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E.l:'~O INTRODUCTION 
' ' ' 

A series of i:ui:i:nerical sinnilations were conducted. to evalµate·the perfomiance of i,nterim 
co~eciive m~w:es-~"1ch as sur:fa~ 12amei-s .in ~ucing long-tenn,~~~®'he:aj_th risJ(s -f.fom 
potential groundwater <;:ontamination.at waste.in.afuigement area (WMA_):B:.BX~BY:\ . 
The specific obj~ctiv.es-: o{the nuni~rical assessment were ·to: , 1) quantify the risks ,posed:by past 
tank releases to the gr-oundwater.if no interim corr~ctiv,~ me.as~ .are 1Iiiplel:nentetl and · 
2) determin.e to whaf degree ~plementation of selected interim CQrrective1measutes would -·. 
decrease the risks-pose9. by past tank releases,. The assessp:ients focus .specifically .on impa:cts 1p 

groundwater resouices{Li'):·thec'oncentration of·contamiilants in groundwaier) and·1ong-terrri . 
r~sk fo :-l)up1aµ: h~ ( MSoc:iated ~th,'gro\llldwater use) .. : TJie evaluatjons·~orisider .fue e~entof 
con~tiori presently mthin the va:dose zone~ contamiriantniovem¢nt tlm;>ugh tlte vadose ZOije . 
to the saturated i.one (groundwater); contaminant roove:µient in the groundwater to specified 
boundaries, and· the types of assumed human receptor attivities at tho'se,bouiida,ries .. The impact 
assessment tesults present se:ventlkey evaluations for :4ecision~maker input that may iinpacf · · 
current ,opetations 'ru:id futut~ decisiotis on tank retnbval:and closure: . . . 

AppE_1213 December 13~ 2002r. 
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K2.0 MODELING APPROACH 

Both base case {existing tank farm conditions) and e:ugineered alternatives for the. interim 
correctiv.e:me'asut~ wertfcoirsitleted;. The fu'cils ~.f, the. -co~-tt~ irm(ielm:g W8$ _. · 
chemicals(i.e., nitrate), moderately mobileraµionuclides (i.e.., uranium-238)-and long:..lived · 
radionuclides (i.e., techn~tium-99) that are environmentally _mobile. The postulated conceptual · 
model utilized. the.recently :eollecteci. data on tecbn~tiu.ri'f-99 and other constituents from a · 
borehole near tank BX-102· and the. MACTEC-ERS spectral gamma data (DOE-GJPO 1998). 
Losses fromiB tankfann(e.g.; tarµc B~ 110) and BY tank farm were not c_ortsidered because of the : 
smalfreleases and the short half-1.i{e of the contaminants. Limite.d att~ntion was given to past: 
piliictite.sit¢S (e.g~, erib.s and'trendhes) -because they,.areth.e foctis-oftlie-200 .Ar-M:Remediation · 
~~ . . : 

• • • f • • • 

For simulations with barriers in the BX tank farm,. it was assuined that an interim-barrier is in . . . . . . . .. . . . ' . . . . . ~· . . . . . 

place by tbe year 2010. It was also :assumed that for aUsimulatiot;iS, as paitoftank fa~ closure,: 
a closure barrier is in place by the year 2040. P!acing.a barrier was expected to signific;mtly 
reduce infiltration of meteoric water and therefore am.val of contaminants at the water tabie. The 
modeling considered the estimated inventories of contaminants within the vadose zone and 
.calcuJatecl _the associated risk (i.e., exceeding the drinking water standards [40 CFR 141] at a 

. specified boundary). Inventory estimates were considered to be a critical factor in calculations, 
ai1d uncertainties in inventories w~re considered. It was assumed that no tank leaks will occur in 
the· future. It was also assumed that, as part of good housekeeping; water line leaks from existing 
piping will be addressed and resolved. However, as part of sensitivity analysis, simulations were 
run to evaluate long-term .effects of water line leaks in the vicinity qf tank BX-102. Th~ 
umbrella structure of the tank and shedding of water were simulated. Sediments adjacent to the 
tanks. attain elevated water content and, while remaining unsaturated, they develop moisture 
dependent anisotropy. Such effects were simulated.in the model. Numerical resuJ.ts were 
obtained at the BX tank farm fence east line boundary, exclusion boundary beyond the 200 
Areas, and the Columbia River. These boundaries are based on DOE-RL (2000), but in addition 
DOE-RL (2000) also includes the 200 Areas boundary. However, 200 Areas and the exclusion 
boundaries are relatively close. Streamtu.be/analytical models were used to route computed 
contaminant concentrations at the water table to other bolllldaries. 

A location map ofWMA B-BX-BY and the surrounding facilities is shown in Figure E.L 
Two-dimensional cross:..,sectional models were used to model vadose zone fl()w and transport. 
A representative (west-east) cross-sectional model through tanks BX-10&, BX-105, and BX-102 
(Figure E.J) were considered. In addition to the row of tanks, two:..~imensional flow and 
transport simulations were run for a (west-east) trench (i:e., 216-B-38) west of the BX tank farms 
(Figure E.l) . . 

A west to east profile for the two modeled '.cross-sections, including trench B-38, is shown in 
FigureE.2. 
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Figure E.1. Location Map of Single-Shelt Ta.uks in \\1aste M.anagement Area B-BX-BY 
and Surrounding Facilitic~s iu the 200 :East Area 
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Figure K.2. West to East Profile for Cross-Section through Tanks UX-Hl to RX-102 
(distance ~·180 to 300 m) and Trench B-38 (d.istance ,..;,2() to 70 m) 
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The cross-section contaiuing tanks BX-108, BX- I 05 and BX-] 02 (Figure E.3} was modekd 
using a computation domain \Vith a horizontal extent of 117.4 m (385.0 fr) and unit width. 
Because tl1e inventory was ei.nplaced ,:lt areas cast of tank BX-108, the westen:Hnost. tank BX-
111 , was not included in the domain. To avoid boundary e:ffrcts when the domain terminated. at 
the east tence tine, the geology shown at the eastern edge of the BX cross-section was extended 
by 15 feet. 

The- region west of lank BX -111 was used to model flow and transport for trench B-:l 8. The 
horizontal extent of the trench B-38 cross-section \vas 109.9 m (306.S .fl.) an<l the ""idth \Vas 10 .n 
ffi.gure EA). Note that, in this appendix and in Section. 4,0, the cross-section conta.ining the r<Jw 
of tanks BX-108, BX-I.OS, an<l BX-I 02 is also lribeled us cross-section BX-HH', Also. the trend1 
cross-scdion. is oHen labeled as B-38, 

Simulation of How and tnwsport. through each cro~s-se<.:ti<Jn generates a breakthrough curve 
(HTC) at the water table. The temporal and spatial distribution for ca.di of these BTCs is 
recognized and the principk of superposition is used to generate a composite HTC. An 
analytical/streamline approach is used to mute the BTCs through the tuwonfined aquifer t() the 
remote bmmdaries. The BTCs arc converted .into dose c~limates using appropriate factors. 

__________ .................. __________ --------
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Figure :E .. t Geologic Cross-Section through Tanks HX-102, BX-105, and BX-108 
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Fluid flow vvithin the vadose zone is described by Richards' equation (Domenico and Schwartz 
1990), whcrcils the contaminant transport is described by the conventional advt>ctivc-dispcrsivc 
transport cqmitkrn with an equilibrium linear sotption codlki.ent (Kd) formulation. Detailed 
stratigraphic cross-sectional model data are based on information in Lindsey ct al. (ZOO J ). 
The model includes the effects of dipping strata. The enhanced spreading at the fine-grained 
/course-grained interfaces and the increased dovvndip movement of the plume along these 
inter.faces arc included in the model. 

Data on laboratory measurements for moisture retention, partide-size distributkm. samrated and 
unsatumted hydraulic condtK~tivity, and btdk density lbr individual stratum arc based 011 data 01) 

200 East and 200 West Area soils (Khaleel et aL 2001 ). For each strnttm1 defined by the 
stratigraphic cn)ss-sectional modd, the smaH-scak~ laboratory measurements arc upscaled to 
obtain equivalent horizontal and vertical unsaturated hydraulic conductivilks as a function of 
mean tension (Khaleel d al. 2001). Upscaling (Khaleel et al. 2002a, b) of unsaturated hydrnulil.'. 
c<mductivities (Ks) leads to development of macroscopic anisotropies (as a function of mean 
tension) for each layer. An averaging of van Genuchten parameters (f:lr, 0;;. a , and n) 
(van Genuchl<m 1980) is used to define ~ moisture retention curve for each stratum. 

In case multiple samples ,v~re not. available for each stratum, data from other sites in the 200 
Areas w-ere used (Khaleel and Relyea 2001 ). Attempts were made to use hydraulic propertic,.:; 
that were obtained using both laboratory-measured moisture r<.~tcntion and urn;alurated hydraulic 
conductivity. This was prinrn.rily to avoid extrapolating the unsatumled conductivities 
(vaH Genucht:en 1980;, M ualem 1976) to the dry end. based rm saturated conductivity estimate 
(Khaleel et al. 1995). Also, to reflect field condi.tions, the laboratory data were corrcct('.d Ji)r th~~ 
prescuce iTf any gravel fraction in the sediment samples (Khaled and Relyea 1997) , As with 
Jlo,v modeling, each stratum was modeled ,;vi th (lifferent transport parameters (Le., bulk density, 
diffusivity , and dispergivity). 

lniti:d Conditions 

Initial conditions are needed for moistur<.~ C()ntent (or pressure head) and contaminant 
concentrut.ion. For simulations not considering a barricL initial cond.itions for pr('.ssurc head (and 
mois ture content) am established by al.lowing the vadm,e zone to equilibrate \\'ith an in.filtration 
rate representative of natural infiltration for tank farm c<Jnditions. The data on infiltration rntes 
\Vith and without barriers an: included in Section E.2.2.1 .. Initial conditions for contaminant 
concentration are provkkd as part of inventory estimates for uranimn-238, tcchnct ium-99. und 
nitrate, 

Model Sdup and Boundary Conditi.ons 

A two-dimensional (\vcst~east) vertical (x-z) slice of the flow domain \Vas used fi)r modeling 
flow and trnnsport. The simulation dornain extends lmriz(111tally lO includ~ the fence line 
boundary ,md the water ta hie, which is located abom 77.4 m (254 ft) bclO\V ground surface. 
The gt·ofogic strata are assumed continuous hut not of constant thickness. Sloped interfaces for 
geo logic units are included . 

E-6 De.::em ber I J, 2002 
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For flow modeling, Neumann boundary conditions were prescribed at the surface with the flux 
equal to the recharge rate estimate: For transport modeling, a zero flux boundary was prescribed 
at the surface for technetium-99, nitrate, and uranium. The western and eastern boundaries were 
assigned no-flux boundaries for both flow and transport. The water table boundary was 
prescribed by water table elevations and the uncon:fuied aquifer hydraulic gradient. · No-flux 
boundaries were used for the lower boundary. Detailed inputs for various flow and transport 
parameters are presented later. 

E.2.1 NUMERICAL CASES CONSIDERED 

All simulations reported were performed using the STOMP simulator (White and Oostrom 
2000a, b). The flow and solute transport simulation cases were specified in the modeling data 
package (Khaleel et al. 2001 ). The suite of simulations investigated the need for interim 
corrective measures (e.g. , surface barriers) and the ~ensitivity of water line leaks, recharge, 
sorption., and initial inventory placement on solute transport. Two-dimensional cross-sections, 
representing west to east transects through the BX tank farms and B trenches were used for the 
computational domains. For the BX tank farm, the following simulations were conducted for 
cross-section BX-108, BX-105 and BX-102: 

• Inventory distribution east of tank BX-102 (cases 1 through 4 arid 7 through 11) 
• Inventory distribution centered between tanks BX-105 and BX-1_02 ( cases S and 6) 
• Interim barriers ( cases 2 and 6) 
• Water line leaks (cases 3 arid 4) 
• Variations in recharge rates ( cases 7, 8, and 9) 
• Variations in uranium-238 Kd (cases 10 and 11). 

For the B trench simulations, the following simulations were conducted for the B-38 
cross-section west of the BX tank farm: 

• Variations in recharge rates (cases 12 and 13) 
• Closure barrier schedule analogous to the one used for the BX tank farm cases ( case 14 ). 

Simulatio_ns were run for 1000 years. The individual cases are summarized below. 

• Case 1: Base Case, No Action Alternative. This scenario involves simulating flow and 
transport for the cross-section through tanks BX-108, BX-105, and BX-102, considering 
an initial recharge rate of 100 mm/yr, no water line leak, no interim barrier, a closure 
barrier at year 2040, a partitioning coefficient (Kd) of 0.6 mL/g for uranium-238, and an 
inventory distribution that extends east of tank BX-102 to the BX tank farm east fence 
line boundary. · 

• Case 2: Barrier Alternative and No Water Line Leak. This scenario involves · 
simulating flow and transport for the cross-section through tanks BX-108, BX-1 OS, and 
BX-102, considering initial recharge rate of 100 mm/yr, placement of an interim barrier 
by 2010, a closure barrier at year 2040 (i.e., the interim barrier replaced by the closure 
barrier), no water line leak, a Kd of 0.6 mL/g for uranium-238, and an inventory 
distribution that extends east of tank BX-102 to the BX tank farm east fence line 
boundary. 

AppE_l213 E-7 December 13, 2002 
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• Case 3: No Interim Barrier and Water Line Leak (1 gpm for 20 years). This 
scenario involves simulating flow and transport for the cross-section through tanks 
BX-108, BX-105, and BX-102, considering initial recharge rate of 100 inmlyr, water line 
leak (1 gpm for 20 years)for BX-102 only,.no interim barrier until closure at year 2040, a 
Kd of 0.6 mL/g for uranium-238, and an mventory distribution that extends east of tank 
BX-102 to the BX tank farm east fence line boundary. The water line leak occurs east of 
tank BX-102 over a 15-foot radius at the elevation of the top of the tank dome. 

• Case 4: No Interim Barrier and Water Line Leak (200,000 gallons over 5 days). 
This scenario involves simulating flow and transport for the cross-section through tanks 
BX-108, BX-105, and BX-102, considering initial recharge rate of 100 mm/yr, water line 
leak (200,000 gallons in 5 days) for BX-102 only, no interim barrier until closure at year 
2040, a Kd of 0.6 mL/g for uranium-238, and an inventory distribution that extends east 
of tank BX-102 to the BX tank fann east fence line boundary. The water line leak occurs 
east of tank BX-102 over a 15-foot radius at the elevation of the top of the tank dome. 

• Case 5: Alternate Inventory Distribution and No Interim Barrier. This scenario 
involves simulating flow and transport for the cross-section through tanks BX-108, 
BX-105, and BX-102, considering initial recharge rate of 100 mm/yr, no water line leak, 
no interim barrier until closure at year 2040, a Kd of 0.6 mL/g for uranium-238, and an 
inventory distribution that is centered between tanks BX-105 and BX-102. 

• Case 6: Alternate Inventory Distribution with Interim Barrier. This scenario 
involves simulating flow and transport for the cross-section through tanks BX-108, 
BX-105, and BX-102, considering initial recharge rate of 100 mm/yr, placement of an 
interim barrier at year 2010, a closure barrier at year 2040 (i.e., the interim barrier 
replaced by the closure barrier), no water line leak, a Kd of 0.6 IilL/g for uranium-238, 
and an inventory distribution that is centered between tanks BX-105 and BX-102. 

• Case 7: Base Case with 50 mm/yr Meteoric Recharge. This scenario involves 
simulating flow and transport for the cross-section through tanks BX-108, BX-105, and 
BX-102, considering initial recharge rate of 50 mm/yr, no water line leak, no interim 
barrier until a closure at year 2040, a Kd of 0.6 mL/g for uranium-238, and an inventory 
distribution that extends east of tank BX-102 to the BX tank farm east fence line 
boundary. 

• Case 8: Base Case with 30 mm/yr Meteoric Recharge. this scenario involves 
simulating flow and transport for the cross-section through tanks BX-108, BX-105, and 
BX-102, considering initial recharge rate of 30 mm/yr, no water line leak, no interim 
barrier until closure at year 2040, a Kd of 0.6 m.L/g for u.ranium-238, and an inventory 
distribution that extends east of tank BX-102 to the BX tank fann east fence line 
boundary. 

• Case 9: Base Case with 10 mm/yr Meteoric Recharge. This scenario involves 
simulating flow and transport for the cross-sectfon through tanks BX-108, BX-105, and 
BX-102, considering initial recharge rate of 10 min/yr, no water line leak, no interim 
barrier until closure at year 2040, a Kd of 0.6 mL/g for uranium-238, and an inventory 
distribution that extends east of tank BX-102 to the BX tank farm east fence line 
boundary. 
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• Case 10: Base Case with Kd = 0.1 ml/g for Uranium-238. This scenario .involves 
simulating flow and transport for the cross-section through tanks BX-108, BX-105, and 
BX-102, considering initial recharge rate of 100 mm/yr, no interim barrier until closu,re at 
year 2040, a partition coefficfont (Kd) of 0.1 mL/g for uranium-238, and an inventory 
distribution that extends east of tank BX-102 to the BX tank farm east fence line 
boundary . 

• Case 11: Base Case with Kd = 1.0 ml/g for Uranium-238. This scenario involves 
simulating flow and transport for the cross-section through tanks BX-108, BX-105, and 
BX-102, considering initial recharge rate of 100 mm/yr, no interim barrier until closure at 
year 2040, a Kd of 1.0 mL/g for uranium-238, and an inventory distribution that extends 
east of tank BX-102 to the BX tank farm east fence line boundary_ 

• Case 12: Trench B-38 with 55.4 mm/yr Meteoric Recharge. This scenario involves 
simulating flow and transport for a cross-section west of tank BX-111, considering initial 
recharge rate of 55.4 mm/yr, a 378,0QO-gallon leak in 1954, no water line leak, no interim 
barrie:r: until closure at year 2010, and a unit inventory distribution for a sorbed species 
(i.e., uranium-238, Kd = 0.6 mL/g) and a noll.'-sorbing species (i.e., tecpnetium-99 and 
nitrate). The ·unit inventory results are also scaled to the uranium-238, technetium-9.9, 
and nitrate inventory estimates for trench B-~8 and all of the B trenches. 

• Case 13: Trench B-38 with · 100.0 mm/yr Meteoric Recharge. This scenario involves 
simulating flow and transport for a cross-section west of tank BX-111 , considering initial 
recharge rate of 100 mm/yr, a 378,000-gallon leak in 1954, no interim barrier until 
closure at year 2010, and a unit inventory distribution for a sorbed species 
(i.e., uranium-238, Kd = 0.6 mL/g) and a noli-sorbing species (i.e., technetium-99 and 
nitrate). The unit inventory results liire also scaled to the uranium-238, technetium-99, 
and nitrate inventory estimates for trench B-3 8 and all of the. B trenches. 

• Case 14: Trench B-38 with Delayed Closure Barrier with 100.0 mm/yr Meteoric 
Recharge. This scenario involves simulating flow and transport for a cross-section west 
of tank BX-111, considering initial recharge rate oflOO mm/yr, a 378,000-gallo.o. leak in 
1954, no -interim barrier until closure at year 2040, and a ririit inventory ·rustributiori for a 
sorbe4 species (i.e., uranium-238, Kd = 0.6 mL/g) and a non-sorbing species 

E.2.2 

(Le., te~hnetium-99 and nitrate). The wiit inventory results are also scaled to the 
uranium-238, tecbnetium-99, and nitrate inventory estimates for trench B-38 and all of 
the B trenches. · 

RECHARGE ESTIMATES AND V ADOSE ZONE FLOW AND TRANSPORT 
PARAMETERS 

Modeling inputs for recharge estimates and effective (upscaled) flow and transport parameters 
r are presented in this section. The effective parameters are based on laboratory measurements of 
L, moisture retention, saturated and unsaturated hydraulic conductivity, and bulk density for 

sediment samples in the 200 Areas_ 
!I"" 
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E.2.2.1 Recharge Estimates 

The tank farm surfaces are covered with gravel to prevent vegetation growth and provide 
radiation shielding for site workers. Bare gravel surfaces, however, enhance net infiltration of 
meteoric water compared to undisturbed naturally vegetated swfaces. Infiltration is further 
enhanced in the.tank farms by the effect of percolating water being diverted by an impermeable, 
sloping surface of the tank domes. The basis for recharge estimates (Table E.1) for the field . 
investigation report modeling is presented in Section 3 .2.1. Recharge estimates for the trench 
simulations are presented in Table 4.1 in Section 4.1. 

Table E.1. Timeline Estimates for Emplacement of Interim and Closure Barriers 
at the BX Tank Farm and Corresponding Recharge Estimates 

Condition Simulated Recharge Estimate 
(mm/yr} 

No barrier (2000 to 2010) 100 

Interim barrier (2010 to 2040) 0.5 

Closure barrier (first 500 yrs) ·(2040 to 2540) 0.1 

Degraded closure barrier (post 500 yrs) (2540 to 3000) 3.5 

E.2.2.2 Vadose Zone Flow and Transport Parameters 

This section provides effective (upscaled) values of flow and transport parameters for the vadose 
zone. Specific flow parameters include moisture retention and saturated and unsaturated. 
hydraulic conductivity. Transport parameters include bulk density, diffusivity, sorptiori 
coefficients, and macrodispersivity. Details on deriving the effective (upscaled) parameters are 
addressed in Modeling Data Package for B-BX-BY Field Investigation Report (FIR) 
(Khaleel et al. 2001). 

Table E.2 lists composite, fitted van Genuchten-Mualem (van Genuchten 1980; 
van Genuchten et al. 1991) parameters for various strata at the BX tank farm. Estimates for the 
equivalent horizontal and vertical hydraulic conductivities are presented in Section E.2.2.3. 

Table E.2. Composite van Genuchten-Mualem Parameters 
for Various Strata at the BX Tank Fann 

Strata/Material Number of 
9s Or a t Type Samples (11cm) 

n 

Bat;k:fill 10 0.1380 0.0100 0.0210 1.3740 0.5 

SandH2 12 0.3819 0.0443 0.0117 1.6162 0.5 

Gravelly sand HI 11 0.2126 0.0032 0.0141 1.3730 0.5 

,Gravelly Sand H3 8 0.2688 0.0151 0.0197 1.4194 0.5 

Plio-Pleistocene 4 0.4349 0.0665 0.0085 1.8512 0.5 

Aquifer/Sandy gravel 8 02688 0.0151 0.0197 1.4194 0.5 

Source: Khaleel et al. (2001) 

Fitted Ks 
(cm/s) 

5.60E-04 

9.88E-05 

2.62E-04 

5.15E-04 

2.40E-04 

l.87E-0l 
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E.2.2.3 Stochastic Model for Macroscopic Anisotropy 

Variable, tension-dependent anisotropy provides a framework for upscaling small scale, 
laboratory measurements to the effective (upscaled) properties for the large scale tank farm 
vadose zone. A stochastic model (Polmann 1990) is used to evaluate tension-dependent 
anisotropy for sediments at the WMA; details are in Appendix C of Khaleel et al. (2001). The 
following is a brief description of the variable anisotropy model used in the field investigation 
report modeling. 

Yeh et al. (1985) analyze steady unsaturated flow through heterog~neous porous media using a 
stochastic model; parameters such as hydraulic conductivity are treated as random variables 
rather than as deterministic quantities. The Gardner (1958) relationship is used in 
Yeh et al. (1985) to describe unsaturated hydraulic conductivity (K) as a function of saturated 
hydraulic co~ductivity ~) and tension (I//), that is, 

K(l/f) =Ks exp(-PI/I' ) (E.1) 
where: 

= fitting parameter. 

Equation E.1 can be written as 

lnK(¥t) = LnKs - /JI// (E.2) 

Equation E.2 is referred to as the log-linear model, because LnK is linearly related to ¥f through 

the constant slope j3. J:!owever, such a constant slope is often inadequate in describing LnK( ¥1) 
over ranges of tension of practical interest for field applications. As an alternative, the slope ~ 
can be approximated locally by straight lines over a fixed range of tension. The LnKs in 
Equation E.2 can then be derived by extrapolating the local slopes back to zero tension. 

Using a linear correlation model between the log-conductivity zero-tension intercept and~. 
Polmann (1990) presents a generalized model that acconnts for the cross-correlation of the local 
soil property (i .e. , LnKs and f3) residual fluctuations. Compared to uncorrelated LnK., and f3 
model,. partial correlation of the properties is shown to have a significant impact on the 
magnitude of the effective parameters derived from the stochastic theory. The Pohnann (1990) 
equations for deriving the effective parameters are as follows. 

< LnK >=< LnK.s >...:.A< v > -o-~ 2[p- p 2 <I//> -1;2 < I// >] /(1 + A2) 

o-irzK = UinKs [(l- p < I// >)2 +t;2 < I// >2 ]/(l + A2) 

K;:1 = exp[< LnK > +(a'~ / 2)] 

K:1 = exp[< LnK > - (u;IIK / 2)] 

where: 

(E.3) 

·2 . 
(J" LnK = variance oflog unsaturated conductivity (which depends on mean tension) 

< ¥1 > = mean tension 
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a1, 
A 

= standard deviation of the residuals in the ~ versus LnK3 regression 
= mean slope, ~, for LnKs vs . . If/ 

,._ 

K;:1 

K:1 

= vertical correlation lengths for Ln.Ks (assumed to be same as that of ~) 

= equivalent unsaturated horizontal conductivity 

= equivalent unsaturated vertical conductivity. 

E.2.2.3.1 Macroscopic Anisotropy Parameters. Table E.3 lists the variable, macroscopic 
anisotropy parameter estimates for various strata at WMA B-BX-BY. Details on derivation of 
the parameter estimates are included in Appendix C of Khaleel et al. (2001) 

Table E.3. Macroscopic Anisotropy Parameters Based on Polmann (1990) 
Equations for Various Strata at WMA B-BX-BY 

Strata/Material Nlllllberof 
<LnK.> (1" 2 

~ 
A, 

A Type Samples LnK, p 
(cm) 

Backfill 10 -15.76 3.56 -1.lE-4 l.84E-4 30 0.00371 

SandH2 12 -14.60 1.50 -7.2E-4 6.55E-4 50 0.00620 

Gravelly Sand Hl 11 -14.85 1.94 -2.6E-4 2.SOE-4 30 0.00368 

Gravelly Sand H3 8 :-15.30 1.83 -5.6E-4 5.16E-4 50 0.00415 

Plio-Pleistocene 4 -10.43 1.01 -2.4E-3 9.34E-4 50 0.0104 

E.2.2.4 £,ff ective Transport Parameters 

Effective transport parameter (bulk density, diffusivity, and dispersivity) estimates are presented 
in this section. Because of natural variability, the transport parameters are all spatially variable. 
Similar to the flow parameters, the purpose is to evaluate the effect of such variability on the 
large-scale transport process. . 

E.2.2.4.1 Bulk Density and Sorption Coefficient. Both bulk density (pb) and sorption 
coefficient estimates .are needed to calculate retardation factors for different species. 
The effective, large-scale estimate for the product [ptJ¼I is the average of the product of 
small-scale laboratory measurements for bulk density and sorption coefficient (Gelhar 1993). 
Table E.4 provides the effective, large-scale estimates for uranium-238. The average Pb, E[pb] 
(Table E.4) estimates are based on data in Khaleel et al. (2001) for the five strata. The sorption 
coefficient estimates (Table E.4) for uranium-238 are based on data from Geochemical Data 
Package for the Immobilized Low-Activity Waste Performance Assessment (Kaplan and 
Seme 1999) for undisturbed sediments. No other species are included, because the sorption 
coefficients for technetium-99 and nitrate are estimated to be z.ero. Calculations for E[pb] and 
E[pol<d] include correction for the gravel fraction (Table E.4). 
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Table E.4. Effective Parameter Estimates, E[pJ(d], for Uraninm-238 for the Product 
of Bulk Density (g/cm3) and~ (cm3/g) at Waste Management Area B-BX-BY 

Strata/Material Type Kd E(pb] E[pbKd) 

Backfill 0.6 1.94 0.59 

SandH2 0.6 1.76 1.04 

Gravelly sand Hl 0.6 2.07 l.24 

Gravelly sand H3 0.6 1.94 l.17 

Plio-Pleistocene 0.6 l.65 0.98 

Source: Khaleel et al. (2001) 

E.2.2.4.2 Diffusivity. It is assumed that the effective, large-scale diffusion coefficients for all 
strata at the BX tank farm are a function of volumetric moisture content (0) and can be expressed 
using the empirical relation from "Permeability of Porous Soiids" (Millington and Quirk 1961 ): 

where : 

De(0) 
Do 

. 010/3 

De (0) = Do -2-
0s 

= effective diffusion coefficient of an ionic species 
= effective diffusion coefficient for the same species in free water. 

(E.4) 

The molecular diffusion coefficient for all species in porewater is assumed to be 2.5 x 10·5 cm2/s 
(Kincaid et al.1995). 

E.2.2.43 Ma.crodispersivity. An extended review is provided in Appendix C of 
Khaleel et al. (2001) on the rationale for vadose zone macrodispersivity estimates. 
Macrodispersivity estimates are needed for both reactive (uranium-238) and non-reactive 
(i.e., technetium-99 and nitrate) species. 

Macrodispersivity Estimates for Non-Reactive Species. Macrodispersivity estimates for 
nori-reactive species (i.e., technetium-99 and nitrate) are listed in Table E.5. Details on the basis 
for the estimates are provided in Appendix C of Khaleel et al. (2001 ). 
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Table E.5. Non-Reactive Macrodispersivity Estimates for 
Various Strata at Waste Management Area B-BX~BY 

Strata/Material Type AL AT 
(cm) (cm) 

Backfill ~150 15 

SandH2 ~150 15 

Gravelly sand HI ~100 10 

Gravelly sand H3 ~ 100 10 

Plio-Pleistocene ~50 5 
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E.2.2.4.4 Heterogeneous Sorption Enhanced Macrodispersivities for the Reactive Species. 
The net effect of sorption is to retard the velocity of the contaminant. Because sorption for 
specific contaminants may be a function of soil properties, as the soil properties experience 
spatial variability, the sorption also varies (Gelhar 1993; Talbott and Gelhar 1994). 

Stochastic analysis results for macrodispersivity enhancement for various strata are presented in 
Table C-7 of Khaleel et al. (2001) for the reactive species (i.e., uranium-238). Note that the 
unsaturated conductivities were evaluated at-100 cm via the fitted van Genuchten-Mualem 
relation. The macrodispersivity enhancement ranged from about 1.06 for backfill sediments to 
about 2.24 for Plio-Pleistocene (silty) sediments. 

E.2.3 GROUNDWATER FLOW AND TRANSPORT 

This section provides flow and transport parameters for the unconfined aquifer including the unit 
dose conversion factors. The preceding section provides vadose zone flow and transport 
parameters. 

Instead of the Hanford Site-wide groundwater model, an analytical/streamtube approach was 
used to model groundwater flow and transport. Flow and transport information needed for the 
analytical/streamtube model is based on the V AM3D site-wide groundwater model (Law et al. 
1996). Details are included in Appendix C of Khaleel et al. (2001). 

An-instantaneous point source model was used to calculate the concentration of contaminant 
species originating at the BX tank farm fence line and monitored in the model at two remote 
boundaries along the groundwater flow path. The two boundaries are the 200 Area exclusion 
boundary (~1.25 Km east of the 200 East Area) and the Columbia River (Table E.6). The 
distance to each boundary along the groundwater flow path was based on streamlines derived 
from the V AM3D site-wide groundwater models of Law et al. (1996) and Lu (1996). 
Steady-flow conditions, water table maps, and streamlines generated from the V AM3D 
simulation are reported by Khaleel et al. (2001). The analytical groundwater model assumes 
transport from a point source from a series ofsolute slugs and considers longitudinal and 
horizontal transverse dispersion, molecular diffusion, and first order decay. The method of 
superposition was used to integrate the individual slug sources. The instantaneous point source 
model for a ~ee-dimensional space, as reported by Domenico and Schwartz (1990), is shown in 
Equation (E.5): 

where: 

C(x, y, z,t) 

Co Vo 
Dx,Dy,Dz 

x,y, z 
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(E.5) 

= solute concentration as a function of position and time (pCi/L or µg/L) 

= instantaneous source of solute mass (pCi or µg) · 

= coefficients of hydrodynamic dispersion (m2/yr) 

= spatial distances from the solute source (m) 
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= time (yr) 
= solute species radioactive decay constant (1/yr) 
= porewater velocity (m/yr). 
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The hydrodynamic dispersion coefficients include dispersive and diffusive components, 
according to Equation (E.6) 

Di = ~ v+Dm for i= x,y,z (E.6) 

where, ~ is the dispersivity (m), and Dm is the molecular diffusion coefficient (m2/yr). 

Material property maps for the three elemental layers of the V AM3D site-wide groundwater 
model are reported in Khaleel et al. (2001). Hydraulic properties for each of the 18 soil zones 
identified in the V AM3D site-wide groundwater model, including hydraulic conductivity in the 
north-south, east-west, and vertical directions, specific storage, and porosity are additionally 
reported in Khaleel et al. (2001 ). The V AM3D site-wide groundwater model assumed equal 
hydraulic conductivities for the horizontal directions and a vertical conductivity one order of 
magnitude less than the horizontal components. Specific storage was assumed constant across 
the site at 1x10-61/m and porosities.were either 0.10 or 0.25. 

Distances and travel times from WMA B-BX-BY to the two specified boundaries were derived 
from streamliµe results from steady-state V AM3D unconfined aquifer flow simulations of the 
Hanford Site (Lu 1996). The simulation results were based on post-Hanford conditions 
representing the water table at the site without the impact of unconfined aquifer discharges from 
Hanford activities. Results of the VAM3D simulated hydraulic heads and streamlines are shown 
in Figures 15 and 19 in Lu (1996). Two streamlines are analyzed from Figure 19 (Lu 1996) 
starting at WMA B-BX-BY to determine the unconfined aquifer path length to the Columbia 
River. Travel markers indicating twenty-year intervals on the streamlines were used to estimate 
the travel time to the Columbia River from WMA B-BX~BY. One streamline initially goes north 
from WMA B-BX-BY through the gap between Gable Mountain and Gable Butte and then 
travels east to the Columbia River. The second( and shorter) streamline goes directly east to the 
Columbia River south of Gable Mountain. Since these had dramatically different lengths and 
travel times to the specified boundaries, only values for the second (shorter) streamline were 
used in this analytical streamtube analysis (Table E.6). Other groundwater flow simulations of 
the Hanford Site and Hanford Site monitoring data have shown the potential for groundwater 
flow that goes northward through the Gable Mountam/Gable Butte gap. These path.lines were 
not considered in this -analysis and may be transient in nature from-the extensive artificial 
recharge on the Hanford Site. Results from the shorter path length provide-conservative 
estimates. 

The concentration at the two remote boundaries is calculated by a FOR1RAN code that 
implements the instantaneous pulse equation. Input to the model is read from two separate inp·ut 
files. The distance from the source zone to each boundary in the longitt1;dinal (x) direction and 
groundwater velocity for each successive interval are listed in Table E.6. The distances reported 
in Table E.6 represent the longitudinal distance x of Equations (E.5) and (E.6). Values for they 
and z directions are assigned values of zero signifying that the point of observation was along the 
longitudinal centerline. 
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Table E.6. Distance to Specified Boundary, Groundwater Vel~city, and Travel Time 
from Waste Management Area B-BX-BY 

Boundary Distance Velocity Time 
m m/yr yr 

Exclusion Boundary 4,600 115 40 

Columbia River 16,000 61.5 260 

The second input file provided solute mass flux across WMA B-BX-BY as a function of time for 
the three species (i.e., uranium-238, technetium-99, and nitrate). The concentration at each 
boundary was calculated for a time series of solute release events using linear superposition of 
Equation (E.5) for each release event. The 1000-year period between years 2000 and 3000 was 
modeled using 1000 uniformJy spaced solute release events. Radiological decay of the 
non-radioactive species (i.e., nitrate) was neglected. 

Other parameters needed for groundwater transport modeling are listed in Table E.7. Note that a 
small vertical macrodispersivity of 10 mm is used based on the limited vertical mixing observed 
in stratified aquifers such as those in the 200 Areas (van der Kamp et al. 1994). The other 
macrodispersivities are the same as those used in the site-wide model (Law et al. 1996). 

E.2.4 CONTAMINANT INVENTORY 

Tbis section provides details on the basis for vadose zone contaminant inventory estimates and 
their distributions. Also included are details on how various inventory distributions are 
implemented in the numerical model. 

E.2.4.1 Basis for Inventory Estimates 

B, BX, BY tank farms vadose zone inventocy estimates for the three species (i.e., technetium-99, 
uranium-238, and nitrate) are primarily based on soil samples collected from borehole 
299-E33-45 located near tank BX-102 as reported in Khaleel et al. (2001 ). The extent of 
contamination within the tank farm is based on the MACTEC-ERS spectral gamma plume maps 
(DOE-GJPO 1998). 

For the trench B-38 simulations, only uranium-238 and technetium-99 were included in the 
STOMP simulations, as nitrate was scaled from the non-sorbing technetium-99 results. In 
contrast to the BX tank fann simulations, the trench B-38 simulations assumed no inventory was 
initially present in the subsurface. Instead, these contaminants were simulated as discrete 
sources of unit inventory discharged to the trench at the beginning of the simulation in 1954. 
The results of these simulations were scaled to the trench B-38 inventory and the inventory of all 
the trenches. 

AppE_l213 E-16 December 13, 2002 

n 
i : 
-.....: 

,-
t 

L 

L 

r 

L 

r 
L 

~ 
!--. 

L 

r 
l 
L 



r 
r 
\. 

n 
r 
r 
I ... .. , 

r 
1· : 

r 
l . 

r 
' 

... 
! 
C , 

n 
t ! 

r 

l . 

r , 
\ ' 

r 
-

RPP-10098, Rev. 0 

Table E.7. Transport Parameters for the Site-Wide Groundwater Model 

Parameter Estimate 

Longitudinal macro~lispersivity, cm 3050 

Lateral macrodispersivity, cm 305 

Vertical macrodispersivity, mm 10 

Diffusion coefficient, cm2/s 2.5 X }0"5 

Cs-137 sorption coefficient, cm3/g 500 

Cs-137 decay coefficient, 1/yr 0.0231 

Table E.8. Unit Dose Factors for Uranium-238 and Technetium-99 

Radionuclide Dose factor <•) 
"' 

Uranium-238 0.196 

Technetium~99 0.00107 

C•l Units are mrem per pCi/L of concentration in the groundwater. 
Source: Rittmann (1999) 

E.2.4.2 Inventory Distributions 

Because of uncertainty with inventory estimates, two different distributions were considered in 
the BX tank farm. The same mass inventory (i.e. , total Ci or Kg) was maintained for each 
species, but it was placed in two different locations in the subsurface. For the base case and its 
variants, the inventoiy profile was located east of tank BX-102 and extended to the east fence 
line. ·such a distribution is consistent with the MACTEC-ERS spectral gamina data 

. (DOE-GJPO 1998). In the alternate inventory scenario, the inventory profile was centered in the 
. tank umbrella region between tanks BX-105 and BX-102. For both inventory placements, the 

inventory distribution was asswned to be laterally uniform and extended over the same distance 
of91.5 ft, which is the distance between tank BX-102 and the east fence line. 

Because the borehole concentrations for technetium-99 and nitrate were low relative to the total 
estimated leak inventory, these concentrations were scaled according to the ~ethod outlined in 
this section to maintain a plume extent similar to uranium-238. Initial inventory distributions 
used in the STOMP numerical simulations were scaled concentrations. However, the inventory 
distribution honors the concentration per gram of soil by depth reported in the modeling data 
package (Appendix D of Khaleel et al. 2001). Thus, the data presented in this section represent 
the unscaled initial inventory distributions for both technetium-99 and nitrate. 

l ; To detennine the inventory profiles, concentrations measured at discrete depths were assigned to 
nodes in the computation domain corresponding to the midpoint of the sample interval. Since 

r the sampling intervals for technetium-99 and nitrate were larger than the distance between nodes 
I 

l . in the computational domain, nodes that did not cotrespond to a sample depth were assigned 
interpolated values of concentration. These concentrations were determined with a linear 

r interpolation scheme, using the nearest measured concentrations above and below nodes not 
' ' 

r 
' 
' 
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corn::s_ponding to a measurement depth. For example, r.he vertical distance between nodes in the 
~:1J1:nputat.fomtl. node was 1.5 ft. whereas tht?. large$t distance between samples few tcchne.tium-99 
was 32.7 ft, lnstead of assign.in'-' zero concentrations to nodes falling vvithi.n the 32.7 ft interval, ~ 0 ~ 

these nodes \vert:~ assigned interpolated values of concentration. 

By contrast, the sampling intcrv .. :il for uranium-238 was more frequent, and in many instances, 
smaller than the vertkal distance bet'>vec11 no(fos (e.g., 0.5 ft). Laboratoty analyses reported 
several soil samples wi th uranium~238 concentrations hek)w the mi11imum dete<.:tion level. 
When this occurred, a zero concentration was assigned at the corresponding depth. Thus, lhe 
uraniurn-238 profile differed from those of the technt:hun1~.99 and nitrate inventorie:, in that it 
contained zero values of c.oncent.rations throughout its profile. However, simi"lar to the estimates 
for the kchnetlum-99 and nitrate inventories, concentrations of urai1.ium-238 were interpolated 
whl?.n th~ distance bctwt:cn nodes wa~ smaller than the sampling interval. 

