Table Mi 7. Valuesof Distrib ution Coefficient for Radioactive Constituents
in Hanford Grout

Distribution Coefficient

Constituent (milliliters per gram) Source
Hydrogen 0 DOE 2005
Carbon 5 DOE 2005
Potassium 15 Sheppard and@hibault 1990
Strontium 15 DOE 2005
Zirconium 600 Sheppard and Thibault 1990
Technetium 1 DOE 2005
lodine 50 DOE 2005
Cesium 280 DOE 2005
Gadolinium 5 Sheppard and Thibault 1990
Thorium 3,200 Beyeleret al.1999
Uranium 35 DOE 2005
Neptunium 15 DOE 2005
Plutonium 550 DOE 2005
Americium 1,900 Beyeleret al.1999

Table Mi 8. Valuesof Distribution Coefficient for Chemical Constituents
in Hanford Grout

Distribution Coefficient

Constituent (milliliters per gram) Source
Arsenic 400 Sheppard and Thibaul©®990
Boron 0 Sheppard and Thibault 1990
Cadmium 80 Sheppard and Thibault 1990
Chromium 0 DOE 2005
Fluoride 0 Sheppard and Thibault 1990
Lead 80 DOE 2005
Manganese 50 Beyeleret al.1999
Mercury 10 DOE 2005
Molybdenum 10 Beyeleret al.1999
Nickel 400 Beyeleret al.1999
Nitrate 0 DOE 2005
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Table Mi 8. Values of Distribution Coefficient for Chemical Constituents
in Hanford Grout (continued)

Distribution Coefficient

Constituent (milliliters per gram) Source
Silver 90 Beyeler et al. 1999
Strontium 10 Sheppard and Thibault 1990
Total uranium 0.6 Sheppard and Thibault 1990
Acetonitrile 0 DOE 2005
Benzene 1 DOE 2005
Butanol 3 DOE 2005
Polychlorinated biphenyls 170,000 DOE 2005
2,4,6Trichlorophenol 0.38 DOE 2005
1,2-Dichloroethane 0 Sheppardnd Thibault 1990
1,4-Dioxane 0 Sheppard and Thibault 1990
Carbon tetrachloride 0 Sheppard and Thibault 1990
Dichloromethane 0 Sheppard and Thibault 1990
Hydrazine 0 Sheppard and Thibault 1990
Vinyl chloride 0 Sheppard and Thibault 1990
Trichloroethylene 0 Sheppard and Thibault 1990

M.3.1.2 Tank Closure Waste Forms

The primarywaste formassociated with tank farm closui® ILAW glass, while supplementalvaste
forms produced to facilitate timely processing of tank wastdaltevitrification glass, bulk vitrification
castable refractory block, cast stomaste andsteam reformingvaste Secondary waste generated in the
production of primaryand secondarwaste forms includ&ffluent Treatment Facility (ETFpenerated
secondarywaste sulfade grout, retired melters, and contaminated soil. A primary constituent of
ETFgeneratedsecondary waste is iodirfi29 recovered from offgass emitted bythermal treatment
processesvitrification, bulk vitrification, and steam reforming).

Technical gidance developed for this EIS (D@B05) recommended use of data and analysis deveITped
for selection of lowactivity-waste supplemental technologies (Matal. 2003). For ILAW glass and

glass in retirednelters, the fractionakleaserate model is agigd. Thevalue of the fractionalelease

rate is 2.8« 10® granms per gram peryear basedon analysisusing theSTORM [Subsurfacelransport

Over Reactive Multiphasgsmodel (Mann et aR003). Forbulk vitrification glass, the fractionaklease
ratemodel is applied. The value of the fractionallease rate is 1010° grans per gram per year based

on analysis using the STORM model (Magenal.2003). The rate of recharge used in the STORM
analysis to predict the rate of release from ILAW &tk vitrification glass (4.2nillimeters per year) is
higher than theTechnical Guidance Documebtse case conditions for IEEast (0.9millimeters per

year), a difference expected to provide conservatism in the estimate of rate of r&eesg.the bulk
vitrification process, a portion of the feed technetium is volatilized and trapped in refractory above the
glass surface. For this material, the partHiamted, convectiveflow release model witl value of zero

