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EXECUTIVE SUMMARY 

 

This environmental model calculation provides the basis for evaluation and review of the 

screening analysis conducted with the process model as part of the Waste Management Area 

(WMA) A-AX performance assessment.  This environmental model calculation limits the 

discussion of input parameters and model development to those items necessary to indicate the 

changes from the base case parameters and the range of values evaluated in the screening 

analysis.  The basis of the model to perform the base case calculations, including inputs, is 

documented in RPP-RPT-60101, Model Package Report Flow and Contaminant Transport 

Numerical Model Used in WMA A-AX Performance Assessment and RCRA Closure Analysis1 

and RPP-CALC-63164, WMA A-AX Performance Assessment Contaminant Fate and Transport 

Process Model to Evaluate Impacts to Groundwater as required by the documentation 

requirements associated with the preparation and issue of environmental calculations.  The 

process model calculations are performed using the Subsurface Transport Over Multiple Phases 

(STOMP)2 simulator developed by Pacific Northwest National Laboratory to evaluate vadose 

and saturated zone flow and contaminant transport, particularly in arid environments 

(PNNL-12030, STOMP Subsurface Transport Over Multiple Phases Version 2.0 Theory Guide).  

Software used to conduct this analysis is registered on the Hanford Information System 

Inventory and is identified as operational.  On the basis of the analysis, contaminants with Kd 

values > 1.09 mL/g do not reach the water table within 1,000 years of closure, and contaminants 

with Kd values > 3.02 mL/g do not reach the water table within 10,000 years of closure.   

 

  

 
1
 RCRA = Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. 

2
 Subsurface Transport Over Multiple Phases (STOMP) is developed and distributed by Battelle Memorial Institute. 
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1 PURPOSE 

 

The purpose of the Waste Management Area (WMA) A-AX performance assessment (PA) is to 

support activities associated with the retrieval of waste and the eventual land fill closure of the 

tanks and ancillary equipment within WMA A-AX.  Process models provide detailed 

deterministic consideration of specific processes expected to be of importance for the analysis 

(DOE-STD-5002-2017, Disposal Authorization Statement and Tank Closure Documentation).  

Results from a deterministic process model base case often provide the basis to demonstrate that 

dose limits established by performance objectives identified in Chapter IV of DOE M 435.1-1, 

Radioactive Waste Management Manual are not exceeded (DOE-STD-5002-2017), and that 

simulated groundwater concentrations do not exceed applicable regulatory limits.   

 

The screening phase streamlines the past leak modeling effort and computation time by 

distinguishing those contaminants and radionuclides sufficiently mobile to impact groundwater 

during the compliance, sensitivity and uncertainty analysis timeframes from those that are not.  

The screening phase uses the three-dimensional (3-D) model construction to determine the 

maximum Kd value of contaminants contained within the WMA A-AX past leaks that reach the 

water table in 1,000 and 10,000 years.  The Kd screening evaluation includes the use of recharge 

parameter values that minimize travel time to groundwater to prevent the occurrence of a false 

negative, i.e., that a radionuclide or chemical that could impact groundwater within the 1,000- or 

10,000-year simulation time frames is screened from the 3-D fate and transport model 

evaluations.   

 

This environmental model calculation file (EMCF) is intended to read as a standalone document.  

However, that goal is balanced against duplicating content already contained in the supporting 

model package report (RPP-RPT-60101, Model Package Report Flow and Contaminant 

Transport Numerical Model Used in WMA A-AX Performance Assessment and RCRA Closure 

Analysis)3 and EMCF (RPP-CALC-63164, WMA A-AX Performance Assessment Contaminant 

Fate and Transport Process Model to Evaluate Impacts to Groundwater).  Therefore, this EMCF 

does not intend to provide exhaustive details of the context of the calculation, the background of 

the model development, or the generation of input data.  The supporting model package report 

includes those items.  This EMCF also does not intend to provide exhaustive details of the 

process model inputs that are addressed in RPP-CALC-63164.  Instead, the focus of this EMCF 

is on the changes from the base case necessary to conduct the screening evaluations.   

 

One of the functions of this EMCF is to document calculation details for review by an internal 

checker.  The organization of the document may differ from that which may seem more logical 

in other contexts.  Per EMCF requirements, the checker must be familiar with the type of 

calculations performed, and, in this case, the software structure and syntax of Subsurface 

Transport Over Multiple Phases (STOMP)4.   

  

 
3
 RCRA = Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. 

4
 Subsurface Transport Over Multiple Phases (STOMP) is developed and distributed by Battelle Memorial Institute. 
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2 BACKGROUND 

 

The WMA A-AX PA process model analysis evaluates the time-dependent groundwater flow in 

the vadose and saturated zones, concentrations in groundwater of 99Tc and 129I associated with 

the individual residual sources, and concentrations in groundwater for the entire WMA.  These 

time-dependent results are used to identify the peak concentration, both for the whole WMA and 

for each individual source.  The process model is also used to identify the point of calculation 

(PoCal) where the peak concentration occurs (RPP-CALC-63164).  This approach is intended to 

specifically address the requirements of Appendix I of the Hanford Federal Facility Agreement 

and Consent Order (Ecology et. al. 1989) that indicate that the PA needs to evaluate the relative 

risk of each component compared to the entire WMA performance.  

 

For the WMA A-AX past leak screening analysis, the process model evaluation is based on any 

non-zero radionuclide impact to groundwater.  This threshold represents the first indication of a 

groundwater impact, i.e., leading edge of a groundwater impact arrival time curve, rather than 

peak concentrations, which arrive later than the leading edge.  The groundwater arrival time 

screening criteria are only focused on whether there was any non-zero impact to groundwater 

within the time frames considered and are applied regardless of subsequent peak concentrations.  

The WMA A-AX past leak screening model analysis does not involve evaluating contaminant 

concentrations in groundwater.  The concentrations of 99Tc and 129I in groundwater presented in 

RPP-CALC-63164 are not reproduced here because they are not relevant to the screening 

analysis.   
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3 SUMMARY OF WASTE MANAGEMENT AREA A-AX SCREENING ANALYSIS 

METHOD 

 

For this screening analysis, the model domain and boundary condition types, geologic setting, 

vadose zone hydraulic properties, and groundwater domain and characteristics remain unchanged 

from the base case model and parameter values identified in RPP-CALC-63164.  To ensure that 

the screening analysis only excludes those contaminants that would only produce 

zero groundwater concentration values, screening involves applying the maximum recharge rates 

indicated in the uncertainty analysis associated with each type of surface in the 3-D vadose and 

saturated zone flow and transport model (RPP-CALC-63248, WMA A-AX Performance 

Assessment Flow and Transport Process Model Support of the Sensitivity Analysis).  However, 

the analysis in RPP-CALC-63248 addresses the safety function of the surface barrier on tank 

residual contamination after closure and does not alter the base case net infiltration values 

associated with disturbed ground during operations.  For the screening analysis, the net 

infiltration in all disturbed ground both in and around WMA A-AX and WMA C is assumed to 

be 150 mm/yr.  Table 3-1 provides a summary of the net infiltration values applicable to each 

type of surface in the screening analysis, and a comparison to the corresponding values applied 

in the base case (RPP-CALC-63164).   

 

Table 3-1.  Summary of Screening Analysis Net Infiltration Rates. 

Ground Surface Condition 
Net Infiltration (mm/yr) 

Screening Analysis Base Case 

Pre-Waste Management Area A-AX Construction and Undisturbed Ground 5.2 3.5 

Waste Management Area A-AX Ground During Operations 150 100 

Waste Management Area C Ground During Operations 150 100 

Disturbed Ground 150 63 

Design Life Surface Barrier 0.9 0.5 

Post-Design Life Surface Barrier 5.2 3.5 

 

For the screening analysis, the release of contaminants is unlimited by any mechanisms that 

would restrain the release, such as solubility limits, metal precipitation, or contaminant 

sequestration from the advective flow path.  The surrogate contaminants are available for 

advective transport according to the equilibrium Kd.  The leaks and release of the surrogate 

contaminants in the source area occur during the time the tank 241-A-104 and tank 241-A-105 

leaks occurred, according to RPP-ENV-37956, Hanford 241-A and 241-AX Tank Farms Leak 

Inventory Assessment Report.  A hypothetical leak at tank 241-AX-102 is included in the 

screening analysis and is assumed to occur at the same time as the tank 241-A-105 leak occurred.  

