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1 Purpose 

This environmental calculation file (ECF) documents the methodologies, assumptions, and results of 
predictive fate and transport simulations using the Plateau-to-River (P2R) model. This ECF supports the 
reevaluation of the representativeness of solid-waste radionuclide inventory and release rate from three 
solid waste sites included in the recently completed Hanford Site Composite Analysis (CA) 
(DOE-RL-2019-52, Composite Analysis for Low-Level Waste Disposal in the Hanford Site Central 
Plateau (FY 2020)). Specifically, this ECF supports the reevaluation of the representativeness of the base 
case inventory and radionuclide waste release rates from three solid waste sites (i.e., 218-E-12B, 
218-W-3A and 218-W-3AE) and two radionuclides (carbon-14 [C-14] and technetium [Tc-99]). These 
three waste sites and two radionuclides were identified as being the most significant contributors to 
groundwater contamination and dose in the CA at time periods after the compliance period. The release 
rates and footprints of the releases from the vadose zone are implemented in the fate and transport 
modeling utilizing the HSS package.  

For details on the inventory and solid waste modeling on which this ECF is based, refer to 
ECF-HANFORD-22-0109, Hanford Site Composite Analysis Special Analysis: Inventory and Solid Waste 
Release Modeling for the LLBG Sensitivity Case. 

2 Background 

The technical approach for executing the saturated zone facet of the CA is documented in CP-60406, 
Hanford Site Composite Analysis Technical Approach Description: Groundwater. The description 
includes discussing the selection of the numerical modeling platform and the details regarding 
development of input parameters for use in the analysis. The approach calls for using the most current 
version of the P2R model to simulate groundwater flow and transport for a 10,000-year predictive time 
period. CP-57037, Model Package Report: Plateau to River Model Version 8.3, documents 
the development and calibration of the P2R model. ECF-HANFORD-19-0119, Predictive Flow 
Simulation with the P2R Model for the Composite Analysis Base Case, describes the changes made to 
model inputs in order to simulate the predictive flow field for the updated Hanford Site CA. Details 
regarding the development of the model and the predictive flow simulation are provided in these 
documents. This includes conceptual model information, comparison of model performance versus 
observation data, and limitations of the model.  

The Hanford Site CA (DOE/RL-2019-52) identified the assumed inventory and release rate of C-14 and 
Tc-99 from three DOE O 435.1, Radioactive Waste Management waste sites as being over conservative 
and not representative of the expected inventory and release rate from these waste sites. The three waste 
sites and associated radionuclides that were identified as being nonrepresentative are as follows; Figure 1 
shows the locations of these waste sites:  

• C-14 inventory in 218-E-12B within the B-63 vadose zone model domain in the 200 East Area 
Low-Level Burial Ground (LLBG)  

• C-14 inventory in 218-W-3A within the LLBG-200W A vadose zone model domain in the 200 West 
Area LLBG  

• Tc-99 release rate in 218-W-3AE within the LLBG-200W A vadose zone model domain in the 
200 West Area LLBG  
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Figure 1. Location of the Solid Waste Disposal Sites Concerned by the CA Maintenance Within Hanford 

Central Plateau and Corresponding Waste Form Submodel Assignment considered in the CA Update 

Although the conservative inventory and waste release assumptions did not affect the predicted 
groundwater pathway doses for any potential compliance boundary during the compliance period (from 
calendar years [CYs] 2070 to 3070) and did not affect the predicted pathway doses for the CA compliance 
boundary during the postcompliance time period (from CYs 3070 to 12070), the conservative 
assumptions did result in predicted groundwater pathway doses that exceed the administrative limit 
during the post compliance time period. As a result, the CA recommended that these conservative 
assumptions be reevaluated during CA maintenance. The purpose of this ECF is to implement the 
reevaluation of these conservative assumptions, performed in ECF-HANFORD-22-0109 into the fate and 
transport modeling using the P2R model version 8.3.  
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3 Methodology 

Development of the predictive fate and transport simulations using the P2R model is completed using 
the acquired computer software MT3DMS (Zheng and Wang, 1999, MT3DMS: A Modular 
Three-Dimensional Multispecies Transport Model for Simulation of Advection, Dispersion, and Chemical 
Reactions of Contaminants in Groundwater Systems; Documentation and User’s Guide). The model 
simulates fate and transport of contaminants using finite differencing to compute concentrations on a 
cell-by-cell basis within the model domain. Three major aspects of the estimation of these concentrations 
are as follows: 

1. The governing equations for solving fate and transport in the saturated zone 
2. The model extent and spatial discretization 
3. The management strategy of model inputs and outputs  

Each of these is discussed in the following sections. 

3.1 Fate and Transport Governing Equations 

The governing equation of fate and transport of contaminants in the saturated zone as specified for 
MT3DMS is shown in Equation 1 (Zheng and Wang, 1999). The equation is solved numerically using 
finite differencing techniques to estimate concentrations in the subsurface on a cell-by-cell basis. 
Groundwater fluxes that define the movement of groundwater in the aquifer are solved based on flow 
simulations completed prior to the execution of the fate and transport calculations. The governing 
equation can be broken into four key components including advection, hydrodynamic dispersion, sources 
and sinks, and reactions. Chapter 4 discusses the specific model input parameters that define each portion 
of the governing equation and are used for this application. 

 𝜕(𝜃𝐶)

𝜕𝑡
=

𝜕

𝜕𝑥𝑗
(𝜃𝐷𝑖𝑗

𝜕𝐶

𝜕𝑥𝑗
) −

𝜕

𝜕𝑥𝑖
(𝜃𝑣𝑖𝐶) + 𝑞𝑠𝐶𝑠 + ∑𝑅𝑛   (Eq. 1) 

where: 

𝜽 = effective porosity of the subsurface medium, dimensionless 

C =  dissolved concentration of, M/L3 

t  =  time, T 

xi, xj = distance along the respective Cartesian coordinate axes, L 

Dij = hydrodynamic dispersion, L2/T 

vi = seepage or linear pore water velocity, L/T 

qs = volumetric flow rate per unit volume of sources and sinks, 1/T 

Cs = concentration of the source or sink flux, M/L3 

∑𝑅𝑛  = chemical reaction term, M/L3T. 
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3.2 Model Domain and Discretization 

The P2R model domain has the following lateral extent and boundaries: extent north to south is 26.6 km 
(16.5 mi) and extent east to west is 37.6 km (23.3 mi). The lower-left corner of the model domain is 
located at easting 557,800 m and northing 116,200 m in the Washington State Coordinate System 
(NAD_1983_StatePlane_Washington_South_FIPS_4602). The vertical extent of the model comprises 
the subsurface sediments from the ground surface to the uppermost unit of the Columbia River Basalt 
Group. The basalt that is assumed to constitute an impermeable lower boundary defines the base of 
the domain. 

The model domain is discretized into a finite difference grid. The grid in the lateral directions is broken 
up into variably sized cells of 100 by 100 m (328.1 by 328.1 ft), 100 by 200 m (328.1 by 656.2 ft), and 
200 by 200 m (656.2 by 656.2 ft). A total of 274 columns and 201 rows constitutes a total of 55,074 
laterally distinct cell locations within the model domain. The model is vertically divided into seven model 
layers between the ground surface elevation and the top of the uppermost basalt surface. 
The discretization of the vertical layers varies in order to represent the thickness of geologic formations 
found within the model domain. A maximum of 34,421 of those 55,074 laterally distinct cells are active 
in the model within each model layer. Figure 2 shows the lateral extent of the P2R model version 8.3 
domain along with the groundwater operable units, lateral discretization, and boundary conditions. 

 

Figure 2. P2R Version 8.3 Model Extent and Groundwater Flow Boundary Conditions 
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3.3 Configuration Control and Integrated Computational Framework 

A configuration control system was developed so that all models generated for the Hanford Site CA 
(DOE/RL-2019-52) would follow a consistent set of conventions and use only approved input data 
(e.g., hydraulic and contaminant properties, source releases, etc.). A data configuration and 
quality-control system, the Integrated Computational Framework (ICF), provides the tools necessary to 
verify that all model output data are correctly associated with their corresponding input data. The ICF 
consists of two parts: a file management system, and utility scripts. Each script associated with the ICF is 
reviewed, tested, and documented to qualify it for use (see CHPRC-04032, Composite 
Analysis/Cumulative Impact Evaluation (CACIE) Utility Codes Integrated Software Management Plan). 

The ICF houses all data produced by and in support of the Hanford Site CA modeling effort. The ICF file 
management system enables model data and inputs to be checked into the ICF, reviewed, and accepted by 
the ICF administrator. The ICF facilitates the review of model inputs and outputs to provide assurance 
that outputs can be traced to the work products that were used as model inputs. Separating the data flow 
from the modeling helps prevent accidental modification and requires a data review prior to acceptance of 
any data product into the ICF. This pedigree system in the ICF allows users to ascertain all ancestor and 
derivative products related to any ICF data product, providing confidence that output data are associated 
with a set of versioned input data. 