for the distribution coefficient of teatetium is applied.The refractory is porous ceramic matered
research has demonstrated that technetium Wa&di during bulk vitrificationcollects in this material
(Mannet al.2003). The fraction of technetium present in the original melt that resides aagteble
refractory block has been measurecaind an upper limit of 6.percent has beerestablished
(Burandt2006. For cast stonevaste ETF-generatecdsecondaryaste,and sulfategrouted waste fors) |

the cylindrical geometry, diffusichimited release model described in Sectidi?.2.4 is applied. Values

of agueous diffusivity are based on ion conductivity dsifedst and Selb¥965:5-111) with values for
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key species icate, pertechnetate, and nitrate of 210° 1.5x10°, and 1.9« 10° square centimeters
per secondrespectively at 25°C (77 °F) The porosity of grout is estimatéd be 0.43 based ora
crystal density of 2.65rams per cubic centimeter for natusdlicates(Freeze and Cherd979:337
Mason and Berr968 and a bulk density of 1l.§rams per cubic centimetefor grout
(DOE 2003c:6100). Because the value of effective porosity has not beeblissiad for site conditions,

the value of total porosity is applied for effective porosity as a conservatiite of release rates.
Site-specific tests of effective diffusivity of nitrate grout are reported asx310° square centimeters per
second (lbckrem2005). Effective diffusivity is defined as the product of tortuosity and aqueous
diffusivity divided by the retardation factor. Assuming that nitrate does not adsorb onto the grout, these
data imply a sitespecific value of tortuosity of 1.610°. Using the definition of effective diffusivity and
Technical Guidance @cumernitrecommended values of effective diffusivitOE 2005) the implied
values ofthe distribution coefficient for technetium and iodine in grau¢1 and 50milliliter s per gram,
respectively. Values of aqueous diffusivity and effective diffusivity for greohsistent with the
Technical Guidance Docume(iDOE 2005) are summarized ifablesMi 9 and M 10 for radicactive

and chemical constituents, respectivelyThe exgrimental program for characterization of steam
reforming waste has establishedhe operability of the solidification process (THORBD02, and
characterization of release mechanisms and (ateir, Pareis, and Jantze2005; McGrailet al.2003a,
2003) is under waybut has not yielded a complete basis for lbegn performance assessment. In
addition, alternate forms of the final product are under investigation (Jan2f¥6). For the purpose of
long-term performance assessment for & WM EIS, steam reformingvaste isassumed to have the
form of a finely divided solid. In light of the above considerationsestimate othe rate of release of
constituents from steam reformivgastewas developed based dne equilibrium solubility of steam
reforming waste calculated using the PHREEQC [Ph, REDOX (Redue@uidation), and
Equilibrium 1 C Language] geochemical model (Parkhurst and App@8®). Research has identified
nepheline as the primary component of steam reformiaste(McGrail et al. 2003a). The equilibrium
solubility of crystalline nepheline in the presence of potential alteration phases was estimated to be
1.75% 10° grams per cubic meter at 16 (59°F). Additional details on this estimate and other bounding
estimatesof the rate of dissolution of steam reforming waste are presented in SddiioBensitivity
Analysis. For contaminated soil disposed of at the River Protection Project Disposal Facility (RPPDF),
the partitionlimited, convectiveflow model is applied. Distribution factorvaluesfor soil are those
recommended in th€echnical Guidance Docume(@OE 2005) for Hanford vadose zone sediments or
in nationwide surveys of soil (Beyelest al.1999; Sheppard and Thiba@®90). These values are
summarized iMablesMi 11 andMi 12 for radioactiveand chemical constituents, respectively.