The volumes estimated for the tank 241-A-104 and tank 241-A-105 leaks, and the volume 

previously for the tank 241-AX-102 leak (RPP-RPT-61279, Single-Shell Tank Farm Leak and 

Release Volume and Inventory Assessments Summary 2021), are included in the screening 

analysis.  Table 3-2 provides a summary of the past leak volumes and timing applicable to past 

leaks included in the screening analysis.  The estimated leak volumes at tank 241-A-104 and 
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tank 241-A-105 represent the revised estimates provided in Table ES-1 of RPP-RPT-61279.  The 

tank 241-A-105 leak volume includes the upper bound of the revised leak estimate (40,000 gal 

[151,400 L]) and the estimated 232,000 gallons (878,100 L) of added cooling water that may 

have leaked from the tank.  The hypothetical leak volume at tank 241-AX-102 represents the 

volume previously estimated in HNF-EP-0182, Waste Tank Summary Report for Month Ending 

January 31, 2014, as cited in RPP-RPT-61279. 

 

Table 3-2.  Summary of Screening Analysis Past Leaks. 

Tank Timing of Leak (Calendar Year) Quantity of Leak (Gallons [Liters]) 

241-A-104 1975 2,000 [7,570] 

241-A-105 1963
a
 272,000 [1,029,520] 

241-AX-102 1963
b
 3,000 [11,335] 

a
 At least three leak events occurred with tank 241-A-105, the first of which occurred in 1963.  

b
 Tank 241-AX-102 was believed to have leaked in 1988 but is assumed to have leaked in 1963 for 

the purpose of the screening analysis.  

 

RPP-ENV-37956, Hanford 241-A AND 241-AX Tank Farms Leak Inventory Assessment Report. 
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4 VADOSE ZONE FLOW SCREENING ASSUMPTIONS AND 

PARAMETERIZATION 

 

RPP-RPT-60101 and RPP-CALC-63164 describe and provide the explanation for the process 

model parameters and values assigned, including boundary and initial conditions.  

RPP-RPT-60101 contains the description and exposition of the data sources and data quality, and 

RPP-CALC-63164 includes tables of process model input values structured to mimic the input 

requirements of STOMP.  Section 4.3 of RPP-CALC-63164 contains the process model inputs, 

with Section 4.3.1 identifying the gridding, zonation and initial conditions, Section 4.3.2 

presenting the soil hydraulic properties, Section 4.3.3 defining the boundary conditions, 

Section 4.3.4 presenting the radionuclide and contaminant transport properties, and Section 4.3.5 

summarizing the radionuclide and contaminant source and release.  These inputs are not repeated 

in this document, other than to identify changes involved with the screening analysis.   

 

Although the assumption in RPP-CALC-63164 is that closure occurs and the surface barrier is 

constructed in 2050, WMA A-AX is assumed to close and have a closure surface barrier 

constructed in 2070 for the purpose of the screening analysis.  WMA A-AX is adjacent to several 

double-shell tanks (DSTs) and tank farms, and it is assumed that WMA A-AX will be under the 

same closure surface barrier that will not be installed until the neighboring DSTs and tank farms 

are retrieved and closed.  The assumption of closure in 2070 is consistent with Baseline Case 

(Scenario 1) in ORP-11242, River Protection Project System Plan, Rev. 9 and Scenario 1a 

(Baseline Case with unconstrained funding) in ORP-11242, Rev. 10.  The Baseline Case 

represents DOE’s current plans for completing the tank farm work at Hanford.  The Baseline 

Case (ORP-11242, Rev. 9) assumes that all single-shell tanks are projected to be retrieved by 

2061 and closed by 2065, and that all DSTs are projected to be retrieved by 2065 and closed by 

20705.  Revision 10 of ORP-11242 was issued in December 2023, coincident with the production 

of this EMCF.  In ORP-11242, Rev. 10, Scenario 1 (Baseline Case), the single-shell tanks are 

projected to be retrieved by 2058 and closed by 20626 (i.e., sooner than is assumed in 

ORP-11242, Rev. 9).  The DSTs are projected to be retrieved by 2069 and closed by 2074 

(i.e., later than is assumed in ORP-11242, Rev. 9).  If funding is unconstrained (Scenario 1a in 

Rev. 10), then the DSTs are projected to be closed by 2070.  As the assumed date of closure 

appears to be subject to frequent change in the revisions of ORP-11242, the assumed date of 

2070 appears to be reasonable for this screening analysis and consistent with site planning 

activity. 

 

The screening analysis cases conducted using the 3-D STOMP process model involve changes in 

net infiltration and distribution coefficient (Kd) from the base case parameters described in 

RPP-RPT-60101 and RPP-CALC-63164, plus the introduction of source terms that represent the 

past leaks at tanks 241-A-104 and 241-A-105 and the hypothetical leak at tank 241-AX-102.  

The source term includes non-decaying surrogate contaminants that represent a range of 

distribution coefficient values.  Changes in net infiltration are addressed in the boundary 

condition cards.  Neumann-type boundary conditions impose specified aqueous fluxes through 

the top-face external area of grid-cell surfaces that represent ground surface in the model to 

 
5
 See Table ES-4, “Comparison of Key Scenario Results” in ORP-11242, Rev. 9. 

6
 See Table ES-4, “Comparison of Key Scenario Results” in ORP-11242, Rev. 10. 
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approximate the net infiltration that becomes recharge.  These boundary conditions vary in both 

time and space because of changes that have occurred or are assumed to occur to the ground 

surface, as indicated in Table 3-1.  During the preconditioning stages before any surface 

disturbances occur, the net infiltration remains a uniform 5.2 mm/yr (Table 4-1 and Table 4-2).  

When surfaces become disturbed during the operations period, the net infiltration increases to 

150 mm/yr, regardless of whether the surface was just disturbed or became a tank farm.  As 

indicated in Table 4-3, certain areas became disturbed prior to becoming a tank farm.  Changes 

in net infiltration occur as step changes.   

 

During the post-closure period that is assumed to begin in 2070, the surface conditions vary in 

one of two ways.  The tank farm surfaces are assumed to receive a barrier in 2070, and the 

surrounding disturbed surfaces are assumed to undergo revegetation in 2080.  For surfaces that 

receive a barrier, the net infiltration decreases to 0.9 mm/yr for 500 years, and then increases to 

5.2 mm/yr for the duration of the simulation (Table 4-3).  The changes in net infiltration at the 

tank farms occur as step changes.  For the surrounding surfaces that undergo revegetation, 

revegetation is assumed to begin 10 years after tank farm closure, i.e., not until 2080.  The net 

infiltration decreases to 5.2 mm/yr, but the decrease occurs linearly from the disturbed rate of 

150 mm/yr to 5.2 mm/yr during the 30 years it is assumed that revegetation requires (Table 4-3). 

 

The three past tank leaks included in the screening analysis (Table 3-2) are introduced into the 

model domain in the nodes that represent the vadose zone immediately beneath the base of each 

tank.  The aqueous quantity associated with each leak and the unit surrogate contaminant source, 

e.g., 1 kg, are distributed equally among the 32 nodes under the tanks (Table 4-4).  The release of 

contaminants is considered to be advective and entered as a discrete mass source.  The surrogate 

contaminants are available for advective transport according to the equilibrium Kd.  The Kd 

values shown in Table 4-5 include gravel correction, as discussed in Section 3.1.6.2 in 

RPP-RPT-60101.   
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Table 4-1.  Boundary Conditions of the First Steady-State Preconditioning Stage of the Three-Dimensional Waste 

Management Area A-AX Flow and Transport Screening Model. 