The utility script pertaining to the ICF used as part of the fate and transport modeling includes a 
preprocessing utility supporting translation of results from the vadose zone models to the saturated zone 
model called the HSSMBuilder. The HSSMBuilder utility transcribes Surface Transport Over Multiple 
Phases1 output into an MT3D-MST package called the hydrocarbon spill source (HSS) package 
(Zheng, 2010, MT3DMS v5.3 Supplemental User’s Guide, Technical Report). Although written 
specifically for application to hydrocarbon spills, the HSS package can also be used for other 
contaminants, allowing for arbitrary, time-varying mass or activity sources to be input into 
the MT3D-MST code for the P2R model. 

Normally, mass or activity loading of sources to MT3D-MST must be specified as average loading rates 
over each time interval simulated in the model, so resolution of time-varying sources is limited by time 
discretization in the model (i.e., the number and lengths of the time intervals). With the HSS package, 
mass or activity loading rates can be specified independent of time discretization, allowing for mass or 
activity loading rates at an appropriate resolution for each source. Before using, the utility underwent 
testing and review to ensure the codes perform their expected/necessary functions. All use of the software 
is logged as part of the ICF data management and in Chapter 5 of this ECF. The model inputs created by 
this method are discussed in Section 4.3.4. 

  

 
1 Surface Transport Over Multiple Phases (or STOMP) is a copyright of Battelle Memorial Institute, Columbus, Ohio, 
and used under the Limited Government License.  
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4 Assumptions and Inputs 

Construction of the numerical fate and transport model for the Hanford Site CA (DOE/RL-2019-52) 
consisted of developing the required model inputs to the MT3DMS simulation. This included reviewing 
the various characterization reports and selecting values for input parameters and documenting 
the assumptions used to execute MT3DMS. The inputs are documented in the following steps:  

1. Calculating the predictive flow field 
2. Discretizing the temporal domain of the simulations 
3. Defining the transport properties for the MT3DMS input files 

4.1 Predictive Flow Simulation 

Fate and transport simulations in MT3DMS require a flow simulation as a basis for estimated movement 
of groundwater, directions, and magnitude in the saturated zone. The predictive groundwater flow 
simulation was developed as a basis for conducting predictions of the movement of groundwater into 
the future and conducting predictive contaminant fate and transport simulations. The development of 
the predictive flow simulation is documented in ECF-HANFORD-19-0119. The reader is referred to 
ECF-HANFORD-19-0119 for details regarding the construction of boundary inputs and boundary 
conditions for the flow model. 

4.2 Temporal Discretization 

The temporal discretization is summarized in Table 1. The simulation period for the predictive flow 
model starts in 2018 and runs for 10,052 years, ending in 12070. A total of 101 stress periods were used 
with varying stress period length. The length of any stress period through 2570 matched the time periods 
taken by the Recharge Evolution Tool (RET) documented in ECF-HANFORD-15-0019, Hanford 
Site-Wide Natural Recharge Boundary Conditions for Groundwater Models. The simulation was 
executed using a Courant Number limitation constraint of 1.0. The maximum transport step allowed 
during the first 100 stress periods when boundary conditions were changing was set to 1 day. The final 
stress period allowed for longer transport steps up to 10 days given the length of the stress period and 
the lack of changes in the groundwater flow field during this time. The Courant Number limiter was 
applied throughout the simulation temporal domain. 

4.3 Transport Simulations 

Numerical simulations using MT3DMS were conducted to evaluate the fate and transport of two of the 
radionuclides as identified in CP-62184, Hanford Site Composite Analysis: Radionuclide Selection for 
Groundwater Pathway Evaluation: C-14 and Tc-99. The implicit finite difference scheme using upstream 
weighting was used to estimate the fate and transport of these contaminants. This section discusses 
the initial concentration conditions, transport parameters, and continuing sources of contaminant in 
the vadose zones used as part of the transport simulations.  

  



ECF-HANFORD-22-0114, REV. 0 

7 

Table 1. Temporal Discretization of Predictive Transport Model 

Stress 
Periods 

Duration 
(yr) Description 

Maximum Transport 
Step Size 

1 to 82 82  82 annual stress periods from 2018 through 2099 

1 day 

83 35  1 stress period from 2100 through 2134 

84 16  1 stress period from 2135 through 2150 

85 343  1 stress period from 2151 through 2493 

86 23  1 stress period from 2494 through 2516 

87 3  1 stress period from 2517 through 2519 

88 1  1 annual stress period for the year 2520 

89 4  1 stress period from 2521 through 2524 

90 to 91 2  2 annual stress periods from 2515 through 2526 

92 2  1 stress period from 2527 through 2528 

93 1  1 annual stress period for the year 2529 

94 3  1 stress period from 2530 through 2532 

95 2  1 stress period from 2533 through 2534 

96 8  1 stress period from 2535 through 2542 

97 7  1 stress period from 2543 through 2549 

98 to 99 2  2 annual stress periods from 2550 through 2551 

100 18  1 stress period from 2552 through 2569 

101 9,500  1 stress period from 2570 through 12070 10 days 

 

4.3.1 Initial Concentration Plumes 

One of the contaminants, Tc-99, requires an initial state variable representing the concentration of 
contaminants distributed within the saturated zone of the aquifer. The process for developing these 
estimates is documented in ECF-HANFORD-20-0062, Mapping the Concentration Distribution of 
Contaminant Plumes to the Computational Grid of the Plateau to River Model Version 8.3. In summary, 
observed concentration data at wells and two- and three-dimensional interpolations of plume 
concentration distribution were used to map plume concentration to the model grid. Two estimates for 
Tc-99 contaminant were created: a best-estimate condition and a worst-case condition. Generally, 
the best-estimate condition calculated the average concentration within the boundary of each numerical 
grid cell and the worst-case condition to the highest magnitude concentration value. Initial concentration 
distributions were estimated for the radionuclide Tc-99. The best-estimate condition produces 
the simulation results that will be used for calculating dose. The worst-case scenario initial condition is 
included as a sensitivity simulation. 
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No estimate of plume extents and distribution in the subsurface was developed for C-14. In this case, 
the simulation assumes a pristine aquifer initial concentration of 0 pCi/L for the start of simulations. 
Concentrations in the subsurface are not observed at levels necessitating the creation of plume estimates 
in as part of annual reporting for the saturated zone on the Central Plateau (see DOE/RL-2018-66, 
Hanford Site Groundwater Monitoring Report for 2018). 

4.3.2 Transport Parameters 

This section discusses the selection of transport parameters used as part of the base case simulations 
supporting the CA. The parameters are selected from characterization data compiled in reports specific to 
the Hanford Site or based on literature values, where necessary, that are documented in the tables 
presented in the following sections. The parameter values reflect information that are typically used to 
support fate and transport modeling in support of remedial decisions at the Hanford Site. These 
parameters include soil properties, geochemical properties, and dispersion selected for the two simulated 
radionuclides. 

4.3.2.1 Soil Properties 

Soil properties for the fate and transport simulation are shown in Table 2. The effective porosity and bulk 
density values are provided with their respective geologic units. The basis for each selected parameter 
value is also included in the table. 

Table 2. Composite Analysis Saturated Zone Facet Transport Model Soil Properties  

Property Geologic Unit Value Basis 

Effective 
Porosity 

Hanford formation, CCU 0.2 

Approximate central value (arithmetic average) of the mean 
value for all Hanford sediments representative of the saturated 
zone – either estimated, interpreted from aquifer tests or tracer 
tests, or calculated from lab tests on samples taken from within 
5 m above the water table to the bottom of a specified borehole 
(Table D-17 in DOE/RL-2007-28). Textural description is 
assumed to approximate the gravelly sand or sandy gravel 
CCU described in PNNL-18564 and the basis for its assigned 
bulk density of 1.93 g/cm3. 

Rtf, Rwie, Rwia 0.15 

Approximate central value (arithmetic average) of geometric 
mean values for Hanford sediments representative of 
the saturated zone – either estimated, interpreted from aquifer 
tests or tracer tests, or calculated from lab tests on samples 
taken from within 5 m above the water table to the bottom of a 
specified borehole (Tables D-3 and D-17 in DOE/RL-2007-28). 

Rlm 0.3 

Value used for 200-BP-5 and 200-PO-1 modeling (Table 4-6 in 
ECF-HANFORD-13-0031). Estimated from Table 6.3 in 
PNNL-15239 where θ (total porosity) = 0.316 for sediment 
(Rlm) from borehole 299-W15-46, depth of 131 to 131.7 m with 
a total silt/clay content of 82.2% (36.7% clay). 
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Table 2. Composite Analysis Saturated Zone Facet Transport Model Soil Properties  

Property Geologic Unit Value Basis 

Bulk 
Density 

Hanford formation, CCU 1.93 
g/cm3 

Table 6.2 in PNNL-18564. Value is selected as representative 
of the Hanford formation gravel-dominated CCU immediately 
overlying the upper Ringold Formation unit 4 (see Figure 3-1 in 
CP-57037). According to the authors of PNNL-18564, the value 
represents the best professional judgement of technical 
experts/authors of reports cited in PNNL-18564, with 
the sediment class nomenclature qualitatively described in 
Table 6.2 as Hanford formation gravelly sand or sandy gravel. 