Figure:~ E.5 through E.7 demonstrate how 1.hc reported inventories from thr laboratory analyses 
translated to the co.mputati.onal grid for a one-dimensional slice through the do111ain.. The solid 
line in Figure E.5 tnKes thr initial inventory in ST()MP fr,r species uranium-238. TI.tc reported 
inventories an~ shown with a solid marker. Sewral areas of the plm ::.how that nwrkers l.ie 
between the rep().rtcd inventory symbols. indicating regions of interp()[atcd concentrations. By 
contrast, Figure E.5 shows areas where the reported inventory sampling interv: .. ll.s \Vt~H '. ~malk.t" 
than. the node spacing. For example, conccntratir.111s were ineasured at 98.2 and 99.6 n. Because 
the elevation at the node was closer to 98.2 ft than 99,6 ft, the concentration assigned to this node 
corresponded to measurements al 98.2 fl ( 113.26 pCi/g)_ rather than 99.6 ft (211 . .59 pCi/g). 

Figun.! E.S. Ur:uiium-238 CouccntrMion J>rofilc for Initial Conditions in STOMP 
and the Correwonding Reported Im'l'lttory 
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Figure E.S also demonstrates a corrdation benveen reported uranimn-238 concentratio11s that. 
\-Vere l.ess lhan the minimum detection I.eve! and the zero concentrations assigned tn nodes In lhc 
STOMP computational domain. This ditl<.~rs from th<:~ technetium-99 and nim1.k concentration 
profiles in Figures E.6 and E.7, in which zero ,onccni.rntions arc only assigned to nodes at the 
endpoints of the plmne. SimHar to the uranimn-238 profile ,. areas of the plots for t.edrnetimn-99 
mid nitrate also illustrate interpolated concentration values. These appear in regions where 
markers on the solid lint~S lie betvveen the values indicated for the reported inventory. 

Figure E.tj. Technetium~99 Concentration Profile for lnitial Conditions in STOM.P 
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The solute concentrations for the three species W(~n.'. measured in tem1s of ::;oil coneentrntion 
(e.g., ~tg/g soil , pCi/g soil) . These com:i.mtrations ,,verc converted to aqueous-phase 
concentrations ha.sect on the soil bulk density (Le,, .from grain density and porosity) and the initial 
saturation. Initial saturations were determined using the steady-state saturation distTibutfon 
simulated in STOMP for different recharge rates. The aqueous concentrations are calct1l.atcd as 

Ce .... CsJJs (1 ··· nr )Y( 

where: 

Ct = the aqueous-phase concentration 

Cs "" the soil concentration 
f\ "" the soil grain density 

n-r ''" the total porosity 

st = the aqm'.ous-phasc saturation 

nu "" the diffnsivc porosity. 

The product of s1 and 11,TJ represents the moisture content. It wus assumed thar diffusive 
porosities were equal to the total porosities oft.he media. In Equation E.7, Yt: represents the 

t1quiHbrimn Jh1ction of solute in the aqueons phase, and i8 given by 

. st" n0 
\ ., ::: -••·························································· 
• c St Ps Kd ( 1-- nT )+s,d·10 

(E.7) 

(E.8) 

\Yhere Kd is the partition coefficient. Thus, for the non-sorbed tcchnctium~99 and nitrate species, 
y1 is equal to one because the first term in the dern.mtinator is equal to zero (i,c. Kr' 0). By 
contrast, foi- urnnium-238 (e.g. Kd ,-,;'. 0.6 .ml..!g), Yt ha:'.\ a value b~tween zero and one becaw,c it" 
represents the fraction of the contaminant in the aqueous phase over the total arnount in both the 
aqueous and sorbed phase·s. 

The cffoct of partitioning is shown in Figur~ E.8, '1-Vhich reports the uranium.~'lJS inventory in 
concentration per liter for the aqueous phase. This profile represents the in.itial concentration 
distrihulion for the base case scenario, \Vhere the value of the pa:rtitkm coeffident is 0.6 1\1L/g. 
Because these pints illustrate the e.ffoct of partition.Ing on the initial inv~ntory distribution, the 
shape of the profile is identical to the uran.imn-238 total concentration presented in Figure E.5. 
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:Figure F.,.8. Aqueou.s Uranium-2.38 Conccotrati-011 
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Ilic concentration profiles presented in Figures E.S 1.hrough E.7 rcpresenl the total inventories at 
each node 1hr a one-dimensional column. Th~ total inv~ntory (kg for nitrate and Ci. lbr 
uranium-238 and technetium-99) for the tank farm is obtained by integrating the 
one-dimensional profiles over the area of the tank farm and the soil bulk density. For 
tecbnd.ium•99 and nitrate. however. the computed integrated mass did not compare wdl the 
estimated inventory for the t.V1'0 species from tank kaks (i.e. , boi-d10lc concentrations arc very 
lo\V relative to the inventory estimate). 

To reconc-ik these differences in the bordwk data and the estimated leak invenwr11.~s, the 
bond10le concentration data for technetiuin-99 and nitrate \Vert scaled based on an inventory 
di.arnckr of 92 t:i: (Figure E. 9) that is based (m the spettral gamma data. Scaling fr1Ctors were 
(:akulaktl and me sho\vn in Table E.9. These scaling. factors arc consistent with the .estimated 
inventories {Table E. 9) for the three sped.es. It. should a1so be iwted thut the urnnium-238 data 
frnrn the borehole measurements were already scaled in the modeling data package by d h.1dor of 
2 based on spcctr.-11 gamma 1:ncasurernents in the BX drywdls. '['I.Jo additional scaling of th!.'. 
borehole concentration data for uranhtm-238 was performed. 

- ---- ---- _____ ....... __ 
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Figure E.9. Translation Geometry 

BX Cross &:!c::tioo A"qec:ticn 

-- -- --/ ' / ' / ' 
Tari< 

1 BX-100' 1 BX-102 \ 1 · BX-102 \ 

O:rter1ire \ 1 \ I \ I 

' / ' / ' / ,_.,,. ,_.,,. ,_.,,. 

Fence Line 
S:>urdary 

xt 

Table E.9. Calculated Plan View Areas of Different 2-Dimensional Plume Geometries for 
BX-108 to BX-102 Concentration Profiles and Inventory and Their Scale Factors 

Based on a Mean Inventory Diameter of 92 feet 

Reported Unscaled Unscaled Cross-Section · Scaled Circular 
Inventory per Circular Plume Solute Leak Unit Area (ft') Diameter Concentration Plume Diameter 

Inventory 
(plan view) (plan view) Scale Factors (plan view) 

Uranium-238 3.15 Ci 4.47E-04 Ci 92 ft 1 92 ft 

Teclmetium-99 4.37 Ci 3.96E-05 Ci 375 ft 16.66 92 ft 

Nitrate 13,100 kg 5.32E-0l kg 177 ft 3.66 92 ft 

The aquifer water flux is upscaled from the cross-section for use in calculating the average solute 
concentrations. The cross-section water flux (per unit width) is multiplied by the fence line 
length to calculate the aquifer water flux for the tank farm. The scaled solute flux is divided by 
the scaled water flux to yield the average aqueous solute concentration for each species. This 
calculation is based on aqueous concentration scaling. The average tank farm is calculated by: 

where: 

Ctr 
ClCSect 

Itf 
lxsect 

Wfenceline 

W xsect. 

AppE_l213 

C = C I1rllxsut 
tf xsect W /W 

fence line xscct 

= the average tank farm aqueous concentration (pCi/L or ug/L) 
= the cross-section aqueous concentration (pCi/L or ug/L) 
= the estimated total tank farm leak inventory (Ci or kg) 
= the cross-section inventory (Ci or kg) 
~ the fence line width (ft or m) 
= the cross-section width (ft or m). 

E-22 

(E.9) 
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· The resulting conqentration scale factors for the BX cross"section -results ate shown in· 
Table E.10. Because the cross-section concentrations were scaled to the same mean inventory 
d:ian:l.eter, the tankfarm.'coricetitration scale·factor is thesaine·for aUthree solutes; . . 

Table KlQ. ·. Ccmcentration S~ale Factors for the BX Tank Fann 
·. f:rom-BX.-103 to BX-102 Cross.:.Section Concentrations . . . . . ~ . . . . . 

. . Solute Ta.nk Farni Ciince~iration Scale Factoi; 
; • .· r . --~-. : 

Urmiium-238 · : 0.122-·· j, 

Tec:fuieti~-99 . . 0.122 . 

Nitiate 0.122 

. . . . . . . . . . ' . 

· Although unit inventories were assumed, for the B .trenches, th,e trench mass fluxes and · . 
concentrations were deten;nined by the saine methocL For tlie:mas·s flux, the cross-section mass . · 
flux was multiplied by the mventory for each case. · Similru:ly, the trench cross.;section . 

· concentrations were deterniined by multiplying the cross:..section concentrations by the inventory 
· of the case. To calculate the average trench concentrations, t;lie ~caled mass fluxes were divided 
by ·the aquifer water'flwc ~ttp.e tfench f'en.ce line {650 · ft ·1qngj: '.Note thatfor aquifer water flux 
scaling, the width.(f-dimensfon) ofthe.STOJv.lP trerich cross~sectiori was 10 feet~ whereas the 
width of tire BX-108 to BX.:102 cross-~cti,on was I foot. The resW.ting concen~tion scale . 
factors for the B trench cross-section are shown in Table Kit. In~entories{oithe trertch.B-38 
·andall eighttrenbhe,s ate .sunnnarizediiiTable Rl2; 

Table. E.H. Concentration Scale Facto.rs for B Tre:nches fr~ni lJ~it Inventory: 
. Cross.:.sectio:ri Concentrations . . . . .. 

Solute 
·,· 

·. Unit Trench TrenchB-38 AUTreoches (8) : 

.. ... . . .. . 

Uranium-238,. 
. 2 

2A3 x 104 229x fo·2 
i l.54xHr . . 

Tecbnetiwn~99 ' _1.54 x 10°2 - ... . . .. ·-4 
128 X 10~1 . 

•. 
.2.83 X 10 . 

·Nitrate 1.54 x 10-~ 2.03 X 103 2.97-x 104 

' 
.. ·'· 

. · Jab le E.U • . Tren_ch _B-3~ Cas~ Inventory Su1i1.1U:aiy . 

· Uranium-238 .Technetium-99 Nitrate 
Ci CJ ID! 

· Uriit mventoiy 
' 

1.0 LO LO 

TrenchB-38 1.58 X 10-2 J.a4 x10·2 1.32 x 105 
'. . . . . 

All B Tre1,1ches (8) ·t49 · fn ·· L93 X 1()6 .. 

AppE_l213' · · .. E-23 December B ,:2002 
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E.2.4.3 Inventory Distribution Maps ·· 

,-, 
. I 
_ _j 

Color-scaled images,ofthe _initial inventori<;:s are .shown inAttac,:hment El .for tanks and -. 
Attachment E2 for trenches. For the-inventory east of tank BX..:102, the fuitiaHriventoty :..J 
distributions are shown in Attachment EL Figures El.2(a)fotaqueous phase uranitun-238, 
El.3(a) for technetiu:in"'.99, andEl.4 (a) for nitrate. For the: alternate inventory distribution ·_:,_l. 

Qentered between tanks BX-105 and BX:-102, the-ifiitial concentration distrib"litions are shown in U 
Figures El.14 (a}foraquoous phase urabiunl238,El.15(a) fortecbrietium:-Q9, and El.16(a}for 
nitrate. For trench B-38, the inventory distributions, after orie year of simulation, are shown in f7 
color-:scaled i.thages inAttachrrlentE2 Figures E23(a), E2.4(a), E2.9(a), andE2.10(a): The u 
relationship betw.een initial inventory distribution and simuhitio:µ 9ases is shoW11 in Table E.13. 

Table E.13. · Initial Inventory Distribution Schedule ~ 
Simulation Case . 

1. Base Case . .. 
(No Attion Alternative) 

, . 

2. interim Barrier . . . . ~ . . 

3. Water Line. Leak 
(I gpni for 20'yrs) 

4. · WateiLineLeak 
(200,000 gal in 5 days} ' 

5. AJtemate Inventory Distribution 
and No Interim Barrier 

6. Alternate Inventory Distribution 
and Interim Barrier 

7. Base Ciise (50 mm/yr} 

8. Base Case (30 mm/yr) 
. . 

9. Base Case (10 mm/yr) 

10. Base Case 
[Kd(Uranium~238) = 0.1 m.Ug] 

11. Base Case 
[Kd(Uranium-238) = 1.0 mL/g] . 

12. Trench (55,4 min/yr) .. 

13. Trench (JOO mm/yr) . - . .. . 

. .. ..... 

14. Trench{l 00 mm/yr) with 
delayed closure barrier 

Api>E:..1213· 

. l~ventory Distribution 

East•ofBX-102 to East Fence. · 
:Line 

·• 

East ofBX-102 tQ East Fence 
Line . . 

East ofBXs 102 to East Fence 
Line ., . . 

East of BXw102 to East Fence 
Line . -

Centered betweeri BX~ 102 and · 
BX-102 

. Centered between BX-102 and 
BX-102 •, 

East ofBX:-102 to East Fence 
Lipe ' 

East ofBX-'102 to East Fence 
Line · 

East ofBX-102 to East Fence 
Line 

. . 

East of BX-102 to East Fence .. 
Line 

East ofBX-102 to East Fence 
. tine 

Unit Inventory 
(uranfum-238 and 
tecbnetiuinw99} 

Unit Inventory . 
(uranium-238 and . r 
technetium-99) 

_Unit Inventory . 
(uranium-238 and 
tedmetium-99) 

E-24 ·. 

A,tfachment El and'E2 Figures · 

~~s. El.2(a), El3(a)~ andElA(a) · 
' 

Figs.EL2(a), El.3(a), and El) t(a) . 

Fjgs. E1.2(a}; EL3(a), andEI.4(a) 
,· 

. . 
FigicE_L2(a), El.3(a), aiidEi.4(a) 

Ffgs. El.14(a), in.15(a)'; andEU6(a) . 

Figs. El.l4(a), El.15(a); andE1.16(a) 
.. 

Figs. El2(a); EL3(a), and E1.4(a-) 

.. 

Figs. E12(a), EU(a), andEl,4(a) 

Figs. El.2(a), El.3(a),'and EL4(a) . 

. Figs'. EL28(a), EJ.3(a) and El .4(a) 

Figs. EI .29(a), El.3(a) and El.4(a) 

Figs. E~3(a)and E2A(a)· - · 

... 

· Figs. E2.,9(a) and E2.lO(a) 

.. ., . .. 

· Figs. ·E2.9(f1:) and E2.1 ~ a) 

· December 13, 2002 
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E.3.t) .. NUMERICAL SIMULATION RESULTS 

All su;nul~tions reported h~rein ~ere perfonm~d using the STOMP simulator(Wbjte cWd 
Qost;tp:m 2Q-~.J;, }. ;DetaAe4 4i~C9Ssi~n on u,.e .p;-qmerical ig,.pJe$.ei}.ta~f or &TQ-MP._:~(;l 
:s~tilatiori res~ts are p:r~~nted ill. FY02 .Initial Asses$111_ents for B-BX-BYJlie{d i,r.vestzga(ion_ ·. 
Repo1:i (FIR): Numerical Simula#ons (Freedman et al,2002.). ·Resµlts presented in thefolloVv.ing 
sectidhs a,re. essen.tiaHyhased Qii Freedman etal. (2002). · · 

In this section,· the simulated peak aqueous cb'.n:tentration, time to peak conceiittation, and the 
-rnaxirri.UD:) aqueous ilutial .C.Olicentration yalue~ for vatjbus c::ases are summaii.zed. The maxiri:nun 
aqueous initiai"concentration values (b~ed on.the inventory-estimates in Section_E.2:4-.3) fil"e 
presenteq for comparison with the simulate9 peak: aqueous coriceri;tration_. . . 

Saturations an4. mveo,tory protiles for the .tankcross.,.~ction (tames BX-10$. to BX-I 02) are 
. shoW:0: m: Attc1ch1¥e11t El, ~d:fyeir bre.aktpr-0ugh CllfVes f':)r~n.evarious c.1:1Ses are presented~ . 
Attachment E3. Saturation:; a.nd inventory.,pro:fj.les for the B .trench simulatjoos ai'e pres~nted.in 
Attachment ·E2, and-their hreak:tbrorigh cuwes in Attacbent E4 .. -R~tilts of translation of tiie . 
breakthrough surv~s to ti}e ·dow,1-gradient ~~darie~ via str~amtu~~ IDQ4eliflg: are presented in 
Attachment ES: Note that the tank cross-'sectioil is often labeled as BX..;Hlf'. :The trench ... 
cross-sectio~ is oftep labeled~ B~3t . . . . , . . . . . 

E.3.l BASECASE; NOACTlON ALTERNATIVlt,{CASE 1) 

The base cas~,.(case 1) siinulation investigated solute trru,:i.sport thi-ougb WMAB-BX-BY 
considering natural surface infiltratio~ witli rio .waterline leaks anq no intepm $"1.liface barriers, 
but with a closm~ barrier at y¢ar 2040. _The dos:ur~ barrier:<,iegnid~s ~ir 500 ye.ars; (Taqle:E.1 
shows iechaig~ rates us.eel in these. simw,.a;tions). · Thl~ shµw{ltion was initi~~d tll?ing a • 
steady~fiow sofotfori defined by the up~r surface rec:liarge rate of 100 ~yr aiid:a $Pecified 
,flux in the ~confuied aquifer. A,mbieiit flow in the saturated zone was from west to ~" For 
uranium-23S,.the vahie of the partitioncoefficient (Kd) was o:6 ri:tl/g;and was used to determine . 
the partitioning between the so.lid (so.rbed) and aqueous pha$es for ilranium-238. Jnventories'of 

. the tbree .s~cies were initialized using a iateliill.y uniform dis:(ribu~on.pattem . . Plot-file output 
for ,this snn~latjon ~~re generated at years 2000, 2010,; 2040, 2100,:2200; 2300,.2400, 2540, 
2600, 2800~ ai.id 3000 :md iliclude valu~s for the satur~tio:q(i.e.,' :0/Bs, w.~ere 0 is;Jhe moisture . 
content and 0~·,:is the ~turat~d ~oisture content), .aqueo~.pfessui:e head, moi$fe content, and 
concentratjons\for th,e. three solute species. Th~. moisture .field for these,.Simulatiops reiiiain8-
unchariged froin the initial'steady~flow field µntil the year '.2040~ when the ~losure barrier 
becomes·effective-. . . , . .. . 

The saturation field is dependent on the surface recharge, hydrologic parameters, soil 
distribution, and impermeable structures (e.g., ~ingle-shell tanJ{sr . :fhe saturation. :tields for .the . 
BX-108to BX~102 crpss-:section:withl.00mm/yr ofmetemicrecharge are1sb;ow:nJnfigure El:l, 
Attachment El; I~ Figure El.,l (a), the initial satura_tion fit:;ld sl:io:ws the i.$pacts. ~fthe. t~s o:n· . 
. the moisture content distribution in ~e subsurface~. For exaillple;;higher thail <ITTU)ient satl.inlti.ons . 
occurabove and betwe.en th~·t~ andlowei: than ambiettt satu.ra.tiorts occµr justbelow the . · 
tanks. In 2040;. a clo&ui-e '.barri~r was assumed t0: he active) which lowered the meteoric recharge . 
from 100 nmi/yr, 10 0.l imn/yi-.: I~ 254-0; ~ssuming some degradatio~:°in tli6. ~lo;~e b~iet, th~ 

: . . . . 
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meteoric recharge was increased to 3.5 n:im/yr. : The Jinafsaturation field at 3.000 years is shown ·. 
in Figure El .1 (b ). Due to the reduction in surface recharge, the saturation field dried and the 
impact of the impermeable tanks ori the saturation was reduced; Th~ regions directly beneath the 
tanks showed lower varfabitity in saturatlbn. The variations m surface recliatge had ihe greatest . 
impact oh satutatlonsin. the region between tanks within the backfill matirial ·and the;soils · 
immediately below the ~ott.omlevel of the tanks: The Plio:.PJeistoceile -unit showed the' least · 
amount of ch~ge in saturation with the variation in surlace recharge; and the water:tabie level · ·· 
showed-little variation with the rate of surface recharge. 

Color-scaleddniages of the ihiti~ and final soluteconcentt~tions for the three mobile species 
(uraniuni-238, technetium~99 'andti.itrate) are shown in Figru:es·EL2 through El.4 . . - .. 
A comparison of the inventory profiles: for aqueous urannim-23 8 shows that the downward 
migration of uranhun.;.238 in the subsurface is limited by sorption to the solid phase. Peak 
concentrations differ by approximately 15% between the_iriitial aiidfmal pi'eifiles; _and are still 
confined' withiri the vadose Whe:· By contrast; the techrietium-99 and nitrate inventory profiies 
show significant downward moveme11t. I:n both contaminant profiles, the initial: ·vertical · 
distributions ' show multiple peaks, wh~reas their final distributions show only a single peak. 
A comparison of peak coricetitratioils and. mass balances between initial: and final tiine . steps . 
show a reduction ofapproxim&tely 97% from their initialvaluesfor both.technctiuni~99 and 
nitrate. 

Solute mass flux arid aqueous concentration: breakthrough\iurves are shown in Attachment E3 ·. 
for the three solute species (uranium-238, technetium-99, and nitrate). Peak arrival times and 
peak aqueous concentrations at the first boundary (i.e., cross-sectioii) aie surmiiarize.d in . 
Table E14. Attachment E5, Tables E5.l through E5.3 suhlmarize.the peakatrival times and' 
peak aqueous concentratibns for the BX tank fann east fence lme boundary. aii well as for the two . 
other bolll)tlfilies (i.e., ~jcclwion hooodary ru:id ColU+rlbia RI~~r) based .011 the resul~ of the · 
analytical a:quifet streamtµbe inode. · See Sectio:n E.2.3for description. The mass flux results and 
aqueous concentration breakthrough curve i:esults are discuss~d below fo~ each species .. · · . . . 

.· .. '· . .. . . . . .... - . . . . . . 

For the base case, only a sm.hll portioti (~ 0.2 %) of the tttaniu.m-238 inventory has filigrated 
from the vadose ·?;one by the end of the si1jmlation at yeai-3000: As s4owri in Attachment E3 
Figure E3.l(a); the ciunulative uranium-238 inventory thatlias.Ieft the BX~ farm.fence line is 
6.5 X l<f pCi, compared to ~initial inventory of3.15 X 1012 pCi. Aqueous uraniilin-'-23'8 . 
concentrations are also very low'(< lpCi/L). The initial arrival oflow- concentrations of ·· 
uranium-238 at the tank farm boundary does :not occur until year 2050 with the peak predictoo 
concentration occurring about 50 years later. The predicted uranium-238 concentrations remain 
reiat'ively close to the peak concentration for the remainder of the simulation with a slight · 
decreasmg trend. .· 

Technetium-99 mass flux and aqueous con¢entration breakthrough curves are shown·in . 
Figure E32 in-Appendix E3 forthe base·case~ Arrivat ·· ofthe technetium-99 at the BX tank farm 
fence 'line occurs: shortly after the simulation start due to the location of the..initial concentration 
profile in the ,vadose zone and shnulated non-sorbiiig. behavior of the solute, • Almost the' entire • 
technetium:..99 inventory has migrated from the vadose zone at year 2200,' with only residual · 
amounts remaining· afterwards . . The peak mass flux and concentrations also' occur$ shortly after 
the beginning of the simul~tion; These breakthrough curves have a distinct trimodal shape of 
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. apprqximately the, same magnitude,. which is caused by·low concentration gap in the initial· .. 
technetium-,99 vadose zone distributiim [Figure El.3 (a)). Notethat the initial spike in tl:te · 
breakfui:ougb c~eoccili-sat year2000 and is not easily discerned in.Figure. E3.2. ·· .. 

. Nitrate mass flux and aqueous concentration breakthrough curves ate shown in Figure E3 .3 for . 
th~ base case. Sirriilar.to the predicted technetil:llll-99, the pr~cted ni~te also arrives quicldy at 
,the boundary froni the start of the sirinilation ~ most 'ofthe mass ~s.IJ;tigrated from the vadose" . 
zone by the year 2200 . . The nitrate -br~origh curves are also trimodaJ,.but the last.peak is 
only about l /3 the size :of the initial peak value. This is.alsCr caused by the)nitial vertical · 
:distribution of nitrate in the vadose zone [FigureEl.4 (a)). Similar to Figure E3.2, the lllitial 
· spilcein the break1Jirough cpiye occurs at year 2990 an.dis not easily discerned -~ Figure·E3 .3 . 

E.3~2 

. . . •,· . : . 

. > :TableE.14. , Peak Concentrations andArrivalTimes . . . at th~ First Bound~ry for Case 1. . . . . 

. . . Paramet~r . BX_".IIll' _· 

TechneJiltln'-99 •. · 

Year·2048 · .. 

Peak :Concentration 6.65 x l<Yp.Ci/L .·· 

Maxfu+wn :IilidalCon'centratfon (a) · ·· · 1.92 x Hr pCi/L · 

Arri;~ Time . 
·-; · .. 

Y~ar2149 , . 

· Pealt"Conc~ritratfon . . ;• 
·. 0.85 µg/L 

. Maxkun Initial Conceriti:ation 
't . ~ . 

1.4 x Iif iiwI,: 
_Nura/e 

Arrival Tiine Year2012-

Peak Conc~trl!tion 3.69 X IQ4 µg(L 

. .. Maxilinini~tial Coricentrati.on • 8;92 X 106 µg/L 

(a>~-un:x initial concentratiori i~ based on inventory data (Section: Jt.2.43) and 
· list&!. for:coniparison with the siinulated peak conrentration at the ~oundary: 

BARRJ,ERALTERNATIYE AND NO WATERLINEL~S (CASE 2) · 

. The barrier alternative ru:idno water line leaks (case 2} simulation investigated sol~te transport -· 
through the BX ~ famis considering natural surface i~filtration, with no waterline leaks and 
· closure barrier at year 2-040. This simulation· differs from the base cas~ 'simulation in that an 
· interhn surface barrier was implemented between the years 2010 and -i040. This simulation was 
initialized using a ~eaciy~ffow solution defined by the upper smface recllarge rate of 100 mm/yr 
and a specified flux. in tl;ie unconfined aquifer. Inventories of the three contaminant species were 
initialized using the laterally uniform distribution pattern as in the base ~ase scenario. Plot-file 
output for this simulation were generat~ for the ,srune output times a,s the base case arid include 
the same varial?les. Thf initial moisture field for these simulations rem~ed un~hangedfrom the 
initial st~dy-flow until,the year 2010, when the interim barrier become~:effective. . 
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The steady-flow .saturation field for the BX-:-108 to BX-1'02 tank cross~section. with 100 mm/yr .of 
meteoric recharge andinter.im barrieds $own in .. Figure El.I. · In Attachment E1 Figure El.5, · 
the final saturation field .shows thattheinterim barrier has a similar moisture content distribution 
[Fi~e. El.t(b)] as in the base case. 

The aqueous concentration distrib~tions for all three contaminant species are shown in · 
Figures E L6 an& E 1. 7. -Changes fu,the vertical migration-are similar-fot aU oHhe solutes. 
Ai year 3 000, the vertical movementis approximately lO feet smaller than shown by the· 

• inventoryproftlesnfthebase case scenario. 

Predicted SQlute mas; fl~i and aqu~ous COJlcentra.tio~ breaktmough Cl,!zy~S are shown for case_.7 
in FiguresB3:4 through E3.6 for uranium-238, t echnetiutri-99, and nitrate: While the initial : 
arrival of all of the solutes in case 2 are similar to the base case until about 2050, the reduced 
recharge from the interim barrier has a significant impact on the solute mass flux and aqueous 

. concentrations after this-time. · The cumulative mass ofuranium-238 that bas left the vadose zone 
is approximately one order oflll~gnitude less .than.the .bas.e .case by 'the end of the simulation 
(although the amount is very low in both cases). The uranium-238 concentrations, while low in 
this case, show a continuous increase throughout the· entire simulation period with the peak 
concentratlon·occtimng at the end. _ · 

The peak arri;al tim:e~ ~d concentrati~ns for t~chnetium~99 and ni~ate aie e~li~r and lower in 
the interim barrier case relative to the base ca~. This is due fo the initial faventory distribution, 
which shows high concentrations of both technetium-99 and nitrate near the wat~r table. The 
barrier has little effect o:g.the initial breaktprough becaus.ethe conta.minahts ht1.ye already· 
migrated to the water table before the lowerinfiltration rates have be_conie effective at that depth. 
For the inventory pr~sent in the upper p~ of the vadose zone, the _interim barrier has a 
significant impact on contai:ninant transport. While both the tecbrietiuin.:.99 and nitrate 
breakthrough curves were distinctly trimodal in the base case, the reduced rechar:ge caused by . 
the interim barrier has. elirrunated the.third, . slightly higher peak. . . 

Peak arrival tjmes and peak aqueous _concentrations at the first boundary (i.e ., cross."".section) are 
summarized fo·Table E.15. Attachment E5 Tables E5.l through ESSstimmarize the peak arrival 
times and peak aqueous concentrations.for the BX ta:tik farm east fence line boundary as well as 
for the two other boundaries (i.e., excluston boundary and 'columbia River). It should noted that 
a cursory glace at Table E.16 may be deceptive in assessing the impact of the interim barrier on 
technetiwn-99, concentrations given :the e~lier arrival ti me and _with a similar concentration : · . 
compared to the base case (Table E.14). ·Both simulations yield very similar results up to about 
year 2025. Afterwards; the base case 'then .has·-an additioilal, slightly high~r technetium-99 peak .· 
at 2048s Th¢ reduced recharge of the interim barrier cas~ eliminated the last peak. 
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E.3.3 . 

.' Table E.15. Peak Concentrations -and Ar.rival Times 
_ atthe First llounclary for Case :2 · · 

BX:ffll'_.·· 
Technetiu,n-99 

Arrival Time Year 2015 
, . . ·,, . 

. . Peal/ Concentration .· 

· -~um Initia). C9ncentration .<•) · · -1.92 x 105 pCi/L _ 

Uranfum-238 .· .. . 

Arr.i:valTime Year2999 

Peak Concentration 

. Maxi:m,um. Initi_al C9ncentratjon IA X 106 JJ-g/L ... 

Nitrate . 

. ·• Arri~al '.rime Yeai2012 

P.eakConcentration . J.69 x lif µg!L 

M.aximu~ Initial Concentration · 8.92 x 106 µg/L 

RPP-10098, Rev:O 

. (a~ajmum initialeoncentration is based ()D inventory data (Section E,2.4.3)imcJ 
·. j~t!:d for comp:arison with the 's.un~ated peab::o:ncentqiti<>n at the boundazy:: ·-· 
-· .;, . ' . . -- . . . -. . . _. _ . . . . ·. - -

NO INTER™ BARRIER AND WATERLINE LEAK OFiGPM FOR 
20_ Y;E4RS (CASE 3) . . . 

-· ,:., . . . . 

Then~ b~ei: arid "1aterfui~.Jeak (case 3) simulationitivestigatedsolute transp~tt thro:ugh the . _ 
BX tank farm· ¢,r6ss:sectioii c911sideririg Ii~tural surface infiltration and a closure barrier at year . _ 
2040. This sim;ulatldil differs from the base case simulation in that a waterline leak; occurs east 
of~ BX~ 102 ~t th~: level of the'. top· silrface of the tank .. The watet ,li~e leak was-mo_deled ·ru; a . 
point soiirce: (1 gallon per minute over a 20 year period) spreac(9vera 9;1_5"'ni (30~ft) diajneter. _ 
Tiiis sin:miatiori w~·uutiali~d. using a steady-flow solution.defined by ~e upper surface ·· . 
recharge rate of fop rimi/yr and: a· specified fl.WC: in the uii~onfiti¢ aquifer: . Irrventories of the . 
three speGieS wete iriitializaj'using ·the laterally unifo~m distribution pattern. P~ot-:fiie output for . 
these simulations were:geneiaiedatyears 2000. 2010,2020, 2030, 2040/ 2100,·2200, 2300, . _ .. 
2400~ 2540. 2600, 2800, and 3'000, and include vafues for the saturation, aqueous pressure head, 
moisture content and concentrations for the:three solute species. 

Preliminary simulations showed that the ~ater line leak caused a rapid migration of _ 
contaminants. Henoe, the domain for this simulation was extended 3_0.5 m (100 ft)(Figpres El.8 
through El.10}: In :t;bis way, the contaminants were able to migrate laterally without coming into 
contact with the.boundary. · · 

The flow environment following the leak event is shown in Figure E.1.8 (a) at year 2020, and the 
final saturation <listribution is shownin Fig~e El.8 (b), year 3000. After 20 years., . . 
Figure El .8 (a) demonstrates a significantly hjgher saturation distribution relative to the base 
_case. The region to·theeast oftaiik BX-102 and the area beneath it.are nearly fully saturated. 
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An increase m saturation is also rioted between the tanks, with l'arget ·areas of higher satmations 
relative to the base case. This indicates that flow from the water ,line leak has also migrated to 
the drier areas beneath-the tanks. · However1 after · 1000 years, Figure El.8 (b) shows that desphe · 
the :factthaft:he leaked waterJias· d'escendeclnrto the domain, .. thefinal 'saturation distribution·is . 
similar to that of~e-base ~ase sh?~ m.· Figure El.1 {b)._ 

Significant differences in 1he inve~tory·profiles relati\fe to the base case,aie netecHn the. 
color~scaled ii:nage~ of the final solute. cohcentr~tio~ for. uraniuw-23~;-tecbnetjum.~99, and 
nitrate -(Figures E l.9 ~cl E 1.10) . . The most notable effect ofthe, water line leak is in the location 
of all_ three_ contaminant species. For example~ Figure· Et~9; shows thatfu-aniuni-23 8 is 
concentrated near 122 m ( 400 ft), showing significantly more iateral movement relative to the 
base (;a$e. Both technetitUJi:.99 and nitrate (Figute,El.10) show similar migration patterns, and 
have migrated everi. further than uraniwn-238. ·- ·· · · · ·· ·· · · · · · 

The transport o:f the mobile species in the upper region of the vacfose zone _outof the model 
domain is delayed because of the shift in the hydraulic gradient that pushes the plumes . 

· upgraclient of the exitboUiidary. For the mobile-species located in the lower region of the vadose 
zone, their transport is accelerated relative to the base case due to increased: saturations. Because 
uranium-23 8_ sorbs to subsurface materials, it is less affected by _the sltlft in hydraulic gradient. 

Peak arrival times and peak aqU:eous ~oncentratidns at the first boundary (i.e.; cross-section) are 
summarized in Table E.16.. · Attachment E5 Tables E5 .1 through E53 sUmmariie the peak arrival 
times and peak aqueotis concentrations for the BX tank farm east fence· line boundary as well as 
for the two other boundaries (i.e., exclusion boundary and Columbia River) . . 

. -· . . . ' . . ·. ' . 

Predicted solute mass flux and aqueous coµcent:ration breakthrough. cutyes ate shown for case J 
in Figures E3.7 ¢rough E3.9 for uraniwn-238,. technetium~99, and nitrate. TheJarge volume of 
wat~r disch~ged i11 thi~ simulatio~ resulted ir{this case having the.highest solute mass fhix and . 
concentratioiis _tbazj. apy of t4e other ci1ses . . The peak concentrations were also piuch earlier, even 
for i.iraniurn:.238; Peak concentrations 'for tirai:rium:.238 were iri excess off our orders of .. . . 

· magriihlde greater than for the base c~se and occuqeiearlier in the sirrilill;ltion . . Additionhlly, . 
more t:han 85% of the ur~iuin~238 inventory J,iad migrated fr~in the\,aciose zon~-at ye-~ 2630. 
For tycbnetium-99, the peak conceritrati.ons wer~ 20 funes greater thap for_ tµe biise case aoo: .·. 
occrured within the first few_years of the siniulatjon. Similarly for Intrate,; peak coriceriitations 
occurred withm a few years of the staq 6f°the simufation and were_ 14 times greater than: for.•the 
base case. . . . . ' . . . 
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Table E.16. ·Peak Concentrations and Arrival Times 
. . · at the First B~undary for Cas~_3 . , 

Parameter 
. . 
BX..:.HH1 ... 

· Technetium-99 . 

Arrival Tim~ ·.··.· 
. ·, .. · .· . 

; iear2002 . 

Peak Concentratjoil . · 

Ma'x:iinuril initial Concentration <•) . l.92 X 105 pCi/L : . . 

Uranium-238 

Arrival Tinie · · ·.·Year'.2008 
. . . . . 

Peak Corice,ntration 2.31 x 104 µg/L 
:Maximum Initial Concentra:tlon · L4 x'to~ µg/L 

. ' . ~-.. . 

Nlirate 

.Arrival Tune .. .. Year.2002 

.Peak Conceµtration 

Maximum ~tlal Concentration 

, RPP-10098, Rev. 0 

<a)Maximw:n initiitl~oricentration is based on inventory data (Section E.2.4.3) and 
Jisted for ~oµi.parison with the simulated peak COilcei:itratioi;t at the. boundary. · . . . .. . . . . : . . . 

E.3.4 . ·.· NO B.AR:RIERANO WATER LINE LEAK OF 20Q,OOO GALLONS OVER,: 
. 5 Di\YS (C4SE 4) . . . . . - . . . . 

. . . . . 

The no barrier ~ci water line ,leak ( case 4) si~ulation inye~gated soiute tra,nspoitthrough the • . 
BX tank farm cross-section considering natural -surface )rifi.lttatiori and a closure barrier at year · . . 
2040.- Although a. largeilea.k rate occurs in case 4 than in the cas,e 3 wat~r line leak scenari• , the . 

( • • • l , , • • ' •• • • , 7 - ~ . .. , . . 
qllfilitity Qf wa~r ent~Iig t4.e d01n11in is higher.iµ _case 3 (l.05. x 1, 0. gallons over .a 20-y~cl! ._. . 
period) than in case 4 {~: x lO~-gallons oyer ~ 5~da.y perio_d). $itpilar,to case 3, the!~ occurs . 
east of tank BX-102, at the level of the toP:smface of the tank and e:ict:ep.<::j.ed ov~ra30-foot ·· 
diapieter, ·,·This $irn.,u}:ation ~as· also. initializecl using· a ste;i~y.:flo~ solution defined by the upper 
surface r·ec;harge rate of l 00 mm/yr and a specified flux in the uncorrfiried aquifer. Inventories .o;f . 
the three species wereiriitialized using the lateraJly uniform distribution pattern. Piot-:file output 
for thesesimulitions were generated at years 2000, 2000.01389, 2010, 2020, 2030, 2040, 2iOO, 

. 2200, 2300, 2400~2540, 2600, 2800,:and 3000, and iliclude-val.ue.s for the saturation, aqueous 
pressure head, moisture ~ontent, and concentrations for the three solute species. 

The flow environment following the leak event is shown in Figure El .11 (a) at year 2000 plus 
5 days, and the final saturation distribution is shown in Figure El.11 (b) at year 3000. After 
5 days of ~itnulatiQn, the region east of tank BX-102 is fully ,-saturated, as well ~ the region 
above the leak and to the west. This saturation distribution demonstrates that the release ofa 
large volume of water in a short tinie period can caus~ ponding to o~cur, which corresponded to 
very high values of pressure. head. Although ponding may qcc:ur with a large water line leak, the 

. lack of drainage permitted by the selected soilpropertiesin this silnulatiqn.-may have caused an 
. . . . . . . 
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inadequate migration of the excess 1~ water" .Hecause water .ponded:up against the upper 
boundary of the domain, it migrated in a westwardly.di.r.ection above the tank domains. Contrary 
to the 1 gpm leak_ case over a 20-year-time period ( case 3), a shift in hydraulic gradient did not 
occm in the region beneath the tanic. bottoms. _-- . . .. , . 

After l 000 years of simulation, Figure E 1. 8 (b) and'"Figure El .11 · (b) show that. th~ region 
beneath tank .BX-102 and to the east the saturatioas are nearly identical to the finai saturation 
distribution for_the base case~· Althqugh aJ~ge volume of wa~er was input into fl.i~ system;)t 
occurred over_arelatively short tim~ period. ar1.d with time, drainecl from the system: · 

The shape of the flnal conce~:ttation clistribution~ for e~h of the con4unip.ants sliowp.-in 
Figure$_El.12~ El.13(a), and.El.13(b)is siipilar to those for the base caseJEigures El.2(b), 
El .3(b ),. and. E.1.4(b )]. However, increase in s~tions lias caused· a slightly accelerated . · 
transport.out of the domain. For example, in theyear 3000, peak mtrate concentrations decrease 
by neariy 50%, whereas tbe:peak technetium-99 Concentrations decrease by 60%: The leak 

_ water effect on 'uraruum-238 is less notable because ofits .sorption to.the se<linlents.· 

-
Peak .arrival tilUes _l:1-nd pei;tlc aqueous-. concentrations at the first boun~ {i.e., ci:oss-s_ection) are . 
summarized in Tabie E.17. Attachment ES Tables E5. i through E5 .3 summarize the ,peak arrival 
times and peak aqueous concentrations for the-BX tank farm: east fl:lnce nne boundary as well as 

. . for the two other boundaries (i.e. , exclusio~ boundary and Coimnbia lt.ver). . . 