Boundary 

Condition 

Number 

External 

File or 

Surface 

Orientation 

Keyword 

External File Name 

Aqueous 

Boundary 

Condition 

Option 

I, J, K Index 

Start and End 

Number 

of Time 

Periods 

Time 

Period 
Time 

Time 

Units 

Boundary 

Condition 

Value 

Boundary 

Condition 

Units 

1 file tank_farm_a_backfill.lst neumann N/A 1 1 0 year -5.20 mm/yr 

2 file tank_farm_an_backfill.lst neumann N/A 1 1 0 year -5.20 mm/yr 

3 file tank_farm_ap_backfill.lst neumann N/A 1 1 0 year -5.20 mm/yr 

4 file tank_farm_aw_backfill.lst neumann N/A 1 1 0 year -5.20 mm/yr 

5 file tank_farm_ax_backfill.lst neumann N/A 1 1 0 year -5.20 mm/yr 

6 file tank_farm_az_backfill.lst neumann N/A 1 1 0 year -5.20 mm/yr 

7 file wma_aax_disturbed_01.lst neumann N/A 1 1 0 year -5.20 mm/yr 

8 file wma_aax_disturbed_02.lst neumann N/A 1 1 0 year -5.20 mm/yr 

9 file wma_aax_disturbed_03.lst neumann N/A 1 1 0 year -5.20 mm/yr 

10 file wma_aax_resurfaced_01.lst neumann N/A 1 1 0 year -5.20 mm/yr 

11 file wma_aax_resurfaced_02.lst neumann N/A 1 1 0 year -5.20 mm/yr 

12 file wma_aax_resurfaced_03.lst neumann N/A 1 1 0 year -5.20 mm/yr 

13 file westaquifer_ccg.lst neumann N/A 1 1 0 year 0.139E+00 m/d 

14 file westaquifer_rua.lst neumann N/A 1 1 0 year 0.764E-05 m/d 

15 east N/A 
seepage 

face 

100,100,1,120, 

6,19 
1 1 0 year 217583.25 Pa 

East boundary water table elevation = 119.495937 m (see note in Table 4-3 of RPP-CALC-63164, WMA A-AX Performance Assessment Contaminant Fate and Transport 

Process Model to Evaluate Impacts To Groundwater). 

Elevation of bottommost active layer (K=6) = 95.25 m +3 m+2.5 m+2.25 m+2 m+1.75 m + (1.75 m)/2 = 107.625 m (see note in Table 4-8 of RPP-CALC-63164; Z-Direction 

Grid Cells, k =1 to 6):  101325 Pa + (119.495937 m – 107.625 m * 9793.52 Pa/m = 217583.25 Pa. 

 

N/A  =  not applicable 
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Table 4-2.  Boundary Conditions of the Second Steady-State Preconditioning Stage of the Three-Dimensional Waste 

Management Area A-AX Flow and Transport Screening Model.  (2 sheets) 

Boundary 

Condition 

Number 

External 

File or 

Surface 

Orientation 

Keyword 

External File Name 

Aqueous 

Boundary 

Condition 

Option 

I, J, K Index 

Start and End 

Number 

of Time 

Periods 

Time 

Period 
Time 

Time 

Units 

Boundary 

Condition 

Value 

Boundary 

Condition 

Units 

1 file tank_farm_a_backfill.lst neumann N/A 1 1 0 year -5.20 mm/yr 

2 file tank_farm_an_backfill.lst neumann N/A 1 1 0 year -5.20 mm/yr 

3 file tank_farm_ap_backfill.lst neumann N/A 1 1 0 year -5.20 mm/yr 

4 file tank_farm_aw_backfill.lst neumann N/A 1 1 0 year -5.20 mm/yr 

5 file tank_farm_ax_backfill.lst neumann N/A 1 1 0 year -5.20 mm/yr 

6 file tank_farm_az_backfill.lst neumann N/A 1 1 0 year -5.20 mm/yr 

7 file wma_aax_disturbed_01.lst neumann N/A 1 1 0 year -5.20 mm/yr 

8 file wma_aax_disturbed_02.lst neumann N/A 1 1 0 year -5.20 mm/yr 

9 file wma_aax_disturbed_03.lst neumann N/A 1 1 0 year -5.20 mm/yr 

10 file wma_aax_resurfaced_01.lst neumann N/A 1 1 0 year -5.20 mm/yr 

11 file wma_aax_resurfaced_02.lst neumann N/A 1 1 0 year -5.20 mm/yr 

12 file wma_aax_resurfaced_03.lst neumann N/A 1 1 0 year -5.20 mm/yr 

13 file westaquifer_ccg.lst neumann N/A 1 1 0 year 0.139E+00 m/d 

14 file westaquifer_rua.lst neumann N/A 1 1 0 year 0.764E-05 m/d 

15 east N/A 
seepage 

face 

100,100,1,120,

6,19 
1 1 0 year 217583.25 Pa 

16 south N/A 
initial 

condition 
1,100,1,1,6,19 1 1 0.00 year N/A N/A 

17 north N/A 
initial 

condition 

58,100,120,120,

6,6 
1 1 0.00 year N/A N/A 
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Table 4-2.  Boundary Conditions of the Second Steady-State Preconditioning Stage of the Three-Dimensional Waste 

Management Area A-AX Flow and Transport Screening Model.  (2 sheets) 

Boundary 

Condition 

Number 

External 

File or 

Surface 

Orientation 

Keyword 

External File Name 

Aqueous 

Boundary 

Condition 

Option 

I, J, K Index 

Start and End 

Number 

of Time 

Periods 

Time 

Period 
Time 

Time 

Units 

Boundary 

Condition 

Value 

Boundary 

Condition 

Units 

18 north N/A 
initial 

condition 

35,100,120,120,

7,7 
1 1 0.00 year N/A N/A 

19 north N/A 
initial 

condition 

19,100,120,120,

8,8 
1 1 0.00 year N/A N/A 

20 north N/A 
initial 

condition 

11,100,120,120,

9,9 
1 1 0.00 year N/A N/A 

21 north N/A 
initial 

condition 

6,100,120,120,

10,10 
1 1 0.00 year N/A N/A 

22 north N/A 
initial 

condition 

2,100,120,120,

11,11 
1 1 0.00 year N/A N/A 

23 north N/A 
initial 

condition 

1,100,120,120,

12,19 
1 1 0.00 year N/A N/A 

East boundary water table elevation = 119.495937 m (see note in Table 4-3 of RPP-CALC-63164, WMA A-AX Performance Assessment Contaminant Fate and Transport 

Process Model to Evaluate Impacts To Groundwater). 

Elevation of bottommost active layer (K=6) = 95.25 m +3 m+2.5 m+2.25 m+2 m+1.75 m + (1.75 m)/2 = 107.625 m (see note in Table 4-8 of RPP-CALC-63164; Z-Direction 

Grid Cells, k =1 to 6) 

101325 Pa + (119.495937 m – 107.625 m * 9793.52 Pa/m = 217583.25 Pa. 

 

N/A  =  not applicable 
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Table 4-3.  Boundary Conditions of the Operations Period of the Three-Dimensional Waste Management Area A-AX Flow 

and Transport Screening Model.  (6 sheets) 

Boundary 

Condition 

Number 

External 

File or 

Surface 

Orientation 

Keyword 

External File Name 

Aqueous 

Boundary 

Condition 

Option 

I, J, K 

Index Start 

and End 

Number 

of Time 

Periods 

Time 

Period 
Time 

Time 

Units 

Boundary 

Condition 

Value 

Boundary 

Condition 

Units 

1 file tank_farm_a_backfill.lst neumann N/A 8 

1 1943 year -5.2 mm/yr 

2 1954 year -5.2 mm/yr 

3 1954 year -150 mm/yr 

4 2070 year -150 mm/yr 

5 2070 year -0.9 mm/yr 

6 2570 year -0.9 mm/yr 

7 2570 year -5.2 mm/yr 

8 12070 year -5.2 mm/yr 

2 file tank_farm_an_backfill.lst neumann N/A 10 

1 1943 year -5.2 mm/yr 

2 1963 year -5.2 mm/yr 

3 1963 year -150 mm/yr 

4 1977 year -150 mm/yr 

5 1977 year -150 mm/yr 

6 2070 year -150 mm/yr 

7 2070 year -0.9 mm/yr 

8 2570 year -0.9 mm/yr 

9 2570 year -5.2 mm/yr 

10 12070 year -5.2 mm/yr 
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Table 4-3.  Boundary Conditions of the Operations Period of the Three-Dimensional Waste Management Area A-AX Flow 

and Transport Screening Model.  (6 sheets) 