Rtf, Rwie, Rlm, Rwia 1.90 
g/cm3 

Table 5.2 in PNNL-18564. Value is representative of 
the saturated Ringold Formation members typically comprising 
fluvial gravel, moderately to strongly cemented, and 
interstratified with finer-grained deposits. The values represent 
the reports cited in PNNL-18564, with the sediment class 
nomenclature qualitatively described in Table 6.2 as Rg-Ringold 
Formation sandy gravel. (Note: the well bedded fine-to-coarse 
sand to silt sediments of the Taylor Flat member are explicitly 
excluded from the ascribed qualitative description.) 

Note: Complete references citations are provided in Chapter 8. 

CCU = Cold Creek unit 
Rlm = Ringold Formation member of Wooded Island – lower mud unit 
Rtf = Ringold Formation member of Taylor Flat 
Rwia = Ringold Formation member of Wooded Island – unit A 
Rwie = Ringold Formation member of Wooded Island – unit E 

  

4.3.2.2 Geochemical Properties 

As contaminants flow through the groundwater, they interact with the soil particles depending on 
the nature of the contamination. The geochemical processes simulated as part of the fate and transport of 
contaminants include adsorption to the soil matrix and radioactive decay. Linear partitioning coefficients 
were assigned for each radionuclide based on field specific data and literature values (Table 3). Half-lives 
and the respective decay rates are also provided in Table 3. 

Table 3. Composite Analysis Saturated Zone Facet Transport Model Adsorption Properties  

Radionuclide 
Kd 

(mL/g) 
Half-Life 
(year)a 

Half-Life 
(day) 

Degradation Rate 
(day-1) 

C-14 0 5.70E+03 2.08E+06 3.33E-07 

Tc-99 0b 2.11E+05 7.71E+07 8.99E-09 

a. EMDT-DE-0006, Half-lives for Typical Hanford Site Radioactive Contaminants (Appendix A in this document). 
b. Applied 50% gravel correction to values in Table 10 of ECF-HANFORD-19-0121, Selection of Vadose Zone 

Flow and Transport Properties with Gravel Fraction Corrections for the Hanford Site Composite Analysis and 
Cumulative Impact Evaluation. 

Note: Degradation rate calculated from half-life (rate=ln(2)/half-life). 
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4.3.3 Hydrodynamic Dispersion 

As contaminants move through the subsurface plumes of contaminants tend to spread. This is caused by 
molecular diffusion based on concentration gradients and the interaction with soil particles through 
tortuous and variable paths called dispersivity. The total effect of these phenomena on the contaminant 
plume is referred to as hydrodynamic dispersion. Where flow of groundwater is relatively high, as within 
the saturated zone of the suprabasalt aquifer at the Hanford Site, the dispersivity component outweighs 
diffusion on impacts to the concentration. This renders the effect of the diffusion term on concentration 
negligible in the saturated zone. The input parameters and discussion related to selection of these values 
for the Hanford Site CA base case are shown in Table 4. 

Table 4. Composite Analysis Saturated Zone Facet Transport Model Dispersivity Properties 

Property Value Basis 

Longitudinal dispersivity 3.5 – 6.2 m 

Values are within the range (approximately 0.2 to 15 m) of 
high-to-intermediate reliability values reported from tracer tests 
conducted in unconsolidated sediments at measurement scales of 
100 to 200 m. High reliability values were considered by 
Gelhar et al. (1992) and adopted by Schulze-Makuch (2005) as 
accurate within a factor of two. Accuracy estimates were not provided 
for intermediate reliability values. Based on the P2R model grid cell 
sizes and the finite difference solution used in the P2R model, 
the longitudinal dispersivity may introduce some numerical 
dispersion, however the model adequately represents 
the contaminant concentrations at the P2R scale based on calibration 
to field data. 

Transverse dispersivity 0.7 – 1.24 m 

20% of longitudinal. Transverse dispersivity is generally considered 
to be approximately an order of magnitude smaller than longitudinal 
Dispersivity (Gelhar et al., 1992). A review of transverse Dispersivity 
in S-N/99205-103-REV1 indicates that, in general, transverse 
horizontal dispersivity is a factor of 3 to 30 less than longitudinal 
dispersivity. 

Vertical dispersivity 0.0 m 

Assumed that due to the longitudinal and lateral scales of transport 
and the dominance of horizontal flow in the P2R model domain 
(DOE/RL-2007-28), vertical dispersion is minimal (DOE/RL-2008-56). 
Simulation of no vertical dispersion will result in conservatively high 
concentrations in the upper portion of the aquifer when considering 
continuing sources arriving at the water table at future dates. 

Molecular diffusion 
constant 0.0 m2/d Negligible term due to the comparatively large longitudinal and lateral 

scales of transport and predominance of advective flow. 

Note: Complete reference citations are provided in Chapter 8. 
PTR = Plateau-to-River (model) 

  

4.3.4 Continuing Sources 

The MT3DMS code simulates fate and transport in the saturated zone. A key feature of the simulation is 
the estimated contaminant activity reaching the saturated zone over time from the vadose zone. As part of 
the Hanford Site CA (DOE/RL-2019-52), vadose zone simulations were carried out that provide estimates 
of activity that reaches the saturated zone from the vadose zone. The vadose zone simulations provide 
estimates of activity starting at 2018. Contaminant activity that arrived at the groundwater prior to 
the Hanford Site CA simulation start date is represented in the initial condition contaminant plume 
distribution (discussed in Section 4.3.1). 
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The HSSM Builder utility from the CA ICF, discussed in Section 3.3, was used to transcribe vadose zone 
results into the HSS packages for use with MT3DMS. The HSS inputs are documented as part of the ICF. 
Appendix B includes the ICF check-in form for MT3DMS input HSS packages under the title 
“HSSMCAM22 version 1.0.” The data include estimates of continuing sources derived from previous 
performance assessments at the Hanford Site documented as environmental modeling data transmittals 
(EMDTs) listed in Appendix C. Figure 3 shows map of the spatial distribution of total estimated activity 
of Tc-99 that enters the saturated zone over the entirety of the 10,052-year simulation. Similar plots for 
each of the 2 radionuclides documented in this ECF that are estimated to pass activity from the vadose 
zone to the saturated zone are included in Appendix D.  

After the HSS packages were created using the native tool, mass balance checks were developed to ensure 
that the total activity predicted to reach the vadose zone was represented in the saturated zone 
simulations. Table 5 shows the results of the mass balance. The difference between the activity predicted 
by the vadose zone models and the activity input into the saturated zone models is minimal.  

 

Figure 3. Spatial Distribution of Simulated Activity Entering the Saturated Zone from the Vadose Zone for 
Tc-99 over the Entire Length of Simulation Temporal Discretization 
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Table 5. Comparison of Total Simulated Activity Passing from the Vadose Zone to 
the Saturated Zone for Each Contaminant 

Contaminant 

Total Simulated 
Activity from Vadose 

Zone Models 
(Ci) 

HSS Packages MT3D Activity 

Total Activity (Ci) 
Percent 

Difference Total Activity (Ci) 
Percent 

Difference 

C-14 6.48596E+02 6.48596E+02  -0.00001 6.48596E+02  -0.00007 

Tc-99 9.82394E+02 9.82394E+02  -0.00001 9.82394E+02  0.00001 

HSS = hydrocarbon spill source (package)  

 

One of the assumptions made when passing activity flux of radionuclides from the vadose zone to 
the saturated zone using the HSS package is vertical placement of activity within the model grid. Figure 4 
shows a hypothetical vertical configuration of MT3D grid cells for a row and column within the model 
grid. The diagram shows that the uppermost layer is unsaturated, the second layer is partially saturated, 
and all layers below are fully saturated. For this discussion both partially and fully saturated cells are 
termed active cells. The HSS package, used to define the input of activity into the MT3D model, allows 
the user to select any layer within the vertical column as the injection point of the radionuclide activity. 
The assumption used for the Hanford Site CA (DOE/RL-2019-52) is to use the uppermost active 
model cell.  

The top of the water table was selected as the injection point into the aquifer because it mimics 
the assumption used in the flow model where recharge to the aquifer from the vadose zone occurs at 
the water table. The Hanford Site has a dynamic water table based on the historic discharge of liquid 
waste to the groundwater. Mounding of the water table was observed historically and the water table at 
present day is declining closer to the pre-Hanford conditions. From a numerical modeling perspective this 
means the uppermost model layer changes throughout the simulation as the water table rises and falls. 
The HSS package requires the selection of the cell for injection of mass be made before the simulation 
starts and remains static throughout the temporal domain of the simulation. 

Given that the uppermost cell can change throughout the simulation, the selection of the radionuclide 
injection location is determined based on the results of hydraulic head levels from the numerical 
groundwater flow model completed prior to the fate and transport simulations. Simulated heads are 
evaluated and the uppermost vertical layer that remains active for each row and column pair over 
the entire simulation is selected as the vertical location of radionuclide activity injection. This assumption 
is made to approximate the activity reaching the saturated zone at the water table after migrating through 
the vadose zone.  
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Figure 4. Example Column of Vertical Cells from the MT3D Model 

Showing Active Cells Based on Water Table Height 

5 Software Applications 

MT3D-MST, Excel®, ArcGIS®, and R software programs were used for this calculation. MT3D-MST is 
Central Plateau Cleanup Company (CPCCo) approved software, managed, and used in compliance with 
the policy regarding software. Excel, ArcGIS, and R are approved support software as established in 
CP-66776, MODFLOW and Related Codes: Software Management Plan. 