Table M1 9. Valuesof Aqueous and Efective Diffusivity for
Radioactive Constituentsin Hanford Grout

Aqueous Diffusivity Effective Diffusivity
Constituent (square centimeters per second) | (square centimeters per second
Hydrogen 9.3x10° 1.5%x10’
Carbon 9.2x10° 7.9x10%°
Potassium 2.0x10° 5.8x10%
Strontium 7.9x10° 2.3x10%
Zirconium 2.0x10° 1.5x10"
Technetium 1.5x10° 5.2x10°
lodine 1.1x10° 1.0x10%
Cesium 2.1x10° 3.3x10"
Gadolinium 6.0x10° 5.1x10"
Thorium 4.3x10° 6.0x10%
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Table Mi 9. Valuesof Aqueous and Effective Diffusivity for Radioactive Constituents

in Hanford Grout (continued)

Aqueous Diffusivity

Effective Diffusivity

Constituent (square centimeters per second) | (square centimeters per second
Uranium 4.3x10° 5.5x10™"
Neptunium 4.3x10° 1.3x10%°
Plutonium 4.3x10° 3.5x10"
Americium 4.3x10° 1.0x10%

Table Mi 10. Valuesof Agueous andEffective Diffusivity for Chemical Constituents

in Hanford Grout

AqueousDiffusivit y Effective Diffusivity
Constituent (squarecentimeters persecond | (square centimeters per second
Arsenic 9.05x10° 1.03x10"
Boron 1.25x10° 2.00x10°
Cadmium 7.19x10° 4.08x10"
Chromium 1.13x10° 1.81x10°
Fluoride 1.48x10° 2.36x10°
Lead 9.45x10° 5.36x10"
Manganese 7.12x10° 6.45x10"
Mercury 8.47x10° 3.75x10%
Molybdenum 1.98x10° 8.79x10"
Nickel 6.66x10’ 7.58x10"
Nitrate 1.90x10° 3.04x10°
Silver 1.65x10° 8.32x10"
Strontium 7.91x10° 3.50x10%
Total ranium 4.26x10° 2.19x10°
Acetonitrile 8.77x10’ 1.40x10°
Benzene 6.38x10° 2.26x10°
Butanol 6.26x10° 8.69x10'°
Polychlorinated bipheyis 3.71x10° 9.93x10"
2,4,6Trichlorophenol 5.00x10° 3.43x10°
1,2-Dichloroethane 6.84x10° 1.09x10°
1,4-Dioxane 6.54x10° 1.05x10°
Carbon tetrachloride 6.06x10° 9.70x10°
Dichloromethane 7.75x10° 1.24x10°
Hydrazine 1.25x10° 1.99x10°
Vinyl chloride 7.48x10° 1.20x10°
Trichloroethylene 6.33x10° 1.01x10
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Table Mi 11. Valuesof Distribution Coefficient for Radioactive Constituents

for Contaminated Soil

Distribution Coefficient

Constituent (milliliters per gram) Source

Hydrogen 0 DOE 2005

Carbon 4 DOE 2005
Potassium 15 Sheppard and Thibaul©90
Strontium 10 DOE 2005
Zirconium 600 Sheppard and Thibaul®90
Technetium 0 DOE 2005

lodine 0 DOE 2005
Cesium 80 DOE 2005
Gadolinium 5 Sheppard and Thibaul®90
Thorium 3,200 Beyeleret al.1999
Uranium 0.6 DOE 2005
Neptunium 2.5 DOE 2005
Plutonium 150 DOE 2005
Americium 1,900 Beyeleret al.1999

Table Mi 12. Valuesof Distrib ution Coefficient for Chemical Constituents

for Contaminated Soils

Distribution Coefficient

Constituent (milliliters per gram) Source

Arsenic 400 Sheppard and Thibaull©®90
Boron 0 Sheppard and Thibaull©®90
Cadmium 0.8 Sheppard and Thibaul©90
Chromium 0 DOE 2005
Fluoride 0 Sheppard and Thibaul©90
Lead 80 DOE 2005
Manganese 50 Beyeler et al1999
Mercury 10 DOE 2005
Molybdenum 10 Beyeler et al1999
Nickel 400 Beyeler et al1999
Nitrate 0 DOE 2005

Silver 90 Beyeler et al1999
Strontium 10 Sheppard and Thibaul©®90
Total uranium 0.6 Sheppard and Thibaul©®90
Acetonitrile 0 DOE 2005
Benzene 1 DOE 2005
Butanol 3 DOE 2005
Polychlorinated biphenols 170,000 DOE 2005
2,4,6Trichlorophenol 0.38 Sheppard and Thibaul©90
1,2-Dichloroethane 0 Sheppard and Thibaul©90
1,4-Dioxane 0 Sheppard and Thibaul©90
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Table Mi 12. Valuesof Distribution Coefficient for Chemical Constituents
for Contaminated Soils(continued)