Boundary 

Condition 

Number 

External 

File or 

Surface 

Orientation 

Keyword 

External File Name 

Aqueous 

Boundary 

Condition 

Option 

I, J, K 

Index Start 

and End 

Number 

of Time 

Periods 

Time 

Period 
Time 

Time 

Units 

Boundary 

Condition 

Value 

Boundary 

Condition 

Units 

3 file tank_farm_ap_backfill.lst neumann N/A 8 

1 1943 year -5.2 mm/yr 

2 1982 year -5.2 mm/yr 

3 1982 year -150 mm/yr 

4 2070 year -150 mm/yr 

5 2070 year -0.9 mm/yr 

6 2570 year -0.9 mm/yr 

7 2570 year -5.2 mm/yr 

8 12070 year -5.2 mm/yr 

4 file tank_farm_aw_backfill.lst neumann N/A 10 

1 1943 year -5.2 mm/yr 

2 1953 year -5.2 mm/yr 

3 1953 year -150 mm/yr 

4 1976 year -150 mm/yr 

5 1976 year -150 mm/yr 

6 2070 year -150 mm/yr 

7 2070 year -0.9 mm/yr 

8 2570 year -0.9 mm/yr 

9 2570 year -5.2 mm/yr 

10 12070 year -5.2 mm/yr 
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Table 4-3.  Boundary Conditions of the Operations Period of the Three-Dimensional Waste Management Area A-AX Flow 

and Transport Screening Model.  (6 sheets) 

Boundary 

Condition 

Number 

External 

File or 

Surface 

Orientation 

Keyword 

External File Name 

Aqueous 

Boundary 

Condition 

Option 

I, J, K 

Index Start 

and End 

Number 

of Time 

Periods 

Time 

Period 
Time 

Time 

Units 

Boundary 

Condition 

Value 

Boundary 

Condition 

Units 

5 file tank_farm_ax_backfill.lst neumann N/A 10 

1 1943 year -5.2 mm/yr 

2 1954 year -5.2 mm/yr 

3 1954 year -150 mm/yr 

4 1963 year -150 mm/yr 

5 1963 year -150 mm/yr 

6 2070 year -150 mm/yr 

7 2070 year -0.9 mm/yr 

8 2570 year -0.9 mm/yr 

9 2570 year -5.2 mm/yr 

10 12070 year -5.2 mm/yr 

6 file tank_farm_az_backfill.lst neumann N/A 10 

1 1943 year -5.2 mm/yr 

2 1954 year -5.2 mm/yr 

3 1954 year -150 mm/yr 

4 1970 year -150 mm/yr 

5 1970 year -150 mm/yr 

6 2070 year -150 mm/yr 

7 2070 year -0.9 mm/yr 

8 2570 year -0.9 mm/yr 

9 2570 year -5.2 mm/yr 

10 12070 year -5.2 mm/yr 
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Table 4-3.  Boundary Conditions of the Operations Period of the Three-Dimensional Waste Management Area A-AX Flow 

and Transport Screening Model.  (6 sheets) 

Boundary 

Condition 

Number 

External 

File or 

Surface 

Orientation 

Keyword 

External File Name 

Aqueous 

Boundary 

Condition 

Option 

I, J, K 

Index Start 

and End 

Number 

of Time 

Periods 

Time 

Period 
Time 

Time 

Units 

Boundary 

Condition 

Value 

Boundary 

Condition 

Units 

7 file wma_aax_disturbed_01.lst neumann N/A 6 

1 1943 year -5.2 mm/yr 

2 1953 year -5.2 mm/yr 

3 1953 year -150 mm/yr 

4 2080 year -150 mm/yr 

5 2110 year -5.2 mm/yr 

6 12070 year -5.2 mm/yr 

8 file wma_aax_disturbed_02.lst neumann N/A 6 

1 1943 year -5.2 mm/yr 

2 1954 year -5.2 mm/yr 

3 1954 year -150 mm/yr 

4 2080 year -150 mm/yr 

5 2110 year -5.2 mm/yr 

6 12070 year -5.2 mm/yr 

9 file wma_aax_disturbed_03.lst neumann N/A 6 

1 1943 year -5.2 mm/yr 

2 1977 year -5.2 mm/yr 

3 1977 year -150 mm/yr 

4 2080 year -150 mm/yr 

5 2110 year -5.2 mm/yr 

6 12070 year -5.2 mm/yr 

RPP-CALC-66043 Rev.00 7/29/2024 - 2:00 PM 29 of 64



 

   

4
-1

0
 

R
P

P
-C

A
L

C
-6

6
0
4
3

, R
ev

. 0
 

Table 4-3.  Boundary Conditions of the Operations Period of the Three-Dimensional Waste Management Area A-AX Flow 

and Transport Screening Model.  (6 sheets) 

Boundary 

Condition 

Number 

External 

File or 

Surface 

Orientation 

Keyword 

External File Name 

Aqueous 

Boundary 

Condition 

Option 

I, J, K 

Index Start 

and End 

Number 

of Time 

Periods 

Time 

Period 
Time 

Time 

Units 

Boundary 

Condition 

Value 

Boundary 

Condition 

Units 

10 file wma_aax_resurfaced_01.lst neumann N/A 4 

1 1943 year -5.2 mm/yr 

2 1953 year -5.2 mm/yr 

3 1953 year -150 mm/yr 

4 2080 year -150 mm/yr 

5 2110 year -5.2 mm/yr 

6 12070 year -5.2 mm/yr 

11 file wma_aax_resurfaced_02.lst neumann N/A 4 

1 1943 year -5.2 mm/yr 

2 1953 year -5.2 mm/yr 

3 1953 year -150 mm/yr 

4 2080 year -150 mm/yr 

5 2110 year -5.2 mm/yr 

6 12070 year -5.2 mm/yr 

12 file wma_aax_resurfaced_03.lst neumann N/A 4 

1 1943 year -5.2 mm/yr 

2 1982 year -5.2 mm/yr 

3 1982 year -150 mm/yr 

4 2080 year -150 mm/yr 

5 2110 year -5.2 mm/yr 

6 12070 year -5.2 mm/yr 

13 file westaquifer_ccg.lst neumann N/A 1 1 1943 year 0.139 m/d 

14 file westaquifer_rua.lst neumann N/A 1 1 1943 year 7.64E-06 m/d 
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Table 4-3.  Boundary Conditions of the Operations Period of the Three-Dimensional Waste Management Area A-AX Flow 

and Transport Screening Model.  (6 sheets) 

Boundary 

Condition 

Number 

External 

File or 

Surface 

Orientation 

Keyword 

External File Name 

Aqueous 

Boundary 

Condition 

Option 

I, J, K 

Index Start 

and End 

Number 

of Time 

Periods 

Time 

Period 
Time 

Time 

Units 

Boundary 

Condition 

Value 

Boundary 

Condition 

Units 

15 east N/A 
seepage 

face 

100,100,1, 

120,6,19 
1 1 1943 year 217583.25 Pa 

16 south N/A 
initial 

condition 

1,100,1,1,6, 

19 
1 1 1943 year N/A N/A 

17 north N/A 
initial 

condition 

58,100,120, 

120,6,6 
1 1 1943 year N/A N/A 

18 north N/A 
initial 

condition 

35,100,120, 

120,7,7 
1 1 1943 year N/A N/A 

19 north N/A 
initial 

condition 

19,100,120, 

120,8,8 
1 1 1943 year N/A N/A 

20 north N/A 
initial 

condition 

11,100,120, 

120,9,9 
1 1 1943 year N/A N/A 

21 north N/A 
initial 

condition 

6,100,120, 

120,10,10 
1 1 1943 year N/A N/A 

22 north N/A 
initial 

condition 

2,100,120, 

120,11,11 
1 1 1943 year N/A N/A 

23 north N/A 
initial 

condition 

1,100,120, 

120,12,19 
1 1 1943 year N/A N/A 

N/A  =  not applicable 
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Table 4-4.  Aqueous and Solute Source in the Three-Dimensional Waste Management Area A-AX Flow and Transport 

Screening Model. 