Predicted solute mass flux and aqueous concentration breakthrough curves are shown for case 4 
in Figures E3.10 through E3J2 for uranjui:n-238, technetium-99, and nitrate: The simulated . 
pressur~ hefilis-:foi.-\virter line leak scenarios were iatge due to the higp. water flux tate specified 

·. resulting!in a complete saturation of the upper zone and an extensive lateral spreading . . While 
the peak ,concentrations_ for all three solutes are greater than thosefor the base _case, they are still 
sigru~cantly stna.ller·t~an the values predicted for the otherwater leak"case _(i:e., case 3): . 

. ' . . . 

For uranium-238 in case 4, the peak concentrations are 3.5 times the base case; but the ,. 
percentage of uranium.:. 238 inventory that has migrated from the· vadose zone 1s stiil very low . 
(less than 0.5% of the initial specified value). The:technetiuin'-99 and'nitrate peaks are also· 
trimodal, but for both solutes, the second peak' is narrower and .about 2. 5· tunes higher than for 

· the base case. The final 'technetium--99 mid' nitrate peaks a.re about the same value as in the base 
case. · 

,::·· 
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Table 'E.17 . . Peak Concentrations 'and ArrivalTim~s 
at the. First Boundary for Case 4 •. 

Parameter : . . . .. Bx~oo•·. 
. -. . . ~ - · .. 

Technetium-99 · 

. Yeai2001 . 
· •, ,, . .,. 

Peak Concentration . :_ l.(>7 x .1{t pCii'L . 
-Maximum Initial Con~ntiation <aJ · · · · · . 

Arrival Time Y~2075 

Peak Concentration . 2.99µgiL . 

. ..IA x.106 µgtL 

·· • ivi.'trate · · 
Arrival Time-. Year,2006 

. . . . . 

Peak;°CQncentration : . L05x 105 µg:ir, · 
Maximtirn Initial Concentration- · 

RPP-10~98; Rev. 0 

(a)Maximum initial concentration is based on inventory data (Sectioi1E2.4.3) and 
listed-for comparison witli ,the· si.JµuJated peak concentra~on at~ boundary . 

. . . ' . . . ·.: ; . . · . -_ . . . : . .. 

ALTERNATE INVENTORY DisTIUBUTION AND NO INTERIM BARRIER . . .. •. . . . . ' . . , . - . . . . .· . 

(CASE 5) 

The alternate inventory distribution and no hairier ( qa.se 5) simulation investigated s~lute 
transport through the BX.tarik fa.rm considering natural' surface infiltration, with no water line 
le*s, and a closure barrier at year 2040. This simulation' differs frotn the base case simulati,on in 
that the initial . concentration distribution was shifted so that it was centered between tanks. 
BX-105 aridii:X-102. 11iis sipmlat,i~'n was initlaiize(_l using a steap.y-;ifow~sb:lutjon defined by the 

.. upper surface recharge rate of 100 mm/yr and a specified flux in t]::i.e unconfined aquifer . 
-Plot-file outpufforthese siriiulati0.iis'"wei:e generated at years 2000, 2oto, 2040, 2i()O,. 2200, 
2300, 2400~ 2540, 2~00, 2800; and 3000, and include vaiues for :the saturation, aqueolJS pressure 

. he~d; moisture content; an,q co,ncenl:ratj,p~~ for ~~ three_ solute species, : The lllO_istµri field for 
these simuiations remains unchazjged from the_ initial steady~flow field until the yea( 2040~ when 

· the closure barrier becomes effective: · · · 

In general, the .saturations immediately beneath the tanks are lower thi:tn the saturations iri the 
region east of tank BX-i.02~ w~¢reas the saturatloris)x~tweeri the ~s are ·g~nerajly hjgher as 
shown in the initial ~turation field. in Figure E 1; l (a); However, the.depth of-the satttration 

. increases is linlited, and th~ has only a m.iijor effect oh the concentration profiles sliown in 
Figures E 1.14 through El.16 .. for all three cc>ntamin~ts, the shape of.the conuµnrnant plumes in 
the year 3 000 differs.from those of the base case due to the differences in the satufation . 
distributions .. ·Peale concentrations c).}so differ between the two c~ses due to dilution effects. For · 
uranium-23 8, the effect is most pronounced, whereas for technetium-99 and nitrate ·the impact is 
not as great because they are distributed at a gre~ter depth in the subsurface. · 
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Peak arrival times and peak aqueous concentrations at the first boupdary.'(i.e., cross-section) ar~ 
summarized in Table E.18. Attachment ES Tables E5. l ,tbrough E5.3 summarize the peak arrival 
tiines- and peak aqueous concentrations for the BX tank fann east fence line boundary as well as 
for the two ot1ier b01µ1daries '(i:e., excl~ion boundary and Columbia River). 

Predictea solute mass flux arid a:qµeous concentration breakthrough curves ate shoWil for case 5 
in Figures E~l.1-3 througll'E3.15f6ruranium-238,technetium-99, and nitrate, • For case 5, the 
uranium-238 peaj<: concentration w~s appr9Xll}lately half of tile base case and the irii~al arrival 
time was similar. Peak concentrations for technetium-99 and nitrate were about 10% lower than 
for the base case with simiiar shapes· and arrival times. • The technetium-,,99 and nitrate pulses had 
slightly longer tailing. 

Based solely ori distance tovarious boundaries~ it was expected that the'airival tiines for all three 
contaminants would be longer .than those of the base case. · However; th~ areas b~neath the tank . 
farm in the alternate concentration_profile ~cl the base case profile differ inth¢irinitial · 
saturation distribution: As. shown in Figure El .1 ( a), saturations are higher between tanks 
BX-105 and BX-102 than the. area east of tank BX-102 .. · This causes· greater mobility of the 
contaminants and a similarity in th~initial breakthrough times relative to the base case. Because 
of shadowing beneath the tanks, the saturations are lower iri these regions;which decreases 
contaminant mobility . . Thus, tailing 1~ longer for the mobile species relative fo the base case. 

AppE_) 213 

·Table E.is. Peak Concentrations and Arrival Times 
a~ the. Fb'.st Bound~ry for Case 5 . 

.. 

Parameter BX-HB' ', 

Technetium-99 

Arrival Time . Year2017 

Peak Concentration 5.79 X 103 pCi/L . 

Maximum Initial Concentraticm (a) · . . ·· - . . .• , : 
2.209 x 105 pCi/L 

· Uranium-238 · 

.. Arriva1 Time Year2284 

··Peak Concentration 0.422 µg/L 

Maximum.. initial° Concentration 1.42 X 106 µg{L · 

Nitrate 
.. 

Arrival Time Year2000 

Peak Concentration 3.46 x 104 µg!L 
. 

9.33 X 106 µg/L Maximum initial Concentration .. 
(a)Maximum initial concentration is based OJI inventory data (Section E2.4.3)and · 

·ljsted for comparison with the• simulated peak concentration· at the boundary . . 

.. 
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E.3.6 ALTERNATElNVENTORY DISTRIBUTION WITH·INTERIM BARRIER .: . . . . ' . . . . . . 

(CASE6) · 

. The altem!;l.tejnveQ.t0ry distriptitio1:1and baµief ( ~as~ 6) sitny.lat;io~ .4lvestigatedsolute ~port 
through the BX fan1c farms considering natural surfa~e infilt(ati~n~-an: ~terim barrier, with no · 
water line leaks, and a dosure barrier at year 2040. This SllllUlat;iQI~idiffei:s from the b_ase case· 
s1mulation in th~t an mterim..surfa¢e.barrier ~as impleme:rite.d betW~en tjie y~s 2010 '.and 2400, 

. mid a shiHed distributio~ w~ used for the initial inventory. Siniilar ,to case 5, the altep:i,ate 
inventory distribution shifted.the initial inventory of the base case SQ tluif it was. ~entered 
between tank:s BX .. 105· and BX"" 102. · Th.is simulation was-initialized usfug a ste~y.:flow solution 
defined by the. upper surface recharge rate .. of 100 mm/yr and a specified .fimt in ·the uii9onfined · 
aquifer. -Plot~tile output for.this simulation were generated at years 2000, 2010, 2040~ 2109, 
2300, 2400, 2540, 2600~ 2800, ancl300Q; and include valuesJor the -~atur_ation; aqueous pressure 
head, moisture content, concenttatlons for the three solute species. The .. moistui-~ .fielq for these · . 

. simulations remains unchanged from the initial steady-flow field until the yeai·20l0, when the 
.. · interim barrier beco~es effective. ·_ . ·. .. . . . . . .. . ... .· . . ·. . . 

The steady-:-flow saturation field for the BX:-108 to BX:--102 .cross-section with 100 mm/yr of 
meteoric recharge arid int~:rp bru;ner is the same as case 2 and is shown in Figµre El:~6. As 
previously disciissed;the fifuil 'saturatiori field in Figure EU, .shows the sator~tiondisti:ibution ts . 
similar to that for the.b~e case, -For all three contaminants,. shQwn in Figt,Jre~ El.17 and El.18; 
the concentrations are higher th~ in c9se_ 5 (ciltern_ate inyent:<?ry, no ~teru:n harrier). ·For 
example; peak aqueous concentration for maniun:i-23 8 is increased by i2%-r~l~tive to that for 

.. case 5. whereas a two-fold increase. in peak con-eentration ·oc,curs• fotrutrate; ;artd _a greater than. 
three-fold increase for technetiutn-~9; . These differences in peaks occur becau.se the interim 
barrier has caus.ed a iedllction:itj the water flux thr9ugh the vadose·zcme. · Contrary' to case 2 
results, the depth at which the mobile speci~s are·pre_sent atyeat 3:000 is similar to the case with . 
no interim barriers'. For- relativefr iinrilobile pll~es, however, there is 1:1, delay in tb,e vertical 
migration of sorbed uranilitri.~238 "(Figure'El .17)'h:fapproxmiately'.· 10 teet. . 

Peak arrival times and peak aqueous concentrations iit the first boundary (Le.; ~foss--section) are .. 
summarized in Table'E 19: A~hment Es Tableii E5:I through .. E5.3 sillninarize .the peak amvai 
times and peak aqueous concen:tratj.ons for the BXtarik :f<il1il east ferice ·]jhe boundary as Well as 

-. for the two oilier boundaries (i.e., exclusjon boundary arid Coh.unb1a Rivbr). · . . . 
. ' · •. .. , .. . . . . . . . 

Predicted solµte mass flux and aqueous concentration breakthrough curve$ are:shown for case·6 
in Figures E3.17 throughE3.18 forura.nium-238; technetium~99~.aiid hitcite. For case·6, the . . 
uranium1238 peak concentration at1d mass flux weri inore than.an orcier'ofinagnitude lower than 
for the base case . . Technetium-99 and nitrate peak concentrations we~ about 10% iess than for 
the base case. The thltd peaks 1.1oficeable in the base case were not prese.nt for the niobile solutes 
and the second p~lse ·had loriger-tailing:: · The remaining inventory a(the ~nd of the simulation 
was about 10% ofth~ initial inventory for technetium-99, and aboutl.S¾fcfrnit~ate; . 

Similru- to case 2, the: interim banier has little affect on the initial 'breakthrough because th.e · ... 
. contaminants have already :¢Iitered the water table b~fore the reduced recharge~~-ate has_ impacted•; · · 
. their transport. While the mitialai:rival tinies "and shc!~S. of the hreaktbrough curves for the . .. 
solutes for case· 6 . were similar to· case 2, the predicted conce:rib.-ations were lower'. This· o~curs · . · 

AppE_J213. E-35 ' · December 13, 2002 



; 
I 

I 
l 
I 

J 
l 

j 

l 
j 
I 
·' 

·I 
' 

. \ 
. I 

j 
., 
·; 
. , 

RPP-10098, Rev. 0 

· . bec.ause the higher saturations between tanks BX:-1 os.-and BX.; 102 dilute the contaminant 
· concentrations more than in the area east of tank BX-102. Concentrations were-about 10% lower · 
than in case 2 for technetium-99 and nitrate, and approximately 33% lower for urani·um-238. 

,' : . . 

• ' -· 

E.3.7 

Tabie R19. Pea,k Concentrations and Arrival Times 
. . .. ' , · at the First B'ouhdary for Case 6 . 

. . .. .. , . . ·- ., -· -.~ . . 

. · Parameter. ·BX-:JIH' 

. Technetium-99 

A.ni.val I~e , Year20l7 

Peak Conceiltration 5.78; lifpCi/L 

. Maximum Initial Concen~tiori <•> 

Urari.iu,;n-23 8 

Arrival Time Year2999 

Peale Concep.tl1ltion 

Maximum Initial Concentration. : 1.089xl O5 µg/L , 

Nitrate · 

Anival Time Year2000 

Peak Concentration· . 2.46 x 104 µ,g/L .. 

· M~uni Initial Conceritration 
. . . 6 ·. 

9 .62 ~.10 µg/L 

l•JMaximum, injtial 6Qnceritr.ation is based.on inventory. data(S~on E;2.43) ~d 
. listed/or comparison withthe simulated peak ,ccincentrati,on at the bowidary. ' ·. 

. ' . . . . . . . . ,. . . 

BASE CASE WITH SO MM/YR METEORIC ~CHARGE (CASE 7) ·. 
. -. . . : . . . . . 

The .pase 9ase with 50. mm/yr myteciric recharge simulation .investigated. solute transpo,rt througll 
· the :BX cross-section' CO)l13idering natural surface iirfiltration,.with no wa(er line leaks and no 
intyrim surface b~ers~ but with a closure barrier at year 2040. ·. Uris ~iiri.ulation, along witI,.. 
cases f , 8, and 9, form a sensitivity study on the .. ef:fectofthe initial .meteoric r~charge rate on the ·· 
migration of solutes to various boundaries. The simulation iri this case was initialized using a . . 
steady-:-:flow solution 1ef1Iled by the upper su.rface, recharge rate. of 50. mm/yr and a sp~ifi¢ flux 
in the unconfined aquifer. Invenfories of the three species were: initi~ized using th~ same 
laterally µniform distribution pattern as in the b·ase case. Plot-file output fo~ these. ru.nulations . 
were generated atye.ars 2()00, 2010, 2040, 2100, 2300, 2400, 2540, 2600~ 2800; andJOpO; .and 
include. value~ for the saturation, aqueous•pres~ure be.a~ moisture c,;mtent, and concentrati<>ns for . 
the three solute species, The moisture fi.eldJor these simulations. re~~unchanged from the •· 
initial steady-fl<>w field until the year 2040, when the closUFe barrier. be~omes effeGtive. . . 

The ste~dy-:flow: saturation field for the BX-108 to BX-102 cross-section with 50 mm/yr of .. 
m~t~oric rech,arge_is showt1 in Figure EJ.19(a). The saturation fielcl shows a significant variation 
from that of the 100 mni:/yr n1et~9ric r~charge case [Figure ,EI. l ( a)l. ,Jhe most notable impact is 
in the regio11: beneath: the f?n1cs, in the Ill gravelly sand, where on average, the saturations are . 
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5 to 10% lo\Ver than in the base_case. There is also a redliction in saturation in the H2 sand unit · 
. just beneath ·the tan.ks, although to a lesser extent. The safuration distribµtion .shown in • 
Figure El.19(b) after 1000 years is, similar to the base case {Figure El.1 ·(i;))); · 

. . -·. . . 

Peak arriv_al time~ and peak aqueous- concentrations at th6 first boundacy (i.e., cross.:section) are 
summarized in .Table E.10. Att~hment ES Tables E5J through E5.3 summarize the peak arrival 
times and peak aqu,eous concentrations for the BX -tank furm east fence line. bou,p..dazy as well as 
for the two other boundades:{ie.~ exclusion boundary and Cphunbia•Rivei:): · .. 

Changes in tbe peak initial concentrations (Table 820) are a resultbf the lower initial moisture 
content · Significant changes in the final peak concentrations are .apparen:t.m Ffgures El .20 and 
E 1.21. The peak technetiutii:..99 and niti;ate ·conc~ntrations were increased fom fold and twci fold, 
respectively, wher·eas ·uramuni~238 peak solute concentratlops increaie<il.by 8%: _ The 
corresponding change in the total uranium-238 peak coucentration profile was i:3%i because 
when lower sa~t~ons occw- iti the _subsurfa.ce, th~ greater, the· partitiolling ontq th~ sorbed 
phase, which retards even further the vertical migration. of the uranium;_ 23 8 phi.me. . 

Predicted solute m~ -flux and aqueous concentration breakthrough C\]IVeS are shown for .case 7 ''. 
in Figures E3.19 through E:1:21 for uranium-238, technetium-99, aric:l nitrate; · Peak . · · . 
concentrations and mass fluxes:· for uranhnn-23 8 are appimclm:ately -~ order Qf inagrutude lower 
than for the base_ case duet!:fthe reduced recharge rate. The initial arrival ofuranium-238 also 
occurred at a· slightly l_ater time. · The predicted peak cori:centr~tiorts fof the c~oss-section and 
fence line average coricentratio:tis for tecbnetlurri.:99 and nitrate (Tables E5.2and E5.3, 
Attachment ES) occur ·during the first year of the· simula,tion. This is due to the initial inventozy 
distribution, which co~tain~d high concentrations of both ted-metium-99 and nitrate. in the· vadose 
zope and near the water table; .. Th¢se :values are.only .abo.ut 10% less than th_e peak. 
concentratio.ns i:~orted :for the base ~se, and corresponded: to the initial spike at year 2:000 in 
the breakthro1;1_gh curves. . . . . . . . . 

A comparison of.the breakthrough curves for this sin:mlation with $e pas¢. case shows that . . . ~ . 
reducing the recharge rat~ bas ~ significant impact oll the. Iruif pe_ak o~ tb_e curves l?µtlittle eff~ct 
on the fi,rstpeak. For ex:ample, .jn the base case, $e'.:first peak tliat 9e<:iursfo ye/lf 2000 is]ower 
than ,the two sµbsequent:peaks:· fu case 7, ~owever, .the.~ak; concentrati611sfof tedmetium:.99 
and nitrate· are sigriifitantly reduced (by approximately half of the 'valu~Qf the base ·case) after . ·. 
the initiafpelik value· occurs in y¢ar 2000. Although the breakthrough 9urve for the :tii,trate base 
case_ was tpinooal, the thiid pe?k: for _nifrate is apsent in this simulation, Because the effect of the 

. reduced tediatge ra.te is only seep at later. times due to the ini~~ cohtantlnant distribution in th~ .. 
vadose zone, only the s-econd. p~ah of the breakthrough curves are ;reported in Attachment E5' . 
Tables E5.2 andiE5.3 :so tliaHhe effect ofreduced meteoric recharge ~an be made . . For both 
technetium-99 and nitrate; a gi~ter inventozy remained withi:ri the doinain at, the end of the . 
simulatioti(:< 10%fortechnefaini-Q9 and 5¾ for nitrate). . . . .· . . - .. 

. . . . . ~ . . . 
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· , Table E.20. Peak Concentrations and Arrival Times· 
. at th~ Ji'irst Boundary for Case 7 

' p.....;.met .. 
· "1':~- · . tll' 

. · Technetiu~99 . 

Arrival Ti:ine · 

Peak Cori~ntn¢ion . 

Maxiimim Initial_ Co~centration (a) 
. . ~ . . . 
ffranJum-:138 

Peak Con~entration ' . . . 
M8?(llllum .b:ritial Go:ilceritrati<;m . 

Niirate' 

Arrival Time 

. Peak Col)centration 

·. M~um Iriitial C~ncentratioh . 

Year2028 · 

. 3.59 x 1Q3 pCi/L 
2.11 X 106 pCi/L 

· Y:~2999 

0.11 J.lg/L . 

L49 X 106 µg/L 

Year2023 

2,01 X .. 104 µg/L 

8.92xl06 µg/L 

RPP-10098, Rev. 0 

• <•lMaxm;nnn initial conc~ntration is;based on inventory data (Section E2.4.3}and .· 
listed for comparison with the simulated peak concentration at the boundary. · . . .. . ' . . . , • • , • .. . ,•' . . 

E.3.8 . ..... . BASE CASE WITH 30'.MMIYR METEOJUC RECHARGE (CASE 8) 
. . . . . . . ' . . . . . . . . . . . . . 

The base <;ase with 30 mm/yr meteoric recharge siniiilatiori investigated solute tratisport through 
the BX tank cross-section considering natural surface infiltration; with no water lip:e leaks atid no 
interim surface barriers, but with a closure barrier at year 2040. These simulations/ along with 
those from cases 1, 7, and 9, form, a sensitiyity s~dy on the effect of meteoric ~echarge on the 
migration of solutes to various boundaries. · The simulations hi this case were initialized Using a 
steadf flow solµtion defined by the upper surface recharge rate of 30 mm/yr and ·a specified flux 
in the urico:tJ.fined aquifer: Ihvenfories <>fthe three species were initialized lising the iaterally -. 
uniform distribution p~ttem (roin the l?~se case scenan<'.>. Plot-file output for these simulations· 
were .generated at yeats 2000, 2010, 2040, 2100, 2300, 2400, 2540, 2600, 2800,' and.3000, and 
include values for the saturation, aqueous p~essure head, moisture co~tent, arid c~ncentrations for 
the-three solute spe'cie~. The moisture field for these simulations remains unchanged from the . 
initial ste~dy-Il6w field until the year 2040, when the closure barriet bec~mes eff~tive~ . 
. . . . . ; . . . . . 

°The steady-flow saturation field for the BX-108 to BX-102 cross~section with 30mm/yr of 
meteoric recharge is shown fu Figure El .22 (a); Again; the saturation field shows a significant • 
variation from that of the 100 mm/yr meteoric recharge case [Figure E 1.1 ( a)]. Most notable is 
the overall reduction in saturation and the increase in shadowing beneath the tanks- . Lowering 
the initial meteoric recharge to 30 min/yr resulted in a continuation of the trend established in 
lowering the recharge from I 00 to 50 mm/yr. For example, peak initial concentratioll$ 
(Tables E.16 and E.17) show that a decrease in saturation increases the initial aqueous 
concentrations. As expected, the plume movement is retarded with respect to the 100 mm/yr and 
50 mm/yr recharge cases. 

E:.3g : December B,.2002 

:__1 

7 
,i] 
: ii 
~ LI 

. ,. 
! 

LL 

q 
l1 

.. r 
'-' 

,-
j .. -

r7 i . 
I,..., 

~ ,. 
' ' \ . .... 

r 
. I 

L 

-i 
I. 

I 
'-' 

[ 



~ 
'· 

,,_ 
L.. 

r 
r 
'- · 

r 

-' 
l . 

r 
t -; 

-! 
r 

C , 

r 
i. 

r 

-
,-
l 

,-· 

-
-I ! 
' 

RPP-10098_, Rev~ O 

Peak arrival times and peak aqueous concentrations at the first bol;i.ndary (Le., cross-section) are 
· Sl.lllUilarized in Table E. 2L AttachnientEs: Tables ES. I throu'gh ES.3 summarize the peak 
arrival times and peak aque9us·concentrati:ons for the BX tankfann: ~ast fence-line boundary as 
well-·as for th~ two;other boondai-i~(i.e~,. exclusioit,boimdar-y. ~d GolWPbia River)... . 

Predicted solute mas~ flux an~ aqueous concentration breakthrough curves are.shown for cas~ 8 
i,n Figures £322 through E3:2,4 ft)! uranimn.~4..38; t~bnetium..;99, ·and nitrate. Peak · . 
concentrations ~d mass flillCeS for uraiiium.:.2.3 8 ar~ ~pproxjmaiely) ,5 o.r<iers ofm.agnitude 
lower than the base case due to-ther-educ~d i-echcu-ge rate: The initiai imival.ofura;nium.:23& was· 
slightly later with the p~ cbncentrati~rioccb.rring at the e_lidof ilie si~at:i.ori: _-The estimated 
peak cross-section and-fence -line average concentrations for te_chnetl:urti:.-99 and nitrate 

. (Tables ES .2 and E5]) occur d.uririg the first year ,of !he sim-ajati~n. 'I'ltj.s')s_4ue' to the initial 
inventory distribution, which. contained high concentrations ofbotht~~l:tn¢tiµm.-99 and nitrate in 
the vadose zone near the water.table. These· values are only abo4t 10:%Jessthan the peak . . 

. concentrations reported fot _the-base case, and correspond to the;mitia(~ike at year 2000 in the 
· breakthrcmgh curves. . . . . 
A· comparisorj of the breakthrough :·curves for this simulation with the base·case· shows that 
red~cing the recharg~ rate ey~n further has a sigi;iifi9::mt inipact on ·th~ last pea¼ ofthe curves. 
Similar to the other reduc~d recharge cases, the peak concentrations for te_chnetium-99 and 
nitrate are significantly reduted after the· initial peak value. occurs in year ~000: For example, 
these pulses occur later and are ofa longer' duratjon. : Peak con~eb.tratiohs for :tecbnetium-99 and 
nitrate were about one third of the1r initial values and· arrived much later than the base case. 
Wher~ a 50% reqU(rticu;i inrechaJ'.ge :--vas suflic_ient fP eliajin.a~~ the last~iµ<: for only nitrate in .-. 
case 7, the 70%1 reduction. iri recharge in this simulation also elimi.nated the fin:al peak for . . . 
technetium-99. Because the effect .of the. rajuced re~harge.rat~ is oply se~n at later tjm.es due to • 
the initial:cop~t Qistributioi;i in the vadose zone, only tll,~ ~cond jx:~s of the;breakthwug~ . 
curves are reported in_ Attach.tn<mt:E5. T&bles E5j and E5.3 ·so ;that the effect of tegueyd met¢oric . 
recharge cari l,)e se~n . . F.or bpth sdlµte~, these latei pulses wefe '.n.i<>re sprea4 out,in tim;e; an4 a · .. 
sub~tantial qnao,tity-of technetium-99 .and nitrate. w.ventory reniallled at_the end of tht:; simulation 
(18% fortechnetium-99 arid15% for nitrate) . . · · ·· · 
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·· Table E.21. Peak Concentrations and Arrival Times · 
· atthe F:irst Boundary for Cas.e 8 

Technetium-99 

Arrival Time 
. , , · 

Peak Concentratiop. .· 2.27x I 03 pCi/L . 

. Maximum Initial Concentration t•> 224 X 106 pCi/L . 

. Uraniu~238 : 

Y~ar2999 

.· Peak (:;oricentratiqn 
. . 

·· M.a;,dniuniJnitial Concentration 

Nurate 

· Arrival Time Year2036 
. . . .. -~ 

Peak Concentration 

Maximum Initial Concentration .. L02 X 107 ~g/L 

RPP.:10098, Rev. 0 

. (a)Maximum initial coriceiJ.tratfon is based on inventory data (Section £;2.43) and 
i . listed for comparis6n wi~ the' simulated p~ concentration at the boundary. 

E.3 .. 9 · BASE CASE WITH 1~· MM/YR METEORIC RECHARGE'(CASE 9) 

The base case with 10 min/yr meteoric recharge simulation investigated solute transpoi:ttl:irough 
the Bx::.108 t& BX-102 tank cross-section considering natural surface infiltration; with no water 
line leaks and:no interim surface bam.ers, but with a closure barrier, at yeai-2040. This · 
simulation, in conjunction with cases 1, 7, and 8, form a sensitivity study on the ·effect of 

. meteoric recharge on the rriigrat10n: of solutes to various boundaries: The sirinilations in this case 
were initialized using a steady-flow solution defined• by the upper surface recharge rate of 
10 mm/yr· and a specified flux in the unconfined aquifer . . Inventories of the three species were 
initialized using the same laterally uniform distribution pattern used in the base case. Plot~file 

. output for these simulations were gen~rated at years 2000, 20 I 0, 2040, 2100, 2300, 2400, 2540, 
2600, 2800, and 3000, and include values for the saturation, aqueous pressure head, moisture 
content, and concentrations for the threy solute species. The moisture field for these simulations 
remains unchanged from the initial steady-flow field until the year 2040,.when the closure 
barrier becomes effective. 

The steady-flow saturation field for the SX cross-section with 10 mm/yr of meteoric recharge is 
shown in Figure El.25 (a). Compared to the steady-flow saturation fields for 100, 5.0, and 
30 mm/yr [Figures EL 1 (a), El.19 (a), and El.22 (a)l, the saturation field at 10 mm/yr shows. 
. only a small amount of shadowing from the tanks and only a slight moisture increase between 
the tanks. As in the othei- reduced recharge cases, the saturation distribution at 3000 years 
[Figure El.25 (b)] is similar to that for the base case. · 
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Peak arrival times and peak aqueous concentrations at the first boWidary; (i~e., cross-section) are 
.summarized in Table E.22. Attachment.ES Tabl~s E5.1,ihrough.E5.3 'summarize the peak arrival 
times and Peak·aqueous concen~tions for theH~ tank farm east fence,lirie boundary as well as 

. foi:. the tw'ff other,_bom.idari.es (1:e., exclusion boundab7 and CQ-iumbii River)" . . 

Peak inventory conceilt:rations·in T~bles E.20 andE.21 showthafadecieaseiri ~turation 
increases aqneous co.n:cenp,aticins. · However, fotf.case 9; contrary to the ·ot4er reduced recharge 
cases, the. plumes are IIlOte elongated. and tpe d~lay iµverfi_<:al 111ov:emerit more. pro:riounced even 
for the mobile con~minants. For the .sorbed ura.Qium-238,. the vertical migi:ation of the plume is 
delayed even more tlia.:n.in the other reducedrechargef'case·s, . . 

Predicted solute mass flux and aqueous concyntration br~akthrough curves are shown for case 9 
in Figures E3 .25 through E:3:27 foi '.uraniuni-238, technetiuin.~99~ arid Aitrat~. For this very low 
initial recharge case, fue ,pr~di_cted manium-23 8 mass flux and concentrations were more than . . 
three orders of ~gnitude loV1ei:- t1:tap. for the b~ case; Jnit~al 'ur~um:-23~ arrivals were much 
later than for -the base case and-the peak concentration occurred,foward the end of the simulation. · 
This is due to the· iri.itial' inventory distribution; which contained high 6oo~ritrations of both . 
technetiuni-99 artd nitrate in t~ vadose zone neat the water table>-thesl values are only about 

: 10% less than :t}le _peak; concentr~tions reported for the base. 9ase~ and co#eaj:iorided to the jnitial 
spike at year2000 in the: br~ough curves. . . . . . . . 

Similar to the 01:her ~~duced h;charge cases~ th~ peakconcentratio~ fqr ie9hnetium~99 and 
nitrate_ are significantly reduced a~er the initial peak value occurs iii year.2000. A comparison of 
the.· breakthrough curves for t}lis _Sll):1-llla~on· with the :b~esase aii.d 'th~ ()tlwr reduced recharge . 
cases ( cases 7. and 8) shows that arrival times are delayed and longer tailing results with .a further 
reduction in recharge. Excluding the uµtial _spike of contaminant tqat occurs due to the high . 
concentration zpni near the water table, the. peak con,centrations of: techn~tihm.:.99 : and nitrate 
were about 10% of the yalues for. tiie b~eca~i Beca{,lse the effect of ih~ reduced· recharg~. rate . 
is only seen at latei: times due to t4e initfal contaminan.t.di~ibut10n in fue vadose z~ne, only the 
second peaks of the b.reakthrough c~es. are report~d m Attachni~nt ES '.Tabies E5 .2 aml E5.3 s~ 
that the effect, oh~?u~ed in~te<Jric;~harge cah be seen .. A. substa.µtjal qu~tity of techrietiJJl11799 . 
and nitrate jnventor.r-.aj$0 !e.lll'P,Ile~:in the:v1;1dose .z<me at ~e end of the sitn,gla~op. (50%,Jor .. · 
techiletil.lfil-99 and30% .for nitrate)~ . . . 

··• . . . . ·.' . . ' . . ~ . . : 

' . . 
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. Table E.22. Peak Concentrations and Aniy~lTimes . 
'at the· First Boundary for Cas.e 9 

Technetium-99 . 

Arrival Time Year2109 
"· 

Peak Concentration ~.33 X 102 pCif.L . 
Maximum hritial Concentration Ca) •. 

Ur~illm-238 

Ani.val Time 

.·Peak Concentration · 3:n x 10-4 µg/L · 

· .. Maximum Initial Gon~tratjo~ 

.. Nitrate , 

Yciu-2091 
. . ·-

. Peak Co!lce,ntratiori 

· Maximutn britial Concentration 1.16 x l07 µg/L . 

. <~)}..1arinumjnitial concen~tion is based on inventory data (Section E.2.4.3) and 
. listed for'. c~mjfarison with the simulated peak concentraticin at the boundary . .. 

. . -·· ' . . .. . . 

.. 
,· . 

. : .. 

E.3.10 .. .. ·lJASE CASE ·WITH Kd = o.i mL/g FO~ UR,ANIUM-238 (CAS.:E tO) . 

The base case with a Kd = 0. 6 ml/g for uranium-238 investigated, solute transport through the · · . 
BX~ 108 to BX .;102 tank cross-section considering natural surface irt:filttaHon, with no water line 
leaks and no interim surface barriers, bu:t with a closure barrier at year 2040. This simulation, in 
c~njunction with cases 1 ~d 11, form a sen~itivity study on the effect ofthe tnagnitude cif the 
partitio~ing coefficient on the migration·ofuranium-238 fo various boundaries . . The simulations 
in this tase were initialized using a steady-flow solution defined by the up~r swfacerecharge .· 
rate of 100 mm/yr and a specified flux in the unconfined-aquifer. Inventories df the three species 
were initialized using the same laterally uniform distribution pattern used in the base case. . ·· 
Plot-file output for these simulations were generated at years 2000, 2010, 2040~ 2100, 2300, · 
2400, 2540, 2600, 2800, and 3000, and include values for the saturation, aqueous pressure head, 
moisture conten~ and concentrations for the three solute species. The moisture field for these 
simulations remains unchanged from the initial steady-flow field until the year 2040, when the 
closure barrier becomes effective. 

Color-scaled images of the initial and final aqueous concentrations for uranium-238 are shown in 
Figure El.28. As expected~ a comparison of the inventory profiles shows that when the Kd value 
is reduced from 0.6 to 0.1 mJ/g, the downward migration ofuranium-238 in the subsurface is 
accelerated. Initial aqueous phase uranium;.238 concentrations are higher than those in the base 
case. With less uranium-238 present in the sorbed phase, the aqueous concentrations of 
uranium-238 increase. For example, peak aqueous phase uranium-238 concentrations differ by 
approximately 200% relative to the base case. The jncreased mobility ofuranium-238 with a 
lower Kd results in uranium-238 exiting the modeled domain at a faster .rate. 
' 
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_ Peak arrival times and peak :aqueous coricenfratioris_-at the first bouhdar'y (i.e.~ cross-section) are 
summ~z~din Table E.2'.t Attaclnnent E5 Tables E5.l throu,gh E5.3 summarize the.peak ari-:ival 
t:4nes and· peak aqueous-: conc€?ntrations for the-BXtarik farm eastfe:rice line boundary-as weff as · 
fot:the two-:othci'.fu:)undfil"ies (Le.~ exclusion btn~;:iiy.and.Colum.bia ·ruver}; · · .· · ..:· . . 

Predicted solute· :¢ass flUX: and aqueous; con~en1t,ltion breakthrough curves are shown for case 10 
in Figure,E3:.28 for ura.ni11n1:-238i The ,l()wer Kd yalue for llf.ahiµmf2:J8 in-case l O result$ rn . ,. 
much more uranium-23&,Il1lgrati:pg from:;the vadose·zoneto the aquifer; While the initial arrival· 
o( uratriuni:-23 8 occurs ·at about the same time as. ·in the base. case,. the magnitude of the mass"tlax · 
and peak concentrations are about650. tiines greater .in .case _l O due to the increased.mobility. . 
The predicted bre~ough-cll,TVes fqr urani.um.,238 s4ow a: siµgle peak with very loi:ig tailing ·up: 
to· the ep_d of tb~ simulat,ion. -Whil~.tbere is still a substantial amount-of uranit.im"' 23:&_hfventozy . · 
in the vadose zone· atthe"erid of the simulation,. the sin:tulati,on:predicted :that about o~-third .of. . 
the inventory has-migrated into the aquifei- ba.sed onfue ,cumulative.mass flux. ·For.ho.th · ·. - ·. 
t~hnetiuin:..99 and nitrate, the breakthrough curves were·1.dentici\l to the base case~ which is the 
expected result. . . . . . . . . . 

. Table E.23. Peak·Conce]ltratjo~s an~ ArrivalTillles 
at the First )_Joundary for Case 10 . 

Parameter BX-.:Jlll' ; · 

Technetiunt--99 . 
'. 

Arriv~ Time · 
·., 

Year2048 .. 

I>eak Concep.tration • . · 6 .. 65 x 103 p~i/L ·, .-

. Marirnum liiitial Coricenl:flrtfon <•> · 
.. 

1:92 X 10$ pCVL 
• •. • • I_ .. , . 

Uranium-238 

Am.val Time Year206"3 
.. 

Peak Concentration ' . . 

, : . 544µ~ ., 

M~im.um Initial Concentration 
6 · .. 

lA2 x 10 .µg/L 

:Niiraie · 
. .. . . 

.. 
Arrival, Tim~ 

.,. , .. . . 
-Y.~2012 

· Peak Concentration 3.69 X }04 µg/L 

-Maximum Initial Concentration 8.92 X }()
6 µg/L 

<•)Maximwn initial concentration is based on inventory data (Section E2.4.3) and 
listaj for comparison with the simulated peak concentration at the.b01:mdary . 

' 
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E.3.11 . · BASE CASE WiTH Kd = L.0 MUG FORURANIUM-238 {CA_SE ll) 

The .base-c_ase with a Kd ~ 0 .. 6 ml/g for ~anium-:23 8 inv~stigated-solute transpqrt through the .· · 
BX- I 08 to BX~ 102 tank cl·oss~seetion bl>nsideti11g naturalsurfape: ~#ation, _with oo water line 
leaks and no ~lerim swface barriers, butwith a closure barrier at year 2040. This simulation, in 
conjunction with. cases l .and · 10, form a sensitivity study oil the effect of the magnitude of the. . .·. 
partitioning coefficient on the migration of uranium.:.238 to \iari:ous lxlundaries. 1:he srmulations .. · 
in this case were initialized.using a steady-flow solution defined by th~upper surface recharge .. · 
rate of 100 mm/yr ailda sp~ifiedJJ.uxin the unconfined aquifer . . Inventories of the three species 
were initialize~ using the same laterally uniform distributron pattern used in the .base case. 
Plot-file ougmtfor these.:simulations· were generated atyears2000; 2010, 2040, 2100, .2300:, ·· 
2400, 2540~2600, 2&-00, and300O; and include values forthe,satoration, aqueous .pressure h~;:id; 
moisture content, and concentrations for.the three :solute species~ The moisture .field fodhese . 
simulationsremains unchanged from the iilitial steady.a.flow fi¢ld until the year 2040, when the 

·. closure ha.mer becomes ~ffective. . 

Peak arrival times and peak aqueous concentrations at the first boundary (i.e., cross-section) are 
surinnarized in Table E.24.:_ Attachment E5 I11~I~s E5~1 through E5.3 S\lilllllarize the peak arrival 
times and peak aqueous concentrations for the BX tank fann eiist.fence line boundary as well as • 
for the two other bol.lildaries (i.e., exclusion boundary and Columbia River). 

\ { . 
Color-scaled images ofthefaitial and final aqueous concentrations for urariiwn-238. are shown in 
Figure_ E 1.29. Again as expected, a comparison of the inventory profiles for uraliium-23 8 shows 
that when the:Kd value is increased from O. 6 to J :o m1/ g,, the downward migtat ion of 
uranium-23 8 in the . subsurface is retarded: Initial peak aqueous concentrations: are lower than in 
the base case due to a greater pai;tit.ioriing. As expected, peak c;oricentratio.tis ofuranium-238 are 
much lower (Table E.20) than for the base case (Table E. 10} due to the slo~er rate of migration. · 

Predicted solute' mass.flux and aqueous concentratfon .. break.through curves are:shown for case 11' 
in -Figure E3.29for uranium-238:·· The larger Kd for uranirim:.238·significantly.reduces the · 
amount ofuraniurn-,238 migrating from the vadose mne to.the aquifer. -- Thihutialarrival time of 
uraniwn-238 is about the same as in the base case and the concentration increases throughout the 
simulation. Peak uiaruuni.:23 8 concentrations (Table E.20) are alJo~t one.:half the peak . 
concentrations predicted for the base case (Tabl~E:10) and occur at the end of the simulation. 
For both' technetium-99. and nitrate, the breakthrough curves were identical to those for the base 
case, as expected. 
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Table E.24; Peak Concentrations and Arrival Times at the First , 
· Boundary for Ca_se 1l 

Param..eter B.X-HW' 

. Techiletillm-99 

. -~val Tune ·• Year2048 
. . . . 

•· 6,65 x I(P_pCiiJ:.; 

Maximum Initial Coxicentration Ca) 

l!ran(um-238 • · 
. . 

Arr\val Time ·. · -Year-2999 

Peak C6ncentrati~n . 
. . ~im~ Initial Contentratio~ . 

. . . ·, · : . 9.38 )( 105 µwi 

Nitrate .· ,, 

· ~va1Tune Y~2012 . ! . 

Peak Concentration· 3.69 x H(µg/L , . 

· Maximl.rin Initial Concet>.tration · &.92x 106µWi, . 

<~'.Max~uin initiai con.~tion is based qn inventory dat~·(Section E.2.4.3) a:ri<;l 
' listed for ccnnparison;withthe simulatedpeak coµcentration atthe boundary. , . 