MT3D-MST was executed on the GAIA cluster. The details regarding the cluster are presented below. 
A copy of the Software Installation and Checkout Form for the MT3D-MST installation used for this 
calculation is provided in Appendix E to this ECF. 

The GAIA Fate and Transport Modeling Platform, owned by CPCCo and operated by Mission Support 
Alliance, consists of ten Dell® PowerEdge® R740 Servers. Each with dual 28-core Intel® Xeon® Platinum 
8180M@2.5GHz, 768GB of RAM. The head node (U.S. Department of Energy Property number 
WF32991) is running CentOS v.7.4.1708. 

The results of CPCCo acceptance testing (CP-66778, MODFLOW and Related Codes Build 9 Software 
Acceptance Test Report) demonstrate that the MODFLOW-2000/MT3D-MST software is acceptable for 
its intended use by the CPCCo. Installations of the software are operating correctly, as demonstrated by 
the GAIA Fate and Transport Modeling Platform. 

 
® Excel is a registered trademark of Microsoft Corporation in the United States and in other countries. 
® ArcGIS is a registered trademark, or service mark, of ESRI in the United States, the European Community, or 
certain other jurisdictions. 
® Dell and PowerEdge are registered trademarks of the Dell Corporation, Round Rock, Texas. 
® Intel and Xeon are registered trademarks of the Intel Corporation, Santa Clara, California. 
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5.1 Approved Software 

For approved calculation software used in this calculation, the required descriptions are provided below. 

5.1.1 Description 

MT3D-MST 

• Software Title: MT3D-MST 

• Software Version: CHPRC2 Build 0008 (executable name “mt3d-mst-chprc08dpl.x”), double 
precision compilation 

• Hanford Information System Inventory (HISI) Identification Number: 2518 (Safety Software 
Level C) 

• Authorized Workstation type and property number: Linux® Cluster, Linux Cluster, Hanford 
Local Area Network Property Tag (Front End Node) WD56054 

• Authorized User: S. Tomusiak 

• CPCCo Software Control Documents: 

− CP-66810, MODFLOW and Related Codes: Software Requirements Specification Report 
− CP-66776, MODFLOW and Related Codes: Software Management Plan 
− CP-66777, MODFLOW and Related Codes Software Test Plan 
− CP-66811, MODFLOW and Related Codes Requirements Traceability Matrix: CHPRC Build 9 
− CP-66778, MODFLOW and Related Codes Software Acceptance Test Report: CHPRC Build 9 

5.1.2 Software Installation and Checkout 

Copies of the Software Installation and Checkout Forms for the authorized users and authorized 
workstations for software used that requires this documentation are provided in Appendix E to this ECF. 

5.1.3 Statement of Valid Software Application 

The preparers of this calculation attest that the software identified above, and used for the calculations 
described in this calculation, is appropriate for the application and used within the range of intended uses 
for which it was tested and accepted by CPCCo. Because MT3D-MST are graded is Level C software, 
use of this software is required to be logged in the HISI. Accordingly, this ECF has been logged by 
the software owner in the HISI under Identification Number 2518. 

5.2 Support Software 

The production of the HSS package used an approved utility calculation software in compliance with 
CHPRC-04032. The utility code, “HSSM Builder” (a.k.a. build_hssm.py), was tested and qualified for 
use in compliance with the requirements specified in CHPRC-04032 and as documented in 
the consolidated tool package attachment for the tool. Other support software including Excel, ArcGIS, 
and R were used in figure making, adjusting file formats, and other support functions in creating this 
report. These support software were used in accordance with CP-66776. 

 
2 CH2M HILL Plateau Remediation Company (CHPRC) was the contractor at the time the software build was 
qualified for use. 
® Linux is a registered trademark of Linus Torvalds (individual), Boston, Massachusetts. 
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6 Calculation 

The set of simulations created to support the Hanford Site CA (DOE/RL-2019-52) include simulations for 
each of the two contaminants. This chapter describes the organization of the simulation sets, and includes 
figures, charts, and tables that are available for each of these simulation sets. 

6.1 Simulation Organization 

Simulations developed in support of the Hanford Site CA were grouped based on contaminant and 
the simulated initial plume concentrations at time zero in the model. For simulations with nonzero initial 
concentrations, two initial concentration fields represent the aquifer based on the worst-case scenario and 
the best estimate of the concentrations. This includes Tc-99. The other contaminant, C-14, was simulated 
assuming a pristine aquifer thus only one simulation was run. The total number of simulations for 
the base case was three (one worst-case scenario initial condition and two best-estimate initial 
conditions). The development of these two initial concentration conditions is discussed in Section 4.3.1. 
Simulation results in each contaminant and both conditions are presented. 

6.2 Assessing Plume Migration for Existing Plumes 

The simulation outputs from each of the simulations mentioned previously were processed to create a set 
of figures to illustrate the fate and transport of the simulated contaminants. The figures created include 
plan view contour maps and summary charts for the maximum concentration for various regions of 
the model. An example of the figures showing results for the Tc-99 simulation for best estimate 
concentration initial conditions is shown in Figure 5. The following sections describe the features of 
the figure layout to aid in figure interpretation. A full set of figures for all of the simulations including 
best estimate and worst-case initial concentrations, as applicable) conducted for this ECF are included in 
Appendix D. 

6.2.1 Plan View Contours 

Figure 5 shows a plan view contour plot for the Tc-99 plume after 50 years of simulation. Several aspects 
of the figure help identify the simulation scenarios. There is a title in the upper right-hand corner that 
describes the total number of years that have been simulated. The simulation time 0, 52, 152, 552, 1,052, 
2,052, 4,052, 10,052 years are provided for each contaminant and simulation in Appendix D. 
The simulation provides an estimate of concentration at each of the seven layers in the model domain. 
The plan view contour plots only display the maximum concentration from any layer in the model. Thus, 
the plan view contours provide a conservatively high estimate of the concentration within the aquifer by 
illustrating the maximum value of all seven layers. 
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Figure 5. Plan View Contours of the Tc-99 Plume at Simulation Time 50 Years Based 
on Best Estimate Concentration Initial Conditions 

6.2.2 Peak Concentration Summary 

The extent of the P2R model version 8.3 domain was subdivided into multiple zones as a means of 
presenting plume behavior with respect to the CA Compliance Area of the Hanford Central Plateau 
(Figure 6). A total of three zones are designated signifying the areas within the CA Compliance Boundary 
(Within_Compliance_Boundary), at the CA Compliance Boundary (At_Compliance_Boundary), and 
the remaining modeled extent of the Hanford Site (Beyond_Compliance_Boundary). Peak concentration 
(pCi/L) time series plots (both 1,000- and 10,000-year time series) were generated for each simulation 
conducted as part of this calculation (total of three) for each of the three zonation extents. Peak concentration 
is defined as the maximum concentration within a zone for a given point in time. Figure 7 and Figure 8 
provides examples of the 10,000- and 1,000-year (respectively) time series plot for Tc-99 peak concentration 
values. The remaining two sets of radionuclide figures, including both best estimate initial concentrations 
and worst-case initial concentrations, are presented in Appendix D of this ECF. 
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Figure 6. P2R Model Version 8.3 Peak Concentration Summary Zonation Extents 
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Figure 7. Peak Concentration of Technetium-99 from the Start of Simulation to the End of the Simulation 
Within, At, and Beyond the Compliance Boundary Assuming the Best Estimate Initial Concentration 

 

Peak Concentration of Technetium-99 by Zone 

s:I" s 0 
+ 

(,) Q) 

\ ..... 
"I! 

C. ~ 

C: -0 ; r-----
C1I ... - N C: 0 Cl) + u Q) 
C: ..... 
0 

I I 

'- I 
(,) 
en en 

I -~ 
E 
::I 0 
; 0 
Cl) + 
C: Q) 

.r. ..... 
u 
Cl) 
I-

N 
0 

I 
Q) ..... I 

0 1000 3000 5000 7000 9000 
Simulation Time in Years 

- Within Boundary - At Boundary - Beyond Boundary 



ECF-HANFORD-22-0114, REV. 0 

19 

 
Figure 8. Peak Concentration of Technetium-99 from the Start of Simulation to the End of the Compliance 

Period Within, At, and Beyond the Compliance Boundary Assuming the Best Estimate Initial Concentration 
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7 Results/Conclusions 

Three simulations were conducted to support the base case estimates for the Hanford Site CA. Table 6 
provides a summary (including two simulations assuming the best estimate initial concentration and one 
simulation assuming the worst-case initial condition) of the estimated peak concentrations and the time in 
simulation years from the beginning of the simulation that the peak occurred. Charts and maps providing 
more detail and context to these values and discussed in Chapter 6 are provided in Appendix D. 
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Table 6. Summary of Peak Concentration Values Estimated for Zones within the P2R Model Boundary Domain 

Initial Condition Contaminant 

Within_Boundary At_Boundary Beyond_Boundary 

Time 
(yr) 

Concentration 
(pCi/L) 

Time 
(yr) 

Concentration 
(pCi/L) 

Time 
(yr) 

Concentration 
(pCi/L) 

Best Estimate Tc-99 45 1.44E+05 0 2.27E+03 0 1.78E+03 
 C-14 10052 2.79E+05  80 2.47E+03 117 2.35E+03 

Worst Case Tc-99 45 1.44E+05 0 2.27E+03 0 1.88E+03 

Note: Plateau-to-River model boundary domain is shown in Figure 6.  