241-A-104 

Indices 

Aqueous 

Volumetric Source 

Aqueous Volumetric 

Source Units 

Solute 

Source 

Solute Source 

Units* 

Beginning 

Year 

Ending 

Year 

Cumulative 

Volume (L) 

Cumulative 

Solute (---*) 

41, 44, 39, 39, 104, 104 236.5625 L/yr 0.03125 1/yr 1975 1976 946.25 0.125 

40, 45, 40, 40, 104, 104 236.5625 L/yr 0.03125 1/yr 1975 1976 1419.375 0.1875 

40, 45, 41, 41, 104, 104 236.5625 L/yr 0.03125 1/yr 1975 1976 1419.375 0.1875 

40, 45, 42, 42, 104, 104 236.5625 L/yr 0.03125 1/yr 1975 1976 1419.375 0.1875 

40, 45, 43, 43, 104, 104 236.5625 L/yr 0.03125 1/yr 1975 1976 1419.375 0.1875 

41, 44, 44, 44, 104, 104 236.5625 L/yr 0.03125 1/yr 1975 1976 946.25 0.125 

Total       7570 1 

241-A-105 

Indices 

Aqueous 

Volumetric Source 

Aqueous Volumetric 

Source Units 

Solute 

Source 

Solute Source 

Units* 

Beginning 

Year 

Ending 

Year 

Cumulative 

Volume (L) 

Cumulative 

Solute (---*) 

46, 49, 44, 44, 104, 104 32172.5 L/yr 0.03125 1/yr 1963 1964 128690 0.125 

45, 50, 45, 45, 104, 104 32172.5 L/yr 0.03125 1/yr 1963 1964 193035 0.1875 

45, 50, 46, 46, 104, 104 32172.5 L/yr 0.03125 1/yr 1963 1964 193035 0.1875 

45, 50, 47, 47, 104, 104 32172.5 L/yr 0.03125 1/yr 1963 1964 193035 0.1875 

45, 50, 48, 48, 104, 104 32172.5 L/yr 0.03125 1/yr 1963 1964 193035 0.1875 

46, 49, 49, 49, 104, 104 32172.5 L/yr 0.03125 1/yr 1963 1964 128690 0.125 

Total       1029520 1 

241-AX-102 

Indices 

Aqueous 

Volumetric Source 

Aqueous Volumetric 

Source Units 

Solute 

Source 

Solute Source 

Units* 

Beginning 

Year 

Ending 

Year 

Cumulative 

Volume (L) 

Cumulative 

Solute (---*) 

41, 44, 69, 69, 102, 102 354.84375 L/yr 0.03125 1/yr 1963 1964 1419.375 0.125 

40, 45, 70, 70, 102, 102 354.84375 L/yr 0.03125 1/yr 1963 1964 2129.0625 0.1875 

40, 45, 71, 71, 102, 102 354.84375 L/yr 0.03125 1/yr 1963 1964 2129.0625 0.1875 

40, 45, 72, 72, 102, 102 354.84375 L/yr 0.03125 1/yr 1963 1964 2129.0625 0.1875 

40, 45, 73, 73, 102, 102 354.84375 L/yr 0.03125 1/yr 1963 1964 2129.0625 0.1875 

41, 44, 74, 74, 102, 102 354.84375 L/yr 0.03125 1/yr 1963 1964 1419.375 0.125 

Total       11355 1 
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Table 4-5.  Radionuclide Solute Porous Media Transport Properties of the Three-Dimensional Waste Management 

Area A-AX Flow and Transport Screening Model.  (2 sheets) 

Screening 

Surrogate 

Solid-

Aqueous 

Partition 

Coefficient 

Solid-Aqueous 

Partition 

Coefficient 

Units 

Solid-

Aqueous 

Partition 

Coefficient 

Solid-Aqueous 

Partition 

Coefficient 

Units 

Solid-

Aqueous 

Partition 

Coefficient 

Solid-Aqueous 

Partition 

Coefficient 

Units 

Solid-Aqueous 

Partition 

Coefficient 

Solid-Aqueous 

Partition 

Coefficient Units 

 Eolian 241-A Tank Farm Backfill 241-AX Tank Farm Backfill Hanford Formation Unit 1 Gravelly Sand 

kd140 1.33 mL/g 0.588 mL/g 1.302 mL/g 1.33 mL/g 

kd160 1.52 mL/g 0.672 mL/g 1.488 mL/g 1.52 mL/g 

kd200 1.9 mL/g 0.84 mL/g 1.86 mL/g 1.9 mL/g 

kd240 2.28 mL/g 1.008 mL/g 2.232 mL/g 2.28 mL/g 

kd115 1.0925 mL/g 0.483 mL/g 1.0695 mL/g 1.0925 mL/g 

kd125 1.1875 mL/g 0.525 mL/g 1.1625 mL/g 1.1875 mL/g 

kd285 2.7075 mL/g 1.197 mL/g 2.6505 mL/g 2.7075 mL/g 

kd300 2.85 mL/g 1.26 mL/g 2.79 mL/g 2.85 mL/g 

 Ringold E Vadose Ringold LM Vadose Ringold A Vadose Cold Creek Gravel Aquifer 

kd140 1.33 mL/g 0.476 mL/g 1.4 mL/g 0.476 mL/g 

kd160 1.52 mL/g 0.544 mL/g 1.6 mL/g 0.544 mL/g 

kd200 1.9 mL/g 0.68 mL/g 2.0 mL/g 0.68 mL/g 

kd240 2.28 mL/g 0.816 mL/g 2.4 mL/g 0.816 mL/g 

kd115 1.0925 mL/g 0.391 mL/g 1.15 mL/g 0.391 mL/g 

kd125 1.1875 mL/g 0.425 mL/g 1.25 mL/g 0.425 mL/g 

kd285 2.7075 mL/g 0.969 mL/g 2.85 mL/g 0.969 mL/g 

kd300 2.85 mL/g 1.02 mL/g 3.0 mL/g 1.02 mL/g 
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Table 4-5.  Radionuclide Solute Porous Media Transport Properties of the Three-Dimensional Waste Management 

Area A-AX Flow and Transport Screening Model.  (2 sheets) 

Screening 

Surrogate 

Solid-

Aqueous 

Partition 

Coefficient 

Solid-Aqueous 

Partition 

Coefficient 

Units 

Solid-

Aqueous 

Partition 

Coefficient 

Solid-Aqueous 

Partition 

Coefficient 

Units 

Solid-

Aqueous 

Partition 

Coefficient 

Solid-Aqueous 

Partition 

Coefficient 

Units 

Solid-Aqueous 

Partition 

Coefficient 

Solid-Aqueous 

Partition 

Coefficient Units 

 Ringold E Vadose Ringold LM Vadose Ringold A Vadose Cold Creek Gravel Aquifer 

kd140 0.476 mL/g 1.4 mL/g 0.476 mL/g 0.476 mL/g 

kd160 0.544 mL/g 1.6 mL/g 0.544 mL/g 0.544 mL/g 

kd200 0.68 mL/g 2.0 mL/g 0.68 mL/g 0.68 mL/g 

kd240 0.816 mL/g 2.4 mL/g 0.816 mL/g 0.816 mL/g 

kd115 0.391 mL/g 1.15 mL/g 0.391 mL/g 0.391 mL/g 

kd125 0.425 mL/g 1.25 mL/g 0.425 mL/g 0.425 mL/g 

kd285 0.969 mL/g 2.85 mL/g 0.969 mL/g 0.969 mL/g 

kd300 1.02 mL/g 3.0 mL/g 1.02 mL/g 1.02 mL/g 

 Ringold E Aquifer Ringold LM Aquifer Ringold A Aquifer Basalt 

kd140 0.476 mL/g 1.4 mL/g 0.476 mL/g 1.4 mL/g 

kd160 0.544 mL/g 1.6 mL/g 0.544 mL/g 1.6 mL/g 

kd200 0.68 mL/g 2.0 mL/g 0.68 mL/g 2.0 mL/g 

kd240 0.816 mL/g 2.4 mL/g 0.816 mL/g 2.4 mL/g 

kd115 0.391 mL/g 1.15 mL/g 0.391 mL/g 1.15 mL/g 

kd125 0.425 mL/g 1.25 mL/g 0.425 mL/g 1.25 mL/g 

kd285 0.969 mL/g 2.85 mL/g 0.969 mL/g 2.85 mL/g 

kd300 1.02 mL/g 3.0 mL/g 1.02 mL/g 3.0 mL/g 
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5 SOFTWARE APPLICATIONS 

 

The WMA A-AX screening analysis evaluation requires calculations of the first arrival of 

contaminants at the water table around WMA A-AX.  The software used to perform these 

calculations is consistent with the software that is used for other environmental models 

developed for Washington River Protection Solutions (WRPS).  The software used to perform 

these calculations is registered in Hanford Information System Inventory (HISI) and is identified 

as operational. 