·' 

TRENCH ll~38 WITHSS.4 MM/YR METEORIC.RECHARGE (CASE 12) · 

The trench B-38 .siin~atio.1;1. i:tivesµgirted solutetransporttbrotigh a:cross-section west of tank · 
BX-111, consid~g'-Iihti.iJ'.al infiltriliion only at55.4'mmlyr, nointemn barrier, and a closure 
barrier·bi20l0: A 378,000-gal dis'sb,arge containing :a unitrnventoiy distrib-utiott fot . . · 
uranium-238 and techrtethim..,99 ociurred overt.he ent:ite ·width ofthe trertth fu.'i954. This 
simulation, in conjune1;ion with ca_~~ l2, form a. sensitivity study on the eff~t of meteoric 
rechatgeonthemigr~onof s<;>i~~:to the trench fence .Un~. : This·siinuiatlon Was initialized . 
using~ steadf-flow s0Iution de~e~py ~e upper ~tiiface recha;tge;rate ·Qf55A mm/yr_and a· . 
specified flux in. the oocdnffued aqilifer'. Ambient flow in the. saturated zone was ftorri west to 
east in th_e doin$} .. Th~ v~lu~ bi~i. p~tion ce>efficierit (Kd1 w~ _O~<:Hnllg;;·an,d was use<l to : 

· determiile th~ partitioning-~twee~tlie s·oli~t(sorbed) a.rid aq'\,l~o~phases for:)tt'ruu.1lln-238 .: . . 
Plot-file;. output for these 'snmilatiqris were generated .at .years·1954; 19~5; 2000, 2010, 2110, 
2210, 231_0,.24JO, 251(), 2700, ani;t$000 and include values for the saturation, f\queous pl'.essure, .. 
moisture content, an~(qonceritr~ti9~ for. the three SQl~ie sped~s. : . . . · . . · · . . 

The ~aturatioii field is dependent ·4n: the surface rechat__ge, hydrologic parameters, and soil ·. 
distribution~ the: ste~dy<tfow saturation field in 1954 forthe. trench B-38-ctoss~section with 
55.4min/yt ofmeteori~ rech~ge iS,~hown in Figure E2.1~ A~hni.enf E2~ Iri:F1~e:E2.l_, the· . 
initizj saturation field spows the· iI;npacts of the trench st:ructure on theinoistiit~ content . ' 
distribution in the subsurface, as lower than ambient.saturations occur at the comers of the 
trench. In the year 2010, a c,losure barrier was assumed to be active, which lowered the meteoric 
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recp.arge from I 00 mni/yr to 0.1 mm/yr; In 2510, assuming some degraqation in the closur~ 
barrier,. the meteorie, recharge. was increased to 3 .5 mm/yr. 

· The saturation -neld.fa year-19§5 is,s~~jn: Figure E2.2 {a), one yeat aft.er.the 378,000-:-gal 
discharge into the trench. Flow from the discharge has migrated nearly 150 feet intu. the 
subsurface, as noted by the elevatelsa~~i~ns (> 0.80) in th~ regio~ b·ep_eatq the trench. This . 
safllration field conti:asts sharply with the final saturation :fieldlit',Yeat JOOO, sho_wn in· 
Figure E2.2 (b). Due to -thedramage of the initial discharge', and the redtictfon in surface 
recharge caused by the closure barrier, the saturation field has drie<t The region directly beneath 
the trench sho~s lower variabiiity in sa.turation. . .. . . . .. . .. . . ·-

. . . . 
. . . . .. . . . . . . ··. . . 

. . 

. Color-s¢ale4 iniag~ of the imt:i~ ~d fuialsolut~ ,9oncentratio,QSJor t.Q~ two ~cies 
(uranium-238 and technetium-99.}are shown in figures E2.3 through E2.6. The:aqueous . 
concentration distribution foruramum-238 .(Figure·E2.3) show that the vertical migration of 
lll1Ulium~238 is limjJed-signi:ficantly.hy both sorption to the subsurface materials, as well as the 
closure barrier in 20_ 10. In fact, the_ majority of th,e uraniUlll-2?8 plume is concentrated in the 
H2 sand and backfill units, and none of the ur"anium-238 has exited the domain. Ijy contrast, the 
techneti:um-99 concentration pr~files in Figures E2.4 through E2.6 · show that techri.etium-99 does 
enter the ground water and migrate from the domain. However, the closure barrier has had a 
profound effect on technetiuni-99 migration. As noted in Figure E2.4, the techiletium-99 plume 
is iargely concentrated in the Hl gravelly ·sand unit, and has qui~kly migrated through the 
H2 sand unit iinmediately beneath the trench. With the closure barrier becoming effective in 
year 2010, Figure "1~2.5 shows that the technetium-99 tt,ansport has been consjderably delayed, 
even atyear 2210. _-At year 3000, much of the teclinetium-99 is still present .in the vadose zone 
(Figure E2.6). _· 

Peak arrival times and peak aqueous concentrations at the first boundary (Le., cross-section) are 
s~d fu Table E:·2.s. Attachment ES Tables ES.l thtoughE5.3 sUI11111arize the pe.ak arrival 
times ~d peak· aqueou~ concentratj.ons fodhe BX tank f~ east fence _line boundary. as well as 
for the two other bountiaries (Le., exclusion boundary an4 ColUillbia River). . . . 

Predicted solute mass flux and aqueous concenti~tion breakthre>~: curves are·shown. for c~e _ii 
in Figures E4.1 "cUid E42for technetium-99 and :nitrate . . "Since ,this '~imulation did t1otpre1icta~y . 
~um-238 mj.gration from the vadose zone for)he tin;ie pyriod ·that w~ simulated, the m~s · 
flux ~~ coil~ritration :figures for µraruuni-238 wei:e omitted: For "technetfum-99 and nitrate, . 
scaled results using tht{ mv~nt.ories forµ-ench B-:~8 are shown m_ Figur·es E4.3 andJ~:4.4 and . 
scaled results .. using thb inventories for all eight tren~hes are ·shown in Figures E4.> and E4.6:_ . . . . . . . . . . . . . . . . 

As noted in Sectioi:i E2.4, both technetium-99 and nitrate r~sults were scaled fro~ the unit 
inventory release of a non-sorbing solute. Therefore, the breakthrough curves and relative 
results for tec}m.~tiµ111-:-99 and nitrat~ are identical. The technetium 99 arid nitra~ mass flux and . 
concentration breakthroµgh curyes :have single peaks at year 2050 and long tails that e~~11d the 
duration of the simuiat,iori. (year 3000). The simulation pr~clicted about 40% of th~ invent~:ny ... 
migrated from the vadose zone by tb,e ¢nd of 1.he time period. '. . . ' - . . . 
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T-able E.25.· Peak Concentrations arid AnivalTimes· : 
. at the First Boundary roi-:.ca~e 12 . . . 

· Para.mete~ 

Technetium-99 

. · Arrival Time · 

-p~ak Concentratio~ . . 

:Maximum initial eon"centiaiioti (a) 

Uranium-238 · 

Arrival Tim~. · 

. Pe.ale Concentration . . 

1.089 x l(Y µg/L . 

Niirate 

Arrival _Time · Year 2036 

Peak O:mcentration. · 

Ma:xil:nuin Toii:;ial Concei:frration . . 3,616 X 107 µg/L . 

(a)Maxlmwµ iiµiial concentration ii pase,o on inventory data (Secti~n E2A.3) ~d . 
listed for comparison with the simulated peak concentration at the ~oundaiy. 

' ·: .; . . . . . . ' . . : . . . . . .. . 

E.3.13 . TRENCH B-38Wl'.fH 100.0 MlVi!VR l\llETEORIC.RECHA.RGE (CASE 13) .. . ·' . . . . . . , . . . . . ' . 

The second trench B-38 siI;nulation inv~-stigated solute tr~port through a cross-section west ~f -
tankBX-111, considering :natitral infiltration ottly at't"OO rn,ni/yr and-no.interim barrier, and a . 
dosure barriedn 2010. Like the prevfoustrench simulation (case12), a 378,00~gal I~ . 
contain:fog a unit .inventory distr.ibutiQri for urariium-2J8 and :"iechnethim-99 occurred over the . 

.. entire \vldth of the trench in 1954. With the exception of the rechatge,: all other conditions wdre ~ 
· the ·same as ui ·case 12, Plo~-file outputfor:thissimulation w,ere geiieratedatyears 1954, 1955, · 
2000, 2010, 2110, 2210, 2310~ 2410, 2510~ 2700, and 3000 and include values for the saturatio~ 
·aqueous pressure head~ moisture content, and poncentrations for the three solute species. , 

The steady-flow saturation field in 1954 for the trench B-3 8 cross.-section with 100 nim/yr of 
meteoricrecharge is shown in Figure E2.7, Attachment E2. _Relative to case 12 (55.4 mm/yr 
meteoric recharge), the increase in meteoric recbargehas caused an :increase in saturations within 
all of th~ geologic units, though there axe no significant differences in the water table eievation . 
Satutations are s1gnificantly higher so that the impact ofthe trens:;h on the moisture content is not" 
noticeable in the saturation distribution. Similar to case 12, the 378;000-gal release in 1954 had 
a sjgnificant impact on the saturation distribution [Figure E2.8 (a), year 1955) by increasing -the 
saturations beneath the trench to greater than 80%. Like case 12, this .~tion field contrasts 
sharply with the final saturation field at year 3000 shown in Figure E2.8 (b). Due to the drainage 
of the initial discharge and tlie reduction in surface recharge caused by the closure barrier, the . 
saturation field has d.ried-a,rid shows li~e variability in saturation. 
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Peak arrival times and.pealc aqueoll.$ concentratjons at the fir:.st bouridI;izy, (i.e~, cross-section) are · 
summarize~ in Table E.26. Attachpient-E5 TaWes E5 .. 1 through E5.3 summarize the peak arrival · 
times and peak aqueous,col)ce;nttations for the BX. tank fami eastfence line boundary; as well as 
(or the two other .bou,ndapest(e,, exclu~on boundazy ancf Coluµibia :River). . . .. • . 

Only small differences ju the unutlum::238 aqueous concentration distribution (FigQies E2.9) are 
noted relative to case 12. -Peak concentrations are fower due to dilution, and the· itfc~eased 
recbarge has caused~ subsequent acceleration in Ufal¥Unl~~3~ transpc)rt_'. However3 the vertical 
migration of uranium-23 8 is still severely limited and largeJy confinep, to the H2 s.;md unit, even • 
at year 3000. 

The.technetiuµi-99 concentratio~ profiles §hown in figur~s E2.10 through ,:82.12 show a similar 
. · pattern to the lower recharge scenario presented iri case 12~ The iiripleineritation of the closure 

barrier in 2010 significantly delays technetium-99 transport . . Relative-to c~se· 12; peak 
concentrations are lower. Transport out ofthe system is also ·accelerat~d due to the increased 
saturations of the· domain. . . .. . . . . . . . . 

Predicted solute mass flux .and aqueous concentration brealcthrough.curYe·s are shown for case 13 
in AttachmentE4 Figures E4;7 and E4.8 for technetium-99 and nitratei Since this-simulation did 
not predict any uraniwn.:238 migraifon from the.vadose zone for the time period simulated, the 
mass flux and concentration ·figures for uranium-23 8 were omitted. · For techrietiurn,:99 and 
nitrate, scaled resuJts'i.ising the inventqries for .trench. B-38 are showp in. Figures E4.9 and E4. 10. 
Scaled results using the inventories for all- eighttreriches are shown in Figw;es E4.11 and E4.12. 

As,noted ~ Section E2.4, both techlietlum-99.and niti-ate,resttlts w~r~ scaled from the unit 
inventory release of a non-sorbing solut¢ . . Therefore, the .bx:eaktlu:ough curves and relative 
results for tedinetium-99 .and nitrate are identic.al. Due to tlie incre.~e in x:echarge, the . . . . 
technetimri-99 and $ate mass flux and concentration breakthr~ugh curves had single peaks thaf 
were slighjly earlier than those in case 12, and peak. concent:ratioili that were inm:e thari ·three ..... 
times higher. They also had ·long tailings that extended, the duration of the simulation until y~ar . 
3000 . . Thi 'siriiulation predicted about 70% of the techi1etium-99 and nitrate inventorymigrat~d 
from th¥ vi~ose zone by the end of the simulatio~ time. . . . .. 

. ' .. . . . ~ 
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· Table E~26. · Peak Concentrations and Arrival Times · 
at the First Boundary for -Case 13 

· .Parameter: .Trench B-38 
. Technf!fium-99 

_·Arrival°'J'inie . Yeai-2025 . 
.. . . 

· Peak Concentration , $0.8 pCi/L . 

Maximum Initial Concentration (al 5.074 X 106 .pCi/L 

. · Arrival Time ... 
' . ., . 

: : Maximum Initial C~nc~tration . 

. Nitrate 

Arrival Time. yeai-202s · . 

Peak Cqil~tration • 5.79 .x 105 µg/L · 
.. Maximum 1.nitial Concentr~tion 3 .616 X IO 7 µgiL . 

RPP-10098, Rev. 0 · 

. t•lMaxunUD}}.tutia.l coijcentratton. is bise{o.n invent9ry data (S.ection Ii:~.4.3) and_ . 

... .. listed for comparison with the'_simrilated peak concentration at 'the boundary. . .. 

E.3.14 · TRENCH B-38 WITH DELAYED CLOSURE BARRIER AND 100.0 MM/YR .. 
. METEORIC ·RECHARGE 

The. third trench B-3 8 simulation investigated Sdlute trarisport through a C(OSS-Section west of 
tank BX-111 ~ cotisidering. uatµral infiltration at i 00 mm/yr, no inten,m. ~arrier~ and a closure . 
barrier in the year 2040. In this siinulation, the year the· closure bairier}s ~mp!aceg. is the same 

. as in 6Xtank simulations (cases 1 throughll}. -Like the previous trench sfrriulations-(cases 12 
and 13), a 378,DOO-gal discharge: containilig a urnt inventory distribution for '.uranium-238 and 
te~hnetium-99. ()~c:un:ed-overtlie entire width of:the trencll in :t4e year l954._· WJtb. the' exception 
of the closure barrier. inl,plementation in 2040, all other conditions wen(the sifuie as in case 13. 

. Plot.:file output for this simulation were-generated"°atyears l 954~ 1955, 2p{i0/2·grn; 2110, 2210, 
. 2310, 2410, 251 0; 2700, and·'.3000 and im;:lude values for the saturation; aqueous pressure head, 
moisture content, and-coiicentr~tions for the three solute species. . . ' . . , . . . . 

The final saturatiort distribution for the trench B-38 cross-section with 100 :mm/yr of meteoric 
recharge andJhe' delayed closure barrier is shown in Figure E2 .13. Relative t<;> case 13 . 
(100 mrri/yr nieteoriG rech¥gy and a closure barrier in 2010); the delay in the closure barrier has 
-not had a sigi;rificant impact oh the moisture content.distribution. Hciw~ver, the' delay has had an 
effect on solute ¢oncentriitiorts and tr:a~po_rt, F<;>r example, r~lative to case 13, the\u-anium-238 
piume is more di.f:fuse and has migrated a few feet deeper into the.profile as shown in . 
Figure E2.14 for y.eat. 3 ooo: -For th~ moblle spemes· such:as :technetium-99, the effe'ct is more 
pronounced; Figures E2:15 and E2.l6 showthat"the delay inthe closure bartjefha,s accelerated 
the transport of technetium-99 to the water table. For example, in year 2U O (Figur~ E2. l5 (a)], 
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the upper boundary of the technetium-99 plume is approximately 160 ft above the water table, 
whereas in case 13, it is at·approximately l~O ft Toe:effect of the closure barrier, however, is 
notieeable in both simulations. 'Th_e upper bound<\fY of the plume in year3000 for both the 
deiayed closuteJ}arrierand-ca:se 13 is:at 150 fL · 

_Peak arrival times ®d peak aqueous ·concentrations at the first boundary (i.e,, cross-section) are 
summarized in TabkK27. A'llilcl.µn.eilt ES Tables E5:1 through ES:3 slin1fnarize the .peak arrival 
times and peak aqueous concentrations for.-theBXtank farm east fence .line boun~ as well as 
for the two oilier boillldaries (Le., ex.c~usion boundary ?J1d Columbia Ri.vet)2· -

. . . . . 

Predicted solute mass :fl~ and aqueous concentration breakthr0ttgh ~~es ~e shown for case 14 
in Figures E4.13 anp E4 .14 ·for teclµietiwn: 99 .,@4 :Q,i,trats}.,. Since tnjs siroµJation qid hot predict 
any U(ai.rium-238 migration from the vadosezone for the time period simulated; the mass flux 
and concentration figures for uianiuin-238 were omitted. · Again; for t~chnetiu;ril-99 ·i:md nitrate, 
scaled results using the inventories fortrenchB-38 are shown· in Figures £4;15 andE4.16. 
Scaled results ~~pg the jp:venfories for all <:::ighttrenches are showp jn Figures E4J 7 and E4.18. 

As noted in Section E2.4~ both technetium-99and nitrate results were scaled from the unit 
inventory release of a .non-sorbing solute. Therefore,. the breakthrough.curires and relative 
results for tec.bnetium-,99 and nitrate are identical. Due to the increase in recharge from the delay 
in implementation of the closure .barn.er, the techne'tium~99 :and nitrate mass fh.ci: and . 
concentration breakthrough curves had peak concentr.ations that were mo~e-than six times higher 
than the base case (case 12) -~d L81imes highefth~ for case 13. This simulation· predicted 
about 92% of the tecbnetium-99 and nitrate inventory .migrated from the vadose zone by the end 
of the simulation period. 

,<\jlpE_:_1213 

Table E.27. Peak Concentrations ;ind k-rival Times· · · 
.at the Fir~~ Boundary for Case 14 

.•. Parameter- · Trench· B-38. ' 

Technetium-9_9 

Arrival Time 
-· ... 

Year2052 

Peak Concentration 149 pCi/L _ 
Maximum Iriitial Concentration (al 5.1)74 x 106 pCi/L 

Uraniuml238 

.Arrival Time -
Peak Concentration -
Maximum Initial Concentration · 1.0&9 x 105 µg/L 

Nitrate 

~ivalTime Year2052 
. . . . 

1.07 xl06 µg/L Peak Concentration 

Maximum Initial Concentration J _6}6 X 10'1: µg/L .. 

(•J .. .. 
. Maxnnum mittalconcentrahon 1s based on mventory data (Section E.2.4.3) and 

. _ listed for eClID.parison wi.J:h the simulated·peak .concentration atthe boundary. 

; 
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E.3.15 . SOLUTE MASS BALANCE 

Mass balance checks w~ performed oo the three solutes (uraniuin-238, technetium-99, ~d · 
Iiitr~te) :(or cileh siµ1:ulation c~e; .u~jng~t.he :expression ;.,AGwn ic!iiijqu~tion (EJ O} .. . . . 

where: 

merror 

minitial 

_ntfnifi!l.l· '- 11!-ftnal .:._ •nteriti~g . 

:ni.;nitial 
(E,10.) 

= the mass balance error, expressed in percent · . . . 
:::;: the initial soiute inventory compl,11:~d fr~m th~: STOMP plot ..,file o~tput at year, 
. -2000 ... 

. = the final solute inyentory coinp~te_d from the sro:MP plot-file output at-year 
3000 

m exit#ig . --~ the: integrated_ solute invent~ry k:°aving the c6inputal'ion cio~ ·computed .from 

the ST011P surface--flux output 

The initial solute inasse~ were computed by STOMP by iritegrating·_the solute concentrations . 
over the ·flqw-dori:iain. The sofote '.mass lea-ving the computatio~al domain tbrough:the aquifer 
was determined using suiface-fll:Q{ •4tput on 1;he e·astem. s_id¢_ of th~ domain~ .. The swfa¢e .. fl:ux 
output provided both the sohite-:-flux-rate and integral. Other than ~olviilg the solute mass . 
conservation equations," the STOMP _siimilat9r cont$s no algorithins for correcting· local or . . 
global niass; Therefore mass balance errors represent the actual in.ass _balance errors from the-. 
conservation equations. Mass balance errors, expre~sed as percent error, were small as. shown in 

. Tables ·E.28; E.29, and E.30 for.1,Uanium-'.238, techn~thim:9~, .and rutrrite, respectively. 
. . - . . . . ··.·•-. . . . . . . . . .. . . . . . .. 

. . 

Table E.28. ·. STOMP Mass Balance for Uranium~238 
.. . . - · 

Urnnium-:238 (pCi) -Initial Final : Exit %Error · -_case . . 
I .43ilE+lO 

.. 
4302E+l0 • 8.661E_+07 2.2E~04 . · 

2 43flE+l0 4.310E+l0 : 9:l05E+06- 2:2E-Q4 

3 4_3liE+lO 2.089E+o8 -~;292E+10 . -5.PE-()2 

'· 4 .: 4311:E+lO 4.29_1.E+lO l.984E+-08 6.3E0 05 

5 4;31:1,E+l-O 4 '.~06Etl0 . 4_-804E+01 . 
... , i.3:&-04 

6 431'l'E+l0 - 4311E+ iO · 4.966E+06 . 7-9:&05 

7 4.3 llE.+ lO 4.310E+iO . 9A97E+06 .6.6£--06 
8 4:3 lilE+lO 4_3l1E+io L474E+06 6.0:&05 
9 .. 431))5:+10 4.3llE+lO · L044E+04 2.lE-04 

l.Q 4.3UE+Jb· 2:768E+10 . . 
f .543E+l0 -nrn~o3 

11 431JE410 4,311£+10 4.416E+-06 2_0E-04 
12 1.QQ@:!-12 LOQOE+12 cfooo:i;:too · _o:ooE-:l-00 
13 .·. l~OODE+l2 l'.OOOE+l2 ·· o_OOOE+OO Q_OOE+oO 
14 .. i.QOOE+i2 i .OOOE_f l2 ;:,, o.oboE+6o O.OOE+OO 

. . ,,-· .. · 
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Table E.29. STOMP Mass Balance for Technetium.-99 

Tl:thn~9,9. {P.~ • .• · -- ·initial · ... , . filnai' Exit : ¾i!-rrot ·case · 

1 6.013:E+l0 •.· ; g_726E+-08 · 5.926E+l0 -5.85E-03. 

2 6.013E+io 6.l67E+-09 s:396E+lo 3.33E-05 

3 6.013E+l0 2.235E+o3 5.988£+10 4.15E-0l 

4 6.013E+l0 3.394E+08 5:979E+ IO -. 1.00E-02 

5 . ·6.045E+l0 : 1.6-&3E+09 5.87~E+IO -2.3-9£.-02 

6 6.045E+10 8.623E+09 5.l83E+l0 ·-1.93E-02 

7 . 6.013E+l0 4.805E+o9 5.533E+l0 1.96£..03 

.. , 8 . 6,0BE+1o .1 .. 060E + 1.0 4._953E+l.0 4.-99£..05 

9 6.0HE+I0 2.719E-qo . . 3.294E-t 10 . 9,98E-05 

10 6.013S+I0 8.726E+08 5.926E+10 · -5.85E-03 
.. : .. 

6.oi3E+fo · 5.926E+l0 -5 ,85E-03 H 8.72_6E+o8 . 
. ' 

6.026E:f-l l 12 L000E+12 .. 3_.979E+ 1 I . -3.90E-05 · 
' 

13 L000E+l2 
. . 

. 6.993E·1:}l . -3.00E-05 • . 3;012E+11 

' toboE+12 sAsoE+io 
... -t.oo&os· ' 

. -14 .. 9.160E·+:1 I 
.. 

• Table E.30. STOMP Mass Balance (or Nitrate : 

Nitrate (µg) Initial Final Exit . %Error 
Case -

. .. .. ·-- .. 
1 l.790E+Il 6.473E+09 1.722E+ll · J.40E-0l 

i l.790E+l.l 2.172E+10 l.571E+ll 9.64E-02 

3 
. . 

L790E+ll 1.599E+o6 L773E+l l 9.55E-Ol ..... 

4 _ l.790E+ll 
.. 

. 3.418E+09 · 1.754E+l 1 ·6.0&E-02 
··· ·· 
s 1.795E+Il 9.172E+09 l.704E+ll -l .65E-02 -
.6 , l.795E+ll 2.678E+l0. l.528E+l l -53lE--02 

-

7 .1.790E+ll . L82JE+10 ' L_605E+ll 1.49E~0l · 

· 8 ' l.790E+l l . . · 3:118E+10 . L478E+11 6.70E-04 

9 l.790E+ll 6313E+10 . .. l.158E+O 2.23E-04 

10 1.790£+11 6.473E+o9 l.72_2E+l l 1.40E-0l 

11 l.790E+ll .. 6.473E+o9 _ l.722E+ll 
... 

1.40E--01 

12 . · · J .000E-t-09 6.026E+08 . '3.979E+08 -3.00E-05 .. .. 

' 13 l .000E+-09 • 3:0liE+08 . 6.993E+08 ·• 3.00E-05 __ 

14 l.000E+09 8.450E+o7 9.160E+-08 -2.00E-05 
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E.4.0 HUMAN HE~TH.·RISK ~D DOSE ES':l'IMA;fIONAPPROACH 

This section prese~t;the approa~hused to estimate _hum~ he.al.th ri,sk (ris~}and do~e associated . 
with::exposute to .co~ants :1:ic.®Gel'il -from p~t ws:tei d~es, ·fr:Qli). WMA B, .. BX:~By~. \ 

. ~ . . 

Risk· is used hereip. to refer to the· following: .· 

• . Inc:r~inenilii 'lifotini~ cancer risk (ILCR)~ whidh can occur frolll dp:osure to: dµ-cirio~ehic chemicals and cidionud.ides . . -_ . -• - . · . . . . · . · . -· - - . . . 

• Hazard inde~ ·wmch is a measure of the potential for toxic health e,ffects from•,ex:posute 
to noncarcirtogeriic 'chcinicals. . - : -

Pose is.the measure of radioactivity potentially received in a human body. · 
. . . . •, . · ., . . , , ,• ·. . . . ,' .. : 

The interim nieasures•u:naer coiisicie~ation for WMAB-BX~BY. address miti'gation of 
groundwaterimpacts .. T.he ·exposure pathways for this risk and dose assessment ·therefore,are 
based Oll · the groundwatifr 6Xp()Sure inediuin.; . The. e~posure ~tiai-ios used for this assessment 
tire as follows: -. - -. . ' . - . -. . 

• Indus.trial 
• · Res1d¢ntial : . _. 
• In4ustpal work¢I 
• Residential farmer 
• Recreational sh~reline user: 

. . . 

Risk and dose associ;:µ:ed.with the use of gi:ound~ater frm;n a hypothitical water. supply well ~as . 
estimated at sever~] doWQgradientiocatiqn$,OVer a i ,009-y'ear tilll¢fr~e. OroQndwat~r . . 
contaminant. ~once1:1Jrat.i.on. estimates wei:e .based _()h. the results of$,~ contarrpnant: transport ; 
analysis presented in.~ectio11 F:.3'.0. . - . . - . 

The risk assessinent for this 'WMA.B-BX-BYfield investjgatio11_report is qualitative at jh:is st~ge 
in the corrective action proce.$~ eventbough sub~tiaj _site~s.pecific· clata.hav.e been,generated. 
Qualitative WMA risk evaluatio~ have been peifonned at the Hanford Site usmg:h.tstorica:l 
process and chara:cterization dat,qDOE~ RL 1995c; DOE-RL 1996). These qualitative risk 
eval_uations ha~~ been:used to) nifially eval~te th~ ~ppiicability'~d relative effective11ess of 
int~ measures ( e.g.,. 'elnnµ1ateJ~ng water 1ines and replace \¥.ell .caps). The ris¼ and" dose 
asses~ment p,resented: b.erein;alsoi:eHes on lnstqncal,p~oces~ c!lid characterization data but is . 
supplemented with additiopai si~~spedfic data Gpll,ected, un,deJ:_the Res,ource Cqnser.v.atii:m arzd . 
Recovery Act ~f lp7:q corrective ~ction program ?S described. -iri A.ppencli,~es· A a:iid B.. The _ -
results· of tlri:s ri.sk and.dose ~~ssment ~~· :used t~ support :ev:aluation__ofpotential int~m . · 
measures oi- 'interim coi-recti~t'; m ~asures and to detencirie the need: .for addltfonal WMA-ipeclfic 
c~cterizatjon data. . . . . - . . . . . . - . - - ·. -

Procedures for. the approach and assumptions necessary to calc~late human health risk and .dose 
are described in the following: . 

• "'pie Model Toxics Control Act Cleanup Regulation" (WAC 173-340), which 
implements "Model Toxics Control Act" {MfCA) requirements 

AppE~l213 ·E-53 > December 13, 2002 : · 
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• HanfordSite RiskAssessment Methodology (HSRAM:) {DOE .. RL 1995b), which is the . 
risk and ·dose assessment methodology that the u.s: Department ofEnergy (DOE), 
Washington State Department of Ecology (Ecology), and:the U;S; Eriviroinnental 
Protection Age1icy (EPA) have agreed to use to support Jlanfotit'Site cleanup decisions. 

The WAC 173-340 implementing regulations define· exposure scenarios and iriput parameters for 
two types of site uses: unrestrictecl (MTCA Method B) and industrial (MTCA Method C). 
Both the MethodB and C e~posure scenanos·include potential conSllillption ofgi-onndwater. 
The Method B exposure scenario essentially assumes residential use;· the scenario has been used 
in risk assessments of the I:lanford Site J OQ Areas to represpµt uprestticted land use . " 
(DO E-RL 1995a). The Method C exposure scenario has been applied for site-spedfic de¢isions 
attheHanfordSite'inthe 3Q{} Ar~ (Ecology 2001). · · · · · · 

Under MTCA, risk assess~e~t requirements· for n;riradioactive ~ontaminants stipulat~ that . 
carcinogenic risks .sba)i.be less than 1.0 _x 10~ (LO x l 0-5 for.multipl~ contaminants) for . 
Method B and 1.0 x 10"5 for.Method C. Alio, concentrations ofindividua:l noncarclli{)genic 
contaminants that pose acute or chronic toxic • effects to •. human health. shall no:i: exceed a hazard 
quotient of 1.0. The MTCA risk criteria apply only to nonradioactive contaminants. · The EPA 
guidance indicates that action is generally warranted when the cumulative carcinogenic risk is 
greater than 1 x 104 or the cumulative noncarcinogenic hazard index exceeds 1..0 .. Carcinogenic . 
risks below 1 x 10~6 or hazard indices less than 1.0 are regarded as 'points of departure' ·below 
which no action is ,required, DOE orders require that groundwater protection standards be · 
consistent with federal and Washington State requirements (i.e., EPA aILd Ecology- · .', 

· requirements). · · · 
, , 

, , 

Dose assessinerits ai-e based on HS RAM (DOE~ RL 1995b ). F ~ui exposure sceriarios are defined 
by the HSRAM to:estimate radiation doses to hypothetical fuhlreniembersofthe public: · . 
agricultural, residential, industrial, and recreatfonal: The four HSRAM exposur~ scenarios were 
developed for the Hanford Site to facilitate evaluation of risk related-to Comprehehsive ·· · 
Environmental Response, Compensat_ion, and LiabilUy Act of 1980 (CERCLA) remedial 

. investigations and Resource Conservation Recovery Ac( (RCRA) facility investigations. 
Groundwater transport '~as· tlie primary ~xpo~ure pathway co~~fdered iil this a,nalysis. 

The prima:iyd~se limit specified by DOE Order 435.l includes the DOE ptiniary dose limit of . 
100 mrem effettive dose equivale~t (EDE) in a year applied to a hypothetic~l fu,ture member of 
the p~blic. 'This all-pathways dose to the maximally exposed offsite iri,divid'ual is calculated for . 
1000 years at points· on the Hru.iford Site that a future member of the public could actess. The .. 
point of ac.cess nearest the waste disposai sites. in the future is de:finyd by. the botin'.dary 
(F igute E.10). The ·dose cofultrairit is defined as . 3 0 mrein EDE 'in a ye;ir to the maximally . 
exposed 6:ffsfre individual for i 000 years in DOE Order-435 .1 1md ensures thaf-no single source, 
practice; or pathway accounts foiiln extraordmary portion of the primary dose limit. ' .. . 

, ,. 
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Figur~ E.10. Hypothetical Receptor Locations for Risk Eyaluation 
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E.4.1 RECEPTOR SCENARIO RATIONALE 

Current land use planning assumptions are documented in Final Hanford Comprehensive 
Larid-Use Plan Environmental Impact Statement (DOE 1999), which provides an evaluation of 
several land uses for the Hanford Site for the next 50 years. That environmental impact 
statement and associated "Hanford Comprehensive Land-Use Plan Environmental Impact 
Statement (HCP EIS), Hanford Site, Richland, Washington; Record of Decision (ROD)" 
( 64 FR 61615) identify 'industrial-exclusive use' as the planned use for the 200 Areas Central 
Plateau, an area that encompasses the 200 East and 200 West Areas. Ecology is evaluating how 
the DOE land use planning efforts fit within the Ecology cleanup framework. Ecology has not 
yet agreed to an industrial use scenario. Therefore, multiple exposure scenarios are considered in 
the WMA B-BX-BY risk assessment to account for the uncertainty oflong-term Hanford Site 
land use. 

AB shown in Phase 1 RCRA Facility Investigation/Corrective Measures Study Work Plan for 
Single-Shell Tank Waste Management Areas_(DOE-:RL 2000), DOE and Ecology have agreed to 
use MTCA Methods B and C in the corrective action program. MICA Methods B and C risks 
are calculated based on equations and parameters specified in the MTCA protocol for · · 
establishing groundwater cleanup levels (WAC 173-340-720). Risk is calculated for the 
residential farmer, industrial worker, and recreational shoreline user exposure scenarios based on 
the HS RAM. Estimates of risk based on the three HS RAM exposure scenarios are prov:ided in 
this assessment to allow for comparison to risks cited in Tank Waste Remediation System, 
Hanford Site, Richland, Washington, Final Environmental Impact Statement (TWRS EIS) 
(DOE and Ecology 1996), Retrieval Performance Evaluation Methodology for the AX Tank 
Farm (DOE-RL 1999), and Field Investigation Report/or Waste Management Area S-SX 
(Knepp 2002). Risk calculations for the three HSRAM-based scenarios use groundwater 
pathway unit risk factors adapted without modification. directly from the TWRS EIS. 

Three hypothetical receptor locations identified by DOE and Ecology (DOE-RL 2000) as the 
locations for which potential risk and dose will be calculated are as follows : · 

• Downgradien.t at the BX tank farm east fence line boundary 

• Downgradient at the boundary of the 200 Area exclusion zone as defined by the Hanford 
Future Site Uses Working Group (FSUWG 1992) 

• Downgradient at the Columbia River shoreline. 

E.4.1.1 Residential Exposure Scenario (MTCA Method B) 

The MTCA cleanup standiµ-ds are applicable only to nonradioactive constituents .. Under the 
Method B groundwater cleanup level protocol, exposure to hazardous and carcinogenic 
chemicals is based solely on ingestion of drinking water (with an inhalation correction factor 
used for volatile chemicals). Method B exposures for noncarcinogenic health effects are based 
on a drinking water intake rate of 1 L/day (0.2 gal/day) and an average body weight of 16 kg 
(35 lb) (WAC 173-340-720(3)(a)(ii)(A)). Method B exposures for carcinogenic health effects 
are based on a drinking water intake rate of 2 L/day (0.5 gal/day), an average body weight of 
70 kg (150 lb), an exposure dur.ation of 30 years, and a lifetime of75 years 
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(WAC 173~340-12()(3)(a)(ii)(B)) . . Oral refe:ren~ dQses (mg/kg,-day)and-Qral slope factors _ 
(kg-day /mg) developed by the EPA are applied to convert the exposures to the _health effect 
appropriate· for each constituent~ . : , · : ·: . -· · . .. _· . . - . . •·. . . · . . . . 

For the BX tank farm boundary, risk is calculated at one Jdcation axis corresponding fo the 
cross-section through tanks BX-108 to BX~ 102 ~onsider;ed in the contaminant transport analysis. 
Methocl'-B risk is talculated at all locations a.td~fined in .Section· EA. l. · · . . . 

. . . . . .. 

E.4.1.2 . · lndilstri;tl Exposure Scenario (MTCA MethodC) . , · _. 

~ -in the MTCA Method B residential exposure sc~nario, the MTCA Method·C-industrial-
. exposure scenarip is applicable only to nonradioactive constituents. Under the Method C 
groundwater cleflliup_ level .protocol; expos~e; to hazardous ·and · carcinogenic chemi_cals-is based 

. solely on ingestion of drinking water (with an inhalatfol). correction factor usecl for voiatile 
chemicals}. Method C .exposures for noncarcinogenic health "effects· are .based: on.a drinking 

. water intake rate of 2 Li~ (0.5 gal/day) and an, average body weight.of 70.kg (150 lb) 
(WAC 173.::34p.-720(4)(b)(ii)(A)). : Method C 'exposures fotcarqinogeruc health :effects are based · 
on_.a dri:nkiii.g°water int.akeirate of 2 L/day {0;5 gaVqay ), an average body weight of70 kg . · .. . 
(lSO lb)~.an exp~sure dw;ati<;>n of 30 years,.~d ~ lifefun¢ of 75 years . . . . . 
"(W,AC 173,:-340-:720(4}(b)(ii)'(B)). -Oral reference doses(mg/kg~ay) .and o~lslo~ factors · -
(kg-day /mg) devel~ped :by the EPA are-applied to ,convert the exposures to th~-health effect · 
appropriatefoi each constituent;_ . . . . 

· Method:C·tjskis calculated for the same.three l~ations as ·define&·in Section E.4.1. 

EA.L3 · lndustiial Worker Scenario 
•.. .. 

An industrial worker scenario consistent with the· sc.enario described in HS RAM 
(Doe:.Ri., 1995b) is us~a':tp r~p;res~rtt p~tentiiil eJq)bS~e to work~J;'S i~ a co~ercial pr ~dustfial. 
setting. _The r~eptors ar~ adult employe~s ~.ssunied Jo work at a loQation_ f~r 20 ye~s . .. A b~dy . 
weight of70 leg (150 lb) :?,iid a lifetit)J.e _of 70 y~aii ;ire assumed. Jiw scenario involves mainly 
indoor activities, :although Qutdoor activities (e.g.:, soil contact) .alsoJ~re -incl,uded:. The · . . · 
groundwat¢~·e:iq,osure pathway~ for this scemirjo,"in¢1ude:drinki~g water iµgestion (IL/day (o:i 
ga:1/day]);denp.al .absorptioil_during sho:wering; showerwater ingestion}·and inhalation. _ These 
exposures would not be ·corj.tinuous'.b~ause the wo_rker would go:home at:the end. of each . • . 
workday (i.'e., after 8 hours) . . · The scenari9 ·is intended 'to. i:eprese])f no:nremediation workers who . 

· · are assumed to wear no pr9~ed:ive cloth~g. · · · · · · · 
. ;' . . 

. Industri~lworker risk is ~vii}-µated Using a unit risk factor approach con5:istent with that used for 
the TWRS EIS (DOE and Ecology 1996), bOE-RL(l999) and Knepp (2002) arutlyses~ -This . 
approach involves calculating risk as the product.of the gr.oundwater concentration and the unit 

· risk factor. The basic expression f~r risk using a unit risk factor approach is: 

(E.11) . 

Where: 

· = risk at point of calculation x,y, t 

AppE..,_1113 . E-57 December 13~2(}02 · 



~j ., 

'I 
-1 

:I 
, 

) . 
I 
·I 
•' 

·1 

RPP-1009·8,-Rev. 0 

Ci . 
x ,yJ 

URF.i 
. . s 

x,y 
t 

=-- groundwater concentration atpoint of calculationx;y,t for contaminant i 

= groundwater unit risk fact~r-for contaminant 1 and. r~eptor sc~i)arfo ·s; 
= h'~ '16cation coo.fdinates 

· :==.- time. 

The. summatio~ in Equation E.11,: represents addition of the ~~mtributio~ froni all co~ents'. . . 
The unit risk factors used for the ·three HSRAM-base4 exposi.rr~ scenarios are shown in 
Table E.3 i: these unit risk factors are for the groundwater pathway and are taken from-the risk 
~ysis presented in.the TWRS EIS. These unit riskfactorswere also used in DOE-RL (1999) 
and Knepp_ (2002). . · 

. Industrial worker risk is.calculated for the same three.locations as defined.in Section,E.4.1. 

. ,·. . .. 

Table E;31. Unit ;Risk F~~tors for .the Industrial,Worker, Residential · 
._ .Farmer~ and Recreational Shoreline User Scenarios · 

.. .. 
Recreatio:.:i.a.J . Contaniina~t of Units Industrial ,worker•> Residential Farmer.Cb>· 

. Concern Shoreline User£•} 

c-{4 JLCR per Cj/mL . .. ·s.23E:+-06 . 6.06E+08 
S~79 JLCR ner Ci/mL 3.22E+07 2·.87E+08. 
Tc-99 IlCR per ·ci/mL 7.llE+06 2.61.E+-08 
1-129 ILCR per Ci/mL 933E+08 l.29E+10 
U-232 lLCR oer Ci/mL · .. 7.83E+o8 3:00B+-09 
U-233 Il.,CR per Ci/niL 3.03E+-08 1.38E+09 
U-234 ILCR per Ci/mL 3.00E+-08 . . , . I.34E+Q9 
U-235 ILCR per CiiinL 2.98E+08 l.37E+o9 · 

. U-236 -·· ILCR oer Ci/mL · 2;85E+08 · l.27E+09 
U-238 . JLCR per CiimL . .. -· 2.84E+08 ., l.28E+09 
Cr .. HQ per g/mL. 3.3lE+06 l.l4E+07 
F- ." HQner.R/mL L65E+05 L61E.+-06 
Hg , HQ oer g/mL •. ' ·,. ' 3,.85E+07 · . .. . "8.36E+-08 

N03 .. HQnerg/mL · 6.iOE+o3 . . • 7.59E+-06 
N02 HQoerwmL , . 9.92E+03 . , 3,73E+o4 . 
U (Total) . . HQ per g/lI)L 3,52E+06 .. .. 1.41E+07 
EDTA - "HQperg,11:.1l ·7.61E+o6- l.47B+09 . 