ECF-HANFORD-22-0114, REV. 0 

22 

8 References 

CHPRC-04032, 2020, Composite Analysis/Cumulative Impact Evaluation (CACIE) Utility Codes 
Integrated Software Management Plan, Rev. 1, CH2M HILL Plateau Remediation Company, 
Richland, Washington. 

CP-57037, 2020, Model Package Report: Plateau to River Groundwater Model Version 8.3, Rev. 2, 
CH2M HILL Plateau Remediation Company, Richland, Washington. Available at: 
https://www.osti.gov/biblio/1601635. 

CP-60406, 2017, Hanford Site Composite Analysis Technical Approach Description: Groundwater, 
Rev. 0, CH2M HILL Plateau Remediation Company, Richland, Washington. Available at: 
https://www.osti.gov/servlets/purl/1412549. 

CP-62184, 2019, Hanford Site Composite Analysis: Radionuclide Selection for Groundwater Pathway 
Evaluation, Rev. 0, CH2M HILL Plateau Remediation Company, Richland, Washington. 
Available at: https://www.osti.gov/biblio/1491467. 

CP-66776, MODFLOW and Related Codes: Build 9 Software Management Plan, Rev. 0, Central Plateau 
Cleanup Company, Richland Washington. 

CP-66777, MODFLOW and Related Codes Build 9 Software Test Plan, Rev. 0, Central Plateau Cleanup 
Company, Richland Washington. 

CP-66778, MODFLOW and Related Codes Build 9 Software Acceptance Test Report, Rev. 0, Central 
Plateau Cleanup Company, Richland Washington. 

CP-66810, MODFLOW and Related Codes: Build 9 Software Requirements Specification Report, Rev. 0, 
Central Plateau Cleanup Company, Richland Washington. 

CP-66811, MODFLOW and Related Codes Build 9 Requirements Traceability Matrix, Rev. 0, Central 
Plateau Cleanup Company, Richland Washington. 

DOE O 435.1 Chg 2 (AdminChg), 2021, Radioactive Waste Management, U.S. Department of Energy, 
Washington, D.C. Available at: https://www.directives.doe.gov/directives-documents/400-
series/0435.1-BOrder-chg2-AdminChg/@@images/file. 

DOE/RL-2007-28, 2007, Feasibility Study Report for 200-ZP-1 Groundwater OU, Rev. 0, 
U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at: 
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0808050315. 
https://pdw.hanford.gov/document/00098828. 

DOE/RL-2008-56, 2012, 200 West Area Pre-Conceptual Design for Final Extraction/Injection Well 
Network: Modeling Analyses, Rev. 0, U.S. Department of Energy, Richland Operations 
Office, Richland, Washington. Available at: https://pdw.hanford.gov/document/0081011H. 

DOE/RL-2018-66, 2019, Hanford Site Groundwater Monitoring Report for 2018, Rev. 0, 
U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at: 
https://pdw.hanford.gov/document/AR-03138. 

DOE-RL-2019-52, 2022, Composite Analysis for Low-Level Waste Disposal in the Hanford Site Central 
Plateau (FY 2020)), Rev. 1, Rev. 1, U.S. Department of Energy, Richland Operation Office, 
Richland, Washington. 



ECF-HANFORD-22-0114, REV. 0 

23 

ECF-HANFORD-13-0031, 2015, Fate and Transport Modeling for Baseline Conditions for Remedial 
Investigation/Feasibility Studies of the 200-BP-5 and 200-PO-1 Groundwater Operable Units, 
Rev. 0, CH2M HILL Plateau Remediation Company, Richland, Washington. Available at: 
https://pdw.hanford.gov/document/0080142H. 

ECF-HANFORD-15-0019, 2020, Hanford Site-wide Natural Recharge Boundary Condition for 
Groundwater Models, Rev. 1, CH2M HILL Plateau Remediation Company, Richland, 
Washington. Available at: https://www.osti.gov/servlets/purl/1633785. 

ECF-HANFORD-19-0119, Predictive Flow Simulation with the P2R Model for the Composite Analysis 
Base Case, Rev. 1, CH2M HILL Plateau Remediation Company, Richland, Washington. 
Available at: https://www.osti.gov/servlets/purl/1668408. 

ECF-HANFORD-19-0121, 2020, Selection of Vadose Zone Flow and Transport Properties with Gravel 
Fraction Corrections for the Hanford Site Composite Analysis and Cumulative Impact 
Evaluation, Rev. 0, CH2M HILL Plateau Remediation Company, Richland, Washington. 
Available at: https://www.osti.gov/biblio/1605425. 

ECF-HANFORD-20-0062, 2020, Mapping the Concentration Distribution of Contaminant Plumes to 
the Computational Grid of the Plateau to River Model Version 8.3, Rev. 0, CH2M HILL 
Plateau Remediation Company, Richland, Washington. Available at: 
https://www.osti.gov/servlets/purl/1635525. 

ECF-HANFORD-22-0109, Hanford Site Composite Analysis Special Analysis: Inventory and Solid Waste 
Release Modeling for the LLBG Sensitivity Case UCAQ-22-01 Inventory Discrepancies for 
218-E-12B, 218-W-3A, and 218-W-3AE in the Hanford Site Composite Analysis, pending, 
Central Plateau Cleanup Company, Richland, Washington. 

EMDT-DE-0006, 2017, Half-lives for Typical Hanford Site Radioactive Contaminants, Rev. 1, 
CH2M HILL Plateau Remediation Company, Richland, Washington. Archived in 
the Environmental Modeling Management Archive (EMMA), and a copy of the cover sheet is 
available in Appendix A of this ECF. 

Gelhar, L.W., C. Welty, and K.R. Rehfeldt, 1992, “A critical review of data on field-scale dispersion in 
aquifers”, Water Resources Research 28, no. 7: 1955–1974. Available at: 
https://doi.org/10.1029/92WR00607. 

PNNL-15239, 2005, Carbon Tetrachloride and Chloroform Partition Coefficients Derived from Aqueous 
Desorption of Contaminated Hanford Sediments, Pacific Northwest National Laboratory, 
Richland, Washington. Available at: 
https://www.pnnl.gov/main/publications/external/technical_reports/pnnl-15239.pdf 

PNNL-18564, 2009, Selection and Traceability of Parameters to Support Hanford-Specific RESRAD 
Analyses, Pacific Northwest National Laboratory, Richland, Washington. Available at: 
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-18564.pdf 

Schulze-Makuch, D., 2005, “Longitudinal Dispersivity Data and Implications for Scaling Behavior,” 
Ground Water 43(3):443-456. Available at:  https://doi.org/10.1111/j.1745-6584.2005.0051.x. 

S-N/99205-103-REV1, 2008, Phase 1 Contaminant Transport Parameters for the Groundwater Flow and 
Contaminant Transport Model of Corrective Action Unit 99: Rainier Mesa/Shoshone 
Mountain, Nevada Test Site, NYE County, Nevada, Rev.1, Stoller-Navarro Joint Venture, 
Las Vegas, Nevada. Available at: https://www.osti.gov/servlets/purl/932406. 



ECF-HANFORD-22-0114, REV. 0 

24 

Zheng, C., 2010, MT3DMS v5.3 Supplemental User’s Guide, Technical Report, Department of Geological 
Sciences, The University of Alabama, Tuscaloosa, Alabama.  Available at 
https://hydro.geo.ua.edu/mt3d/mt3dms_v5_supplemental.pdf 

Zheng, C., and P.P. Wang, 1999, MT3DMS: A Modular Three-Dimensional Multispecies Transport 
Model for Simulation of Advection, Dispersion, and Chemical Reactions of Contaminants in 
Groundwater Systems; Documentation and User’s Guide, Contract Report SERDP-99-1, 
U.S. Army Engineer Research and Development Center, U.S. Army Corps of Engineers, 
Vicksburg, Mississippi. Available at: Available at: http://www.dtic.mil/cgi-
bin/GetTRDoc?Location=U2&doc=GetTRDoc.pdf&AD=ADA373474. 

 



ECF-HANFORD-22-0114, REV. 0 

A-i 

Appendix A 

Copy of EMDT-DE-0006 Rev. 1 Coversheet 
  



ECF-HANFORD-22-0114, REV. 0 

A-ii 

 

This page intentionally left blank. 



ECF-HANFORD-22-0114, REV. 0 

A-1 

  

-~ - Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-DE-0006 Revision No.: 1 
[Request £MDT number from Modeling Team Leader] 

Title: Half-lives for Typical Hanford Site Radioactive Contaminants. Date: 18-May-2015 

1. Doto Description 

Provide the description of data set or data type. 

Radioactive half-lives for reported radionuclides at Hanford site. 

2. Doto Intended Use 

Identify the data's intended use. Describe the rationale for its selection and how the dota will be incorporated into a model, 
report, or database. Include discussion af the extent ta which the data demonstrate the properties of interest. 