 

 

 SUBSURFACE TRANSPORT OVER MULTIPLE PHASES (STOMP) 

 

TOC-STOMP©7 (HISI entry 5399) was developed for these types of applications.  The 

WMA A-AX screening analysis implementation of TOC-STOMP to perform calculations 

satisfies and complies with environmental quality assurance requirements indicated by Title 10, 

Code of Federal Regulations (CFR), Part 830, “Nuclear Safety Management” (10 CFR 830), 

Subpart A—Quality Assurance Requirements; DOE O 414.1D, Quality Assurance; and State and 

Federal environmental regulations.   

 

• Software Title:  TOC-STOMP  

 

• Software Version:  Build 09 

 

• HISI Identification Number:  5399 (Safety Software S3, graded Level B) 

 

• Computational Platform 1:  GAIA Subsurface Modeling Platform hosted by Hanford 

Mission Integration Solutions (HMIS) 

 

− 10 Dell®8 R740 (2U) Servers, each with: 

 

o Two Intel Xeon®9 Platinum 28-core processors @ 2.5 GHz 

o 768 GBytes RAM 

o 1 TByte SSD disk 

o Quad 10 GbpE, Base-T Ethernet ports 

o Dual, Hot-plug, Redundant Power Supply (1100W) 

 

− Head node (one of the 10) also has 10 TB hard drive 

 

− Two 10 Gbps Cisco Nexus®10 9300 switches to support intensive I/O 

communication between nodes 

 

 
7
 Subsurface Transport Over Multiple Phases (STOMP©) is copyrighted by Battelle Memorial Institute, 1996. 

8
 Dell® and PowerEdge® are registered trademarks of Dell, Inc., Rock Round, Texas. 

9
 Intel Xeon® is a registered trademark of the Intel Corporation, Santa Clara, California. 

10
 Cisco Nexus® is a registered trademark of Cisco Technology, San Jose, California. 
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− Operating System; All nodes:  Linux®11 version 3.10.0-1160.25.1.el7.x86_64 #1 

SMP Wed Apr 28 21:49:45 UTC 2021 x86_64x86_64 x86_64 GNU/Linux 

 

− Approved User:  W. J. (Bill) McMahon. 

 

The software installation and checkout form for TOC-STOMP is provided in Attachment 1 in 

this EMCF. 

 

 

 MICROSOFT® EXCEL® 

 

Microsoft® Excel®12 is used to build spreadsheets to post-process the model results and perform 

groundwater time series concentration and mass balance calculations.  Microsoft® Excel® is a 

“Site Licensed Client Software,” and is exempt from formal control requirements of WRPS 

software management procedures.  The spreadsheets serve as desktop calculators and are not 

intended to be reused.  Therefore, the requirements of the WRPS software management 

procedures do not apply to this application of Microsoft® Excel®.  Consistent with WRPS’s 

proceduralized environmental modeling workflow, all calculations performed in Microsoft® 

Excel® are checked by an independent reviewer capable of performing the calculations. 

 

 

 STATEMENT OF VALID SOFTWARE APPLICATION 

 

The WMA A-AX screening analysis evaluation requires calculations of the first arrival of 

contaminants at the water table around WMA A-AX.  TOC-STOMP and Excel® are appropriate 

software codes to use for this application.  STOMP was developed for these types of 

applications, among others.  STOMP is used to solve the Richards equation and the 

Advection-Dispersion equation that govern water flow and solute transport, respectively, under 

variably saturated conditions in the vadose zone and groundwater.   

 

Approved users of TOC-STOMP are registered in HISI, and the HISI entries for TOC-STOMP 

(#5399) identify W. J. (Bill) McMahon as an authorized user. 

 

RPP-PLAN-65606, Software Management Plan for Grade B Acquired Configurable Software 

TOC-STOMP requires that a “STOMP Options Analysis” be prepared and reported to identify all 

invoked options in a STOMP input file and the Nuclear Quality Assurance (NQA)-1 testing 

status of options reported by the software vendor, Pacific Northwest National Laboratory 

(PNNL).  This ensures that only NQA-1 qualified options of the STOMP code are used in a 

quality-affecting calculation.  The STOMP Options Analysis for this EMCF is provided in 

Attachment 3, and indicates no unqualified options were used in this calculation. 

 

 
11

 Linux® is a registered trademark of Linus Torvalds (individual), Boston, Massachusetts. 
12

 Microsoft® and Excel® are registered trademarks of the Microsoft Corporation in the United States and other 

countries. 
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6 VADOSE ZONE FLOW SCREENING RESULTS AND ANALYSIS 

 

The results of the screening analysis indicate that even when using net infiltration parameter 

estimates biased to produce the greatest pore water velocity in the vadose zone (Table 6-1):   

 

1) contaminants with a Kd ≥ 1.09 mL/g (prior to gravel correction) do not reach 

groundwater within the 1,000-year compliance time frame, and  

 

2) radionuclides with a Kd ≥ 3.02 mL/g (prior to gravel correction) do not reach 

groundwater within the 10,000-year sensitivity and uncertainty analysis time frame 

(Table 6-1).   

 

Table 6-1.  First-Arrival Time of Surrogate Contaminants with Various Kd Values Based 

on Screening Analysis. 

Contaminant Kd (mL/g) 
Calendar Year of 

First Arrival at the 

Water Table 

Time of Arrival, 

Post-Closure 

(Closure Assumed to 

Occur in Year 2070)  

Gravel 

Content 

0% 

Gravel 

Content 

5% 

Gravel 

Content 

7% 

Gravel 

Content 

58% 

Gravel 

Content 

66% 

1.15 1.0925 1.0695 0.483 0.391 3270 1,200 

1.25 1.1875 1.1625 0.525 0.425 3790 1,720 

1.40 1.33 1.302 0.588 0.476 4530 2,460 

1.60 1.52 1.488 0.672 0.544 5509 3,439 

2.00 1.9 1.86 0.84 0.68 7470 5,400 

2.40 2.28 2.232 1.008 0.816 9270 7,200 

2.85 2.7075 2.6505 1.197 0.969 11240 9,170 

3.00 2.85 2.79 1.26 1.02 11890 9,820 

Trend Analysis 

1.09 0.988 0.9672 0.4368 0.3536 3070 1,000 

3.02 2.736 2.6784 1.2096 0.9792 12070 10,000 

HSU  =  hydrostratigraphic unit 

HSUs with Gravel Content 0%:  Cold Creek Silt Vadose, Ringold LM Vadose, Ringold LM Aquifer 

HSUs with Gravel Content 5%:  Eolian, Hanford Formation Unit 1 Gravelly Sand, Hanford Formation Unit 2 Sand 

HSUs with Gravel Content 7%:  241-AX Tank Farm Backfill 

HSUs with Gravel Content 58%:  241-A Tank Farm Backfill 

HSUs with Gravel Content 66%:  Hanford Formation Unit 3 Gravelly Sand Vadose, Cold Creek Gravel Vadose, Ringold E 

Vadose, Ringold A Vadose, Cold Creek Gravel Aquifer, Ringold E Aquifer, Ringold A Aquifer 

 

Plots of the Kd and time of first arrival exhibit a strong linear trend (Figure 6-1) that can be used 

to estimate the first arrival of contaminants with Kd values not specifically evaluated in the 

process model.  The regression equation shown on Figure 6-2 indicates that contaminants with 

Kd values > 1.09 mL/g do not reach the water table within 1,000 years of closure, and 

contaminants with Kd values > 3.02 mL/g do not reach the water table within 10,000 years of 
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closure.  Some contaminants may only arrive at the water table within the compliance or 

sensitivity and uncertainty time frames because of the relatively high estimates of net infiltration 

used in the screening analysis.  For the base case and many of the sensitivity cases, a number of 

the contaminants not screened may have no impact on the WMA A-AX past leak results.   