<•>source= TWRS EIS, Appendix-D, Tables D.2.1.21 andD.2.1.23 {groundwaterp,athway) 
Cb) Source = TWRS EIS, Appendix D, Tables D.2.1.18 and D.2. 1.20 ·(groundwater pathway) 
Cc) Source = TWRS EIS, Appendix D, Tables D.2. l.24 and D.2.1.26 (grounc:Jwater pathway) 
Il,CR ~ incremental lifetime cancer risk . . . ·. · ·• •. . . 
HQ = hazard quotient · 
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_8.70E-i:05 
. 536E+06 ; 

l.18E+o6 
1.55E+o8 
9.98E+o7 · 
4.42E+o7 
4.38E+07 
4.40E+07 
4.15E+o7 
4.18E+o7 

.. . 3.47E+05 . 
· 2.27E+04 

4.85Et06 . 
. , 8.52Et02 · 

l.36Ef03 .. 

4.66E+-05. 
1.05E+-06 

December 13, 2002 

7 
_ ) 

.7 

J 

J 
:0 j 

n 
LJ 
:1 
d 

0 
i : 

~ 

,.... 
' . 

,.., 
I 
i 
"--

' I 
I 
L. 

r 
L 
,-
1 

r 
! 
·l 



'.. . 

,..... 
i 
; 
'- ·· 

-
l 

,-;. 
i 
t .. -· 

RPP-10098, Rey. 0 

EA.IA ResidentiaLFar.merScenario ·• · 

A residential farme~ sce~ario is used· to ~epresent ~xposur~s. associated with the .llse of the land. 
f.Q;r residetitW, -~ agri~t'qf.al p~_,, Tpi~ ~~P: i,s -~ sligh'.t; il;iQdi:ij13ation. to· the. resideiµial 
scenario described in i-ISRAM (DOJv.RL _l995l?); jt:ihcludes aH of.the exposure pathways for the , 
residential scenario· plus most of the fooq ing~stion pathways d~scnbed in the HS RAM 
agricultural . ~Geriario. The residential farmer scenario includes using groundwater for drinking-- . · · 
water (ingestion rate of2 L/day [0.5 gaif day]) and other domestic uses ~swell as for irrigation '.to 
produce and ·;co~sume anim.,als, vegetables, and fruit prod~q~; The ~xposures ~ :assunied to be 
continµous and indud~· occasio.bal shoreline related recreational adivities,' which includes 
contact .wiili ~~~ :wah~;r sediments. A comp6site a~ult i( used as, th¢ receptqr,for s()m:e. of the . 
exposurt pat}rways . . The ;compC>site adulf is eya).witeci µsing. ~hild p-eters for . 6 years and 

· aduit p:.fuunefors for 24· years, with totaj -expp~e dur~tion ·o( 30 y~s, Bqdy weights of 16 kg 
(35 lb) for·a: child artd 7p;kg (150.lb) for an a4ult_and a lifetimeof70 years are:assuined:-· . 

. . ~ . . . . - . . . ' . . ~ 

Residential farm~r risk is _eva~uated usil;J.g a unitrisk factor approach as discuss~ /o~ the 
in:du~al worker scenario in .Sectimi"E.3 .1.3. l'he unh risic' fadors. _used ate shown inTable E.31. 

Residential fannbr risks' ar~ calc~lat~ fo~ the same three l~catlons as defined in s:ecti~n :E°.4J . I 

.-, E.4.1.S . Recr:eafion~ Shoreline User Scenario 
\. 
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A recreational shoreline user scei:J.ario consistent with the scenario described~ the HSRAM is 
used to represent exposure to contamination in groundwater seeps,filong ilie.Cohunbia River 
shoreline from recreational swiinming, boating, and other shoreline activities. The scenario 
involves out~oor activities and occurs ohly in an-:µea within 4QO·m (025 mi) oftlie river 
shoreline:: Th~se exposures would not be. continuous butwoiJld occur for 14: days a y~ar for 
30 years. E:X:posrireto both adults and chtldren·are taken into account using thesrune: composite . 
. adult as descriped in the residential farmer scenario-iri :Section EAl.4. : 

Recreationalshoreline user risk is evaluated°using a rinit risk factor approach as desctibecUn the 
industri~l worker scenario.in Section E,4.1.~. Theuriit risk.fact<:>rs .useci are .shown inTable E.31. 
Recreatidnal:shoreline tiser risks are calculated only, at.the downgtadient Columbia Riyer ·. 
shorelirie locatjon that is defoied in Section E.4~1 .- . . . ' 

Th~ recre~tiqnal fand ~e~ scen~io is ~ot in~luded°in the WMA B-BX-BY risk a!:l~s~~ept 
because tbis t ecepior does not-have acceS$ to. the groundwater pathways, .. 

. . . . . . . . 

TANK w ASTE CONSTiTUENTS OF POTENTIAL CONCERN 

Determination ~f th~ constituents. of potential concern (Co PCs). to be used in· the WMA. · . 
. B-BX-BY risk assessment starts with the estimated inventory reieased fr.om the·~ farm system 
to the enviromnent. That: estimated jnvenfoty is provid~ in frelimin(UJI Inventory Estfmates for 
Single-Shell 7'.ankLeqkslnB, -BX, wui BY.Tank F:anns. (Joneset:al,;.20()1). _The Q;iPCslisted in 
Jones et al. (?0_01) includ~ fu.e analytes listed in :the model.cited in. Jlanford De.fin~<// Was:tes: 
Chemical and Radipnuql~de ComposifiOJ'IS (Agn:ew 1997),: The foJlowiilg, se1/tions.j:>r<:ivide the 
rationale used to exclude some ofthese CoPCs from calculations ofhuiiian he~th risk and dose 
in the: WMA13~BX-BY risk ~sess:ment. )3ecause not all of the co~stituents ~sociated'.with the 
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released tank waste will nngrate to the groundwater, the eonstituents-·of concern jn a groundwatet 
pathway must be selected. The rationale for making this constituents selection is provided in the 
following sections. - . . , 

E.4.2;1 .. . RatiQnale for Excluding Constituents of;Poteiltial Concern · -

Following are the criteria-u~d to exclude CoPCs,from consideration in the WMA B-:B-X,BY risk. 
as~~~ment. · . 

. · • . ' Constituents having distribution coefficients (Kd) equ~l or greater than'0.6 . . 
Compos~te Analysis for Low-Level Waiie btsposa( in . the 100Area PlateaJi of the · . 
Hanford Site (Kincaid' et aL 1998) provides referenc.e to distribution coefficient selection· 
used in previous stu<lies and for past tank leaks. Hailford immobilized Low-Acilvity Tank .· . · 
Waste Disposal PerfoniUiilce Assessm~nt;:' 2iJ0f V~rsion (Marni et al · 2001 ). along' with 
Kincaid efat (1998), provide rationale·fo:r:selection orCoPCs for risk caiculations. . . 
Num,erical modeling results provided in the TWRS EIS indicate_that constituents with 
~istribtjtipri ·coefficients e,qual_ to or greater tli~ 1.0 take over' 1,006 years ~o reach the 
vadose zone/saturated zone interface. · Numen~ai :tiiodeling of past tank leaks foi- S tank 
_farm retrieval performance evaluatipn (Crass 2001)andforDOE-RL (1999) indicate that -· 

· withm 1,ooo years, constituents with distribution ~oefficients equal-to or greater than o,6 . 
· would not reach the underlying aquifer or ~ould re,ach the llD.deriying aquifer at very low . 
concentrations (less than 3.0 x _10·2 pCi/L}thatwouldnot contribute to significant human 

• . health risks {less than ,io -x 1 o·8 ILCR for the residential farmer scenario) .. using base case 
recharge estimates as shown in Table E.L--

CoPCs -eliTilll)ated because of the distribution_ coefficiep.t cdte,;ion are:. aluminum, iron, 
bismuth, lanthanum, zirconium, lead, nickel, manganese, plutoniw:n.{total), nickel-59, 

.. nickel-63; cobalt-60, strontium-90, yttrium-90, zrrconium~93, niobium-93m, -
cadmium-113m, tin-126, c.esium-134, cesium-:-137; barium-137, samarium-:151, _ ,_ 
europium-152~ europium-154, europium-I 55, i-adium,226, radium-228; plutonium series, 

.· -americium series; curium 'series, and thorium-232; · 

• Low-:-activity radionuclides that are present m low conce~frations a~d with shdrt 
haJf.;.Jives if they have decayed for at le~t five half-lives. ·. A decay time of 5 half-lives : 
is sufficient for decay of 96.9% of the radionuclide activity and results in a reduced level 
of potential risk (EPA 1995). Based Oti numerical modeling results provided in the 
TWRS EIS, constituents with distribution coefficients of 0 take l -50y ears to reach the · -
vadose zone/saturated zone interface under_ normal recharge. · 

Additional CoPCs eliminated because of the half-life criterion are rut:4enium-106, 
antimony~ 125, · and tritium. 

• . Constituents that h~ve no documented human health risk or toxicity facto.-s; The -
. · basis for these f~ctors ·is d<>eunient~din the Integrated Risk fn/ormcition System (EPA · 

2002a}or the· User's Guide;- Radionuclide Carcinogenicity (EPA 2002b)°databases. A 
constituent, lacking a toxicity reference do_se or a carcinogenic slope 'factor keliminated. · 
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Co PCs eliminated because of the health effects criterion are: carbonate, chloride, · 
calci~, hydr~xide, potassium, phosp~ate'. strontium, sulfate; silica; _and sodium,. . . 

Although several organic chemica,s are'µsted in the Agne'Y (199.7) model, orily EDTA · 
( ethylene-diamine-tetraacetic acid) was Carri~ forward because it i& the only constituent .that has 
a reference apse. AU oiliers wer~. not 1iste4 iii. theJn{egratecfRisk Information System .· 
(EPA 2002.a). . .. . . . . . . . ' . . . . . · ·. . . . 

_E.4.2.2 Contaminants of Poteptial Concern.for rusk AsseS:Sment 

The Co PCs to be used in the WMA B.:.BJC,.BY risk assessment after applying the exclusion · 
cr~teria described mSe¢tion .E.4;~.l ar~: . . . . 

. . 

• Chemicals: chro~uni, fluoride, mercury; :rut:rat~ nitpte, uranium. (total), and EDTA . 
• · Eadionuclides: • car~on~ 14,. selenium-79; technetium~99; iodiile.:.129, and uranium ~ries. . 

E.4.3 ESTIMAJlNG TOTAL]NCREMENT:!L LIFETIME. CANCER RISK AND: 
HAZARD INDEX . . 

The total ILCR for a particular receptor scenario at a particular point i~ time ~d space is . 
expressed as the sum of the .JLCR. calculated for the individual carcinogenic chemical and ·. ' . 

. radionuclide CoPCs. Note that because none of the chemical CoPCs identified in Section EA.2.2 
is .classified as c~cinogenic, iLCR. vttlues for this ass~ssmentare h~d. only on radionucHde · · 
exposures. Although hexavalent chromium is chissified as carcinogenic by inhalation, 
carcinogenic impacts from hexa-valeiit chroiniµm would apply orily for airborne releases .from a 
facility, or for suspension of surface ~ntaniinatioil_. Because groundwater is the ~nly exposure 
medi:uni considered in this assessment, neither of these exposure routes applies and hexavalent · 
chromium is treated as an ingestion toxicant As for the total ILCR, the_ total hazard index is 
expressed as the sum of the hazard . quotients calculated for the. individual noncarcmogenic .. 
chemical CoPCs. · Total_ILCR and haz.ard index values are calculated for each receptor scenario 
and point of calculation for the l ,OOQ-yeat period of analysis used in the contaminant transport 
simulations. · · 

. . Risks for CoPCs included in the contaminant transport analysis (i.e.; te~hnetiuin-99, 
uianium-238, and-nitrate) are based on the modeled groundwater conc~ntrations~ rusks for 
Co PCs not included in the contamiriant transport analysis are based on scaled groundwater 
concentrations. Scaling is performed by multiplyingthe non:..modeled CoPC source inventories 
(as ieported in Jones et al. 2001) by the ratio of the modeJed groundwater concentration to sour~ · 
inventory for one of the modeled CoPCs. The basi.s for the scaling calculations is shown in . 
Table E.32. . 

Table E.32. Basis for Scaled Groundwater Concentrations 

Simulated CoPC Non-simulated CoPC Ratioed from Simulated CoPC 

Tc-99 C-14, Se-79, 1-129 .. 

U-238 U-232, U-233, U~234, U-235~ U-236, U(Total), Cr 

N03 :NU2, Hg, F, EDTA 
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E.4.4 DOSE METHODOLOGY 
. . 

Radionuclide . doses are calculated as. the _product of the groundwater concentration and a unit . . 
dos'e .factor: Tlie l.lfilf dose factors used ar~ gtbunc1\va'for pathway writ qosetaefor; provide-d iri 
Kincaid •ef at ·(t998) and Knepp (2002f Unit dose factors iire sh.bwn in Table E.33'. Dose . 
calculations are performed oniy ibr the 1ndustrial woi-ker;~XJJ6sure sceiiario. E~po~J pa'thw~y~ . 
and parameters associated with this scenario are described ih Sec~on E.4 .1.3. . . . 

Table E.33. Industrial Worker Scenario Groundwate~ Uµit D~se Factors 
.,. , .. . , . · ., .. -

Constituent Unit . V~~ Dose ~actor . . · 

C-14 (mremfyr)/.(pCi/L) , . S.22E-04 
. . 

Se-79 (mrem/yr.Y,(pCi/L) ·· ,· ... . 2.17E-03: 
.. 

Tc-9.9 · . (mrem!yr)l(p,Ci/L) 3:6SE-04 

I-129 (mrem/yr )/(pCi/L) .• .6.90E-02 

. U (Total) (mrem/yr )/(ug/L) 5.27E-02 

Source "." ~caid ~(;l._ (19~8) 

Indusiriai' worker dose h ~alculat~d at the threelocatio~s ,as defined in Section.EA, 1, 
' . . . . . . . ; ; ' ' ., ~ . . :-. . . . , . . . . . . ' . . ·• 
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. E.5.0 HUMAN HEAL11I·RIS~ AND DOSE RESULTS · . 

1bis section presents the results of tlie hUII).an, heal1;h_nsk '.~d dose as$e$.sment. The risk and do;,~ · 
v~s·p~~ ~e b~e,d (m, the ·gro:undwaier conc.en~tio11s · g~n,~4re.4 $rough COJlUl.nwian,i: ·. · 
transport modeling (Sections R2.0 and E.3.0) and were calculated using the approach described 
in Section .E.4.0.· Groundwater concentration values·from the cross:..section at the BX tank farm 
east.fence linf boundary used ·Equation E.9 iffSection E3 .O •to ca:lciilafu the ris_k f)lld do~ values·, . 
with the metho~ology described iii Se<.,tion BAO~ . Note that risk and dose results are presented , .· : 
oniy for a sefoe.t gr:oup of simulation cases (Tapl~ Ejtl-). ·· Results for th~se cases are · . . 
representative of the larger set of cases considei:ed iri the c;,onta:min~t tr.ai:l.sport analysi~ and 
includ·e information on the impacts associated with exis#ng conditions (caseJ ), interim oarrier. 
use{case 2), and .varial?le meteoric recharge rat~s (cases 7 and 8). · . . ~ 

case 

1 

2 

7 

.. · . . . . \ 

-Table E.34~ .Human Health Risk and ·.DoseAssessm-ent Cases . . ,• . ' ,. . ·. .. . . . . . . . . ~ . .. 

·· .. Destiipt~on 

Base Cc!Se {~ acti~ alternative) 

Barrier alternative and no'water 
line leaks = · 

. .. _lleference ~e, Estim¢on of impii_cis•nom p~. · 
· C<:>ritaniinant releases ~Wl\,fA B-BX-BY itno interim · 
measures ·or interim cotrecti've measures were . . . 

. implemented, . . . . 

futerini co~tive niealure ~ase, Estimation 5>f_degr~ 
to which implementati~n ofan interim. surface barrier 
would <lecr~se impa~ from past c~ntaininant 
releases at WMA B..:BX-BY. . . 

Base case with 50 IIllTl/yr meteoric Meteoric recharge ~ens~ity cases. Estimation of 
recharge · degree to which meteoric recharge mdoeling · 

f-'-- ----+-- ----'------------4 assuniptions affect estimated~ case impacts from 
Base case with 30 mm/yr meteoric past contaminant rel~s at WMA B~BX-:BY. 8 

• recharge 

Section E.5.5 presents the conclusions of risk and close r~u1ts. Risk and dose results for the fom: 
cases shown ili Table E.34 are presented individually in Sections E~5. l through E.5.4. A$ 
discussed in .Section E.4.1, multiple exposure scenarios are considered in this assessment to 
account for the uncertainty of long:.ierm Hanford Site land use;. To '.simplify the presentation, the 
in~vidual case discussions.focus on the results: for the industrial worker-scenario. Resu1ts-for all 
the receptor scenarios are provided in table format for each case; hqwever, for compariso~ 
purposes, a single scenario is sµ:fficient because the relationship he~een the receptor scenarios 
remains relatively consi_stent within each case. For example, regarq.less. of the case or calculation · 

· point, the peak residential :(armer ILCR is always approximately 3.4 tim~s higher than the peak 
industrial w,orker ILCR, and the MfCA Method B peak hazard index is aiways ~pproximately . 
2.2 times higher than the MTCA Method C peak hazard index. Conclusions of the risk and dose 
calculations are presented m Section E.6.0. , 

E.5.1 BASE CASE, NO ACTION ALTERNATIVE (CASE 1) 

Results for the base case (case 1) are swnniarizedin Table E.35. R~sults for case l reveal two 
general trends that are also evident in the. results'for the other cases considered (cases 2, 7, 8) . 

.. First, peak h"QID.an health nsk values for the cross-section at the l3X tank farm east fence lnie , . ' . . ' . 
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boundary exceed the peak values for the other two downgradient boundaries. Second, peak 
valties at the last downgradient boundary (i.e., the Columbia River shoreline) are generally two 
to three ordets of magnitude lower than the peak values at the BX tank farm east fence line 
bo:UU.dary. ·· 

. . . . . . . . . . . 

Peak values. fur .case l are: the highest of the .four cases: considered. .Between the BX tank fa.tip. . 
east:fence line· bounpary 'and the'Columbia River sl):oreline, the peak.industrial worker iLCR 

· x:angesfroin 5.39 x 10·5 -io 2.34x Hf 7. Peak ILCR values are driven by technetium-99; . The ', 
p~ industrial worker hazard index ranges from 1.98 x 10-1 to:4:88 x 10-4. Peak hazard index 
values ·are driven by nitrate. The peak dose ranges from 3.18 mr'em/yr. to 1.3 8. x 1072 intern/yr: 
Peak dose va~ues are driven by techn:etium.:99 .· . . . 

Temporal variations in ILCR for case 1 are .shown in Figure E.11 for calculation locations 
between the BX ta.n:k farm:eastfence line.boimdary and the:Columbia River shoreline. Temppral 
variations m hazard index and dose for case 1 are similar. to those shown for ILCR. The results . . -.-. . .· . -,- ·; .· . . ( .. 
for the BX tank farm east fence line boundary and 200 Area exclusion boundary, display a ·· · 
. bi.modal characterin the vicinity of the p~al<; In both cases, the maxittiuin peak occurs in the . 
second of the two . hfgh points . . The peak a.t the BX tank farm east fence line boundary occurs in 
the year 2048 an~ the peaks for the 200 Area excJusi01;i boundary and Columbia R1yer shoreline 
calculation locations arrive after approxim~tely40 and 250 years, respectively (Le., years 2098, 
and2298). . . . . . 
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Figure E.11. Case 1 Jndusfrial Worker lLCR Versus Time at Cak.ulation 
Points Between t:he UX Tank Farm East Fence Linc Boundary and the Columbia River 
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Table E.35. Peak Long Term Human Health Impacts for Case 1 
; ............................ -·------,-- --- ---.-.v•.o, .,-, ....................................... - -----~-------....-------.,.......--~ 

I.• ..• . 1 f j I d . I u .· k i Recreational "'t·1·cA ll .~ h"·· B(hl .MTCA DOS<' to 
~e-~1 .. enftll armer ! 11 ustna n 'or ·er ; ~-h 1· u: t'•' j,, . . lT&Ct uu . ,"•1uthod c .1.1,) , · ; ,:, ore me scr · •~ ~ Worker 

-.-1-,C-R-~-.-u--i _I_L_C_R_V ·· · . Hl l .ILCR HI ILCR·- -»-.--,-Lc-~-R~i--H-1- -tn-.~-,m-. -/y-r 
C:ikul.a.i 

NA i l.05E+OO 3.18E·H)O l.83E-03 2.20E-t02 i 5.39£-05 i.98lAH i NA NA NA 
. .............. .... ..... _ ~.-• ·· · · ·•"'I;· ·r ................. .. -,oo Arca Exclusion Boundarv 1.86.E-05 l.9JE·,·OO i 5.4&E~07 :.74h-<h i NA NA NA 2.0lE-02 NA i 9.22£-03 3.23E-02 

........ · . ..__, ..... ; ......... .. +-----+-----'----+----+---------+----+-----+------1 
Co1umhia River Shore.ii rtc h A _7,94£-06 .. ... 5A2f.-Ol . ..J. 2.34E-07 4.88E-04 ! 3.89E·08 6.71E•05 NA 1 5.67E-03 NA 1 . .2·?~~H-O? ... ~:?~:!L:!?.~ .. 

BX Tank Farm Fence Line 1.30E+OO 

:a) Exposures d(:fined to i:1ccur only ,vithin 400 m ( i 300 fl:} of the Columbia River shord.ine. 
::;) Cam~er risks ,wt shown because MTCA address.es only nonrndioacrive coniamirnmis and no nonradioactive carcinogenic chemicals were idcntifi.i;\d as 

contaminat1ts of i.'•OnCi;.\nl f(1r WMA B-BX-BY. 
HI hazard index 
ILCR ··· inttemema!lifetim~~ cancer risk 
MTC Model Toxics Control Act 
NA not ttppli<.:able 

.-. ....,., 

:i :-.·.·.·.· .. · .• i : ...•... j 
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K5.2 HARRIER ALTERNATIVE AND NO WATER LINE LEAKS CASE (CASE 2} 

Results for case 2, barrier alternative and no \vatcr line; leaks. are summarized in Table E.J6 . 
Resuhs fnr case 2 show the same gen(~ra1 trnnds regarding the calculat.ion points as discuss.~d 
above Jbr case 1, Peak values for case 2 are sllghtly lower than the corresponding values 1hr 
case l. Between the BX tank fann east fonce line boundary and the Columbia River shoreline, 
the peak industrial worker fLCR ranges from 5034 x l t(' w 1,54 x l <r'1, Peak lLCR valur.·s an.: 
driH~n by technetium-99. The peak industrial worker hawrd index ranges from l.98 ·.v.: Hr1 to 
4.54 x l0~

1
• Peak hazard index values are driven by nitrate, The peak dose ranges from 

3.15 mrern1\r to 9.07 x Hr·~ mrem/yr. Peak dose va.lues are driven by technet ium-99. 

Tcmpoi-al variations in ILCR for case 2 are shown in Figure E.12 -fi:>r calculation locati<.>ns 
between the BX tank farm east. .fonce line boundary and the Columbia River shoreline. Temporal 
variations in hazard index an<l dose for case 2 are similar to those shown for ILCR. The peaks at 
the BX tank farm cast fence line bonndary and 200 Area exclusion boundary occur in the years 
'20 .15 and 2056. respectively, In both c~,ses, the peak arrival time is the same yc:ar and 
approximate peak value as the first of the two pea.ks in the bimodal results found in case L The 
peak at the Columbia River s.horetin0 calculation location arrives approximatel.y 270 year~ 
(i.e,. year 2285) aner the peak at the BX tank f~•urn \!ast fence line boundary (i.e .. y,~ar 2015). 

- --------------------·· . ..................................... .... ... ... . ... -•---------
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Figure E.12. Cas(' 2 Industrial Worker ILCR Versus Time at Calculation 
:Points Between the BX Ta.nk Farm f:ast Felice Linc Boundary aml the Columbia River 
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T~thlc E.36. Peak Long Term Hnman .Hca.lth Impacts for Case 2 
r······························································ ·············· ·· ···························•··•··········································· ·········································· ···················· ··.···· 
i R •·· t · t'· I ·"·. , .. j Id ··t • 1u , k · i Rccre-atiomil ~-•TC :\"t l 18,1,ii ,\ffCA 
i •• llSI( CII Ill rat 11l ll1 : n U:-s na Y'>'(lr er ' s··h 1· [ ' /;1) :n . ,, !Yet 10( : ·~-- th d c •lbl 

Dose to 
Worker i ( .ulcut:ltion Point : i · •Ore me ;srr · i :uc o . · 

l ................. .,. ................ . h .•,-.-.....-.-. ....,.,,.. ....................... ; ......... .-.. ... • •n .••.-.-...... . .. .,. .......... . .. . .. .. . . .. . . .. ; • • • •••• •• • • •• • ••.• •• • •••• •• • ••• •• • • •• • •• • ••••••••••••••• • •• • • • •• ••• • •• • ••• •• • • • • • + •• ••• • •• •• • • ••• •-- ------! 
i ILCR i HI i ILCR HI i ILCR i HI JLCR HI i ILCR ' : ' : . . 
BX Tank Fann Fence Lim: : " I c 1;3· : ") v·1r~ .•. / \ ") : '- ·, ·' ,·; (l" : .{) f . .,, · · .• i .... . 4 \ . 1,. .... : l/,!.- l .. ., ..... +r.. · .. ) Q8f..f' { i . . ( .... , : NA NA NA '.UOF.·,·00 i NA 

Hl i mremN r 
............. ............... ~ ........ ....... -.... . 

I .05E+OO t 3. I 5E~OO 

200 Arca Exdusion Boun,.fotv L63E-{lS i 1.92[---00 i 4.82E-07 l.?:;E-03 i NA i NA NA 2.0 IE-02 i NA 9. l&I•;.01 i 2.8.:l f.•OJ ........... .- · ........... ·.., ... .... . : .... : .. .-....... .. .. . : ..... "' ........ .- .... : .. ......... ...... : .. : .. : .. : .. .,. ..... .... : ... .. ... ...... . · ....... .. . .... . · .. ........ · .... i .................... i ............................... ............................ : ... ........ ........................... : .... _ _ _ 
Columbia River Siwrdinc 5.2:tE-<){i j 5.{)3E-O I j l .54E-07 4.54E-04 j 2.56E-08 !6.23E-05 NA i 5.2.7E-03 i "NA 2.4 I E-03 t •J.O?E-03 

(a, Ex.posurcs ddined to occur only within 400 in (I.300 ft) of the Columbia Riv<.'r shoreline. 
(!>.• Canccrri;-;ks nrn s.bown becmbt \ ffCA ;J.ddre;-;se;-; only rn:mrnd:ioactive C(mimninants and no nonradioactive -::m:inngcnic chemical,; were identified as 

t'ontaminants of concern for WMA B-BX-BY. 
HI ·.·, hazard index 

IL.CR "' in<' rernen1al life1ime canrnr ri:ik 
MTCA " .Model To~ics Control Act 
·,'iA "' tl(H applicab le 

0 
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£.5.3 BASE CASE \,\Tfll 50 MM/YR M.ETEORIC RJ~CEIARGE (CASE 7) 

Results Jbr case 7, base case ,:-;.11th 50 mm/yr meteoric recharge. arc summarized it1 Table F .17. 
Results for rasc 7 sl10w the same general trends regarding the <.:akulation points as disc.ussed 
abovl.'. for case l . Peak values Ji)r ca.;;e 7 generally range from slightly lower to a factor of 1 
h)wcr th.an the coJTespon<li.ng values for case l . Between the BX tank fimn cast fence lii1e 
boundary and the Columbia River shoreline~ the _peak industrial worker JLCR ranges from 
4.85 x 10·5 to LI 9 x Hr·1. Peak ILCR values are driven by technctium-99. The peak industrial 
worker ha:t . .ard index rarrnes from 1.77 x 10·1 to 3.72 x 10·\ Peak hazard index values are driven 
by nitrate. The peak dos; ranges from 2.86 rn.rern/y.r to 7.00 x lo·-' mrem!yr. Peak dose values 
a.re driven by technetium-99. 

Temporal variations in ILCR for cusc 7 are shcnvn in Fig-ure E.1.3 for calculahon locations 
hetweeu the BX tank farm east fence line boundary and the Columbia River. Te-1:nporal 
variations in hazard index and dose for case 7 are similar to those shown for ILCR. Overall, the 
temporal variatfons fr>r- case 7 most closely rescmbl.e those for cm~e l , in that the predk:thmi:. for 
the BX tank farn1 cast foncc I.inc boundary and 200 Area exclusion botmdu1-y display a_ bimodal 
character. The peak at the BX tank farm east foncc line boundary oe-c.urs in the year 2000 and 
the peaks i-<.)r the 200 Area exclusion boundary and Columbia River shordim'. cakulation 
locations arrive after approximately 70 and 300 years, respectively (i.e .• years 2070 and 2300), 

Ap;•l' .. 1.2 !. .l E-70 December 13, 2002 
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Table B.37. Peak Long Term Human Health Jmpacts for Case 7 
•••• •••• • •• ••• ••• •• • • •• •• • • ••• ••••••• ••--.,,-•• • • ••• • •• •• ••-~ >.•m • • •• •, • •••• ••• •• • • , •••• • • • • •••••---------,---

R . I ' MTCA Re-sidential Fanne-r l.ndustri11l Work.er · e<:.re:monu i l\·1TCA Method lf'i 
akufati<m Point Shoreline Usel"1 i · Method c<1

» 

ILCR. . ] Ht ILCR HI '" t""ii_c_R-- 1-·I-I _....._I_L_C_R _ __ Ff_T ---i ILCR HI 

jBX Tank Fann .Fence.Line 1.64E---03---l-.1-}7_t_=+-0_2_.,__4 __ 8-'5_F __ ;;·~····r--i-.-:-,7-1--:--o-l-+---N-rA--+--N-,,-<\- -+---.-N-r_:\-_-_..;.j:_~--0_6_E_·'·_OO_ .. __ N_A __ ' ..... : <_)._4_0_E_-0_1_, 

[~oo Area Exdu$ion Boundar)- 9.80E-06 ... !.:.!.~~~.•.\.?.~~ 2.89E-07 I 07 ~-(n ?-.Jr-\ i NA N,\ i l J4E-O" NA S.66.E-03 i 
k~~:l~~'.~~-~!!~ River Shoreline : .-?~~:~.~16 4. I 3b() I 1.l 9E-O? 3: 7~~:~;. .. _ .... ~-~ .~·.J 5.1 · l F.-05 ...... ~~ --·-1 ·-•-:;-2-~-. -!-);-• - -.-.... -.~-_:.\-. .,.-,..-....... -!-. 9-7-E-••i-J:-, ..1· 

'"l Exposures defined to occur only within 400 m { l,300 ft) of the Columbia River $hor-dinc. 

:"t.\ Cancer risk!- !K>t shown because l'v!TCA addres$eS. oniy nonradioactive contam i.nants and no nonradi<iactive carcinogenic chemicals were 
identified as , .ontaminant~ of concern for WMA B-BX-BY. 

HI 
ILCR 
\.1TC.,.\ 
NA 

·'"' hnl.ard index 
= incremental lifol.ime can;.;cr risk 
"' l'vfodd Toxics Control :kt 
.~ not applicable 
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C 



·=······· 

.······ 

❖'•'•' 

RPP-10098. Rev. 0 

£.5.4 RASE CASE WITH 30 MM/YR Ml~TJrORlC RECHARGE (CASE 8) 

Results for case 8. base case with 30 mm/yr 11wteoric recharge, are summariz~~d in Tabf.e E.3&. 
Results for case 8 show the san:w g<.~ncrn1 trends regarding the calculation locations as discussed 
above fr>r c,tse 1. Peak value-s h.)r case 8 generally range froi:n slightly 1ower to a factor of 2 
l1.)W(~r than the corresponding values for case 1. Betv,,een the BX tank Jann. east fence J.irn.~ 
boundary and the Columbia River shoreline. the peak indostriaJ worker lLCR .rariges from 
4 .83 x Hr5 to 8.27 x Hr!<. Peak ILCR values are driven hy lechnetiuin-99 .. The peak industrial 
worker ha:1..ard index ranges from 1.97 x 10·1 to 2.89 x Hr\ Peak hazurd index values are driven 
by nitmte. The peuk dose ranges from 2.85 mrcm/yr to 4.88 x 1 n·-' mrem/yr. Peak do:,e values 
are driven by tedlttdium~99. 

Temporal variations in 1LCR for case 8 are shown in Figure E, 14 for c:a.!culation points betwet:.n 
tht:( BX tank fann east fenc.e line boundary and th~~ Columbia River. Temporal variatiom, in 
hazard index and dose for case 8 are similar to those shown l·<)r ILCR. The peak at the BX tank 
farm east fence line boundary occurs in the ye.,11· 20no, and the peaks at the 200 Area exclusion 
boundary and Columbia River shoreline caknlation .localions arrive afkr approximately 80 and 
310 years, respectively (i .e., years 2080 and 2310) . 

. _ .... , ........... ________________ _ ·-------------~---····· .... -.... 
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Figure E, 14. Case 8 Industrial Worker ILCR Versus Time at Calculation Points 
Between the BX Tank Farm East Fence Line Boundary and the Columbia JUver 
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Table EJ8. Peak Long Term Human Health Impacts for C~se 8 . 
·'· .. 

: : Re~reational •MTCA · MTCA . D<(~ to 
Restdentlat Fatnier lndustrial Worker 

: Calculation Point S~orelh~e Us.ei.<a> Meth9d'. BCbl 
'· 

M.et~~dc(b> Wotker 
·•. 

:ILCR Hf ILCR - Hi 
. . · tLCR 

_,. .. 
ilf ILCR . ·m ILCR .E:il mr~nt/yr, 

BX Tank Fann Fence Line l.64E~03 2.19E+oi 4.831W5 I.97E-Ol NA NA 
. . 

NA 2.29E+-OO · NA 1.osa+-00 :tg5E>t=OO 
20{) Ai-ea _J;::x.c.fosi9nB_ounciiu)' . f37E-06. 7,67E-01 . li~:i;~o7 6,9lE-04 NA . NA ·. NA :s:02E-03 NA 3.67E~03 1.lllt.02 
Coiurii.bia Riv~r Shoreline..- . -i ;so~o6 -3-,2:lE-0l 8;2'7E-08 . 2,89E-04 I,37E--08 . 3.98E-05 NA 3,36E~og NA I .54E-03 4.88£-03 

. . 
(a) Exposures defined to oc~i.lr only within400 Ill {1,300 ft) of the Columbia River shoreline. . . . 
(b) C.inrcer rjsks rrpt showrft>ee8.\!SeMTCA ·addresses only nomadloa~tive contanililants and no noilradi~acti\re carcitiogeriic chemicals ~ere 

id~tified as contaminants of concern for WMA B-BX~BY. · · 
HI · = hazard index 
ILCR "". incremental lifetime cancer:risk · · · 

. MTCA "-' Model Toxics C.ontrol Act 
NA "'not applicable . 

-~ 
li:I 
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E.6.0 CONCLUSIONS OF RISK AND DOSE 
. . . 

Table E.39 presents the peak ILCR, hazard index; and dose for the industri~l W:6rket s~e:hario for 
the four cases analyzecL This comparison indicates the following ra:tlkiri.g:from: the highest risk 
to lowest risk: . -.. . ' . . 

• · Case 1 (no actiol}.alte111ative) 
• CMe 2 (barrier .case with no water line breaks) 
• · Case 7 (base case with 50 mm/yr meteoric recharge) 
• · Case 8 (base case with 3 0 mm/yr meteoric recharge). 

Table E.39. Comparison -of Peak Incremental Lifetime Cancer Risk,B~ard 
. . Index, and Dose for the lndli~trial Worker i . . 

Case BX Tank Farm Fence . 200 Area Exclusion Columbia River 
Line Boundary Boundary Shoreline · 

Industrial Worker Peak Incremental Lifetime Cancer.Risk 

1 5.39E-05 5.48E-07 2.34E-07 
.. 

2 s :34E--05 4.82E-07 l.54E-07 ·. 
' 

7 4.85E-05 2.89E-07 ( I .19E0 07 
. . 

l.88E--07 
. . 

8 4.83E-05 • 8.27E-08 .. · 

Industrial Worker Peak Hazard Index 

I l.98E-01 l.74E-03 · ' . 4.88:E-04 

2 1.98E-01 l.73E-03 ., 4.54E-04 · 

7 l.77E-Ol l.07E-03 . . 3.72E-04 · 

8 l.97E-Ol 6'.91:E-04 
. . • 

2.89E-04 

Industrial Worker Peak Dose (mremlyr) ... ' 

1 . 3.18E+0O 3.23E-02 . . . . 1.3~02 _:· .. 
\ 

2 3.15E+OO 2.84E-02 9.07E-03 -
7 2.86E+OO l.71E-02 : 7.00E-03 

8 2.85E+00 1.llE-02 . . 4.88E-03 

, . 

.. 

' 

Rankings by calculation points indicate the following ranking us~y occurs (from hlghest to · 
lowest risk): · 

• BX tank farm east fence line bounQary 
• 200 Area exclusion boundary 
• Columbia River shoreline. 

The CoC driver for risk and dose is technetiwn-99. Fqr the hazard index, the principal CoC 
driver is nitrate. · · · · 
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El.1.0 CASE 1: BASE CASE, NO ACTION ALTERNATIVE 

This scenario involves simulating flow and transport for the cross-section through tanks BX-108, 
BX-105, and BX-102, considering an initial recharge rate of 100 mm/yr, no water line leak, no 
interim barrier, a closure barrier at year 2040, a partitioning coefficient (Kd) of 0.6 ml.Jg for 
uranium-238, and an inventory distribution that extends east of tank BX-102 to the BX tank farm 
east fence line boundary. · 
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Figure ELL Case l (Base Case lOO mm/yr. Recharge) Aqueous Phase 
Saturation Distributions at (a) Year 2000 and (b) Yt.•ar 3000 
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Figure El.2. Case l (Base Case JOO mm/yr Recharge) Uranhuu-238 Aqueous 
Concenh'atiou Distribution at (a) "\'ear 2000 and (b) Year 3000 
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Fig:ure El.3. Case 1 (Hase Case 100 mm/yr Recharge) Technetium-1)9 
Aqueous Concentration Distribution at (a) Ye<)r .2000 and (b) Year 3000 
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Figure El.4. Case J (U~•se Case 100 m.m/yt· Recharge) Nitrate Aqueous 
Concentration Distribution at (a) Yc-ar 2000 and (b) Year 3000 
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El.2.0 CASE 2: HARRIER ALT~:RNATIV:E ANO NO WATER LINE LEAK 

This scenarfo involves simul.:,ting flow and transport Jbr the crnsiH,edion through tanks BX- lOl( 
BX-105,. and BX-102, considering initial recharge rate of 100 mmiyr, placement of an interim 
barrier by :w I 0, a closure. bardcr at year 2040 (i.e .. the intcdm barrier replaced by the closure 
bani er). no ,vater line leak, a Kd of 0.6 mL/g fi.)r ura.nimn-238, and an inventory distribution tha1. 
extend$ cm,t of tank BX- I 02 to the BX tank fr1.i-m east fence line boundary. 

AitEl_ l2U El-6 Dec.ember 13, 20(12 
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Figm·c :ELS. Case 2 (lutl!l'itit Barrfor) Aqueous Phase Saturation 
Di.°"tribution at Vear 3000 
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figure KJ.7. Case 2 (Interim Barrier) Aqueous {a) Technetiunt•99 and 
(b) Nitrate Concentration Uistr.ibutions at Yea a· 3t)OO 
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EL3.0 CASE 3: NO 1.NTf:RJ.M BARRlER AND WATER LINE LEAK OF l GPM FOR 
20YEARS 

Th1s scemufo involves simulating How and trnnspo1·t for the <.'.ross-section through tanks BX-108, 
BX-105, and..BX-102, eonsiderjJ1g initial recharge rate of 100 mm/yr. waler line leak ( l gpm for 
20 years) for BX-.! 02 only, no interim barrier until dmmre at year 2040. a Kd ol 0.6 mL/g for 
uraniurn-238. and an inventory distribution that extends t:<ast of tank BX-102 10 the BX fence line 
boundary. The waler line leak occurs cast of tank BX-l 02 over a 15-.foot radius at lhe dcvation 
of the to_p of the tank dome . 