Numerical simulation of contaminant transport and fate 

3. Data Sources 

List databases, documents, etc. - provide sufficient detail to enable data ta be located by independent reviewer 

ICRP, 2008, Nuclear Decay Data for Dosimetric Calculations, International Commission on 
Radiological Protection {ICRP), Publication 107, Vol 38-3, ISBN 978-0-7020-3475-6. 

4. Impact of Use or Nonuse of Doto 

Describe the importonce of the dato to the model, report, and/or conclusions which they support. Identify the value added and 
discuss the impacts of not using the doto. 

The half-life data are required to be consistent with PA studies and the model implementations in GoldSim and STOMP 

5. Prior Uses 

Identify the doto's prior uses. Describe whether the data have been used in similor applicotions by the scientific or regulatory 
community. Include the associated verification processes and prior reviews and review results. 

The ICRP Publication 107 data is used by the U.S. EPA calculation tool for radiation dose and risk. 
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Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-DE-0006 Revision No.: 
{Request EMDT number from Modeling Team Leader] 

Title: Half-Jives far Typical Hanford Site Radioactive Contaminants. Date: 18-May-2015 

6. Doto Acquisition Method(s) 

Describe the data acquisition method and associated QA/QC, considering the following: 

a. Qualifications of personnel or organizations generating the data; 
b. Technical adequacy of equipment and procedures used; 
c. Environmental and programmatic conditions if germane to the data quality; 
d. The extent to which acquisition processes reflect modeling requirements; 
e. The quality and reliability of the measurement control program; 
f. The degree to which Independent audits of the process were conducted; 
g. Extent and reliability of the associated documentation. 

In addition to the listing tables in the ICRP publication 107 (ICRP, 2008), ICRP provides a database for electronic access. The 
database contains information on the half-lives, decay chains, yields and energies of radiations emitted in nuclear 
transformations of 1252 radionuclide isotopes of 97 elements. The database can be accessed by a user-defined software 
such as the Windows-based application provided by ICRP. 

For databases, identify query language used to obtain data from database (SQL, etc.), briefly describe the query description 
and attach copy 

The nuclear decay data are embodied In five formatted (hence can be viewed with an ASCII editor) direct• 
access files. Find a copy of text files and inquiry software: 
(P107JAICRP 38 3 Nuclear_Decay Data_suppl data.zip) 

7. Corroborating Dato 

Identify and discuss any corroborating datasets. Provide any documentation that confirms the corroborating data substantiate 
existing parameter values, distributions, or data quality. 

The ICRP half-lives were compared with three other sources that were listed In the rev O of this document. 
The best match to ICRP-P107 was source 2: DOE-STD-1196-2011, DOE Standard, Derived Concentration 
Technical Standard (April 2011 ). Differences were compared to four significant digits, while some half-lives 
were reported to only two significant digits. 

8. Data Quality Considerations 

Discuss data quality considerations not identified in other sections. Include discussion of data quality indicators (i.e., accuracy, 
precision, representativeness, completeness, and comparability). 

For the radionuclides reported at the Hanford site, the ICRP half-life parameters match very closely the U.S. 
DOE standard DOE-STD-1196-2011, which Is implemented In the U.S. EPA decay calculation tools. 
Additionally, the ICRP library is implemented in the GoldSlm software that Is approved for Hanford Site and 
used for PA's system models. 

The %relative difference between the ICRP-P107 and the DOE-STD-1196-2011 data Is less than 0.36% for all 
Hanford site radionuclldes Isotopes. 
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- ~ .__ Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-DE-0006 Revision No.: 1 
{Request £MDT number from Modeling Team Leader} 

Title: Half-lives for Typical Hanford Site Radioactive Contaminants. Date: 18-May-2015 

9. Assumptions and Limitations on Data Use 

Document known uncertainties, assumptions, constraints or limits on data. 

The ICRP-P107 provides a reliable Information on physical characteristics of a radionuclide (half-life, 
modes of decay, energies, Intensities of the emitted radiations, etc.) that Is the starting point In assessing 
the radiological significance of a radionuclide's presence In the workplace or in the environment. 
Uncertainties of these Information would result from different limitation In accounting for the fraction of the 
available decay energy given to radiations of discrete energy (alpha particles, gamma rays, conversion 
electrons, Auger elections, and characteristic x rays) as well as the continuous energy spectra of beta 
particles. Accounting for such details requires very specific expertise and Is a laborious task that is not 
needed for the subject calculation. The ICRP reported half-lifes provide adequate accuracy for the forward 
and backward decay calculations needed to accompany transport and fate studies of radlonuclides in the 
environment and the associated risk. 

Data Confl1uratlon Item Submittal: 
Data Usama Zaher/ Environmental Engineer- Process Modeling Specialist 
Provider NAME/POSITION~ 

t/f-2-Lz.r2_l1 Submittal 
SIGNATURE ATE 

Data Configuration Item Review and Verification: 

10. Verification Process 

Describe steps taken to verify thot these dota ore appropriate for intended use, noting any limitations 

Implementation in 1' 1 and 2nd order decay calculations in spread sheet. Initial and decayed state estimations was 
verified in both forward and backward (regrow) decay. The forward decay was also compared with the integration 
solution in GoldSim. Secular equilibrium is considered for the 2nd order calculations with rapidly decaying daughters 
relative to parents. 

11. Summary of Data Review 

The review shall ensure thot the report meets the listed criteria. Consideration includes ensuring that the doto collection 
m ethod employed was appropriate for the type of data being considered and confidence in the data acquisition and 
subsequent processing methodology is warranted. 

Is documentation technically adequate, complete, and correct? { I Yes 11 No 

Are uncertainties and limitations on appropriate use of data discussed? qt' Yes 11 No 

Are the assumptions, constraints, bounds1 or limits on the data identified? A[ Yes I I No 
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Data 
Reviewer 
Approval 

Approval of Data Configuration Item 

M Lord/ Senior Hydrogeologist (Signature by WE Nichols with attached email authorization from M Lord) 
NAME/POSITIO 

EMDT accepted for Composite Analysis input in 
Data Readiness Review on 12/2/2019. 
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Mail - wnichols@intera.com Page 1 of 1 

signature authorization 

Michael Lord 

Mon 6/12/2017 4:03 PM 

To:Will Nichols <wnichols@intera.com>; 

I give Will Nichols authorization to sign for me the Environmental Modeling Data Transmittal Cover Page (EMDT) 
document in file EMDT-DE-00060rev1.docx. I have inspected the data for the radioactive half-lives for reported 
radionuclides at the Hanford site. My suggested edits to the data and the EMDT document were implemented 
and with this authorization I am signing my approval of the data configuration item. 

Michael Lord 

https://outlook.office.com/owa/?realm=intera.com&exsvurl= l&l.. . 6/12/2017 



ECF-HANFORD-22-0114, REV. 0 

A-6 

 

This page intentionally left blank. 

 
  



ECF-HANFORD-22-0114, REV. 0 

B-i 

Appendix B 

HSS Package ICF Check-in Form 
 

  



ECF-HANFORD-22-0114, REV. 0 

B-ii 

 

This page intentionally left blank.



ECF-HANFORD-22-0114, REV. 0 

B-1 

 

  

ICF Submittal Data Form 

Title: FY22 Maintenance HSSM package inputs for MT3D (CA) Date: 08/24/2022 

1. Data Name (for ICF database) 
(to be filled in by QA Officer) Work Product Name: HSSMCAM22 

2. Data Version Number: v1 .0 
This numbering system will be used in the /CF database to distinguish between previous 
revisions, particularly in the case of provisional data that is being tracked with various 
renditions/versions of the same provisional data. 

3. Data Citation I Revision Number No.: N/A Rev.: 0 
Where possible, all data should be tied to a final number that corresponds with its final 
QAIQC'd designation. If the data is documented (or will be documented) with an ECF, then 
that ECF and revision number should be captured here. 

3- QA/QC Flag (Whatis the Not-Checked: Checked: IBJ 
QA/QC status of the product?) 

4. Disk Location of Data (Where is this information stored?) 

5. Description of Data (What is the general description of the data?) 

Hydrocarbon Spill Screening Model (HSSM) packages for the Composite Analysis (CA) FY22 
Maintenance. These packages are inputs to MT3D generated from the Vadose Zone data 
(VZ2SRI/SRl2SZ and PAPL2SZ) with C-14 and Tc-99 inventory modification for the 8-63 
Area (218-E-128) and LLBG_200w_a Area (218-W-3A and 218-W-3AE) models 
SRICAM22 . For the rest of the models, the VZSRIREV v1 .1 data are used. 

6. Corresponding Project 

Composite Analysis 

7. Parent Data (Listing of pertinent parent data; if existing blockchain reference exists in the 
/CF, use this key and capture a snapshot from the /CF database) 

SRICAREV1 (v1 .0), P2RHDS (v2.0) , P2RCAL (v8.3a), PAPL2SZ (v1 .1 ), SRICAM22(v1 .0) 

8. ICF Location (to be filled in by QA Officer) : 

Data Provider: Eugene O'Neil Powers 
Position: Software Engineer 

Data Reviewer: Sarah Wigginton 
Position: Hydrogeologist 

Eugene 0. 
Powers 

Si nature 

Sarah 
Wigginton 

Si nature 

Page 1 of 1 

Digitally signed by Eugene O. Powers 
ON; cn- Eugtne 0 . P~rs. o - lntet1, 
OU. ffl'l cl'l-npowNS@lnt«cl.COffl. ,-us 
Oue: 2022,09.29 13:02:l.2 -OTOO' 

Date 

Digitally signed by 
Sarah Wigginton 
Date: 2022.09.29 
13:01 : 18 -07'00' 

Date 
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CH2ft/11411 
Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RE-0017 Relllslon No.: 0 
/Request EMDT number from Modeling T,am Leader] 

Title: Performance Assessment Results for Inclusion In Composite Analysis: Envlronmental 
Restoration Disposal Facility Date: 9/18/2017 

1. Data ~script/on 

Provide the description of data set or data type. 