 

Figure 6-1.  Calendar Year First Arrival of Surrogate Contaminants at the Water Table 

and Linear Regression Equation. 

 

 
 

 

Figure 6-2.  Years after Closure of First Arrival of Surrogate Contaminants at the Water 

Table and Linear Regression Equation. 
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7 MODEL CONFIGURATION MANAGEMENT 

 

All inputs and outputs for the development of WMA A-AX PA models are submitted to the 

WPRS Environmental Model Management Archive (EMMA) to maintain and preserve models, 

input and output files under configuration management.  Inputs include the input files used in the 

STOMP simulations and the auxiliary files called by the input files such as the zonation and 

boundary node list files.  Basis information (that information collected to form the basis for 

model input parameterization) is also stored in the EMMA for traceability purposes.  Use of the 

STOMP software for implementing the model described in this report is consistent with its 

intended use for WRPS, as indicated in Section 5.3 “Statement of Valid Software Application.” 
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APPENDIX A 

SELECTION OF TECHNICAL STAFF 

 

The following staff performed the identified functions on the basis of their expertise and 

experience. 

 

 

A.1 Project Management 

 

Kearn P. (Pat) Lee, Washington River Protection Solutions (WRPS), LLC.   

 

M.CE., Civil and Environmental Engineering, University of Delaware 

B.ChE., Chemical Engineering, University of Delaware 

 

Mr. Lee has more than 15 years of performance assessment (PA) development and analysis 

experience and has been supporting U.S. Department of Energy (DOE) nuclear waste programs 

for 20 years.  He supported the development of the post-closure PA for the license application to 

dispose high-level waste at Yucca Mountain in Nevada.  Following completion of the license 

application, Mr. Lee transitioned into developing and testing different technologies to retrieve 

radioactive waste from underground tanks on the Hanford Site in Washington.  Combining 

experience from both endeavors, Mr. Lee brings experience in model development and analysis 

and project management to the Technical Lead role for the DOE O 435.1, Radioactive Waste 

Management PAs for the Hanford Integrated Disposal Facility and Waste Management Area 

(WMA) A-AX. 

 

 

A.2 Originators 

 

William J. McMahon, Hydrogeologist, WRPS, LLC. 

 

M.S., Agricultural Engineering, Texas A&M University 

B.S., Agricultural Engineering, University of California, Davis 

 

Mr. McMahon specializes in hydrologic data collection, analysis, and interpretation, and 

groundwater and vadose zone numerical modeling to support groundwater and vadose remedial 

projects.  He has experience with a number of vadose zone and groundwater modeling packages.  

Mr. McMahon has been one of the principal investigators in several performance assessments, 

focusing on the vadose and saturated flow and transport modeling using STOMP13 and 

eSTOMP©14 code, groundwater pathway compliance calculations, sensitivity analysis, and 

document preparation.  His other duties include directing hydrologic data collection efforts, 

analyzing and interpreting hydrologic data, assessing the effectiveness of groundwater remedial 

actions, developing work plans for data collection and interpretation, and performing numerical 

 
13

 Subsurface Transport Over Multiple Phases (STOMP) is developed and distributed by Battelle Memorial 

Institute. 
14

 exascale Subsurface Transport Over Multiple Phases (eSTOMP)© is copyrighted by Battelle Memorial Institute. 
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modeling to predict facility impacts to the aquifer to support remediation and construction 

decisions. 

 

 

A.3 Checkers 

 

Christelle Courbet, INTERA, Inc. 

 

Ph.D., Hydrogeology, Pierre & Marie Curie University, Paris VI , UMR Sisyphe, France  

M.S., Hydrology and Hydrogeology, Pierre & Marie Curie University, Paris VI , UMR Sisyphe, 

France  

B.S., Geology and Soil Mechanics, Pierre & Marie Curie University, Paris VI, Science and 

Technology School (CNAM), France 

 

Dr. Courbet has over a decade of professional experience in performing hydrogeologic 

investigations and applying groundwater flow models for various purposes, such as contaminated 

land remediation, water resource management, and mine dewatering.  She supported the PA of 

the Environmental Restoration Disposal Facility at DOE’s Hanford Site, where she contributed 

to the development of an abstraction model which was run in a probabilistic mode using Monte 

Carlo sampling.  For the Hanford Composite Analysis Dr. Courbet supported the development of 

a model simulating the release of radionuclides from multiple solid waste sources disposed 

within the Central Plateau and developed sub-models for radionuclide release from cementitious 

materials, soil debris, salt cake and reactor core waste forms.  Most recently Dr. Courbet has 

been the checker for the system and process models and associated Model Package Reports 

developed for the Low-Level Burial Ground Performance Assessment of the Hanford Site. 
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near-surface and geological radioactive waste repositories, regulatory development, dose 
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national programs in the U.S. and countries in Europe, Asia, and Africa to site, develop, 

construct, and analyze facilities for disposal of radioactive waste. 
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Atomic Energy Agency’s Coordinated Research Program on Improvement of Safety Assessment 
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Practical Illustration and Use of the Safety Case Concept in the Management of Near-Surface 

Disposal, and most recently Modelling and Data for Radiological Impact Assessments. 

 

He is a principle investigator for the WMA A-AX PA. 
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ATTACHMENT 1 

SOFTWARE INSTALLATION AND CHECKOUT FORMS 
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ATTACHMENT 2 

STOMP OPTIONS ANALYSIS 
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STOMP Option NQA-1 

Status Check    

Input Files: " input_ss_tct_03_rch_scn_sat_03_bcs090_e_p_t" and " 

input_ss_tct_03_rch_scn_sat_03_bcs091_e_p_t" 

Option status check by: WJ McMahon, 

04/01/2024    

Input Card Input Parameter Input Option 

NQA-1 

Tested? Comment 

Simulation Title Simulation Title — Yes   

Simulation Title Simulation 

Documentation 

Information 

— Yes   

Solution Control Execution Mode 

Option 

Normal,  

restart file 

w/petsc, ./restart, 

1.0E-12, 1.0E-25, 

Yes   

Solution Control Operational Mode 

Options 

Water Yes   

Solution Control Interfacial 

Averaging 

Options 

Default (all) Yes   

Grid Method of Grid 

Input 

(Non-uniform) 

Cartesian 

Yes   

Grid Grid Spacing 

Specification 

Option 

Count and Cell 

Size 

Yes   

Rock/Soil 

Zonation 

Method of 

Zonation 

External File Yes   

Inactive Nodes Declaration of 

Inactive Nodes  

External File Yes   

Mechanical 

Properties 

Compressibility 

Option 

Pore 

Compressibility 

Yes   

Mechanical 

Properties 

Tortuosity 

Function 

Millington and 

Quirk 

Yes   

Hydraulic 

Properties 

Method of 

Hydraulic 

Property Input 

Hydraulic 

Conductivity 

Yes   
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Saturation 

Function 

Saturation 

Function Option 

Nonhysteretic van 

Genuchten 

Yes "Nonhysteretic" is 

no longer a 

recognized keyword 

and is ignored 

according to the 

output files.  The 

description the van 

Genuchten (1980) 

retention function 

presented on the 

STOMP User Guide 

page is 

nonhysteretic. 

Aqueous Relative 

Permeability 

Relative 

Permeability 

Option 

Modified Mualem Yes   

Initial Conditions Initial Aqueous 

Pressure 

Aqueous 

Pressure-Gas 

Pressure 

Yes   

Initial Conditions Method of Initial 

Condition Input 

Restart Yes   

Boundary 

Conditions 

Method of 

Boundary Node 

Identification 

External File N/A Neither method of 

Boundary Node 

Identification, 

Explicit or External 

File, is identified as 

NQA-1 tested, 

although the 

boundary condition 

types, Neumann and 

Dirichlet Outflow, 

are. 