-------------------- ----------·················=---
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Figm·t .El.8. Case 3 (20-Yc-ar Water Line Leak at 1gpm) Aqueous Phase 
Saturation .Dhtributions at (a) \'.'¢ar 2020 and (b) Year 3000 
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Figm·c E.L9. Case 3 (20-Yea.r Water Linc Leak at 1gpm) Aqu~·oo.s 
Uranium-238 Concentration ])istributious at Year 3000 
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Figure El.10. Case 3 (20-Ycar Water Linc Lc~k at 1gpm) Aqueous 
(a) Tedmetium-99 and (b) Nitrate Concentration Distributions at Yenr 3000 
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El.4.0 CASE 4: NO INTERlM HARRI.ER AND \VATER LI.NE LEAK OF 
200~000 GALLONS OVER 5 DAYS 

This scenaric> h:ivolves simuJating tfo\v and tn:msport hn.· the cross-section through tanks HX-108, 
BX-105, and BX-102. considering initial recharge rate of 1()0 mm/yr. water line leak 
(200.000 gallons in 5 days) for BX-I 02 only, no interim barrier until closure at year 2040. a Kd 
(lf 0.6 mLig fbr uranium-238, and an inventory distribution that extends cast nftank BX-102 w 
1.he BX tm1k farm fence line boundary, The water I.inc leak occurs east of tank BX--102 over a 
15-foot radius ut the elevation of the top of the tank do1.ne . · 
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F'igurc El.U. C~se 4 (200,000~G:•Hon W'atcr Line Leak for 5 Days) Aqueous 
Sat:undicm Di~tributions at (a) Year 2000 plus 5 days and (b) Year 3000 
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Ji'igu re El .12. Case 4 (200,000-Gallo11 W~1ter Line Leak for 5 Days) Aqueous 
Uranimn-238 Couceotratiou Dist.dbuHon a.t Year 3000 
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Figure El.l3. OtS<' 4 (.200,000NG:tllon \Vatcr Une Leak for 5 Oays) .A<tut•ous 
(:t) Tcchnctium-99 and (h) Nitrate Concentration Distributions at Yem• ~~000 
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.El.5.0 CASE 5: ALTERNATEINVENTORY OISTRIBUTlON AND NO INTERIM. 
BARRlER 

This scenario involves simuh1ting flow and transport: f<)r th~~ cross-section through tanks BX-108, 
BX~ 105. and BX-.1 01, considering initial recharge rate of 100 mm/yr, no water line kak, no 
inter.im barl'ier tmtil closure at year 2040, a Kd of 0.6 mL/g for uranium-238, and an inventory 
distribution that is centered ben¥een tanks BX~ 105 and BX¥ 102 . 
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Figure El.14. Case 5 (Alternate lm1ento1·y) Aqueous Cr:,mium-238 
Concentration llistributions at (}l) Y,.>ar 2000 and (b) Ye~•r 3000 
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Figure }~1. 15. Case 5 (Altei·natc lnven.tory) Aqueous 'lechnetium-99 
Concentration Distributi-Ons at (a) Year 2000 and (b) Year :3000 
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Figure El.16. Cast• 5 (Alternate IUVl!Utory) A<.Jucous Nitrate Com.'.cntr..ttion 
Oh,trihnttons at (a) Year 2000 and (b) Year 3000 
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El.6.0 CASE 6: ALTERNATf: INVENTORY DlSTRlBUTION WlTH INTERIM 
HARRIJ~R 

This stenad(> involves simulating flow and transport h.>r the cross-section through tanks BX-l 08. 
BX-1051 and. BX-102. considering inilial recharge rate of l 00 mmlyL placement of an interim 
bauier at year 201 (}_ a closure harrier at year 2040 (Le., the interim barrier replaced by the 
closure harder) , no 'Nater lint leak, a Kd ()f 0.6 mL/g fr1r urnni nm-J38, and an inventory 
distri.bu.tion that is centered hcttvcentanks BX--105 an.d BX-102. 

El-21 
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figure ELl7. Case 6 (Alternate Inventory· with Interim Barrier) Uranium-238 
Aqueous Conc(~ntration J)istributkm at Ye~•· ~~000 
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Figure El. 18. Case 6 (Alternate Inventory with lutcrim 13,u-rier) At]Ucous 
(a)Tecbndium~99 and (b) Nitrah~ Concentration Distributions at Vear 3000 
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EL 7.0 CASE 7: BASE CASE WITH 50 MM/YR METF.ORlC RECHARGE 

This scenario involves simulating flo•.v and transport. for the cross-section through tanks BX-108, 
BX- l 05; and BX¥ 1021 considering initial recharge rate of 50 m1n.1'):r. now.at.er tine leak; no 
intel"im barrkr until closure at y,wr 2040. a Kd of 0.6 mL/g Jhr uranium<2J 8~ and an inventory 
distribution that ex.tends east of tank BX-102 to :the BX tank fom1 fence line bmmdary. 
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Figure El. 19. Case 7 (50 m.m/yr Recharge) Aqueous Phase Saturation 
l)ist.rihutfons at {a) Year 2000 and (h) Yc~ar 3000 
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f'igure E1.20. Case 7 (50 mm/yr Rechl1rgc) Uranium-238 Aqueous 
Concentration Distribution at Year 3000 
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Figure Et.2L Case 7 (50 mm/yr Recharge) Ac1ucous (a) Tecbnetium-99 
and (b) Nitrate Coricentrntion Distributfons at Year 3000 
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f:t.8.0 CASE 8: BASE CASE WlTH 30 MM/YR METEORIC Rl~CHARG~: 

Thi$ scenario involves simulating How and transport !-i.)r the cross-section thmugJ1 tanks BX-1()8, 
BX-105. and BX-l 02, considering initial recharge rate of 30 mmiyr, no \~;Mer line leak, no 
interim harrier llntil clo~Hri:~ at year 2040. a Kd 1.."lf 0.6 mL/g t,)r urnnium-238, and an inventory 
di.s.trihution that extends east of tank BX- l 02 {<.:) the BX tank form fence line boundary . 

1\ttfil 1213 El-28 Dec~rnber 13, 200'.! 
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Figtm.~ E 1.22. Case 8 (30 mm/yt· Rcchargt.~) Aqueous Phase Saturation 
Oi.1,tributions at (a) Year 2000 and (b) \'ear :,ooo 
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Figure El.23. Case 8 (30 mm/yr .Rc4.~ba.rgc) Uranium-238 Aqueous 
Concentration Distribution at Year 3000 
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Figure :£1.24. Case 8 (30 mm/yr Recharge) Aqueous (a) Technetium-~>9 
and (b) Nitrutc Concentration Distributions at Venr 3000 
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fi:l}).O CASE 9: UASE CASE \YJTH 10 MM/YR METEORIC RECHARGE 

This scenari.o involves simulating flow and transport for the crnss-secti(m through tanks BX-108, 
BX-105, and BX-102, considering initial recharge rate of 10 1:nm/y1\ no water line lc~tk, no 
interim barrier until closure at year 2040, a Kd of 0.6 mL/g fr~r wranium-238. and an invento1)' 
distribution that extends east of tank BX-102 to BX tank farm fence line boundary. 

- ----------------------'------------····················· 
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Figure El.25. Cast.~ 9 (10 mm/yr Recharge) Aqueous Phase Saturatioo 
Distributions at (a) Year 2000 aml (b) Year ]000 
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Figure El.26. Case 9 (10 mm/yr Recharge) Uranium-238 Aqueous 
Couccntration Distribution at Yc.:1r :)000 
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F.igurc El.27. Case 9 (10 mm/yr Recb~1rge) Aqueous (n) Tcchnctium-99 
aud (b) Nitrate Concentration Dist:rfbutions at Vear 3000 

20C 

___ 1e.c, 
...... .. ,., 

100 

250 

~ 150 

N 

50 

i\q ,BJ-:)1-~; Pl!H!N r i:;-N~ C)1xx,,1,;r:,,_l!i)<'' ip(:.i;L) • lili!t:EWJ&rnrn:rnrn;::rnrn:rniifrnrtn 
,•r- .. ::i;. ;, _ n · - l'l'): "S ~ . IJ~- "'.tw .. ;~ H i, ... -:,-, , :r ... ,t 

WO 
X (fl} 

300 

Aq\,l~~H;~ ~M'<•"-' t•JO.s G,) j!~tl•·, .1111.i;;t) fu'.'J;'l.i --~,HU:;@Jffllff\#Md:J@: ' :U :U@fi,ffll 
!'S.$:-h, cf, .:.. ~2t., !\.~ !i:(i(: 11f: 1,.tt:; (}1?_, \.~ H~°'5 2 ,,c;.z, ,.)-~ 

200 
X (ft) 

El ,.35 

30(1 

December l3 , 2(}02 



•:, 

RPP-10098,. Rev. 0 

El.10.0 CASE 10: ilASE CASJ~ WITH Kd = OJ. ML/G FOR URANIUM•238 

This scenario involvt.~s simulating flow and transportJ<)r tl1e crosiHiection through tanks BX-108, 
BX- l OS. and BX· t 02, consid.ering initial recharge rate of l 00 mm/yr. no interim barrier until 
closure at year. 2040, apartitior.l coefficient (Kd) of 0.1 mL/g fi.)r uranium.:238, and an inventory 
distribufo)n th.u extends east oftauk BX-102 to BX tank limn fonc.c line boundary. 
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Figure El.28. Case lO (llranium-238 KJ=OJ mL/g) Aqueou.s Unmium•238 
Concentration )}isfributfons at(a) Ye~~r 2000 and (h} Year :moo 
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El. 11.0 CASE 11: BASE CASE WlTH Kd = l ML/G FOR URANIU!\1i-238 

This scenario involves sil'.nulating flow and tram,port for the crnss-set:tion through tanks BX- l 08, 
BX-l 05, and BX-102, considering initial r~chargt rate of 10() nun/yr, no interin1 barrier until 
clos1.ue at year 2040, a purt.ithm coe.lTicicnt (Kd) of 1.0 mL/g H.)r uranium-238. and an inventory 
distribution that extends east of tank BX-102 to BX tank fam1 fence lint boundai-y. 
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Figure EL29. Cnse 11 (lfraniumN238 Kct=1 mL/g) A<1ut•ous UrnniumN238 
Conct.•ntration Distributions at (a) \\~ar 2000 and (b) Year 3000 
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ATTACHMENT E2 

TRENCH 216-B-38 SATURATION AND CONCENTRATION 
DISTRIBUTIONS 

--------------.. ··············•·• .. 
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E2.l.O CASE 12: TRENCH 13#38 \VITH.55.4.M.M/YR METEORIC RECHARGE 

This scenario involves simulal1ng flow and transport for a cro8:-H;;ecticm west of tank BX--1 1 l, 
cons.idrring initial. recharge rate of 55.4 mm/yr, a 378,000-gaUon leak in t 954, no water line 
leak, no i.nter1m barrier until closure at year 2010, and a unit inventory distribution fi.)r a sorbed 
spec.ies (i.e .. uranium-238, Kd ''' 0.6 m.Ug.) and a non-sorbing species (i.e., t\~chnetium-99 and 
nitrnt:e), Thit unit iiwcnt,:iry results are alsn scaled to the urnnium#238, tedmetium-99, and nitra.te 
inventory cstimm.cs for trench BA38 and all of the B trenches. 

-----------------------------------······················· 
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F.'igurc E2. l. C~se 12 (55.4 mm/yr) Aqueous Phase Satu.-ation 
l)istribu.tion nt Year J 954 
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Figure K2.2. Case 12 (55.4 mm/yr) Aqueous Phase Saturation Distributions 
nt (a) Year 1955 and (b) Year 3000 
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Figure E2.3. Case 12 (55.4 mm/yr) Aqueous Uranium-238 Concentration ))istr.ibutions 
at (u) Year 1955 and (b) Year 3000 
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.Figure E2.4. Case 12 (55.4 mm/yr) Tcch.netium-99 Concentration Distributions at 
(a) Year 1955 and (h) Year 2000 

250 

200 

$?'150 ,_,.. 
N 

100 

50 

250 

200 

100 

50 

400 200 
X (ft) 

200 
X (ft) 

300 

300 

- - ------------ - ··········-··-·-·--· 
E2-S Dcccmhi:r l 3, 2002 



(a) 

(b) 

RPP~ 10098, Rev. 0 

Figure E2.5. Case 12 (55.4 mm/yr) Techuetimn~99 Concentratfott Distributions 
at (a) Year 2110 and (b) Year 2-210 
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Figm· .. ~ E2.(:i. Ca.se 12 (55.4 mm/yr) Techneti.u.nt•99 Concentration 1)1stributions 
at (a) Year 2510 and (b) y._~ar 3000 
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F,2.2.0 CASE 13: TRENCH D-38 \VlTH 100 MM/YR .METEORIC RECHARGE 

This scenario i11volves simulating flow and transport for a cross-section '"'est of tank BX-111, 
considering initial recharge rate of 100 mm/yr. a 3 78,00O-gaUon leak in l 954, no interim bmt ier 
until closmc at year 2010, and a unit inventory distribution for a sorbed species 
(re ., unmfom-238, Kd '''' 0.6 mL/g) and a nnn-sorbing species (Le., technctium-99 and nitra te). 
The unit inv~ntory results are also scaled to the uranium.-238, tedmetium-99, and nitrate 
inventory estimates for trench B-38 and all of the B trenches. 
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Figure J.;2.7. Cas~ lJ (100 mm/yr Rccha.rg'.i) Aqueous Phase Saturation 
Distribution at Year 1954 
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Figure F.2.8. Case l3 (100 mm/J1r Rechargt.') A.qucous Phase Saturation 
Distributions at (a) Year 1955 and (b) Year 3000 
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Figun• E2.9. Case l3 (100 mm/yr Rccha.rgti) Aqueous Uranium~238 Conccntrntiou 
Distributions at (a) Year 1955 and (h.) Year .3000 
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Fi.gure E2.l0. Case l3 (100 mm/yr Recharge) Tcchncti.um¥99 Concentration 
])istr.ibutions at (a) Year 1955 and (b) Year 2000 
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Figure E2. l L Case 13 (l 00 mm/yr Recharge) Technetium~9() Concentr~tion Distributions 
at (a) Year 21 lO and (b) Year 2210 
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F'igure E2.12. Case B (100 mm/yr Recharge) Technctium-9~) Concentra.tion 
Dist:ri.hutions at (a) Year 2510 and (b) Yea.r 3000 
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E2.3.0 CASE 14: TRJ~NCH ll-38 WlTH lOO MM/YR METEORIC RECHARGR AND 
Dia.A YEO CLOSURE BARRIER 

This scenario involves sinrnlating f1ov,,' and transport for a cros~N,ec.tion west of tank BX-111 , 
considering initial. recharge rate of 100 mm/yr. a 378.D00-garlon leak in 1954, no interim. barrier 
until closure ut year 2040, and a unit i.nventury distribution for a soi-bed specks 
(i .e., uran[um-238, Kd = 0.6 mL/g) a11d a non-~orbing species (i.e., tcclmetium-99 and nitrnh.'.). 
The unit inventory results are aJso scale.d to the urnnium-238, tedmetium-99, and nit.rate 
inv1::ntory c:i.timates for trench B-38 nnd all of the H ue11chcs. 
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Figure :E2.J3. Case 14 (lOO mm/yr Recharge) with Delayed Closure Ui'\rricr Aqueous 
Phase Saturation ])istribution at Year 3000 
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Aqueous Concentration Distribution at Year 3000 
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Figure E2.l5. Case 14 (100 mm/yr Recharge) with Delayed Closure Barrier Technetium~99 
C<mcentration Distri.butions at (a) Year 2110 und (h) Year 2210 
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Figure F:2.16. Case 14 (100 mmiyr .Rccha.rgc) with DclaJ•ed Closurt l3arrier Techuetium-99 
Concentration ])istributions nt (a) Year 2510 and (b) Year 3000 
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E3.1.0 CASE 1: BASE CASE, NO ACTION ALTERNATIVE 

This scenario involves simulating flow and transport for the cross-section through tanks BX-108, 
BX-105, and BX-102, considering an initial recharge rate of 100 mm/yr, no water line leak, no 
interim barrier, a closure barrier at year 2040, a partitioning coefficient (Kd) of 0.6 mL/g for 
uranium-238,.and an inventory distribution that extends east of tank BX-102 to the BX tank farm 
fence line boundary. 
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Figure E3.1. Uranium-238 (a) Mass Flux and (b) Breakthrough Curves 
for Case 1 (Base Case 100 mm/yr Recharge) 
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Figure E3.2. Tecbnetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for Case 1 (Base Case 100 mm/yr Recharge) 
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Figure E3.3. Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for Case 1 (Base Case 100 mm/yr Recharge) 
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E3.2.0 CASE 2: BARRIER ALTERNATIVE AND NO WATER LINE LEAK 

This scenario involves simulating flow and transport for the cross-section through tanks BX-108, 
BX-I 05, and BX-102, considermg initial recharge rate of 100 mm/yr, placement of an interim 
barrier by 2010, a closure barrier at year 2040 (i.e. , the interim barrier replaced by the closure 
barrier), no water line leak, a Kd of 0.6 mL/g for uranium-238, and an inventory distribution that 
extends east of tank BX-102 to the BX fence line boundary. 
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Figure E3.4. Uranium-238 (a) Mass Flux and (b) Breakthrough Curves 
for Case 2 (Interim Barrier) 
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Figure E3.5. Technetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for Case 2 (Interim Barrier) 
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Figure E3.6. Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for Case 2 (Interim Barrier) 
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E3.3.0 CASE 3: NO INTERIM BARRIER AND WATER LINE LEAK OF 1 GPM FOR 
20YEARS 

This scenario involves simulating flow and transport for the cross-section through tanks BX-I 08, 
BX-105, and BX-102, considering initial recharge rate of 100 mm/yr, water line leak (1 gpm for 
20 years) for BX-102 only, no interim barrier until closure at year 2040, a Kd of0.6 mL/g for 
uranium-238, and an inventory distribution that extends east of tank BX-102 to the BX tank farm 
fence line boundary. The water line leak occurs east of tank BX-102 over a 15-foot radius at the 
elevation of the top of the tank dome . 
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Figure E3.7. Uranium-238 (a) Mass Flux and (b) Breakthrough Curves 
for Case 3 (20-Year Water Line Leak at 1 gpm) 
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Figure E3.8. Technetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for Case 3 (20-Year Water Line Leak at 1 gpm) 
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Figure E3.9. Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for Case 3 (20-Year Water Line Leak at 1 gpm) 
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E3.4.0 CAS:I!: 4: NO INTERIM BARRIER AND WATER LINE LEAK OF 
200,000 GALLONS OVER 5 DAYS 

This scenario involves simulating flow and transport for the cross-section through tanks BX-108, 
BX-105, and BX-102, considering initial recharge rate of 100 mm/yr, water line leak 
(200,000 gallons in 5 days) for BX-102 only, no interim barrier until closure at year 2040, a Kd 
of0.6 mL/g for uranium-238, and an inventory distribution that extends east of tank BX-102 to 
the BX tank farm fence line boundary. The water line leak occurs east of tank BX-102 over a 
15-foot radius at the elevation of the top of the tank dome. 
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Figure EJ.10. Uranium-238 (a) Mass Flux and (b) Breakthrough Curves 
for Case 4 (200,000-GaUon Water Line Leak for 5 Days) 
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Figure E3.ll. Technetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for Case 4 (200,000-Gallon Water Line Leak for 5 Days) 
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Figure E3.12. Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for Case 4 (200,000-Gallon Water Line Leak for 5 Days) 
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E3.5.0 CASE 5: ALTERNATE INVENTORY DISTRIBUTION AND NO INTERIM 
BARRIER 

This scenario involves simulating flow and transport for the cross-section through tanks BX-108, 
BX-105, and BX-102, considering initial recharge rate of 100 mm/yr, no water line leak, no 
interim barrier until closure at year 2040, a Kd of 0; 6 mL/ g for uranium-23 8, and an inventory 
distribution that is centered between tanks BX-105 and BX-102. 
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Figure E3.13. Uranium-238 (a) Mass Flux and (b) Breakthrough Curves 
for Case 5 (Alternate Inventory) 
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Figure E3.14. Technetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for Case 5 (Alternate Inventory) 
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Figure E3.15. Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for Case 5 (Alternate Inventory) 
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E3.6.0 CASE 6: ALTERNATE INVENTORY DISTRIBUTION WITH INTERIM 
BARRIER 

This scenario involves simulating flow and transport for the cross-section through tanks BX-108, 
BX-105, and BX-102, considering initial recharge rate of 100 mm/yr, placement of an interim 
barrier at year 2010, a closure barrier at year 2040 (i.e., the interim barrier replaced by the 
closure barrier), no water line leak, a Kd of 0.6 mL/g for uranium-238, and an inventory 
distribution that is centered between tanks BX-105 and BX-102. 
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Figure E3.16. Uranium-238 (a) Mass Flux and (b) Breakthrough Curves ;.,.; 
for Case 6 (Alternate Inventory with Interim Barrier) 
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Figure E3.17. Technetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for Case 6 (Alternate Inventory with Interim Barrier) 
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Figure E3.18. Nitrate (a) Mass Flux and (b) Breakthrough Curves -for 
Case 6 (Alternate Inventory with Interim Barrier) 
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E3.7.0 CASE 7: BASE CASE WITH 50 MM/YR METEORIC RECHARGE 

This scenario involves simulating flow and transport for the cross-section through tanks BX-108, 
BX-105, and BX-102, considering initial recharge rate of 50 mm/yr, no water line leak, no 
interim barrier until closure at year 2040, a Kd of 0.6 mL/g for uranium-238, and an inventory 
distribution that extends east of tank BX-102 to the BX tank farm fence line boundary. 
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Figure E3.19. Uranium-238 (a) Mass Flux and (b) Breakthrough Curves 
for Case 7 (50 mm'/yr Recharge) 
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....... Figure E3.20. Tecnetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for Case 7 (50 mm/yr Recharge) 
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Figure E3.21. Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for Case 7 (50 mm/yr Recharge) 

3.58+11 

38+11 

2.5&+11 

211+11 

1.5e+11 

1e+11 

5e+10 

,----.----,----,------,----,,-.-~~====m~ 12e+13 
" ...,......._..u• ... ,•A••~---------• _______ _. 

/- BX F9ri:e Line Ma;a Fklx -

(

r' Cumulattie Mm! (2ndY axis) ........ ' let-13 

• Be+12 

8&+12 
I 

Case7 4et-12 

0 0 
a:>00 2100 23>0 2300 2400 2500 2000 2100 2BOO 2KXJ 3:lOQ 

Time (ym.1) 

100]00 --~------------...... --------- 100000 

10000 

1000 ~ 
: , ... 

100 f \ '--. 
: \ .. I ...... , 
' "•,.. 10 ! " .......... , 
r 
I 

! 
1 I 

Crass &!ctlon -
BX Fe noe Una Ave raga -~, .. 

Excluslcn Bou~ry --.. - · 
10000 River--

1000 

_______ __J,m 

f 0.1 1-. _ _,_ _ _.. ...... _ _,_ _ __., __ ..__ _ _.,_ _____ _,_ _ _.. _____ 0.1 

3>00 2100 2200 23J0 2400 2500 21DO 2700 2000 2900 3l00 

TIITll(year) 

EJ-28 December 13, 2002 

\ : 
1 

.__, 



. . 
' . 

RPP-10098, Rev. 0 

E3.8.0 CASE 8: BASE CASE WITH 30 MM/YR METEORIC RECHARGE 

This scenario involves simulating flow and transport for the cross-section through tanks BX-108, 
BX-105, and BX-102, considering initial repharge rate of 30 mm/yr, no water line leak, no 
interim barrier until closure at year 2040, a Kd of 0.6 mL/g for uranium-238, and an inventory 
distribution that extends east of tank BX-102 to the BX tank farm fence line boundary . 
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Figure E3.22. Uranium-238 (a) Mass Flux and (b) Breakthrough Curves 
for Case 8 (30 mm/yr Recharge) 
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Figure E3.23. Technetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for Case 8 (30 mm/yr Recharge) 
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Figure E3.24. Nitrate (a) Mass Flux and (b) Breakthrough Curves .....,, 

for Case 8 (30 mm/yr Recharge) 
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E3.9.0 CASE 9: BASE CASE WITH 10 MM/YR METEORIC RECHARGE 

This scenario involves simulating flow and transport for the cross-section through tanks BX-108, 
BX-105, and BX-102, considering initial recharge rate of 10 mm/yr, no water line leak, no 
interim barrier until closure at year 2040, a Kd of 0.6 mUg for uranium-238, and an inventory 
distribution that extends east of tank BX-102 to the BX tank farm fence line boundary. 
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Figure E3.25. Uranium-238 Mass Flux for Case 9 (10 mm/yr Recharge) 
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Figure E3.26. Technetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for Case 9 (10 mm/yr Recharge) 
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Figure E3.27. Nitrate (a) Mass Flux and (b) Breakthrough Curves for 
Case 9 (10 mm/yr Recharge) 
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Figure E3.26. Technetiuni-99 (a) Mass Flux and (b) Breakthrough Curves 
for Case 9 (10 mm/yr Recharge) 
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Figure E3.27. Nitrate (a) Mass Flux and (b) Breakthrough Curves for 
Case 9 (10 mm/yr Recharge) 
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E3.10.0 CASE 10: BASE CASE WITH Kd = 0.1 ML/G FOR URANIUM-238 

This scenario involves simulating flow and transport for the cross-section through tanks BX-108, 
BX-105, and BX-102, considering initial recharge rate of 100 mm/yr, no interim barrier until 
closure at year 2040, a partition coefficient (Kd) of 0.1 mL/g for uranium-238, and an inventory 
distribution that extends east of tank BX-102 to the BX tank farm fence line boundary. 
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Figure E3.28. Uranium-238 (a) Mass Flux and (b) Breakthrough Curves for 
Case 10 (Uranium-238 Kd=O.l mL/g) 
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E3.11.0 CASE 11: BASE CASE WITH Kd = 1 ML/G FOR URANIUM-238 

This scenario involves simulating flow and transport for the crossMsection through tanks BX-108, 
BX-105, and BX-102, consid~ring initial recharge rate of 100 mm/yr, no interim barrier until 
closure at year 2040, a partition coefficient (Kd) of 1.0 mL/g for uranium-238, and an inventory 
distribution that extends east of tank BX-102 to the BX tank farm fence line boundary; 
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Figure E3.29. Uranium-238 (a) Mass Flux and (b) Breakthrough Curves 
for Case 11 (Uranium-238 Kd=l mUg) 
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E4.1.0 CASE 12: TRENCH B-38 WITH 55.4 MM/YR METEORIC RECHARGE 

This scenario involves simulating flow and transport for a cross-section west of tank BX-111, 
considering initial recharge rate of 55.4 mm/yr, a 378,000-gallon leak in 1954, no water line 
leak, no interim barrier until closure at year 2010, and a unit inventory distribution for a sorbed 
species (i.e., uranium-238, Kd = 0.6 mL/g) and a non-sorbing species (i.e., technetium-99 and 
nitrate). The unit inventory results are also scaled to the U-238, technetiwn-99, and nitrate 
inventory estimates for trench B-38 and all of the B trenches . 
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Figure E4.1. Case 12 Technetium-99 (a) Mass Flux and (b) Breakthrough Curves 
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Figure E4.2. Case 12 Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for Trench B-38 with Unit Inventory 
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Figure E4.3. Case 12 Technetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for 'Irench B-38 
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Figure E4.4. Case 12 Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for Trench B-38 
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Figure E4.5. Case 12 Technetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for all Eight Trenches 
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Figure E4.6. Case 12 Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for all Eight Trenches 
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E4.2.0 CASE 13: TRENCH B-38 WITH 100 MM/YR METEORIC RECHARGE 

This scenario involves simulating flow and transport for a cross-section west of tank BX-111 , 
considering initial recharge rate of 100 mm/yr, a 378,000-gallon leak in 1954, no interim barrier 
until closure at year 2010, and a unit inventory distribution for a sorbed species 
(i.e. , uranium-238, Kd = 0.6 mL/g) and a non-sorbing species (i.e., technetium-99 and nitrate). 
The unit inventory results are also scaled to the uranium-238, technetium-99, and nitrate 
inventory estimates for trench B-38 and all of the B trenches .. 
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Figure E4.7. Case 13 Technetium~99 (a) Mass Flux and (b) Breakthrough Curves 
for Trench B-38 with Unit Inventory 
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Figure E4.8. Case 13 Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for Trench B-38 with Unit Inventory 
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Figure E4.9. Case 13 Technetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for Trench B-38 
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Figure E4.10. Case 13 Nitrate (a) Mass Flux and (b) Breakthrough Curves ;__, 

for Trench B-38 
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Figure E4.11. Case 13 Tecbnetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for all Eight Thenches 
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Figure E4.12. Case 13 Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for all Eight Trenches 
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E4.3.0 CASE 14: TRENCH B-38 WITH 100 MM/YR METEORIC RECHARGE AND 
DELAYED CLOSURE BARRIER 

This scenario involves simulating flow and transport for a cross-section west of tank BX-111, 
considering initial recharge rate of I 00 mm/yr, a 378,000-gallon leak in 1954, no interim barrier 
until closure at year 2040, and a unit inventory distribution for a sorbed species 
(i.e., uranium-238, Kd = 0.6 mL/g) and a non-sorbing species (i.e., technetiwn-99 and nitrate). 
The unit inventory results are also scaled to the uraniurn-238, technetium-99, and nitrate 
inventory estimates for trench B-38 and all of the B trenches. 
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Figure E4.13. Case 14 Teehnetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for Trench B-38 with Unit Inventory 
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Figure E4.14. Case 14 Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for Trench B-38 with Unit Inventory 
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Figure E4.15. Case 14 Tecbnetium-99 (a) Mass Flux and (b) Breakthrough Curves 
for Trench B-38 
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Figure E4.16. Case 14 Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for Trench B-38 
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Figure E4.17. Case 14 Technetium-99 (a) Mass Flux and (b) Breakthrough Curves -for all Eight Trenches 
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Figure E4.18. Case 14 Nitrate (a) Mass Flux and (b) Breakthrough Curves 
for all Eight Trenches 
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ES.1.0 PEAK CONCENTRATIONS AND ARRIVAL TIMES 

Table ES.1. Predicted Peak Uranium-238 Aqueous Concentrations<a> 
and Arrival Times (DWS (b) 21 pCi/L) 

U-238 Cross-Section BX Fence Line Exclusion Boundary Columbia River 
Concentration Boundary 

(pCi/L) Time Concentration Time Concentration Time Concentration Time Concentration 

Case I 2149 8.50E-Ol 2147 l.04E-Ol 2395 3.49E-02 - -
Case2 2999 9.96E-02 2999 l.21E-02 2999 3.80E-03 - -
Case3 2007 2.31E+04 2007 2.82E+03 2237 1.87£+-02 - -
Case4 2075 2.99E+-OO 2075 3.65E-Ol 2333 1.IOE-01 - -
Cases 2284 4.22E-01 2283 5.14E-02 2521 l.74E-02 - -
Case6 2999 6.06E-02 2999 7.39£-03 2999 2.23E-03 - -
Case7 2999 1.08E-Ol 2999 l.32E-02 2999 4.09E-03 - -
Case 8 2999 2.48E-02 2999 3.02E-03 2999 7.80£-04 - -
Case9 2999 3.72£.04 2999 4.53E-05 2999 5.98E-06 - -
Case 10 2063 5.44E+02 2063 6.63E+-01 2139 7.43E+OO 2552 2.91E+OO 

Case 11 2999 4.43E-02 2999 5.39E-03 2999 2.40£-03 - -
Table entries marked with a dash(-) indicate that peak concentrations were insignificant. 
<•) Simulated uranium-238 peak concentrations for the trench cases (i.e., cases 12, 13, and 14) were insignificant. 
(b) Drinking water standard (DWS) based on a limit of 30 µg/L and a conversion factor of 6.93 x 10·7 Ci/g. 

AttE5_1213 ES-1 December 13, 2002 



RPP-10098, Rev. 0 

Table ES.2. Predicted Peak Technetium-99 Aqueous Concentrations 
and Arrival Times (DWS 900 pCi/L) 

Tc-99 Cross-Section 
BX Fence Line Exclusion Boundary Columbia River 

Concentration Boundary 

(pCi /L) Time Concentration Time Concentration Time Concentration Time Concentration 

Case 1 2048 6.65E+03 2048 8.05E+02 2087 5.31E+Ol 2300 2.27E+-Ol 

Case2 2015 6.58E+03 2015 7.97E+02 2056 4.67E+Ol 2283 l.49E+Ol 

Case3 2002 1.40E+-05 2002 l.69E+-04 2042 3.02E+02 2262 4.68E+OI 

Case4 2007 l .67E+04 2007 2.02E+03 2049 7.84E+-01 2283 2.62E+OI 

Case 5 2017 5.79E+03 2017 7.02E+02 2091 4.46E+Ol 2303 l".95E+Ol 

Case6 2017 S.78E+03 2017 7.00E+o2 2058 4.21E+Ol 2283 l.34E+o1 

Case 7 2028 3.59E+o311> 2028 4.35E+oi<•> 2069 2.80E+Ol 2300 1.15E+ol 

Case 8 2043 2.27£+03<•) 2043 2.75E+ozC•> 2084 l.82E+01 2310 8.0IE+OO 

Case9 2109 8.33E+oz!•> 2109 1.orn+o2<•) 2149 6.78E+-OO 2370 3.39E+OO 

Case 10 2048 6.65E+03 2048 8.05E+02 2087 5.3lE+Ol 2300 2.27E+o1 

Case 11 2048 6.65E+03 2048 8.05E+o2 2087 5.31E+Ol 2300 2.27E+Ol 

Unit Inventory 

Case 12 2036 l.31E+03 2036 2.02E+Ol 2077 l.46E+OO 2301 6.74E-Ol 

Case 13 2025 4.39E+03 2025 6.75E+Ol 2065 4.75E+OO 2288 l.98E+-OO 

Case 14 2052 8.1 IE+03 2052 1.25E+02 2090 8.90E+o0 2307 3.76E+OO 

· B-38 Trench 

Case 12 2036 2.41£+01 2036 3.71E-01 2077 2.69E-02 2301 l.24E.-02 

Case 13 2025 8.08E+Ol 2025 l.24E+OO 2065 8.74E-02 2288 3.64E-02 

Case 14 2052 l.49E+02 2052 2.30E+OO 2090 l.64E-01 2307 6.92E-02 

All Trenches 

Case 12 NA NA 2036 1.69E+-02 2077 1.21E+Ol 2301 5.60E+OO 

Case 13 NA NA 2025 5.61E+02 2065 3.95E+Ol 2288 l.65E+Ol 

Case 14 NA NA 2052 l.04E+03 2090 7.40E+Ol 2307 3.12E+-01 

!•> Actual cross-section peak is ~600 pCi/L and actual average WMA fence peak is ~ 20 Ci/L. Both peaks occur in 
the year 2000 due to initial conditions near the water table. Values in table represent changes in peak 
concentrations due to variations in meteoric recharge. 

DWS = drinking water standard 
NA = not applicable 
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Table ES.3. Predicted Peak Nitrate Aqueous Concentrations 
and Arrival Times (DWS 45,000 µg/L) 

N03 
Cross-Section 

BX Fence Line 
Columbia River 

Concentration Boundary 
Exclusion Boundary 

(µg/L) Time Concentration Time Concentration Time Concentration Time Concentration 

Case I 2012 3.69E+04 2012 4.SIE+-03 2053 2.54E+-02 L 2279 7.14E+Ol 

Case2 2012 3.69E+04 2012 4.50E+03 2053 2.53E+02 2276 6.63E+Ol 

Case 3 2002 5.06E+-05 2002 6.17E+04 2042 8.92E+02 2262 l.39E+-02 

Case4 2006 l.05E+-05 2006 l.28E+04 2047 3.88E+02 2272 8.42E+-Ol 

Case: 5 2000 3.46E+04 2000 4.22E+o3 2055 2.32E+02 2280 6.76E+OI 

Case6 2000 2.46E+04 2000 4.22E+03 2055 2.31E+-02 2277 6.32E+Ol 

Case7 2023 2.0 rn+o4<•> 2023 2.45E+03<•> 2064 l.56E+02 2288 5.44B+-01 

Case 8 2036 l.26E+Q4<•) 2036 l.54E+OJ<•> 2077 l.01E+02 2301 4.23E+ol 

Case 9 2091 4.65E+-03<a) 2091 5.68E+o2<•> 2131 3.81E+ol 2353 l.91E+Ol 

Case 10 2012 3.69E+04 2012 4.51E+03 2053 2.54E+02 2279 7.14E+Ol 

Case 11 2012 3.69E+o4 2012 4.51E+03 2053 2.54E+-02 2279 7.14E+ol 

UniJ Inventory 

Case 12 2036 1.31E+OO 2036 2.02E-02 2077 1.46E-03 2301 6.74E-04 

Case 13 2025 4.39E+OO 2025 6.76E-02 2065 4.75E-03 2288 1.98E-03 

Case 14 2052 8.1 lE+OO 2052 1.25E-01 2090 8.90E-03 2307 3.76E-03 

B-38 Trench 

Case 12 2036 1.73E+-05 2036 2.67E+03 2077 l.93E+02 2301 8.90E+Ol 

Case 13 2025 5.79E+05 2025 8.93E+-03 2065 6.27E+-02 2288 2.61E+02 

Case 14 2052 l .07E:+06 2052 1.6SE+04 2090 l.17E+03 2307 4.96E+02 

All Trenches 

Case 12 NA NA 2036 3.90E+04 2077 2.82E+03 2301 l.30E+o3 

Case 13 NA NA 2025 l.30E+OS 2065 9.17E+o3 2288 3.82E+03 

Case 14 NA NA 2052 2.41E+05 2090 l.72E+04 2307 7.26E+03 

<•>Actual cross-section peak is 3.5 x 104 µg/L and actual average WMA fence peak is - 4 x 103 µg/L. Both peaks 
occur in the year 2000 due to initial conditions near the water table. Values in table represent changes in peak 
concentrations due to variations in meteoric recharge. 

DWS = drinking water standard 
NA = not applicable 
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F.1.0 INTRODUCTION 

This appendix describes the interim corrective measures (ICMs) that have been evaluated as they 
relate to waste management area (WMA) B-BX-BY. ICMs are response actions having the 
objective of reducing contaminant migration to groundwater to acceptable regulatory levels and 
which require a balancing of risks, benefits, and costs. 

In general, ICMs involve a substantial commitment of resources, require a more thorough 
evaluation, and are intended to provide a more pennanent solution to the long-term threats posed 
by a release·. For those measures where engineering studies have been performed, results from 
those studies will be summarized. For other potential ICMs, it is premature to provide a detailed 
discussion of the associated cost and implementability issues. Detailed evaluation of the ICMs 
will be undertaken in a corrective measures study (CMS) or an accelerated corrective measures 
study pending results of this field investigation report. 
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F.2.0 INTERIM CORRECTIVE MEASURES 

ICMs have the same overall purpose as interim measures. Because of their size, complexity, or 
impact to operations, a more careful study must be performed before ICMs are implemented. 
Many potential ICMs have been identified; however, it is recognized that some of these potential 
ICMs are likely to be implemented sooner than others. Thus, this section describes the two sets 
ofICMs separately. 

F.2.1 IDENTIFICATION OF POTENTIAL NEAR-TERM INTERIM CORRECTIVE 
MEASURES 

The activities that have been undertaken to identify potential ICMs for the WMAs are described 
below. 

• In 1992, an engineering study that evaluated four approaches for reducing surface 
infiltration at the WMAs, Single-Shell Tank Interim Cover Engineering Study (Schroeder 
and Carvo 1992), was completed. The approaches evaluated were: 1) polymer-modified 
asphalt, 2) fine-soil cover, 3) buildings (structures), and 4) flexible membrane liners. 
Cost and other factors were the reasons that none of the approaches were implemented. 

• On May 4 through 6, 1999, an innovative treatment remediation demonstration forum 
was held in Richland, Washington to discuss techniques for reducing and monitoring 
infiltration at the single-shell tank farms. The U.S. Department of Energy, Hanford Site 
contractors, and various vendors from throughout the United States and Canada attended. 
Pacific Northwest National Laboratory summarized this conference in a two-volume 
report, "Reducing Water Infiltration Around Hanford Tanks" (Molton 1999). 
Four technical sessions were conducted to discuss: 1) moisture monitoring and 
characterization, 2) structures or buildings to cover the WMAs, 3) surface modifications 
or covers, and 4) near-surface modifications (i.e., barriers and permeability reduction 
techniques). The forum concluded that existing commercial capabilities could be 
employed to reduce and monitor infiltration in the WMAs, but that no one technology 
was appropriate for all seven WMAs. Another conclusion of the forum was that the costs 
shown in Schroeder and Carvo (1992) were 50% to 80% higher than those reflected by 
the vendors attending the forum. During the course of the forum, a number of U.S. 
Department of Energy officials and Hanford Site subcontractors addressed site-specific 
constraints that the vendors may not have taken into account before they submitted their 
estimated or typical unit costs. 

• In June 2000, the U.S. Department of Energy revised Phase I RCRA Facility 
Investigation/Corrective Measures Study Work Plan for Single-Shell Tank Waste 
Management Areas (DOE-RL 2000). Section 4.2 of DOE-RL (2000) identifies a number 
of general response actions, and technology and process options associated with each 
general response action. Each option was screened based on effectiveness, ability to 
implement, worker safety, and cost. While the majority of the processes discussed fell 
into the ICM category, surface caps, overhead structures, and run-on and run-off controls, 
that are considered interim measures, were identified. 
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• In April 2001, an engineering report (Anderson 2001) was completed. In addition to 
evaluating water lines and wells within the WMAs, the report also evaluated surface 
water both from natural causes and catastrophic events. Alternatives considered in that 
report include: 1) no action, 2) site grading, 3) geo-fabric liners, 4) asphalt concrete 
paving, 5) building enclosure with asphalt apron, and 6) run-on control. The report 
recommends that a combination of a building enclosure with asphalt apron and run-on 
control be implemented. While the building enclosure was not the preferred option 
(because of the .cost), the report concluded that it provided the best operational and 
technical alternative. 