The Envlronmental Restoration Disposal Faclllty (ERDF) stores low-level radioactive waste generated primarily from dean-up 
of contaminated sites at the Hanford Site, Washington. ERDF performance assessment (PA) evaluates potential exposure of 
disposed waste to humans and the environment after faclllty closure (2035). Data packaged in this transmittal page contains 
Excel spreadsheets, documents, and STOMP model Inputs that were developed to complete the PA. 

The primary data Includes time varying contaminant mass flux (and water flux) estimates from the vadose zone to the water 
table under ERDF footprint (Including berms). This data reflects the contaminant mass flux per unit Curte of Inventory for the 
base case. The Information on mass flux from ERDF lncludlng berms should be taken. 
z. Data Intend~ Use 

Identify the data's Intended use. Describe the rationale for its selection and haw the data w//1 be Incorporated Into a made/, 
report, or database. Include discussion of the eJltent to which the data demonstrate the properties of Interest. 
The intended use of the data Is to provide contaminant mass flux from ERDF to the groundwater model used for Composite 
Analysis per unit Curle of inventory disposed. Therefore, this mass flux needs to be scaled up by the Inventory disposed at 
ERDF. 
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3. Data Saurus 

List databases, documents, etc. - provide su/flcknt deta/1 to enable data to be located by Independent reviewer. 

Data Folder: EROF Flux to Water Table data Is provided by EROF PA team in a project directory, "Flux Spreadsheets". 

The 3-0 flow and transport model, STOMP, was used to calculate radionuclide transport In the vadose tone 
surrounding the ERDF. The Excel Spreadsheet 'flux_to_water_table_9_all_erdf_berm.xlsm' provides the model 
results where solute flux to water table data are given for contaminants with Kd = 0 ml./s. In the worksheet called 
"At Water Table" the results from Column W through AF (marked as EROF and Berm) should be used. Only the 
results forTc-99, Nb-94, Mo-93, and Cl-36, should be used. Note that the solute flux is provided per unit Ci of 
Inventory. 
The Excel spreadsheet 'Flux_to_water_table_9_all_erdf_berm_l129.xlsx' has the model results for contaminants 
with Kd > O ml./g. Only 1-129 results have a non-rero value. In the worksheet 'flux_to_water_table_9_all_erdf_l• 
129" column AK provides the vadose zone solute flux to water table for 1·129 (for ERDF Including Benn). Note that 
the solute flux Is provided per unit Cl of Inventory. 

3-0 STOMP Model Input Data for ERDF PA Is provided by EROF PA team In the EMMA project directory, 
"compliance_110x76Jt59". 

Data Folder: Data Packages, Exposure Scenarios, and Uncertainty Analysis Data are provided by ERDF PA team In the EMMA 
project diractory, "ERDF-REVO". 

Table 1 shows the Inventory for radlonuclldes of concern for the EROF analysis. 

Table 1. Maximum Groundwater Concentration at 100m Down,radi.nt 
from ERDF Over the Compllance and Post-Compliance Time Period. 

Maximum Post<losura Time to 
Radionuclide Concentration MIKlmum lnltlal Inventory 

(pCI/L) Concentration (Ci) 
I Rounded) 

Tc-99 731 7200 53 

Nt>-94 4.4 7200 0.38 

Mo-93 1.9 6740 0.53 

Cl-36 0.28 7200 0.02 

1-129 4.0E-6 10000 0.02 

PfOTf: T1mt Is atven es simulated time for post-dosutt (frorn c,lend., yur 2035) and alt values 1r1 rounded to no ITIO(e than l siftifklnt dlctts, 

Verified with Table 3-2 WCH-520 

4. Impact of Use or Nonuse of Data 

Describe the lmpof!Once of the doto lo the model, report, and/or conclusions which they support. identify the value added ond 
discuss the Impacts of not using the doto. 

Resultlns data Impacts the outcome of the ERDF to meet the objectives of the Performance Assessment, as required by DOE 
M435.1-1. 
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Q'~.-<lL 
Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RE..()()17 Revision No.: 0 
(Request EMDT number from Mode/In~ Team Leader} 

ritle: Performance Assessment Results for Inclusion In Composite Analysis: Environmental 
Restoration DISposal Facility Dalli: 9/18/2017 

Groundwater pathway analyses were calculated using the 3-0 Subsurface Transport Over Multiple Phases (STOMP) model. 
Model results found that no radionuclldes from ERDF enter the groundwater during the compliance period (2035 to 3035). 
The first Indication of radionuclide occurs in year 4,420, (2,385 year after closure). 

Without these data, conclusions regarding future projections of contamination from ERDF Into the groundwater and 
surrounding environment would be difficult to obtain. Therefore, the necessary procedures to Improve disposal methods and 
mitigate radionuclide transport would be overlooked. 

5, Prior Usu 

Identify the data's prior uses. Describe whether the data hove been used in s/mf/or opp/icatJons by the scientific or regulatory 
community. Include the associated verification processes and prior reviews and review results. 

The datasets were developed as part of ERDF PA. 
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Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RE-0017 Revision No.: 0 
{Request EMDT number from Modeling Team Leader) 

Title: Performance Assessment Results for Inclusion In Composite Analysis: Environ mental 
Restoration Disposal Facility Date: 9/lP,/2017 

6. Data Acquisition Method(sJ 

Describe the data acquisition method and associated QA/Q~ considering the following: 

a. Qualifications of personnel or organizations generating the data; 
b. T echnlcal adequacy of equipment and procedures used; 
c. Environmental and programmatic condrrions if germane to the data quality; 
d. The extent to which acquisition processes reflect modeling requirements; 
e. The quality and rellabillty of the measurement control program; 
f. The degree to which Independent audits of the process were conducted; 
g. Extent and rel/ability of the assodated documentation. 

a. Modellng staff and .subcontractors are responsible to partake in modeler training, report software operations and 
verify model results. 

b. STOMP software used to calculate vadose zone fate and transport meets NOA-1-2000 and DOE O 414. 10 
safety/software requirements. 

c. Unknown at this time. 

d. DOE/RL-2011-50 documents the capability of the STOMP code to meet Identified attributes and criteria. 

e. STOMP software Is registered In the Hanford Information System Inventory, managed byCHPRC. The modeling 
software has been verified as acceptable for the purposes of the ERDF PA. PA modeling attributes are compliant 
with the following Quality Assurance documents: 

I. EPA Guidance for Quality Assurance Project Plans for Modeling (EPA/240/R--02/007) 
II. CH PRC Procedure for Controlled Software Management (PRC-PRO-IRM-309) 

iii, DOE management expectations for compliance in EM Quality Assurance Program (EM·QA-001) 
f. LFRG review 2013 
g. Meets the QA requirements. 

For databases, identify query language used to obtain data from database {SQL, etc.), briefly describe the query description 
and attach copy 

N/A 

7. Carrobaroting Data 

Identify and discuss any corroborating datasets. Provide any documentation that confirms the corroborating data substantiate 
existing parameter values, distributions, or data quality. 

N/A 

'-------------- - - --------- - ------------ ----
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Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RE-0017 Revision No.: 0 
/Request EMDTnumber from Modeling T~om Leader} 

Title: Performance Assessment Results for Inclusion In Composite Analysis: Environmental Restoration Disposal Facility Date: 9/18/2017 

8. Data Quol/ty Considerations 

Discuss dara quality considerations nor /denrified In other sections. Include discussion of data quality indkotors {I.e., accuracy, precision, representativeness, complfrteness, and comparability/. 

N/A 

9, Auumptians and Limitations an Data Use 

Document known uncertainties, assumptions, constraints or limfts on data. 
Several assumptions were made In the development of the conceptual model for the PA. Model assumptions can be grouped Into the following categories listed below. . Surface Barrier Assumptions . Model Boundary Assumptions . Representation of Geologic Units . Infiltration and Recharge . Geochemistry and Sorption . Va dose Zone and Saturated Zone Flow and Transport . Groundwater Concentration . Post-closure Inventory Source Term . State of ERDF at Closure 

Descriptions of assumptions be found in Section 1.6 of WCH-520 Performance Assessment for the Environmental Restoration Disposal Facility, Hanford Site, Washington. 