Boundary 

Conditions 

Aqueous 

Boundary 

Condition 

Options 

Neumann Yes   

Boundary 

Conditions 

Aqueous 

Boundary 

Condition 

Options 

Seepage Face Yes Boundary 

Conditions 

Boundary 

Conditions 

Aqueous 

Boundary 

Condition 

Options 

Initial Condition Yes Boundary 

Conditions 

Output Control Reference Node 

Output 

Aqueous 

Saturation 

Yes   
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Output Control Reference Node 

Output 

Aqueous Pressure Yes   

Output Control Reference Node 

Output 

Aqueous 

Moisture Content 

Yes   

Output Control Reference Node 

Output 

XNC Aqueous 

Volumetric Flux 

Yes   

Output Control Reference Node 

Output 

ZNC Aqueous 

Volumetric Flux 

Yes   

Output Control Plot File Output Final Restart N/A Final Restart is not 

included in the list 

of variables.  Final 

Restart is not a 

variable but a flag 

indicating that a 

restart file is only 

created at the end of 

the simulation.  All 

other specified 

variables are 

identified as NQA-1 

tested. 

Output Control Plot File Output Rock/Soil type Yes   

Output Control Plot File Output Aqueous 

Saturation 

Yes   

Output Control Plot File Output Aqueous Pressure Yes   

Output Control Plot File Output Aqueous 

Moisture Content 

Yes   

Output Control Plot File Output XNC Aqueous 

Volumetric Flux 

Yes   

Output Control Plot File Output YNC Aqueous 

Volumetric Flux 

Yes   

Output Control Plot File Output ZNC Aqueous 

Volumetric Flux 

Yes   

Surface Flux Surface Output 

File Options 

Multiple Surface 

Output Files 

Yes   

Surface Flux Defining Surfaces 

for the Output 

Fluxes 

Range of Node 

Indices 

Yes   

Surface Flux Surface Output 

Flux Types 

Aqueous 

Volumetric Flux 

Yes   
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STOMP Option NQA-1 

Status Check    

Input Files: " input_op_tct_03_rch_scn_sat_03_bcs091_scn0[2-3]_e_p_t" 

Option status check by: WJ McMahon, 

04/01/2024    

Input Card Input Parameter Input Option 

NQA-1 

Tested? Comment 

Simulation Title Simulation Title — Yes   

Simulation Title Simulation 

Documentation 

Information 

— Yes   

Solution Control Execution Mode 

Option 

restart file 

w/petsc, ./restart, 

1.0E-12, 1.0E-25, 

Yes   

Solution Control Operational Mode 

Options 

Water w/ 

Transport w/ 

Vadose Courant 

Yes   

Solution Control Interfacial 

Averaging 

Options 

Default (all) Yes   

Grid Method of Grid 

Input 

(Non-uniform) 

Cartesian 

Yes   

Grid Grid Spacing 

Specification 

Option 

Count and Cell 

Size 

Yes   

Rock/Soil 

Zonation 

Method of 

Zonation 

External File Yes   

Inactive Nodes Declaration of 

Inactive Nodes  

External File Yes   

Mechanical 

Properties 

Compressibility 

Option 

Pore 

Compressibility 

Yes   

Mechanical 

Properties 

Tortuosity 

Function 

Millington and 

Quirk 

Yes   

Hydraulic 

Properties 

Method of 

Hydraulic 

Property Input 

Hydraulic 

Conductivity 

Yes   
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Saturation 

Function 

Saturation 

Function Option 

Nonhysteretic van 

Genuchten 

Yes "Nonhysteretic" is 

no longer a 

recognized keyword 

and is ignored 

according to the 

output files.  The 

description the van 

Genuchten (1980) 

retention function 

presented on the 

STOMP User Guide 

page is 

nonhysteretic. 

Aqueous Relative 

Permeability 

Relative 

Permeability 

Option 

Modified Mualem Yes   

Initial Conditions Initial Aqueous 

Pressure 

Aqueous 

Pressure-Gas 

Pressure 

Yes   

Initial Conditions Method of Initial 

Condition Input 

Restart Yes   

Boundary 

Conditions 

Method of 

Boundary Node 

Identification 

External File N/A Neither method of 

Boundary Node 

Identification, 

Explicit or External 

File, is identified as 

NQA-1 tested, 

although the 

boundary condition 

types, Neumann and 

Dirichlet Outflow, 

are. 

Boundary 

Conditions 

Aqueous 

Boundary 

Condition 

Options 

Neumann Yes   

Boundary 

Conditions 

Aqueous 

Boundary 

Condition 

Options 

Seepage Face Yes Boundary 

Conditions 

Boundary 

Conditions 

Aqueous 

Boundary 

Condition 

Options 

Initial Condition Yes Boundary 

Conditions 

Output Control Reference Node 

Output 

Aqueous 

Saturation 

Yes   
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Output Control Reference Node 

Output 

Aqueous Pressure Yes   

Output Control Reference Node 

Output 

Aqueous 

Moisture Content 

Yes   

Output Control Reference Node 

Output 

XNC Aqueous 

Volumetric Flux 

Yes   

Output Control Reference Node 

Output 

ZNC Aqueous 

Volumetric Flux 

Yes   

Output Control Plot File Output Final Restart N/A Final Restart is not 

included in the list 

of variables.  Final 

Restart is not a 

variable but a flag 

indicating that a 

restart file is only 

created at the end of 

the simulation.  All 

other specified 

variables are 

identified as NQA-1 

tested. 

Output Control Plot File Output Rock/Soil type Yes   

Output Control Plot File Output Aqueous 

Saturation 

Yes   

Output Control Plot File Output Aqueous Pressure Yes   

Output Control Plot File Output Aqueous 

Moisture Content 

Yes   

Output Control Plot File Output XNC Aqueous 

Volumetric Flux 

Yes   

Output Control Plot File Output YNC Aqueous 

Volumetric Flux 

Yes   

Output Control Plot File Output ZNC Aqueous 

Volumetric Flux 

Yes   

Surface Flux Surface Output 

File Options 

Multiple Surface 

Output Files 

Yes   

Surface Flux Defining Surfaces 

for the Output 

Fluxes 

Range of Node 

Indices 

Yes   

Surface Flux Surface Output 

Flux Types 

Aqueous 

Volumetric Flux 

Yes   

Surface Flux Surface Output 

Flux Types 

Solute flux Yes  
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ATTACHMENT 3 

EMCF CHECK LOG 
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EMCF CHECK LOG:  FURTHER CHECKS 

Additional checks performed and results: 

 

RPP-CALC-66043 Rev.00 7/29/2024 - 2:00 PM 63 of 64



RPP-CALC-66043, Rev. 0 

 Att-3-2  

 

RPP-CALC-66043 Rev.00 7/29/2024 - 2:00 PM 64 of 64


	RPP-CALC-66043-00-01-20240729135927982_1.docx
	RPP-CALC-66043-00-01-20240729135927982_2.pdf
	RPP-CALC-66043-00-01-20240729135927982_10.pdf
	CONTENTS
	TERMS
	1 PURPOSE
	2 BACKGROUND
	3 SUMMARY OF WASTE MANAGEMENT AREA A-AX SCREENING ANALYSIS METHOD
	4 VADOSE ZONE FLOW SCREENING ASSUMPTIONS AND PARAMETERIZATION
	5 SOFTWARE APPLICATIONS
	5.1 SUBSURFACE TRANSPORT OVER MULTIPLE PHASES (STOMP)
	5.2 MICROSOFT® EXCEL®
	5.3 STATEMENT OF VALID SOFTWARE APPLICATION

	6 VADOSE ZONE FLOW SCREENING RESULTS AND ANALYSIS
	7 MODEL CONFIGURATION MANAGEMENT
	8 REFERENCES
	APPENDIX A
	SELECTION OF TECHNICAL STAFF
	A.1 Project Management
	A.2 Originators
	A.3 Checkers
	A.4 Senior Reviewers

	ATTACHMENT 1
	SOFTWARE INSTALLATION AND CHECKOUT FORMS
	ATTACHMENT 2
	STOMP OPTIONS ANALYSIS
	ATTACHMENT 3
	EMCF CHECK LOG