Distribution Coefficient
Constituent (milliliters per gram) Source

Carbon tetrachloride 0 Sheppard and Thibaul©90

Dichloromethane 0 Sheppard and Thibaul©90

Hydrazine 0 Sheppard and Thibaul©90

Vinyl chloride 0 Sheppard and Thibaul©90
0

Trichloroethylene Sheppard and Thibaul©90

M.3.1.3 Cribs and Trenches(Ditches)

Sources at cribs and trenchihtches)are liquid sources modeled as pulse releases characterized by
liquid volume, source area, and time of occurrent®e \alues for these model parameters are those
reported in thédanford Soil Inventory Model (SIMJatabase and summarized in Apperidiaf this EIS.

M.3.2 FFTF Decommissioning Alternatives

Under FFTF Decommissioning Alternatite the FFTHFast Flux Test FacilityReactor Containment
Building (RCB, Building405), as well asthe other buildings within the 40%ea Property Protected
Area, would be maintainednder administrative controls for 1@@arsthrough 2107. After 2107,
remaining waste would be available fetease to the environment.

FFTF Decommissioning Alternativ& calls for inplace closure of FFTF. The main RCie two
immediately adjacersupport facilities (Buildingd91E and 491W)andall otherabovegrade structures
would be dismantled. Dematin waste would be consolidated in the belgnade spaces or disposed of
in an IDF. Belowgrade spaces would be filled with demolition waste and stabilized with fill material
(grout) to immobilize hazardous materials and minimize future seihségd A moidied RCRA SubtitleC
barrier would be constructed over the filled area with a design life oy&2a.

FFTF Decommissioning Alternativ& describes removal and clean closure of FFTF. All algoade
structures around the main RCB and the immediat§bcant support facilities would be dismantled, and

the contaminated demolition debris would be disposed of at an IDF. All other radioactively contaminated
equipment and hazardous materials (including asbestos and lead shielding) would be removed for
disposal at an IDF. Contaminated demolition debris would be removed to an IDF, and the vacated spaces
backfilled, compacted, contoured, and revegetated. All radioactive and/or hazardous aradev@dd

and large steel components would be removed. Thacsusould be contoured and revegetated; no
barrier would be required.

Consistent with this description of the three FFTF Decommissioning alternatieegaititiorlimited,
convectiveflow model is applied. The magnitude and timing of infiltration semes for FFTF
Decommissioning Alternativek, 2, and 3 are presentedTiablesMi 13, Mi 14, and M 15, respectively.
The values of infiltration rate are based chloride mass balance and lysimeter featsd are those
recommended in th€echnical Guidance Docume{@OE 2005).

YA lysimeter is a device used to measure the rate of drainage of water through the lower boundary of a vertical column pf soil
subjected to a controlled rate of application of water at the upper boundary.
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Table Mi 13. FFTF Decommissioning Aternative 1Infiltration Sequence Description

Infiltration Value
Year at Start of Infiltration

Location Condition

(millimeters per year)

Pr& HanfordSite 1940 35
Disturbedconditions 1980 50
End ofinstitutionalcontrols 2107 35

Note: Sites with sandy surfaces other than tank farms are assigned infiltration rates of 50 millimeters per year
during disturbed conditions (DOE 2005).
Key: FFTF=ast Flux Test Facility

Table Mi 14. FFTF DecommissioningAlternati ve 2 Infiltration Sequence Description

Location Condition

Year at Start of Infiltration

Infiltration Value
(millimeters per year)

Prd& HanfordSite 1940 35
Disturbedconditions 1980 50
Barrierdesignlife 2022 0.5
Post barrierdesignlife 2522 3.5

Note: Sites with sandy surfaces other than tank farms are assigned infiltration rates of 50 millimeters per year

during disturbed conditions (DOE 2005).

Key: FFTF=Fast Flux Test Facility.