• In March 2002, Tank Farm Corrective Action Projects issued White Paper on Interim 
Surface Barriers (Anderson 2002). Interim surface barriers dovetail with other 
completed or planned interim measures at single-shelled tanks to eliminate or 
significantly reduce liquids added to the soil column that may carry or drive 
contamination located outside of the tanks downward toward the groundwater. A 
polyurea or polyurethane coating sprayed on an underlying fiber mat could be installed 
over the contamination surrounding tanks within the farms for the purposes of stabilizing 
that material. A demonstration of this technique is proposed for fiscal year 2003. 

The three potentially viable ICMs selected from among those identified were: 1) near-surface 
barriers, 2) surface barriers, and 3) overhead structures. The following sections describe how 
each of those three near-term ICMs would apply to WMA B-BX-BY. 

F.2.2 NEAR-SURFACE BARRIER 

This section describes and evaluates the near-surface barrier option as a near-term ICM, its 
implementation at WMA B-BX-BY, and rough order of magnitude costs. 

F.2.2.1 Description 

The near-surface barrier would consist of an impervious, geo-fabric (geomembrane liner or 
geosynthetic clay) system over the entire WMA B-BX-BY to direct surface water to the outer 
boundaries of the tank farm_. A run-off collection system consisting of ditches and pipes would 
be required to route collected surface water to existing drainage routes. 

F.2.2.2 Implementation at Waste Management Area B-BX-BY 

Implementation of a near-surface barrier would be disrurtive to other tank farm activities. 
The entire B farm complex totals 53,500 m2 (576,000 ft), with B farm consisting of 17,500 m2 

(188,000 ft2
), BX farm consisting of 18,000 m2 (194,000 ff), and BY farm consisting of 

18,000 m2 (194,000 ft2). This area would require hand excavation to remove 30 cm (12 in.) of 
existing soil and subsequent replacement of this soil as a cover over the liner to allow for traffic. 
The soil would have to be hand excavated because of tank dome-loading restrictions and the 
many utilities within the tank farm. Some of these utilities may require support during 
construction or relocation to a depth below the liner. Installation of the near-surface barrier 
would require additional time from a typical installation because of the many obstructions 
protruding above the surface. Vibratory compaction of the soil could adversely affect tank 
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stability. During the period that the near-surface barrier is required to control surface water, 
repairs would be required if any tank farm activities required work below the liner. 

F.2.2.3 Cost 

The estimated rough order of magnitude costs cited in the engineering report (Anderson 2001) 
for implementation of a subsurface barrier are $24.4 million for the B farm complex including 
$6.8, $7.1, and $10.5 million for B, BX, and BY tank farms, respectively. 

F .2.2.4 Evaluation Criteria 

Tables F.1, F.2, and F.3 show decision criteria, weight factors, and score for the near-surface 
barrier option for the B, BX, and BY tank farms. For this evaluation, the weight factor was 
multiplied by one through five to determine the weighted score. A score of one represents little 
or no impact of the activity to the decision criterion, and a score of five represents a greatly 
increased impact of the activity. Note that the weighted factor and decision criteria are the same 
for all three viable ICMs. 

Table F.1. B Tank Farm Near-Surface Barrier Evaluation 

Decision Criteria 
Weight 

Score Weighted Highest 
Factor Score Possib1e 

Safety 5 4 20 25 

Regulatory compliance 3 l 3 15 

Life cycle cost analysis 2 2 4 10 

Tank integrity 5 3 15 25 

Future retrieval and processing 4 2 8 20 

Schedule 3 2 6 15 

Proven technology J I 3 15 

Maintainability 3 2 6 15 

Operability 2 2 4 10 

Constructabil ity 3 3 9 15 

Decontamination, decommissioning, 4 3 12 20 
and disposal 

Total Weighted Score 90 185 

Source: Anderson 200 I 
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Table F.2. BX Tank Farro Near-Surface Barrier Evaluation 

Decision Criteria 
Weight 

Score 
Weighted Highest 

Factor Score Possible 

Safety 5 4 20 25 

Regulatory compliance 3 1 3 15 

Life cycle cost analysis 2 3 6 10 

Tanlc integrity 5 3 15 25 

Future retrieval and processing 4 2 8 20 

Schedule 3 1 3 15 

Proven technology 3 2 6 15 

Maintainability 3 3 9 15 

Operability 2 2 4 lO 

Constructability 3 4 12 15 

Decontamination, decommissioning, 4 3 12 20 
and disposal 

Total Weighted Score 99 185 

Source: Anderson 2001 

Table F.3. BY Tank Farm Near--Surface Barrier Evaluation 

Decision Criteria Weight 
Score Weighted Highest 

Factor Score Possible 

Safety 5 4 20 25 

Regulatory compliance 3 l 3 15 

Life cycle cost analysis 2 2 4 10 

Tank integrity 5 3 15 25 

Future retrieval and processing 4 2 8 20 

Schedule 3 3 9 15 

Proven technology 3 1 3 15 

Maintainability 3 2 6 15 

Operability 2 2 4 10 

Constructability 3 3 9 15 

Decontamination, decommissioning, 4 3 12 20 
and disposal 

Total Weighted Score 93 185 

Source: Anderson 2001 
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F.2.3 INTERIM SURFACE BARRIER 

This section describes and evaluates the interim surface barrier option as a near-term ICM, its 
implementation at WMA B-BX-BY, and cost. 

F.2.3.1 Description 

The only surface barrier evaluated is a 6 cm (2.5 in.) layer of asphalt cement pavement. Surface 
barriers that were not evaluated, but have been used successfully on other projects, include 
various liquid and solid reagents that are applied and allowed to penetrate the surface materials 
or are mixed with the surface materials to form a crust. A run-off collection system consisting of 
ditches and pipes would be required to route collected surface water to existing drainage routes. 

F.2.3.2 Implementation at Waste Management Area B-BX-BY 

Implementation of a surface barrier would be disruptive to other tank farm activities. The entire 
B farm complex totals 53,500 m2 (576,000 fi2), with B farm consisting of 17,500 m2 

(188,000 ft2
), BX farm consisting of 18,000 m2 (194,000 tt2), and BX farm consisting of 

18,000 m2 (194,000 ft2
). This area would require hand excavation to remove 10 cm (4 in.) of 

existing gravel cover, which would be taken from the site for disposal if contaminated or used in 
the production of the asphalt if not contaminated. The material would have to be hand excavated 
because of tank dome loading restrictions and the many utilities within the tank farm. Some of 
these utilities may require relocation if they are near the surface following removal of the 10 cm 
( 4 in.) of existing materials. Installation of the surface barrier would also take additional time 
from typical installations to seal the numerous obstructions protruding above the surface. 

Vibratory compaction of 10 cm ( 4 in.) of asphalt could adversely affect tank stability. Ade'quate 
compaction of both the subgrade and the asphalt would not be obtained because of the 
obstructions within the tank farm and tank dome loading restrictions. During the period that the 
surface barrier is required to control surface water, traffic loading could do substantial damage to 
the surface barrier. The cost to repair the asphalt barrier using the special fine mix could be 
excessive. 

F.2.3.3 Cost 

The estimated rough order of magnitude costs cited in the engineering report (Anderson 2001) 
for implementation of a surface barrier for the B farm complex are $11.3 million including $3.3, 
$3.4, and $4.6 million for B, BX, and BY tank farms, respectively. 

F .2.3.4 Evaluation Criteria 

Tables F.4, F.5, and F.6 show decision criteria, weight factors, and score for the interim surface 
barrier option for the B, BX, and BY tank farms. For this evaluation, the weight factor was 
multiplied by one through five to determine the weighted score. A score of one represents little 
or no impact of the activity to the decision criterion, while a score of five represents a greatly 
increased impact of the activity. Note that the weighted factor and decision criteria are the same 
for all three viable ICMs. 
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Table F.4. B Tank Farm Interim Surface Barrier Evaluation 

L 
Decision Criteria Weight Score 

Weighted Highest 
Factor Score Possible 

Safety 5 3 15 25 

Regulatory compliance 3 I 3 15 

Life cycle cost analysis 2 3 6 10 

Tank integrity 5 3 15 25 

Future retrieval and processing 4 3 12 20 

Schedule 3 3 9 15 

Proven technology 3 2 6 15 

Maintainability 3 3 9 15 

Operability 2 2 4 10 

Constructability 3 3 9 15 

Decontamination, decommissioning, 4 4 16 20 
and disposal 

Total Weighted &:ore 104 185 
,_., 

Source: Anderson 2001 

; 
' ·, 

Table F.5. BX Tank Farm Interim Surface Barrier Evaluation 

~ ; 

Decision Criteria 
Weight 

Score 
Weighted Highest 

Factor Score Possible 

Safety 5 3 15 25 

Regulatory compliance 3 1 3 15 

Life cycJe cost analysis 2 
. . 

3 6 10 
I , Tank integrity 5 3 15 25 

Future retrieval and processing 4 3 12 20 

Schedule 3 3 9 15 

Proven technology 3 2 6 15 

Maintainability 3 4 12 15 

Operability 2 2 4 10 

Constructability 3 4 12 15 

Decontamination, decommissioning, 4 4 16 20 
and disposal 

Total Weighted Score 110 185 

Source: Anderson 2001 
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Table F.6. BY Tank Farm Interim Surface Barrier Evaluation 

Decision Criteria 
Weight 

Score 
Weighted Highest 

Factor Score Possible 

Safety 5 3 15 25 

Regulatory compliance 3 l 3 15 

Life cycle cost analysis 2 3 6 10 

Tank integrity 5 3 15 25 

Future retrieval and processing 4 3 12 20 

Schedule 3 3 9 15 

Proven technology 3 2 6 15 

Maintainability 3 2 6 15 

Operability 2 2 4 10 

Constructability 3 3 9 15 

Decontamination, decommissioning, 4 4 16 20 
and disposal 

Total Weighted Score 101 185 

Source: Anderson 2001 

F.2.4 OVERHEAD STRUCTURE 

This section describes and evaluates the overhead structure option as a near-term ICM, its 
implementation at WMA B-BX-BY, and cost. 

F.2.4.1 Description 

The overhead structure would consist of an enclosed shelter covering the majority of the surface 
water control area of the WMA. An asphalt apron would be constructed around the perimeter of 
the structure to capture surface water and route that water to a run-off collection system. 

F.2.4.2 lmplementation at Waste Management Area B-BX-BY 

Erection of the overhead structure would be more complicated than typical erections because of 
tank dome loading limitations. This option may require larger than normal cranes for erection of 
the structure and coverings. To span the entire width of the B, BX, BY tank farms would limit 
the weight of equipment that could be attached to the structure (e.g., monorails; lighting; heating, 
ventilation, and air conditioning). Engineers would have to determine if foundations could be 
constructed between the tanks at the B, BX, and BY farms to decrease the free span distance and 
to allow greater auxiliary loading of the structural supports. 

The evaluation of which overhead structure to construct must take into account the free span 
distances. To provide a structure with this free span, a rigid-framed structure may be required. 
An evaluation should be made of intermediate supports to be located between the tanks. This 
would allow the structure to be equipped with accessories that may increase productivity of 
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future tank farm operations ( e.g., monorail; lighting; and heating, ventilation, and air 
conditioning). The use of intermediate supports would also allow the use of enclosure systems 
other than a rigid frame structure. 

The evaluation of overhead structures should also include recently emerging or advanced 
technologies, (e.g., a domed structure). This technology is purported to provide greater strengths 
at less cost than conventional structures. 

F.2.4.3 Cost 

The estimated costs presented in the engineering report (Anderson 2001) for implementation of a 
building enclosure with an asphalt apron at the B farm complex are $55.6 million including 
$19.0, $18.2, and $18.4 million for B, BX, and BY tank farms, respectively. Depending on the 
closure technology used at WMA B-BX-BY, a confinement facility would be required 
(DOE-RL 2000). If a confinement facility is not required, production would be increased 30% 
by working within an enclosure (Anderson 2001). Credit was not given to these items in 
determination of the costs. 

F .2.4.4 Evaluation Criteria 

Tables F.7, F.8, and F.9 show decision criteria, weight factors, and score for the overhead 
•- structure option at the B, BX, and BY tank farms. For this evaluation, the weight factor was 

multiplied by one through five to determine the weighted score. A score of one represents little 
or no impact of the activity to the decision criterion, while a score of five represents a greatly 
increased impact of the activity. Note that the weighted factor and decision criteria are the same 
for all three viable ICMs. 

Table F.7. B Tank Farm Overhead Structure Evaluation 

Decision Criteria 
Weight 

Score 
Weighted Highest 

Factor Score Possible 

Safety 5 2 10 25 
Regulatory compliance 3 l 3 15 . 
Life cycle cost analysis 2 5 10 10 

Tank integrity 5 2 10 25 
Future retrieval and processj.ng 4 I 4 20 

Schedule 3 2 6 15 
Proven technology 3 1 3 15 
Maintainability 3 2 6 15 
Operability 2 1 2 10 

Constructability 3 2 6 15 
Decontamination, decommissioning, 4 12 20 
and disposal 

Total Weighted Score 72 185 

Source: Anderson 200 l 
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Table F.8. BX Tank Farm Overhead Structure Evaluation 

Decision Criteria 
Weight 

Score 
Weighted Highest 

Factor Score Possible 
Safety 5 2 IO 25 
Regulatory compliance 3 I 3 15 

Life cycle cost analysis 2 5 10 10 
Tank integrity 5 2 10 25 
Future retrieval and processing 4 l 4 20 

Schedule 3 2 6 15 
Proven technology 3 1 3 15 
Maintainability 3 2 6 15 
Operability 2 l 2 10 
Constructability 3 2 6 15 

Decontamination, decommissioning, 4 4 16 20 
and disposal 

Total Weighted Score 76 185 

No credit was given for an estimated 30% productivity improvement for tank farm activities 
following structure construction or that closure activities may require an enclosure. 
Source: Anderson 200 I 

Table F.9. BY Tank Farm Overhead Structure Evaluation 

Decision Criteria 
Weight 

Score 
Weighted Highest 

Factor Score Possible 
Safety 5 2 10 25 
Regulatory compliance 3 I 3 15 
Life cycle cost analysis 2 5 10 10 

Tank integrity 5 2 10 25 
Future retrieval and processing 4 1 4 20 
Schedule 3 2 6 15 
Proven technology 3 l 3 15 
Maintainability 3 2 6 15 

Operability 2 1 2 10 
Constructability 3 2 6 15 
Decontamination, decommissioning, 4 4 16 20 
and disposal 

Total Weighted Score 76 185 

No credit was given for an estimated 30% productivity improvement for tank fann activities 
following structure construction or that closure activities may require an enclosure. 

Source: Anderson 2001 
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F.2.5 NEAR-TERM INTERIM CORRECTIVE MEASURES SUMMARY 

This section summarizes the evaluation of the three potential near-term ICMs (i.e., near-surface 
barriers, surface barriers, overhead structures) and provides a comparison of the evaluation 
criteria and conclusions based on the evaluation. The near-surface barrier, surface barrier, and 
overhead structures options evaluated presented problems for implementation. Implementation 
of the near-surface and surface barriers would require extensive hand labor because of tank dome 
loading restrictions and numerous obstructions protruding to the surface. Implementation of the 
overhead structures would require free span distances that may stretch the _limits of current 
technologies involved in construction or would require foundations to be constructed in the area 
between tanks. Table F.10 summarizes the estimated costs for each option by tank farm. 

Table F.10. Interim Corrective Measures Cost Summary 

Option 
B Tank Farm Estimated BXTankFarm BY Tank Farm 

Costs Estimated Costs Estimated Costs 

Near-surface barriers $6,844,000 $7,121,000 $10,476,000 

Surface barriers $3,261 ,000 $3,415,000 $4,589,000 

Overhead structures $19,027,000 .. $18,245,000 $18,385,000 

Table F.11 summarizes the evaluation criteria and weighted sc.ores for the options evaluated for 
minimizing infiltration at the B, BX, and BY tank farms. 

Table F.11. Interim Corrective Measures Evaluation Summary 

Weighted Score B Tank Farm Weighted Score BX Tank Farm Weighted Score BY Tank Farm 
Decision Criteria Subsurface Surface Overhead Subsurface Surface Overhead Subsurface Surface Overhead 

Barrier Barrier Structure Barrier Barrier Structure Barrier Barrier Structure 

Safety 20 15 10 20 15 10 20 15 10 

Regulatory 3 3 3 3 3 3 3 3 3 
compliance 

Life cycle cost 4 6 10 6 6 IO 4 6 10 
analysis 

Tank integrity 15 15 10 15 15 10 15 15 10 
Future retrieval 8 12 4 8 12 4 8 12 4 
and processing 

Schedule 6 9 6 3 9 6 9 9 6 

Proven technology 3 6 3 6 6 3 3 6 3 
Maintainability 6 9 6 9 12 6 6 6 6 
Operability 4 4 2 4 4 2 4 4 2 

Constructability 9 9 6 12 12 6 9 9 6 
Decontamination, 12 16 .. 

12 12 16 12 12 16 16 
decommissioning, 
and disposal 

Total Weighted 90 104 72 99+ 110 76 93 101 76 
Score 

Source: Anderson 2001 
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Any of the three potential near-term ICMs could be implemented to reduce infiltration at WMA 
8-BX-BY. The cost versus benefits (i.e., reduction in contaminant concentrations in the 
groundwater) of implementing any of the interim measures should be considered because 
sufficient time may have elapsed between when the leaks occurred and the present to effectively 
reduce the contaminant concentrations in the groundwater. Additionally, implementing ICMs 
may divert funding from other tank waste remediation activities such as waste retrieval. 

The evaluation of options in Anderson (2001) resulted in a recommendation to implement the 
overhead structure. This recommendation is based on the summary of the evaluation criteria that 
ranked the overhead structure lowest for B, BX, and BY tank farms. The weighted scores 
presented are subjective and represent a best estimate effort to account for the relative 
importance of the different evaluation criteria presented. The estimated cost for the overhead 
structure is considerably higher than the other options evaluated and this variation is not well 
captured in the weighted ranking. Anderson (2001) did not provide credit for an estimated 
30% productivity gain for tank farm operations within the enclosure or that an enclosure would 
be required for certain tank farm closure alternatives. 

F.2.6 ADDITIONAL POTENTIAL INTERIM CORRECTIVE MEASURES 

This section identifies additional potential ICMs for consideration at WMA B-BX-BY. 
These ICMs generally involve a greater commitment of resources than those interim measures 
discussed above and require a more thorough site-specific evaluation before selecting an ICM for 
implementation at WMA B-BX-BY. Any evaluation ofICMs needs to include consideration of 
continued storage of waste in the tanks and future plans to retrieve waste from the tanks as well 
as cost versus benefits of the technologies in terms of reducing groundwater impacts. If 
warranted, detailed evaluation ofICMs for WMA B-BX-BY would be conducted in a corrective 
measures study. 

F.2.6.1 Interim Corrective Measure Technologies for Soil Contamination 

This section describes the ICM technologies for soil contamination that are described in the . 
Phase I RCRA Facility Investigation/Corrective Measures Study Work Plan for Single-Shell 
Tank Waste Management Areas (DOE-RL 2000) and in Feasibility Study of Tank Leakage 
Mitigation Using Subsurface Barriers (Treat et al. 1995). 

F.2.6.1.1. Containment Technologies. Containment technologies use physical measures to 
isolate and reduce the horizontal and vertical movement of contaminants. 

Grout Walls. Grout walls are formed by either injecting grout under pressure directly into the 
soil matrix (permeation grouting) or in conjunction with drilling Get grouting) at regularly 
spaced intervals to form a continuous low-permeability barrier. Grout walls could be installed 
either vertically or directionally in an effort to create a barrier underneath the contaminant plume 
in the soil (DOE-RL 2000). A large number of boreholes would be required to construct a 
barrier. A grout containment barrier was previously evaluated for the AX tank farm as a means 
to contain potential retrieval leakage (Norman 1999). In the AX tank farm study, grout injection 
borings would be directionally drilled beneath the tanks on approximately 1.5 m (5 ft) centers. 
Installation of a horizontal grout blanket beneath the four tanks in the AX tank farm was 
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estimated to cost approximately $200 million. One of the issues identified with this technology 
was the difficulty in verifying the integrity of the grout barrier. Grout walls are potentially 
applicable at WMA B-BX-BY; however, the contamination has reached the groundwater and 
that contamination remaining in the vadose has limited mobility. The usefulness of 
implementing this technology and determining its effectiveness are of concem and would require 
further evaluation. · 

Cryogenic Barrier. Cryogenic (or freeze-wall) barriers are formed by recirculating chilled 
brine or other refrigerants through an array of closely spaced wells or freeze pipes. As the soil 
surrounding and between these wells or freeze pipes cools and freezes, the water in the voids 
freezes and expands. The freezing and expanding water effectively creates an impermeable 
barrier. Cryogenic barriers may be applicable at WMA B-BX-BY although it is unclear if the 
technology would perform as planned if it were necessary to inject supplemental water into the 
highly transmissive soils of the Hanford Site. In addition, maintenance of a cryogenic barrier 
requires a long-term commitment of resources. As noted above, contamination has reached the 
groundwater and that contamination remaining in the vadose zone has limited mobility. 

Dynamic Compaction. Dynamic compaction is used to densify the soil, compact buried solid 
waste, and reduce the void spaces in the soil, which can reduce the saturated hydraulic 
conductivity of the soil and the mobility of contaminants, and under unsaturated conditions, this 
technology may be counter productive. This process is accomplished by dropping a heavy 
weight onto the ground surface. This technology is commonly used in coordination with caps 
and it would have limited application in the tank farm area because of the graveled surface and 
the potential tank dome loading during the compaction process. 

Circulating Air Barriers. The circulating air barrier technology would create a dry zone under 
the area of confinement through which no liquids could penetrate until a critical liquid saturation 
was exceeded. For most sediments at the Hanford Site, critical saturation is on the order of 5% 
to 25%. The water beneath the tanks is essentially immobile when kept at or below the critical 
saturation value. Circulating air barrier technology injects dry air from an array of either vertical 
or horizontal wells. The air is drawn through porous soils to extraction wells, vaporizing water 
in the process. Some qifficulty could be experienced as progressively more saturated air is 
moved through the vadose zone, as zones of greater than critical liquid saturation could be 
created. Circulating air barrier technology is applicable at WMA B-BX-BY although no 
large-scale field tests have been performed. 

Radio Frequency Desiccating Subsurface Barriers. A radio frequency heating process can be 
used for the formation of an active desiccating barrier beneath underground storage tanks. 
Electrodes are installed in the soil between the source of the contamination and groundwater 
using horizontal drilling techniques. The radio frequency energy applied to the electrodes heats 
a 2 to 3 m ( 6 to 10 ft) thick layer of soil to temperatures above 100 °C (212 °F) to evaporate the 
moisture. Electrode arrays are part of a perforated pipe system that is maintained under vacuum 
to remove the steam and volatile organics for aboveground treatment and disposal. Radio 
frequency desiccating subsurface barriers may be applicable at WMA B-BX~BY although the 
concept has not been tested at the Hanford Site. 
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Close-Coupled Injected Chemical Barriers. Unlike the concept of subsurface barriers 
installed at some depth below the tanks or below a containment plume as discussed previously 
for grout walls and cryogenic barriers, close-coupled injected chemical barriers are formed 
against the sides and bottom of an individual underground storage tank. It is unlikely that the 
close-coupled chemical barrier concept would be applicable at WMA B-BX-BY because of the 
problems of induced stresses on the tanks and the inability of installing a conical jet grout shell 
given the confining limitations among the Hanford Site underground storage tanks. In addition, 
the concept has not been tested outside of the laboratory. 

Induced Liquefaction Barriers. Induced liquefaction is a close-coupled subsurface barrier 
option that combines the concepts of sheet metal piling to create a vertical barrier with 
caisson-drilled horizontal jet grouting. Although this technology may be applicable at 
WMA B-BX-BY, no full-scale application of this technology for waste management or 
environmental restoration purposes is known. The tank fann infrastructure would further limit 
the applicability of this alternative. 

F.2.6.1.2. Removal Technologies. Removal technologies include the excavation of 
contaminated soils or buried solid waste. After removal, the soil and debris may require ex situ 
treatment to meet disposal requirements or to reduce waste volume. Removal technologies could 
be considered for localized areas in the tank farms where leaks occurred from piping or diversion 
boxes at near-surface to mid-depth. Removal would not likely be effective for capturing the 
mobile contaminants because of the known depth of occurrence. 

F.2.6.1.3. In Situ Treatment Technologies. In situ treatment technologies are oriented at 
treating the contamination in place to either extract the contaminants of concern or to stabilize 
and isolate contaminated soil to prevent migration to the groundwater. 

Electrokinetic Separation. Electrokinetic separation can be used for organic, inorganic, and 
radioactive contaminants. This technology involves applying an electrical potential across the 
contaminated zone by using electrodes placed in the ground. Remediation by electrokinetics is 
based on the migration of water and ions in an electrical field. The application of electrokinetic 
separation at the tank farms may be limited because water is required to move ions between 
electrodes. Application in unsaturated soils may require water addition that could cause 
unwanted migration of contaminants. 

In Situ Biodegradation. In situ biodegradation relies on microbial transformation of organic 
contaminants. Biodegradation is effective on organic contaminants but is not effective on 
radionuclides or inorganics; therefore, this technology would have limited application in the tank 
farm area. 

Solidification. Solidification can be used for organic, inorganic, and radiological contaminants. 
This process involves drilling holes to the desired depth then injecting the solidification and 
stabilization agents into the soil with high pressure pumps. Variations of solidification include 
jet injection and shallow soil mixing. Jet injection involves drilling a small diameter hole using a 
downward jet of air or water then pumping the solidification agent out laterally through jets 
located near the bottom of the drill pipe. Shallow soil mixing is performed using a crane 
mounted auger head to mix the soil and solidification agent. Solidification methods are 
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potentially applicable at WMA B-BX-BY. Access to contaminants beneath the tanks would be 
difficult and would require directional drilling or angle drilling. Solidification requires an 
understanding of the location and distribution of contaminants. Stabilization oflarge plumes 
extending from the base of the tank to the groundwater would require a substantial commitment 
of time and resources. Solidification technologies could serve to delay the migration of 
contaminants to the groundwater. 

Grout Injection. Grout is injected into the soil matrix, encapsulating the contaminants. 
The injection process produces a monolithic block that can be left in place or excavated for 
disposal elsewhere. Although grout injection is applicable at WMA B-BX-BY, future use of the 
site may be limited if the encapsulated contaminants are left in place. Grouting contaminated 
soils deep in the vadose zone beneath the tanks would be an issue. 

Deep Soil Mixing. Deep soil mixing is performed using large augers and injector head systems 
to inject and mix solidifying agents into · contaminated soil. Although deep soil mixing is 
applicable at WMA B-BX-BY, future use of the site may be limited if the encapsulated 
contaminants are left in place. Using this technology to mix contaminated soil deep in the 
vadose zone directly beneath or adjacent to the tanks would be problematic. 

Vitrification. Vitrification can be used for organics, heavy metals, and radionuclides. In situ 
vitrification involves the application of an electrical current to the soil to bring it to a temperature 
of 1400 to 2000 °C (2552 to 3632 °F) that is sufficient to melt the soil. The process forms a 
stable, vitrified mass when cooled, chemically incorporates most inorganics including heavy 
metals and radionuclides, and destroys or removes organic contaminants. In situ vitrification is 
probably not applicable at WMA B-BX-BY because process depths are limited and the 
technology has very limited potential for use in tank farms or near tanks that are storing waste. 

Soil Flushing. Soil flushing can be used for organics, inorganics, and radioactive contaminants. 
In situ soil flushing involves the extraction of contaminants from the soi] by injecting an 
extractant or elutant (e.g. , water or other suitable solvent) through the contaminated soils. The 
extraction fluids solubilize or elute the contaminant from the soil. The resultant solution must be 
recovered through extraction wells and treated at the surface by a treatment system 
(e.g., ion-exchange system). Soil flushing is potentially applicable at WMA B-BX-BY. 

Soil Vapor Extraction. The soil vapor extraction process induces airflow through the soil 
matrix with an applied vacuum that facilitates the mass transfer of adsorbed, dissolved, or free 
phases of the contaminant to the vapor phase. Because soil vapor extraction is best used for 
volatile organic compounds and fuels, it would have limited application in the tank farm area. 

Monitored Natural Attenuation. Monitored natural attenuation relies on natural processes to 
lower contaminant concentrations through physical, chemical, or other biological processes that, 
"under favorable conditions, act without human intervention to reduce the mass, toxicity, 
mobility, volume, or concentration of contaminants" (EPA 1999) until cleanup levels are met. 
Although natural attenuation methods may be readily implemented, significant action or 
commitment of resources (e.g., personnel to conduct sampling and perform analytical work, 
construction activity, and loss of land use) may be required. 
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F.2.6.1.4. Ex Situ Treatment Technologies. Ex situ technologies would be used in conjunction 
with removal technologies as discussed in Section F.2.6.1.2. Ex situ treatment technologies 
would have potential application for near-surface spills and leaks but would not have application 
for tank leaks near tanks used for storage of high-level waste. Ex situ treatment of contaminated 
soiJs would likely require excavation by hand to remove contaminated soils within the tank 
farms. Worker exposures associated with hand excavation of soils contaminated from 
concentrated tank or transfer line leakage would be prohibitive. AdditionaJly, an enclosure 
structure would also likely be required to reduce the potential for airborne contamination during 
excavation. Remote removal techniques are possible but would require research and 
development before being considered for deployment in the tank farms. 

Biodegradation. Ex situ biodegradation is essentially the same as in situ biodegradation, except 
that the soil is excavated and placed in a system or pile where treatment is applied 
(DOE-RL 2000). Biodegradation is effective on organic contaminants but is not effective on 
radionuclides or inorganics; therefore, this technology would have limited application in the tank 
farm area. 

Soil Washing. Soil washing is a process that applies to coarse-grained soils contaminated with a 
wide variety of metal, radionuclide, and organic contaminants. This process uses a wash 
solution (e.g., water) to remove soil contaminants by dissolving or suspending the contaminants 
in solution or concentrating them through particle size separation, gravity separation, and 
attrition scrubbing. The wash solution requires treatment to remove the contaminants that have 
been washed and desorbed from the soil. Although soil washing could be applicable at 
WMA B-BX-BY, there are significant safety and contamination control issues associated with 
excavation of the more contaminated soils beneath the tanks. 

Solidification and Stabilization. Solidification and stabilization uses admixtures to encapsulate 
excavated soil and render inert various hazardous substances. This process is targeted at metals, 
radionuclides, and organics. Stabilizing agents include cement, asphalt, and polymeric materials. 
Solidification and stabilization is applicable at WMA B-BX-BY. 

Thermal Desorption. Thermal desorption uses relatively low temperature heat of 150 to 425 °C 
(302 to 842 °F) to volatilize organic contaminants from soil. A carrier gas or vacuum is used to 
collect and transport the volatilized organics to a gas treatment system. Thermal desorption is 
only effective on organics, and it would have limited applicability at WMA B-BX-BY. 

Encapsulation. Encapsulation is accomplished by fixing individual particles in a solid matrix as 
discussed above for solidification and stabilization or by enclosing a quantity of waste in an inert 
jacket or container. Encapsulation of contaminated soils is potentially applicable at 
WMA B-BX-BY excluding the issues associated with excavation of the contaminated soils. 

F.2.6.2 Interim Corrective Measure Technologies for Groundwater Contamination 

This section describes the ICMs for groundwater contamination that are defined in the Phase 1 
RFI/CMS work plan (DOE-RL 2000) and in Treat et al. (1995). 
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F.2.6.2.1. Hydraulic Containment: Extraction Wells. Hydraulic containment involves 
placement of extraction wells close along a line or surrounding an area and pumping the 
groundwater to form depression zones thereby creating a barrier to the passage of groundwater 
and contaminants contained in the groundwater. The extracted groundwater may require 
treatment to remove the contaminants. 

Hydraulic containment using extraction wells is applicable at WMA B-BX-BY. However, this 
may not be practical within the context of other waste sites in the 200 Areas, and a high potential 
. exists for extracting contamination from nearby cribs and environmental restoration disposal 
sites. The application of this alternative is further reduced by the limited thickness of the aquifer 
beneath the WMA. 

F.2.6.2.2. Impermeable Barriers. Impermeable barriers are solid walls that are placed into the 
subsurface to retard the movement of groundwater. Groundwater flowing toward a barrier will 
divert away from and eventually flow around the barrier. A barrier could be supplemented with 
extraction wells at the ends of the barrier to prevent mobile contaminants from migrating around 
the barrier. The great depth to the aquifer, >250 ft, limits the implementability of this alternative. 

Sheet-Pile Barrier. Sheet-pile barriers are constructed by driving interlocking sheet piles into 
the ground with either vibratory or impact pile drivers. This barrier would need to be coupled 
with a horizontal barrier to form a complete barrier envelope. Sheet-pile barriers were tested in 
the Hanford Site 100-N Area and were unsuccessful. The piling was destroyed after penetrating 
to a depth of 9.2 m (30 ft). Based on the depth to groundwater, installation of a sheet-pile barrier 
at WMA B-BX-BY would not be possible. 

Cryogenic (Freeze-Wall) Barrier. A cryogenic (or freeze-wall) barrier is formed using two 
methods. A closed-loop system recirculates chilled brine or other refrigerants through an array 
of closely spaced wells or pipes, freezing and expanding the water in the soil voids surrounding 
the freeze pipes. An open loop system involves the injection of liquid nitrogen into the ground 
through perforated well casings. Cryogenic barriers may be applicable at WMA B-BX-BY. 
Maintenance of a cryogenic barrier requires a long-term commitment of resources. However, the 
great depth to the aquifer, >250 ft, limits the implementability of this alternative. 

Chemical Jet Grout Encapsulation. Chemical jet grout encapsulation uses primarily 
high-pressure jet grouting to fonn columns of grouted soil via directionally drilled wells. 
Standard grouts such as portland cements or bentonite clays are used. More exotic grouts could 
be used for enhanced set times and better compatibility with Hanford soils. Chemical jet grout 
encapsulation is applicable at WMA B-BX-BY. However, the great depth to the aquifer, 
>250 ft, limits the implementability of this alternative. 

Jet Grout Curtains. Jet grout curtain placement is similar to chemical jet grout encapsulation 
discussed above except that both vertical and horizontal wells, rather than directionally drilled 
wells, are used for injection. Jet grout curtain technology is applicable to WMA B-BX-BY. 
However, the great depth to the aquifer, >250 ft, limits the implementability of this alternative. 

Permeation Chemical Grouting. Permeation chemical grouting is similar to jet grouting except 
that lower pressures are used for injection. Permeation chemical grouts could be injected using 
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both vertical and horizontal wells. Permeation chemical grouting is applicable at WMA 
B-BX-BY, although performance is highly dependent upon the properties of the grouting 
material used and the properties of the soil. The great depth to the aquifer, >250 ft, limits the 
implementability of this alternative. 

Wax Emulsion Permeation Grouting. A mineral wax-bentonite emulsion has been developed 
for grouting applications. This wax grout consists of a stable emulsion of wax, water, and a 
surfactant. Once inside the soil matrix, the wax particles begin to aggregate and move through 
void spaces until they bridge an opening and become fixed. Bridging the openings between 
pores reduces the permeability of the soil. Wax emulsion permeation tests have been conducted 
at the Hanford Site and have shown that soil hydraulic conductivity can be reduced by two to 
three orders of magnitude. Wax emulsions are more applicable as surface barriers. 

Silicate Permeation Grouting and Colloidal Silica. Sodium silicate permeation grouting uses 
a silicate-based chemical grout with favorable characteristics that can be controlled by altering 
the formulation of the grout. By altering the proportions of the components of sodiwn silicate 
grout, the set time and grout viscosity can be controlled. Colloidal silica is also being explored 
for use in forming subsurface barriers at the Hanford Site. Colloidal silica is a colloidal 
suspension with gel1ing properties. Tests using Hanford soils have been performed on sodium 
silicate grouts and colloidal silica.and have $hown that soil hydraulic conductivity can be 
reduced by three to four orders of magnitude. This technology is potentially applicable at WMA 
B-BX-BY, but is limited due to the great depth to the groundwater. 

Polymer Permeation Grouting. Polymer permeation grouting employs an injected liquid 
monomer or resin that converts to a polymer in place to form a concrete-like monolithic barrier. 
Polymer-forming chemicals could be injected into the ground using the same methods for 
emplacing cement slurry walls. Although some polymer grouts (e.g., furfuryl alcohol) are 
chemically incompatible with Hanford Site soils, polymer permeation grouting is applicable at 
WMA B-BX-BY, but is limited due to the great depth to the groundwater. 

Formed-in-Place Horizontal Grout Barriers. Placement of formed-in-place horizontal grout 
barriers involves the use of a proprietary technology to generate a barrier slab of uniform 
thickness between guide wires placed by horizontal drilling methods. The technology uses 
high-pressure jets mounted on a reciprocation machine tool. The grout slurry sprayed through 
the jets disrupts and mixes soils to a mortar-like consistency between the guide pipes. 
The machine tool passes through this semi-liquid material as the hardware is pulled along the 
guide wires, forming a uniform barrier behind it. Adjacent panels would be placed at the edge of 
the previous panel (before it hardens totally), overlapping the previous panel to some extent to 
form an extended slab. Formed-in-place horizontal grout barriers may be applicable at 
WMA B-BX-BY although the technology has never been incorporated at full scale. This 
alternative would be limited to the vadose zone immediately beneath the tank farm excavations. 

Concepts Not Considered Feasible for the Hanford Site. The following concepts are not 
considered feasible for Hanford Site underground storage tank applications and are listed here 
for completeness only: 

• Soil fracturing 
• Longwall mining 
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• Modified sulfur cement 
• Sequestering agents 
• Reactive barriers 
• Impermeable coatings 
• Microtunneling 
• In situ vitrification barriers 
• Soil saw 
• Deep soil mixing 
• Slurry walls 
• Soil-mixed walls. 

F.2.6.2.3. In Situ Treatment Technologies. In situ treatment technologies are oriented at 
treating the contamination in place to either selectively extract contaminants or to stabilize and 
isolate contaminants from migrating in the groundwater. 

Adsorption-Type Treatment Barrier. Permeable treatment beds and barriers are constructed 
by excavating a trench and backfilling it with a mixture of soil and adsorbents. The bed is placed 
downgradient of the contaminated plume. As the natural groundwater flow carries the 
contaminants through the bed, the contaminants that the barrier is designed to remove are 
adsorbed onto the bed. Adsorption-type treatment barriers would have limited applicability to 
WMA B-BX-BY due to the depth of soil that would have to be excavated to reach groundwater. 

Phosphate Precipitation Barrier. Phosphate compounds are used in these barriers to 
precipitate heavy metals (e.g., strontium-90) in the soil matrix. This technology is in the 
developmental stages and its applicability to WMA B-BX-BY is not known. 

Monitored Natural Attenuation. Monitored natural attenuation relies on natural processes to 
lower contaminant concentrations through physical, chemical, and other biological processes 
that, "under favorable conditions, act without human intervention to reduce the mass, toxicity, 
mobility, volume, or concentration of contaminants" (EPA 1999) until cleanup levels are met. 
Although natural attenuation methods may be readily implemented, significant action or 
commitment of resources ( e.g., personnel to conduct sampling and perform analytical work, 
construction activity, and loss of land use) may be required. Monitored natural attenuation 
would have limited applicability at WMA B-BX-BY for the long-lived mobile radionuclides. 

F.2.6.2.4. Ex Situ Treatment Technologies. Ex situ treatment technologies are used to remove 
contaminants from groundwater after the groundwater has been pumped to the surface. Ex situ 
treatment technologies that are potentially applicable at WMA B-BX-BY are noted below. 

Precipitation Technology. Precipitation technology is used to remove metals and radionuclides 
from water by precipitation. 

Membrane Technology. Membranes can be considered for the treatment ofradionuclides 
(e.g., strontium-90). The membrane adsorbs the contaminant. This technology is in the 
developmental stage. 
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Ion-Exchange Technology. Ion-exchange technology removes ions from solution by adsorption 
on a solid medium, typically an ion-exchange resin bed or column. As the groundwater is passed 
through the resin, ionic species in the groundwater exchange with ions on the resin and are 
adsorbed onto the surface of the resin. · 

Wet Air Oxidation. Wet air oxidation is based on a liquid-phase reaction between organics in 
the wastewater and compressed air. This process is used for treatment of organics and may have 
limited applicability at WMA B-BX-BY. 

Activated Carbon. When contaminated wastewater is passed over activated carbon beds, 
organic hydrocarbon contaminants are absorbed onto the carbon. This process is used for 
treatment of organics and may have limited applicability at WMA B-BX-BY. 

Tritium Treatment Technologies. The most successful treatment systems for tritium treatment 
and separation are gaseous phase applications as used in commercial nuclear power operations. 
Technologies being considered or being used for tritium are a combination of electrolysis and 
catalytic exchange, bithennal catalytic exchange, and membrane separation. 
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G.1.0 INTRODUCTION 

Phase 1 RCRA Facility Investigation/Corrective Measures Study Work Plan for Single-Shell 
Tank Waste Management Areas (DOE-RL 2000) provides the regulatory framework for the 
Resource Conservation and Recovery Act of 1976 (RCRA) Corrective Action Program. This 
regulatory framework is based on federal statutes and regulations, Washington State statutes and 
regulations, the Hanford Federal Facility Agreement and Consent Order (HFF ACO) 
(Ecology et al. 1989); and the Hanford Site RCRA Permit (Ecology 2001 ). Applicable or 
relevant and appropriate requirements are provided in Appendix F ofDOE-RL (2000). 

The purpose of a field investigation report is to summarize data from a waste management area 
(WMA) investigation and evaluate the data to the extent necessary to determine the need for 
immediate action through interim measures or accelerated interim corrective measures at the 
WMA. At a minimum, the data is evaluated to determine the potential risk associated with 
hypothetical exposure to soil and groundwater at the WMA boundary (i.e., BX tank farm east 
fence line boundary) as described in Section 4.0 of DOE-RL (2000). If the potential near-tenn 
risk to human health is excessive, the U.S. Department of Energy and Washington State 
Department of Ecology may propose one or more interim measures to mitigate the risk or may 
initiate an accelerated corrective measures study to evaluate and compare more complex interim 
corrective measures. 

The evaluation of the risks associated with existing contamination serves several purposes. 
Some of these purposes include the following: 

• Establish the need for additional interim measures or interim corrective measures 
• Provide necessary input to Hanford Site-wide cumulative risk assessments 
• Serve as a basis to begin identifying cleanup standards for closure. 

Cleanup standards are based on both regulatory requirements and the potential risk to human 
health and the environment. The potential risk depends in part on the hypothetical exposure 
scenario, which in tum depends on the assumed land use (including surface water and 
groundwater). Exposure and land use scenarios are also important in identifying the appropriate 
regulatory requirements for cleanup. For example, the determination of cleanup standards under 
the "The Model Toxics Control Act Cleanup Regulation" (Washington Administrative Code 
[WAC] 173-340) depends on whether an unrestricted (residential) or industrial scenario is 
applied, and the use of alternate concentration limits under "Concentration Limits" 
(WAC 173-303-645(5)) depends in part on future groundwater uses. In 1999, the U.S. 
Department of Energy issued Final Hanford Comprehensive Land-Use Plan Environmental 
Impact Statement (DOE 1999), which used the National Environmental Policy Act of 1969 
process to evaluate several land uses for the Hanford Site planned over the next 50 years. That 
environmental impact statement and associated record of decision "Record of Decision: Hanford 
Comprehensive Land-Use Plan Environmental Impact Statement (HCP EIS)" (64 FR 61615), 
identify 'industrial-exclusive use' as the planned use for the 200 Areas Central Plateau, an area 
that encompasses the 200 East and 200 West Areas. The Washington State Department of 
Ecology is evaluating how the U.S. Department of Energy land use planning efforts fit within the 
Washington State Department of Ecology cleanup framework; the agency has not agreed at this 
time to an industrial use scenario. Therefore, potential risk and the regulatory requirements for 
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establishing media cleanup standards for the RCRA Corrective Action Program cannot be 
finalized. Section 4 and Appendix E of this report present the risk assessment and evaluation 
approach and results that consider several potential exposure scenarios identified in 
DOE-RL (2000). 
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G.2.0 REGULATORY PERFORMANCE MEASURES 

Table G.1 identifies quantitative performance measures for various constituents, including 
hazardous and radiological contaminants. The level of protection established by the standards is 
expressed in terms of the maximum dose or contaminant concentration under various exposure 
scenarios. Each standard, therefore, reflects the determination by the regulatory agency of an 
appropriate level of protection that should be provided to protect human health. Generally, the 
spectrum of regulations reflected in Table G .1 demonstrates that the level of protection provided 
by regulatory agencies is consistent among the regulations whether they apply to dangerous 
contaminants (e.g., chemicals and metals) or radiological contaminants. The level of protection 
provided under the regulations ranges from between 1 incremental lifetime cancer risk (ILCR) in 
10,000 (1.0 x 104

) and 1 in 1,000,000 (1.0 x 10"6
) on an annual basis. 

The most important regulations related to this WMA B-BX-BY field investigation report are 
those addressing cleanup of soils and groundwater and the associated risk or dose to human 
health through the groundwater exposure pathway. The following sections discuss compliance 
with the applicable regulations. 
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Table G.1. Regulatory Performance Measures 

Regulation Requirement Performance Point of Notes Measure Compliance 

DOE Order 5400.5 Protecdon of the general public and environment. 

All pathways for l 00 m downgradient 
for groundwater, at l 00 years of institutional LL W except air 25 waste site for direct control. (rorem/yr) exposw-e 

Protection of the All pathways 
Public including other 

I 00 m downgradient Hanford sources for groundwaier, at 
per 10 CFR 20, 100 waste site for direct DOE Order 5400.5 
and DNFSB 94-2 exposure 

(mrem/yr) 

100 years of institutional 
control. 500 years of 
passive control. 
10,000 years for impacts 
analysis. 

Protection of 
Beta/proton 

4 Assumes water ingestion of 

Groundwater 
emitters (mrem/yr) 

1 00 m downgradient 2 L/day. 

(40 CFR 141) Alpha emitters: 15 pCi/L = 
40mrem/yr 

Radon: 3 pCi/L -
20 mrem/yr 

Alpha emitters 15 (pCi/L) 

40CFRUJ and Drinking water standards for select constituents with the potential for release to 
DOE Order 5400.5 groundwater during operations, retrieval actions, or post closure 

H-3 20,000 pCi/L 
C-14 2,000 pCi/L 
1-129 l pCi/L 

MCLs and derived u 0.03 mg/L 1,000 yr for compliance 
concentration guide (Total) Drinking water analysis. 
for select constituents Tc-99 900pCi/L 

Cs,137 200pCi/L source Alpha Emitters: 15 pCi/L = 
Source: 40 CFR 141 N03 45mg/L 40rnrem/yr 

Cr 0.5 mg/L 
U-238 20 pCi/L 
u.235 20pCi/L 

LL W = low-level waste 
MCL = maximum contaminant level 
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G.3.0 REGULATORY COMPLIANCE FROM FIELD DATA 

Regulatory compliance data for soils and groundwater collected during the field investigation 
activities are presented with comparison to regulatory requirements in Appendices B and C. 
The following sections discuss WAC 173-340 related to assessing derived soil concentrations for 
groundwater protection, "Deriving Soil Concentrations for Ground Water Protection" 
(WAC 173-340-747), and groundwater contamination present in WMA B-BX-BY groundwater 
monitoring. 

G.3.1 SOILS DATA 

Under WAC 173-340-747, the term 'soil concentration' means the concentration in the soil that 
will not cause an exceedance of the groundwater cleanup level established under "Ground Water 
Cleanup Standards" (WAC 173-340-720). Six different methodologies can be used to determine 
if the criterion has been met. This WMA B-BX-BY field investigation report uses the alternative 
fate and transport model (WAC 173-340-: 747(8)). The values used in the fate and transport 
modeling are based on best estimates and do not comply with the default values in 
WAC 173-340-747. The values used provide an estimate of groundwater impacts from the soil 
inventory estimate (Sections 3.3 and 4.2 and Appendix E). Numerical simulation results are 
obtained on long-term transient contaminant concentrations at the water table and for calculation 
at the BX tank farm east fence line boundary, 200 Area exclusion boundary, and the shoreline at 
the Columbia River. These calculation points are based on DOE-RL (2000). 

Table G.2 provides the case numbers and descriptions for the numerical simulations as discussed 
in Section 4.0 of the main text and Appendix E. Numerical results are obtained on long-term 
transient contaminant concentrations and at calculation locations at the BX tank farm east fence 
line boundary, 200 Area exclusion boundary; and the Columbia River shoreline (DOE-RL 2000). 

The groundwater concentration values based on inventory show that, for the BX tank farm east 
fence line boundary, drinking water standards (40 CFR 141) will be exceeded: Table G.3 lists 
the predicted technetium-99, uranium-238, and nitrate levels and the associated 40 CFR 141 
limits. Table G.3 lists the groundwater concentration values for the BX tank farm east fence line 
boundary (cases I through 11), B-38 trench boundary (cases 12, 13, and 14), 200 Area exclusion 
boundary, and the Columbia River shore1ine. 

The predicted groundwater concentrations exceed the regulatory standards at the BX tank farm 
east fence line boundary. Exceedances of the groundwater maximum contaminant levels for 
technetium-99 occur at the BX tank farm east fence line boundary except for case 9 (Table G.3). 
Exceedances of the groundwater maximum contaminant levels for uranium-238 occur in cases 3 
and 10 and for nitrate in cases 3, 4, 12, 13, and 14 at the BX tank farm east fence line boundary 
(Table G.3). At the 200 Area exclusion boundary (i.e., the rest of the Central Plateau inc;luding 
200 North Area extending north to the base of Gable Butte), uranium-238, nitrate, and 
technetium-99 did not exceed the groundwater maximum contaminant levels for any of the cases 
(Table G.3). At the Columbia River shoreline, no constituent exceeded the groundwater 
maximum contaminant levels for any of the cases (Table G.3). 
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Table G.2, Case Descriptions for the Two-Dimensional Simulations 

Case Interim Inventory Meteoric 
Description<•> Recharge 

Number Barrier Distribution (mm/vr) 

1 Base case (no action alternative) No Uniform 100 

2 Barrier alternative Yes Uniform 100 

3 Water-line leak (1 ga1/min for 20 years) No Uniform 100 

4 Water line leak (200,000 gal) No Uniform 100 

5 Alternative inventory distribution with no barrier No Alternative 100 

6 ;\ltemative inventory with barrier Yes : Alternative 100 

7 Base case with 50% recharge No Uniform 50 

8 Base case with 30% recharge No Unifonn 30 

9 Base case with l 0% recharge No Uniform 10 

10 Base case with Kd = 0.-lml/g for U-238 No Uniform 100 

11 Base case with Kd = 1.0 mVg for U-238 No Uniform 100 

12 B-38 trench with 55.4 mm/year recharge No Uniform 55.4 

13 B-3 8 trench with 100 mm/year recharge No Uniform 100 

14 B-38 trench with delayed closure barrier No Unifonn 100 
lBJ See Appendtx E, Section E.2.1 for details on each case. 
Kd = distribution coefficient 

G.3.2 GROUNDWATERDATA 

Based on Hanford Site Groundwater Monitoring for Fiscal Year 2001 (Hartman et al. 2002), 
groundwater monitoring well data for the RCRA groundwater wells associated with WMA 
B-BX-BY indicate the following constituents have exceeded the 40 CPR 141 drinking water 
standards during fiscal year 2001: · 

• Antimony 
• Cyanide 
• Gross alpha 
• Gross beta 
• lodine-129 
• Nitrate 
• Technetium-99 
• Tritium 
• Uranium. 

However, these exceedances are not correlated solely to release events in the WMA. Some of 
these exceedances can be attributed to cribs and trenches (Section 3.0 and Appendix C). 
Table G.4 provides the RCRA groundwater monitoring well exceedances for the various 
constituents and the number of exceedances that have occurred for fiscal year 2001. 
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Table G.3. Modeled Groundwater Concentrations (Average Weighted) at Specified Boundaries 

BX Tank Farm BoundaryC•l 200 Area Exclusion Boundary Columbia River Shoreline 
Case Tecbnetium-99 Uranium-238 Nitrate Technetium-99 Uranium-238 Nitrate Tecbnetium-99 Uranium-238 Nitrate 

(pCi/L) (pCi/L) (µg/L) (pCi/L) (pCi/L) (µg/L) (pCi/L) (pCi/L) (µg/L) 

Case l 6,650 0.85 36,900 53.l 0.0349 254 22.7 - 71.4 

Case2 6,580 0.0996 36,900 46.7 0.0038 253 14.9 - 66.3 

Case3 172,000 27,600 565,000 308 19.8 901 46.6 - 137 

Case4 16,700 2.99 105,000 78.4 0.11 388 26.2 - 84.2 

eases 5,790 0.422 34,600 44.6 0.174 232 19.5 - 67.6 

Case6 5,180 0.06 34,600 42.1 0.00223 231 13.4 - 63.2 

Case7 3,590 0.11 20,100 28 0.00409 156 11.5 - 54.4 

Case8 2,270 0,025 12,600 18.2 0.00078 101 8.01 - 42.3 

Case9 833 0.0037 4,650 6.78 0.0000059 38.1 3.39 - 19.1 

Case IO 6,650 544 36,900 53.l 7.43 254 22.7 2.91 71.4 

Case 11 6,650 0.044 36,900 53.l 0.0024 254 22.7 - 71.4 

Case 12 24.1 - 173,000 0.0269 - 193 0.674 - 89.0 

Case 13 80.8 - 579,000 0.0874 - 627 1.98 - 261 

Case 14 149 - 1,070,000 0.164 - 1,170 3.76 - 496 

Regulatory 
900 pCi/L 20 pCi/L 45,000 µg/L 900 pCi/L 20 pCi/L(l,> 45,000 µg/L 900 pCi/L 20 pCi/L 45,000 µg/L Standard 

C•)GroWldwater concentrations given are the breakthrough values for the cross-sections. See Appendix E. 
(blBased on a limit of 30 µg/L and a conversion factor of 6.93 X 10-7 Ci/g . 
Dash(-) indicates value is insignificant. 
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Table G.4. Groundwater Monitoring Results Exceeding Maximum Contaminant Levels 
or Drinking Water Standards at Waste Management Area B-BX-BY 

Well Number 
Antimony Cyanide Gross Alpha Gross Beta Nitrate lodine--129 Techneti•m-99 Tritium 

(µg/L) (µg/L) (pCi/L) (pCi/L) (µg/L) (pCi/L) (pCi/L) (pCi/L) 

299--E32-9 NA NA NA 58 (1) NA 3 (I) NA NA 
299--E32-IO 17 (1) NA NA 1,200 (2) 178,000 (4) NA 3,490 (4) NA 
299-E33-7 NA 423 (3) NA 4,210 (3) 748,000 (4) NA 11,600 (4) NA 
299-E33-9 NA NA 357 (2) 3,090 (3) 212,000 (4) NA 7,660 (4) NA 
299-E33-13 NA NA 16 (1) 975 (2) 425,000(2) NA 3,290 (2) NA 
299-E33-15 NA NA NA 80 (1) 441,000 (2) NA NA NA 
299-£33-16 NA NA NA 1,400 (3) 695,000(4) NA 5,780 (4) NA 
299-E33-17 NA NA NA NA 267,000 (1) NA NA NA 
299-E33-18 NA NA 108 (2) 1,200 (3) 205,000 (4) NA 3,810 (4) NA 
299-E33-20 NA NA NA 103 (1) 460,000 (3) NA NA NA 
299--E33-26 NA NA 53 (2) 2,720 (3) 441,000 (4) NA 7,510 (4) NA 
299-E33-28 NA NA NA 55 (1) NA NA NA · NA 
299--E33-3 I NA NA 33 (1) 1,310 (3) 259,000 (3) NA 3,800 (4) NA 
299-E33-32 NA NA NA 739 (4) 98,700(4) NA 2,090 (5) NA 
299-E33-34 NA 333 (3) 21 (1) 3,060 (4) 456,000(4) NA 8, 170(4) NA 
299-E33-35 NA NA NA 658 (3) 120,000(4) 4 (1) 2,420 (4) NA 
299-E33..38 NA 383 (3) 84 (2) 4,600 (3) 531,000 ( 4) NA 13,000 (4) NA 
299-E33-41 NA NA 70 (2) 1,140 (2) 52,700 (1) NA 3,290 (4) NA 
299-E33-42 NA NA NA 1,190 (3) 136,000 (4) NA 3,380 (4) NA 
299-E33-43 NA NA NA 229 (3) 77,500 (1 ) NA 915 (1) NA 
299-£33-44 NA NA 245 (2) 3,320 (3) 224,000 (4) NA 8,230 (4) NA 
299-£33-339 NA NA NA NA NA NA NA 21,400 (1) 

DWSorMCL 6 200 15 50 45,000 t 900 20,000 

Bold indicates an upgradient groundwater monitoring well. Number indicates the maximum result for that well during the monitoring period from 
October 1, 2000 to September 30, 2001 . Parenthesis indicates the number of exceedances in the particular well. 
DWS = drinking water standard (40 CFR 141) 
MCL = maximum contaminant level 
NA = well did not exceed MCLs for the constituent 

l .. . f ( ( ( ( r. C [ " . ( ( 

Uranium 
(µg/L) 

NA 
NA 
NA 

678 (4) 

NA 
NA 
NA 
NA 

193 (4) 

NA 
137 (4) 

NA 
79 (4) 

NA 
46 (2) 

NA 
165 (4) 

118 (2) 

31 (1) 

NA 
567 (4) 

NA 
30 

(_ ( . . 
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G.4.0 HUMAN HEALTH RISK AND DOSE RESULTS COMPARISON TO 
REGULATIONS . 

As presented in Section 4.0 and in Appendix E, the peak ILCR, hazard index, and dose for the 
industrial .worker scenario is used as the baseline for comparison purposes. The results indicate 
that at the BX tank farm east fence line boundary, the ILCR exceeds regulatory standard of 
1.0 x 10·5 (Table G.5). Based on current groundwater concentrations oftechnetium-99 (2,461.6 
pCi/L) in RCRA groundwater well 299-E33-45, the ILCR would be 1.75 x 10·5 for the industrial 
worker scenario. The hazard index does not exceed the regulatory standard of 1.0 at the BX tank 
farm east fence line boundary (Table G.5). Dose does not exceed the regulatory standard of 4 
mrem/yr for beta/photon emitters for all cases at the BX tank farm east fence line boundary 
(Table G.5). 

AppG_12I3 

Table G.5. Comparison of Peak Incremental Lifetime Cancer 
Risk, Hazard Index, and Dose for the Industrial Worker Scenario 

BX Tank Farm 
200 Area Exclusion Columbia River Case East Fence Line 

Boundary . Boundary Shoreline 

1ndustria/ Worker Peak Incremental Lifetime Cancer Risk 

1 5.39E-05 S.48E-07 2.34E-07 

2 5.34E-05 4.82E-07 l.54E-07 

7 4.85E-05 2.89E-07 l.19E-07 

8 4.83E-05 l .88E-07 8.27E-08 

Industrial Worker Peak Hazard Index 

1 I.98E-01 l .74E-03 4.88E-04 

2 l.98E-0l l.73E-03 4.54E-04 

7 l.77E-0l l .07E-03 3.72E-04 

8 I.97E-0I l.88E-04 2.89E-04 

1/ndustrial Worker Peflk Dose (niremlyr) 

1 3.ISE+00 3.23E-02 1.38E-02 

2 3.15E+0O 2.84E-02 9.07E-03 

7 2.86E+0O 1.7IE-02 7.00E-03 

8 2.85E+0O Ll IE-02 4.88E-03 

G-9 December 13, 2002 



RPP-10098, Rev. 0 

G.5.0 REFERENCES 

10 CFR 20, "Standards for Protection Against Radiation," Code of Federal Regulations, as 
amended. 

40 CFR 141, ''National Primary Drinking Water Regulations," Code of Federal Regulations, as 
amended. 

64 FR 61615, 1999, "Record of Decision: Hanford Comprehensive Land-Use Plan 
Environmental Impact Statement (HCP EIS)," Federal Register, Vol. 64, No. 218, 
pp. 61615, November 12. 

DNFSB 94-2, 1994, Recommendation 94-2 to the Secretary of Energy, Defense Nuclear 
Facilities Safety Board, Washington, D.C. 

DOE Order 5400.5, 1993, Radiation Protection of the Public and Environment, U.S. Department 
of Energy, Washington, D.C. 

DOE, 1999, Final Hanford Comprehensive Land-Use Plan Environmental Impact Statement, 
DOE/EIS-0222F, U.S. Department of Energy, Richland Operations Office, Richland, 
Washington. 

DOE-RL, 2000, Phase 1 RCRA Facility Investigation/Corrective Measures Study Work Plan for 
Single-Shell Tank Waste Management Areas, DOE/RL-99-36, Rev. 1, U.S. Department of 
Energy, Richland Operations Office, Richland, Washington. 

Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order, as 
amended, Washington State Department of Ecology, Olympia, Washington, U.S. 
Environmental Protection Agency, Washington, D.C., and U.S. Department of Energy, 
Washington, D.C. 

Ecology, 2001, Dangerous Waste Portion of the Resource Conservation and Recovery Act Permit 
for the Treatment, Storage, and Disposal of Dangerous Waste, Pennit Number 
WA7890008967, Rev. 7, Washington State Department of Ecology, Olympia, 
Washington. 

Hartman, M. J., L. F. Morasch, and W. D Webber, editors, 2002, Hanford Site Groundwater 
Monitoring/or Fiscal Year 2001, PNNL-13788, Pacific Northwest National Laboratory, 
Richland, Washington. 

National Environmental Policy Act of 1969, 42 USC 4321 et seq. 

Resource Conservation and Recovery Act of 1976, Public Law 94-580, 90 Stat. 2795, 
42 USC 90 I et seq. 

WAC 173-303, ''Dangerous Waste Regulations," Washington Administrative Code, as amended. 

WAC 173-340, "Model Toxics Control Act - Cleanup," Washington Administrative Code, as 
amended. 

App0_1213 G-10 December 13, 2002 

.__., 



' ' 

' ..... 

. : 

' . 

.. . 
i 
! 

--------- -·----·---·· ··•· .. - · - ·. ····---·- ·-··· ·- - --. · ·-··• · · ·•·•-· -----·-··-··-----· 

RPP-10098, Rev. 0 

APPENDIXH 

QUALITY ASSURANCE AND QUALITY CONTROL 
REQUIREMENTS 

AppH_1213 · H-i December 13, 2002 



RPP-10098, Rev. 0 ---.. 

This page intentionally left blank. 

-

..._• 

AppH_l2J3 H-ii December 13, 2002 



--------------·- ----·· ---------------------·- -----·--··-······--··- ··- ····--· ·-· ··-·· ·· -·· .. -··· . 

RPP-10098, Rev. 0 

CONTENTS 

H.1.0 QUALITY ASSURANCE AND QUALITY CONTROL REQUIREMENTS .............. H-1 

H.2.0 REFERENCES ............................................................................................... : ............... H-2 

i . 

I . 

\ . 

\ . 

AppH_l213 H-iii December 13, 2002 



RPP-10098, Rev. 0 ......, 

.__, 

...,,i · 

--· 

This page intentionally left blank. 

V 

.. \ -

-~ 

-
AppH_l213 H-iv December 13, 2002 



--------- ·-·· ---------------~---------------···----------· -----------------· ----------

-· 
l • 

-.....,; 

r 

---· 

-

' -

L 

' . 
L, 

RPP-10098, Rev. 0 

H.1.0 QUALITY ASSURANCE AND QUALITY CONTROL REQUIREMENTS 

Quality assurance and quality control requirements for conducting the Resource Conservation 
and Recovery Act of 1976 field investigations are addressed in Appendix A of the Phase 1 RCRA 
Facility Investigation/Corrective Measures Study Work Plan for Single-Shell Tank Waste 
Management Areas (DOE-RL 2000), which is known as the master work plan. The major areas 
covered in the master work plan are as follows: 

• Project management 
• Measurement/data acquisition 
• Assessment/oversight 
• Data validation and usability 
• Data quality assessment. 

The project management described in the master work plan is still valid, although the company 
responsible for the effort has shifted to CH2M HILL Hanford Group, Inc., because of contract 
changes. The Office of River Protection is now the U.S. Department of Energy office 
responsible for the tasks. 

The general requirements established in the master work plan for sampling methods, sample 
handling and custody, analytical methods, and field and laboratory quality control have been 
followed in the activities described in this document. As noted in the main text to this document, 
there were few deviations from the work plans on sampling and these were due to operational 
concerns. Other requirements had no deviations. 

CH2M IIlLL Hanford Group, Inc. management and tank farm staffs have routinely conducted 
safety assessments of the waste management area B-BX-BY Resource Conservation and 
Recovery Act of 1976 field investigation. There is, at this time, no separate formal quality 
assurance assessment by the Tank Farm Vadose Zone Project. 

Informal reviews of data validity and usability have been held, mainly as part of the 
determination of second and third tier analyses and in the preparation of this waste management 
area B-BX-BY field investigation report. Similarly, only informal data quality assessments have 
been performed, primarily because a systematic sampling approach was used rather than a 
random sampling design. 

AppH_l213 H-1 December 13, 2002 
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1.1.0 PREPARERS 

1.1.1 OFFICE OF RIVER PROTECTION 

Robert M. Yasek, Physical Scientist 

RPP-10098, Rev. 0 

B.S. Geophysics, New Mexico Institute of Mining and Technology 1984 

Mr. Yasek has over 16 years of experience in leadership and management of government 
projects, both military and civilian. He currently serves as the Department of Energy project 
manager for the Hanford Tank Farms Vadose Zone Project Prior to working at Hanford, he was 
the Department of Energy Lead for Thermal Testing for the DOE Yucca Mountain Project. 
Additional duties at the Yucca Mountain Project included project management of borehole 
geophysics for the high-level waste repository program. Mr. Y asek's military experience 
includes project management for flight testing of advanced weapons systems for the U.S. Air 
Force and operations of radar and comman~ control and communications (C3

) systems. 
Between military and civilian government service, Mr. Yasek worked as a field geophysicist for 
a privately owned company, specializing in borehole geophysics. 

1.1.2 CORE TEAM 

Frank J. Anderson, Scientist, CH2M IDLL Hanford Group, Inc. 

B.S. 
M.S. 

Geological Engineering, Colorado School of Mines 
Geological Engineering, University of Arizona 

1964 
1968 

Mr. Anderson has over 31 years of experience as a geological engineer, environmental 
consultant, government manager, and professor involving environmental characterization, 

· compliance and remediation, mining, geology, water resources development, and program and 
project management. He has worked as a consultant at five Department of Energy sites during 
the past decade: Hanford and Oak Ridge reservations, Portsmouth and Paducah Gaseous 
Diffusion Plants, and Idaho National Engineering and Environmental Laboratory. He has also 
been a manager for the U.S . Geological Survey and the U.S. Office of Surface Mining, and an 
assistant professor of geology. Mr. Anderson was responsible for fiscal year 2001 interim 
measures engineering design and construction activities for the Tank Farm Vadose Zone Project 
and prepared Section 3.5 and Appendix Fin this document. 

Dwayne Crumpler, Senior Hydrogeologist, Columbia Engineering and Environmental Services 

B.S. 
M.S. 

Geology, Lamar University 
Geology, Baylor University 

1985 
1989 

Mr. Crumpler has over 15 years of experience in groundwater field investigations related to 
RCRA facility investigations and CERCLA remedial investigations at municipal landfills, 
Department of Defense, and Department of Energy facilities. He serves as a Senior Geologist 
and Regulatory Specialist for the preparation of various RCRA and NEPA documents related to 
the Hanford Site. He has conducted and analyzed seismic field studies, aquifer pumping tests 
and slug tests, installed monitoring wells and soil borings, and conducted groundwater and 
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surface-water sampling programs at Department of Energy and Department of Defense facilities. 
He has prepared the site-specific work plans associated with the single-shell tanks RCRA 
corrective action program and has been involved in the single-shell tank retrieval program. He 
was the coordinator for the document and preparation of the human health risk analyses, 
regulatory analyses, introduction, approach, conclusions, and recommendations for this 
document. 

Sonia Enloe, Senior Administrative Secretary, Pacific Northwest National Laboratory 

Ms. Enloe currently provides direct administrative support to Dr. John Zachara within the 
Environmental Dynamics and Simulations Directorate at the W.R. Wiley Environmental 
Molecular Sciences Laboratory. Ms. Enloe has 13 years of administrative experience, 12 of 
which have been working with Dr. Zachara. In her position, she performs full secretarial, 
administrative, and general office duties of a responsible and confidential nature. Ms. Enloe 
formatted and edited Appendix D for the WMA B-BX-BY field investigation report. 

Vernon G. Johnson, Staff Scientist V, Pacific Northwest National Laboratory 

B.S. Geology and Chemistry, Oregon State University 

M.S. Oceanography and Chemistry, Oregon State University 

Ph.D. Oceanography and Water Resources, Oregon State University 

1964 

1966 

1979 

Dr. Johnson has over 30 years experience in surface and groundwater environmental aspects of 
nuclear and hazardous waste and is a licensed hydrogeologist in the state of Washington. He has 
been involved in groundwater and site characterization activities at the Hanford Site since 1983. 
He conducted RCRA groundwater assessments at Hanford single-shell tank farm waste 
management areas from 1996 until April 2002. Prior to coming to Hanford, he was a health 
physicist at Grand Junction, Colorado and at several nuclear facilities at the Idaho National 
Engineering and Environmental Laboratory where he was involved in nuclear safety 
assessments, effluent monitoring, and radionuclide transport studies. In his earlier career, he 
conducted radioecological research in the Columbia River and estuary while at Oregon State 
University and transport and fate studies of hazardous chemicals in soils while employed at the 
Environmental Protection Agency Environmental Research Laboratory in Corvallis, Oregon. 
He was responsible for preparation of the groundwater contamination and related sections of the 
B-BX-BY field investigation report. 

Thomas E. Jones, _Principal Scientist, CH2M HILL Hanford Group, Inc. 

B.S. Chemistry, College of Great Falls 

Ph.D. Chemistry, Washington State University 

1970 

1974 

Tom Jones holds a Ph.D. in Inorganic/Analytical Chemistry from Washington State University 
and has over 20 years experience at the Hanford Site in the areas of tank waste characterization, 
development of tank waste inventory estimates, and tank farm vadose zone investigations. 
Over the past four years, Dr. Jones has led the task developing tank leak inventory estimates. 
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\...... Raziuddin Khaleel, Consulting Engineer, Environmental and Nuclear Initiatives, Fluor Federal 
Services 

"-.,.,' 

\ \ 

' 

B.S. Civil Engineering, Bangladesh University of Engineering and 1966 
Technology 

M.S. Water Science and Engineering, Asian University of 
Technology 

Ph.D. Soil and Water Engineering, Texas A&M University 

1970 

1977 

Dr. Khaleel has over 30 years of experience in groundwater hydrology and numerical 
simulations of subsurface flow and transport. He was a key contributor to the Hanford Site solid 
waste perfonnance assessments and the immobilized low-activity waste performance assessment, 
particularly in the area of conceptual model development, direction of modeling, and in writing 
the document. For this document, he was responsible for creating the modeling data package, 
coordinating the modeling work, and writing of several sections. 

Anthony J. Knepp, Manager, CH2M HILL Hanford Group, Inc. 

B.S. Engineering, Johns Hopkins University 

M.S. Environmental Systems Engineering, Clemson University 

1971 

1973 

Anthony Knepp was responsible for the management and direction of the field investigation 
report including its conclusions and recommendations. Mr. Knepp has over 25 years of 
experience in environmental cleanup and has worked as a consulting engineer, project engineer, 
government manager, and project manager. His experience includes water resources planning, 
development of water supply systems, construction of industrial treatment facilities, and 
environmental characterization and cleanup. For the last 10 years, he has concentrated on 
remediation of radiologically contaminated groundwater and soils. 

~ ' Karrol D. Lehman, Senior Technical Writer/Editor, Mid-Columbia Engineering, Inc. 

~ -

w 

B.A. Biology, Central Washington University 

J.D. University of Puget Sound School of Law 

1975 

1987 

Ms. Lehman has over 29 years of experience in regulatory programs, environmental compliance, 
safety analysis and authorization basis documentation, and laboratory analyses. She has 
provided technical and administrative expertise on regulatory compliance issues, authorization 
basis management, regulatory inspections and audits, commitment tracking, and other topics 
related to environmental compliance and radiological, nuclear, and process safety. She has 
coordinated the production and assisted in the development and drafting of formal safety 
documentation for Department of Energy facilities and has provided legal support, litigation 
preparation, and case management support for a corporate legal department. She has conducted 
training courses in various settings and is a Certified Hazardous Materials Manager. 
Ms. Lehman was the technical information coordinator for this field investigation report and 
maintained and coordinated the document production schedule in addition to providing technical 
editing support. 
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Clark W. Lindenmeier, Senior Research Scientist, Pacific Northwest National Laboratory, 
Applied Geology and Geochemistry Group 

B.S. 

M.S. 

M.S. 

Biology/Genetics option and Psychology minor, Washington 
State University 

Psychology (clinical emphasis), Eastern Washington University 

Environmental Sciences (Earth Sciences option), Washington 
State University 

1984 

1986 

1996 

Mr. Lindenmeier currently is the Pacific Northwest National Laboratory (PNNL) project 
manager under the direction of the Tank Farm Vadose Zone Project supporting the Office of 
River Protection. Mr. Lindenmeier is responsible for supervising the PNNL laboratory and data 
management activities associated with the Tank Farm Vadose Zone Project and coordinating the 
laboratory investigation activities to meet the project objectives of senior PNNL and CH2M 
HILL Hanford Group, Inc. technical staff. Mr. Lindenmeier has 18 years oflaboratory 
experience with areas of emphasis in experimental design, analytical measurements, data 
management, data quality objectives, and project planning. 

Frederick M. Mann, Scientist, CH2M HILL Hanford Group, Inc. 

B.S. Physics, Stanford University 

Ph.D. Physics, California Institute of Technology 

1970 

1975 

Dr. Mann is the team leader for the immobilized low-activity waste performance assessment 
activity, which is charged with preparing this document. He was the main author of the 1998 
and 2001 versions of the Hanford Immobilized Low-Activity Tank Waste Performance 
Assessment. He has worked for over 25 years in the field of nuclear data and the application of 
those data to large energy facilities. He has advised the Department of Energy· and the 
International Atomic Energy Agency. He was the chief internal reviewer of the document. 

David A. Myers, Scientist, CH2M HILL Hanford Group, Inc. 

B.S. Geology, University of Puget Sound 

M.S. Geology and Hydrology, University ofldaho 

1965 

1967 

David Myers is a registered professional geologist in Idaho and Oregon. His work has focused 
on water resources, as well as environmental monitoring and remediation of groundwater 
contamination. Since arriving at the Hanford Site in 1974, Mr. Myers has provided technical 
support for the Site• Wide Groundwater Monitoring Program, as well as early development of the 
Resource Conservation and Recovery Act of 1976 monitoring program for the low-level waste 
burial grounds. He served as a senior hydrogeologist within the environmental restoration 
program, actively participating in the design and implementation of groundwater remediation 
projects. He supports the Tank Farm Vadose Zone Project as a technical coordinator, ensuring 
that multiple aspects of this complex problem are integrated and coordinated. For this document, 
he was responsible for preparing the geology sections and field investigation activities sections 
in Sections 2.0 and 3.0 and Appendices Band C. 
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~ R. Jeffrey Serne, Staff Scientist, Pacific Northwest National Laboratory, Applied Geology and 
Geochemistry Group 

~. 

1......, 

, - .. 

: 1 

.. -

l 
V 

' ' ' 

\ 
L. 

B.S. Chemistry, University of Washington 

B.S. Oceanography, University of Washington 

1969 

1969 

Mr. Serne currently is leading the Pacific Northw:est National Laboratory applied geochemical 
research and characterization efforts supporting the Office of River Protection Vadose Zone and 
Immobilization Low-Activity Waste Projects. The goal of the Vadose Zone Project is to 
determine the distribution of contaminants that have leaked from SSTs and their future fate. 
Mr. Serne is also lead geochemist for the near-field and the far-field geochemical studies for the 
proposed immobilized low-activity waste repository. Mr. Seme is a co-investigator/collaborator 
on four Environmental Management Science Program basic science projects pertaining to the 
vadose zone. He was lead author on the two borehole characterization reports in support of the 
field investigation report. Mr. Serne was co-author of Appendix B. 

Harold A. Sydnor, Scientist, CH2M HILL Hanford Group, Inc. 

B.S. Geology, Western Kentucky University 

M.S. Environmental Resource Management, University of Findlay 

1979 

1998 

Mr. Sydnor is the team leader for characterization activities inside the single-shell tank farms. 
He has over 20 years of experience performing geologic and hydrogeologic investigations and 
evaluations in the private and public sectors. He was the field team leader for characterization 
activities associated with the work plan addendum. 

Marcus I. Wood, Principal Scientist, Fluor Hanford, Inc. 

B.S. Geology, University ofNorth Carolina 

Ph.D. Geology, Brown University 

1973 

1980 

Dr. Wood currently is responsible for developing the performance assessment analyses for the 
disposal of solid low-level waste at the Hanford Site. He is the coordinating author of the 
Hanford Site solid waste performance assessments and has been largely responsible for the 
integration and the interpretation of the analytical results in those documents. He has 
coordinated similar analyses for the Environmental Restoration Disposal Facility (ERDF), at 
which wastes generated in the remediation of Hanford Site waste sites that are regulated under 
the Comprehensive Environmental Resource Conservation and Recovery Act of 1981 and the 
200 West Area low-level burial grounds are disposed. He has directed numerous projects to 
quantify the geochemical properties of radionuclides in the Hanford Site geohydrologic 
environment. He also was responsible for developing a multifunctional waste package backfill 
material for isolating spent fuel and high-level waste. He was responsible for the conceptual 
model and for writing portions of Sections 3 and 5, and Appendix B. 
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John M. Zacbara, Chief Scientist VI, Pacific Northwest National Laboratory 

B.S. Chemistry and Geology, Bucknell University 

M.S. Soil/Watershed Chemistry, University of Washington 

Ph.D. Soil Chemistry, Washington State University 
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1973 

1979 

1986 

Dr. Zachara is chief scientist and one of four associate scientific directors of the 
William R. Wiley Environmental Molecuiar Sciences Laboratory (EMSL) at Battelle, Pacific 
Northwest National Laboratory. The EMSL is a state-of-science U.S. Department of Energy 
user facility focused on environmental molecular science. Dr. Zachara employs various 
molecular spectroscopies, electron and scanning probe.microscopies, and modeling techniques in 
the study of contaminant geochemistry. He has performed research on these subjects for over 
25 years and is the author of over 120 scientific publications. Dr. Zachara coordinates EMSL 
research focused on the Hanford Site vadose zone, and he functioned as chief scientist for the 
Science and Technology portion of the B-BX-BY tank farms study that is summarized in 
Appendix D. 

1.1.3 PEER REVIEW TEAM 

Charles R. Cole 
Karl R. Fecht 
Bruce H. Ford 

Pacific Northwest National Laboratory 
Bechtel Hanford, Inc. 

1.1.4 SUPPORT TEAM 

1.1.4.1 Field Work 

Fluor Hanford, Inc. 

Kevin Hartelius (Health Physics Technician) 
Lisa Hartley (Nuclear Chemical Operator) 
Klint Johnson(Field Work Supervisor) 
Kelly Olson 
Steve Olson 
Loyd Petty (Field Work Supervisor) 
Kent Reynolds 
Rick Sharp (Nuclear Chemical Operator) 
Dave Skoglie (Site Safety Designer) 
Scott Snook (Nuclear Chemical Operator) 
Greg Sullivan (Nuclear Chemical Operator) 

CH2M HILL Hanford Group, Inc. 
CH2M HILL Hanford Group, Inc. 
CH2M HILL Hanford Group, Inc. 
Resonant Sonics International 
Resonant Sonics International 
CH2M HILL Hanford Group, Inc. 
Duratek Federal Services 
CH2M HILL Hanford Group, Inc. 
Duratek Federal Services 
CH2M HILL Hanford Group, Inc. 
CH2M HILL Hanford Group, Inc. 

I.1.4.2 Computer Modeling and Risk Calculations 

Robert Emmel Jacobs Engineering Group, Inc. 
R. Douglas Evans Jacobs Engineering Group, Inc. 
Vicky Freedman Pacific Northwest National Laboratory 
Mark D. White Pacific Northwest National Laboratory 
Mark D. Williams Pacific Northwest National Laboratory 

Appl_l213 1-6 December 13, 2002 

--· 

...... 



- RPP-10098, Rev. 0 

1....,., 1.1.4.3 Laboratory Measurements and Analysis 

-

-

i : -

. ,. 

........ 

Steven R. Baum 
Bruce N. Bjornstad 
Christopher F. Brown 
Ray E. Clayton 
Glendon W. Gee 
Keith N. Geisler 
Duane G. Horton 
Igor V. Kutnyakov 
David C. Lanigan 
George V. Last 
Virginia L. LeGore 
Michael J. Lindberg 
Kevin A. Lindsey 
Clark W. Lindenmeier 
Robert D. Orr 
Herbert T. Schaef 
Steven. C. Smith 
Michelle M. Valenta 
Tanya S. Vickerman 
Bruce A. Williams 
Teresa C. Wilson 

Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Kennedy / Jenks Consultants 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 

1.1.4.4 Science and Technology Participants 

Karsten Pruess 
Odeta S. Qafoku 
Charles T. Resch 
Sarah Roberts 
Steven C. Smith 
Carl L Steefel 

Gordon E. Brown, Jr. 
Susan Carroll 
Jeffrey G. Catalano 
Paul L. Gassman 
Glendon W. Gee 
Steven M. Heald 

Peter C. Lichtner 
Chongxuan Liu 
James P. McKinley 

Zheming Wang 
Anderson L. Ward 
Steve B. Yabusaki 
Zhuanfang L. Zhang 
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Lawrence Berkeley National Laboratory · 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Lawrence Livermore National Laboratory 
Pacific Northwest National Laboratory 
Lawrence Livermore National Laboratory Calvin C. Ainsworth 
Pacific Northwest National Laboratory 
Stanford University 
Lawrence Livermore National Laboratory 
Stanford University 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Argonne National Laboratory; Pacific Northwest National 
Laboratory 
Los Alamos National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 

Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
Pacific Northwest National Laboratory 
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