Table Mi 15. FFTF DecommissioningAlt ernative 3Infiltration Sequence Desciption

Location Condition

Year at Start of Infiltration

Infiltration Value
(millimeters per year)

Pre& HanfordSite 1940 3.5
Disturbedconditions 1980 50
End ofinstitutionalcontrols 2107 3.5

Note: Sites with sandy surfaces other than tank farmsaasggned infiltration rates of 50 millimeters per year
during disturbed conditions (DOE 2005).
Key: FFTF=ast Flux Test Facility.

M.3.3 Waste Management Alternatives

Primary facilities considered in Waste Management alternativesrerer twolDFs, the RPPDFand
trenches31 and 34 at ow-L evel RadioactiveWasteBurial Ground (LLBG) 218W-5.

M.3.3.1 Low-Level Radioactive Waste Burial Facilities

Sources at LLW disposal facilities, including LLBXA8W-5, are modeled as contaminated soil and
debris. For contaminated isgources, the partitionintimited, convectiveflow model is applied with
soil type distribution coefficients presented TablesMi11 and M 12. For stabilized aste, the
cylindrical diffusiontlimited release model is applied with effective diffusivitieas summarized in
TablesMi9 and M 10.

Under Waste Management Alternatilje LLW, mixed low-level radioactive waste (MLLW), and
transuranic wastavould be processed athe Central Waste @nplex for disposal in LLBG 218/-5
(lined) trenche81 and 34. These trenchesuld operationally close in 2035. As discussed in
AppendicedD and Sof this EIS, a barriewould not be placed over LLB@18W-5, including
trenches31 and 34, in 2035. The infiltration sequence usedemodeling is descbed inTableMT 16.
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Table Mi 16. WasteManagemert Alternative 1 Infiltration Sequence Description
for LLBG 218W-5, Trenches31 and 34

Infiltration Value
(millimeters per year)

Location Condition Year at Start of Infiltration

Pr& HanfordSite 1940 35
Disturbedconditions 1986 50
Post barrierdesignlife 2086 3.5

Key: LLBG=low-level radioactive waste burial ground.

M.3.3.2 Integrated Disposal Facility Waste Forms

Characteristics of th@ank closureprimary and secondarwaste formgproposed for disposal at an IDF

are those described in Sectii3.1.2. Theonsite nori Comprehensive Environmental Response,
Compensation, and Liability AchonCERCLA) and waste management secondary wastes are modeled
asgrouted waste formwith thecharacteristics described in Secthr8.1.2.

Waste Management AlternativBsand 3 include construction, operation, deactivation, closure, and
postclosureareof IDF-East for tankpnsitenonCERCLA, FFTF decommissioning, waste management,
and offsite LIW and MLLW. Under Waste Management AlternatBjeonsite noRCERCLA,
FFTFdecommissioning, waste management, and offsite LLW and MLLW would be disposeduof in
IDF to be constructed in IDWest, while tank LLW and MLW would be disposed of in IDEast.
Three disposal groups were analyzed under these alternatives. Disposal @nalyrzes the operational
completion date of 2050, with a barrier placed awerIDFs with a design life of 50§ears. Disposal
Group?2 analyzes the operational completionedat 2100, with a barrier placed ovire IDFs with a
design life of 50Q/ears. Disposal Group analyzes the operational completion date of 2165, with a
barrier placed ovethe IDFs with a design life of 509ears. The magnitude and timing of the inditton
sequence for Waste Management Alternat®asd 3 are presentedTiableMi 17. |

Table Mi 17. WasteManagement Aternatives 2 and 3Infiltration Sequence Description |
200-Eastand 200West Area Integrated Disposal Facilifes

Disposal Disposal Disposal
Group 1 Group 2 Group 3 IDF-East IDF-West
Infiltration Value
Location Condition Year at Start of Infiltration (millimeters per year)
Pr& HanfordSite 1940 1940 1940 0.9 3.5
Barrierdesignlife 2050 2100 2165 0.5 0.5
Post barrierdesignlife 2550 2600 2665 0.9 3.5

Key: IDF-East200-East Aredntegrated Disposal Facility; IDWest=200-West Aredntegrated Disposal Facility

M.4 RESULTS
M.4.1

M.4.1.1

Tank Closure Alternatives

Past Leaksfrom Cribs and Trenches(Ditches)

All Tank Closure alternatives are analyzed for the saomstituent release to the vadose zone from past
leaks from HLW tanks and discharges from cribs and trengliehes) TablesMi18 and M 19 andel
FiguresMi 7 through M 12 demonstrate the total release of radtiveand chengal constituents for th
10,000year modeling period.

Mi 25
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Table Mi 18. Radionuclide and Chemical Releases to the Vadose Zone frarank Farm Past Leaks

Radionuclide (curies) Chemical (kilograms)
Source H-3 C-14 Tc-99 1-129 Np-237 U-238 1-Butanol Cr Hg NO; Pb Utot

Atank farm | 4.43x10' | 1.13x10 1.24 1.46x10° 3.87x10° 5.02x10° 5.18x10" 8.44 3.53x10° | 5.10x1G | 5.13x10 4.52

AX tank farm | 2.04x10? | 4.40x10° | 4.80x10° | 5.64x10° 1.50x10* 1.94x10* 2.00x107 | 3.26x10' | 6.77x10° | 2.00x10 | 1.98x10° | 1.74x10

B tark farm 2.86x10 3.10 2.18x10 | 4.20x10° 6.74x10 2.34x10" 9.41x10 | 2.35x1G | 3.55x10' | 3.35x1d | 5.10x1G | 2.44x1G

BX tank farm | 1.25x13 | 5.17x10 4.92 9.35x10° 2.64x10° 7.16 6.56 4.97x10 | 3.40x10* | 1.65x1d 5.51 1.06x1d
BY tank farm 6.49 2.20x10 2.10 3.98x10° 1.13x10? 3.07 2.79 2.12x13 | 1.45x10° | 7.04x1G 2.35 4.52x10
C tark farm 2.68x13 | 1.48x10 6.61 2.59x10° 2.30x10° 5.41x10° 1.89x16G | 4.15x16 | 2.12x10° | 4.82x10 6.87 2.88

S tark farm 7.12 5.53x10" 3.87 7.44%x10° 2.52x10° 8.22x10° | 3.86x10° | 7.81x1G | 6.49x10? | 2.63x1d | 1.07x16G | 1.19x16

SX tank farm | 9.24x13 4.79 3.75x10 | 7.10x10° 1.65x10" 4.21x10 6.37x10° | 3.89x10 | 3.57x10? | 1.14x10 | 5.75x10 | 5.52x1G

T tark farm 2.32x10 9.55 6.74x10 | 1.30x10" 2.33x10 3.49x10" 3.78x1G | 1.10x1G | 2.35x10' | 6.74x1d | 3.53x1G | 3.82x1G

TX tank farm | 1.30x16 | 1.51x13 | 1.07x1G | 2.06x10" 3.86x10" 3.16 6.13x1¢ | 3.06x10 1.34 2.44x16 | 1.29x1G | 1.29x10
TY tank farm | 1.37x16 | 3.41x10 2.40 4.59x10° 1.15x10? 1.33x10 9.40 8.47x10 | 2.71x10? | 4.19x1d 2.49 1.04x16
Utank farm | 8.96x1G | 1.61x10" 3.57 4.50x10° 2.13x10 1.23x10 1.77 1.61x1G | 7.16x10? | 1.16x1d | 8.41x10' | 1.81x1G

Note: To convert kilograms to poundsiultiply by 2.2046.
Key: C-14=carborl4; Cr=chromium; H3=hydrogenr3 (tritium); Hg=mercury; 1129=iodine129; NQ=nitrate; Np237=neptuniur37; Pb=lead; T®9=technetiur®9; U-238=uraniurm238; Utot=total
uranium
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Appendix M Release to Vadose Zone

Release (curies)
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Figure Mi 7. Radionuclide Releases to the Vadose Zone from
the 200East Area Tank Farm Past Leaks

Release (kilograms)
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Figure Mi 8. Chemical Releases to the Vadose Zone from
the 200East Area Tank Farm PastLeaks
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Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, Richland, Washington

Release (curies)
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Figure M1 9. Radionuclide Releases to the Vadose Zone from
the 200West Area Tank Farm Past Leaks

Figure Mi 10. Chemical Releases to the Vadose Zone from
the 20@West Area Tank Farm Past Leaks
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