Several uncertainty and sensitivity analyses wer,~ also conducted for the PA. The groundwater pathway uncertainty analyses compares uncertainties between the STOMP model and conceptual model to determine which parameters that have the greatest Influence on model outcomes. Uncertainties evaluated Include, but are not limited to, the following: . Recharge Rate Parameters . Vadose Zone Hydraulic Parameters 
• Incorporation of Various Hydro-Stratigraphic Units . Flow Field and Transport Parameters . 1-D Transport Modeling vs. 3-D STOMP 

Additional detail regarding methods used to conduct and quantify model uncertainties can be found In sections 3.9 and 4.6 of WCH-520 Performance Assessment for the Environmental Restoration Disposal Focl/lty, Hanford Site, Washington. 
Data Configuration Item Submittal: 
Data Avril Carter/Data Provider -

~ · 
Provider 
Submittal 1uw1r_ ~N-
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~~~,::u Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RE--0017 Revision No;: 0 
[Request EMDT numb<?r from Modeling T,om L,oder) 

Title: Performance ASsessment Results for Inclusion in Composite Analysis: Environmental 
Restoration Disposal Facility Date: 9/18/2017 

Data Conflaunrtlon Item Review and Verfflcatlon: 

10. Verification Process 

Describe steps taken to verify that these data ore appropriate for intended uu, noting any limitatJons . Data verified by comparing the mass flux history for Tc-99 against results presented In Figure 4-39 of WCH-520 
document for the compliance case recharge rates and hydraulic properties based on the 3-0 model for ERDF 
including Berms. . COCs were Verified against Table 3-2 WCH-520 . Contaminant break through verified against break through curves in Table 9 Flux_to_water_table-9~all_erdf_berm-
Excel worksheet Plots-At Water Table. . 'Flux_to_water_table_9_all_erdf_berm_1129.xlsx' has the model results for contaminants with Kd > O mlJg. Only 1-
129 res1.tlts have a non-zero value. Confirmed Table 3-13 ERDF PA WCH-520. . Table 1 of this EMDT was verified against Table 3-2 WCH-520 

lJ. Summary of Data Review 

The revit!W shall ensure that the report meets the listed criteria. Consideration Includes ensuring that the data collection 
method employed was appropriate for the type of data being considered and confidence In the data acquisition and 
,ubsequent processing methodology Is warranted. 

Is documentation technically adequate, complete, and correct? [x I Yes I I No 

Are uncertainties and \Imitations on appropriate use of data discussed? [ x) Yes I I No 

Are the assumptions, constraints, bounds, or limits on the data Identified? [x I Yes I l No 

Data Approval of Data Configuration Item 
Reviewer 
Appro~al 

Linda Lehman/ Senior Reviewer ~s,z,l ~:tLr _.: '(.A,tL,.t.!,,u_/ 
SIGNAl\JRE 
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76b Environmental Modeling Data Transmittal Cover Page 

No.: EMDT·RD-0019 Revision No.: 0 
/Rtqutst EMDT num~r Jrr,m Modtllng Team uad,r/ 

Title: Performance Assessment Results for Inclusion In Composite Analysis: Integrated 
Disposal Facility Date: 9/18/2017 

1. Data Description 

Provide the description of data set or doto type. 
Data packaged In this transmittal page contains selected Excel spreadsheets, documents, and STOMP model outputs that 
were developed to complete the 2017 performance assessment (PA) of the Hanford lntecrated Disposal Faclllty (IDFI reported 
In RPP•RPT-59958 Revision 8. The selected model outputs are fluxes of technetlum-99 (Tc-99) and lodlne-129 (1-129) to the 
water table from simulated contaminant releases from IDF In the PA model base case for a 10,000-year period followlns the 
assumed facility closure In calendar year 2051, and these outputs are extracted from a larser set of model output flies 
atchlved with RPP-cALC-61032 Revision O In the Environmental Model Management Archive (EMMA). As of September 2017, 
these outputs provide the best Information currently available on long-term groundwater Impacts from future disposal of 
solid waste at IDF, given the objectives of the Hanford Site Composite Analysis. 

In FISCal Year 2017, the Department of Energy Office of River Protection and Its subcontractors completed development of a 
PA for the near-surface disposal of low-level and mixed low-level waste at IDF. IDF ls a double-lined landfill expected to be the 
disposal facility for the vitrified low-actl\/ity waste that will be produced at the Hanford Waste Treatment and Immobilization 
Plant (WTP). The IDF Is also expected to receive secondary solid waste (SSW) senerated by the WTP, SSW generated by the 
Effluent Treatment Facility (ETF), and other solid wastes from Hanford site remediation efforts. Phase 1 construction of IOF 
was completed between 2004 and 2006. The 2017 IDF PA uses computer models to assess the potential Impacts of disposed 
waste to human health and the environment after facility closure for multiple exposure pathways, including a groundwater 
pathway. Contaminant fate and transport for the groundwater pathway Is simulated In a three-dimensional finite difference 
model of the vadose zone and saturated zone at IDF and the surroundlns area using the Subsurface Transport Over Multiple 
Phases (STOMP) simulator described In PNNL-15782. Although the 2017 IDF PA has not completed all of Its regulatory 
reviews and Is not yet publicly available, It Is appropl1ate to include Its outputs In the Hanford Site Composite Analysis, 
because a 2013 Record of Decision ("Flnal Tank Closure and Waste Management Environmental Impact Statement for the 
Hanford Site, Richland, Washington: Record of Decision", 78 FR 7S913) designated IDF as the permanent disposal destination 
for slgnlflcant Inventories of contaminants, and because the 2017 IDF PA Incorporate., changes In assumptions developed at or 
since that time which supersede past PA analyses of WTP wastes or of preconstructlon concepts of the IOF. 
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76b Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RD-0019 Revision No.: 0 
{Request EMDT number from Modellno Team leader} 

Title: Performance Assessment Results for Inclusion In Composite Analysis: Integrated 
Disposal Facllity Date: 9/18/2017 

2. Data Intended Use 
Identify the data's Intended use. Describe the rationale for Its selection and how the data w/11 be incorporated Into a model, 
report, or database. Include discussion of the extent to which the data demonstrate the properties of interest. 

The Intended use of the data Is to provide contaminant mass flux from IDF to the Hanford Composite Analysis (CA) 
groundwater model. 

The 2013 Record of Decision ("Final Tank Closure and Waste Management Environmental Impact Statement for the Hanford 
Site, Richland, Washington: Record of Decision•, 78 FR 75913) designates IDF as the permanent disposal destination for low 
actMty waste generated by the WTP (among other wastes). Consistent with numerous other Hanford Site PAs and modeling 
analyses, the 2017 IDF PA (RPP-RPT-59958 Revision B) determined thatTc-99 and 1-129 are by far the dominant IDF wa,te 
contaminants contributing to radlologlcal risk for the groundwater pathway. Simulation results Indicating Tc-99 does not 
arrive at the water table during the compliance tlmeframe of 1,000 year, following facility closure while assuming Tc-99 15 a 
non-sorblng solute support a conclusion that no other contaminants would arrive at the water table within the compliance 
timeframe. The 2017 IDF PA base case simulated 1-129 with a Kd of 0.1 ml/g. The PA also reported uncertainty and sensitivity 
analyses with a small range of 1-129 soil Kd values based on PNNL-13037 Rev. 2. The STOMP simulation results for flux ofTc-
99 and 1-129 released by IDF to the water table are the most directly useful form of !OF-related input for the CA groundwater 
model. · 
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76b Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RD-0019 Revision No.: 0 
/Rtqu,st EMDT numb,r from Modtling r,am L,ader) 

Title: Performance Assessment Results for lncluslon In Composite Analysis: Integrated 
Disposal Faclnty Date: 9/18/2017 

3. Doto Sources 
List databases, documents, etc. - proo/de sufficient deto/1 to enable data to be locat~ by Independent reviewer 
The base case Inventory was adopted from Inventory Cue 7 In RPP· ENV• 58562 Rev.3 
The 2017 IDF PA model base case outputs are extracted from output flies archived with RPP-CALC-61032 Revision o and 
transmitted as follows. 

Data Folder: IDF Base case Input and raw output •surface• files selected for transmittal were placed In a .zip Ille 
• Input and output Illes were provided by IDF PA team In file "IDF _PA_basecase.zlp" 
• This .zip Ille contains base case runs that simulate mass flux of combined waste forms from IDF to the groundwater 

table. Individual subfolders for radlonuclides 1·129 and Tc-99 contain flies needed to execute simulations. The 
subfolder names match the base case simulation IC>s used for the PA flies In RPP·CALC-61032: 

o VzpOO_lnfd06_gwpl5_ali_l-129_Phl•2_kdl 
o VzpOO_lnfd06_gwpl5_ell_Tc-99_Phl-2 

Data Folder: Post-processed STOMP results 

• Post-processed STOMP results provided In• project directory,• STOMP Model Results". 
• This folder cont1lns .dat flies that were converted from raw surface flies In order to view base case results In a user-

frlendly format. Initial conversion was done with the Perl script surfaceTo.pl distributed with STOMP. The .dat flies 
were then converted to 2 Excel (.xlsx) files for Tc-99 and 1·129 results. Within each spreadsheet, highlighted columns 
A and F represent calendar year (usu ming faclllty closure In 2051) and solute flux to the water table, respectlvely. 

4. Impact of Uu or Nonuse of Doto 
~scribe the importance of the dota to the model, report, ond/or «>nclusions which they support. Identify the value added and 
discuss the impacts of not using the data. 
Base case results tor groundwater pathway were calculated using the 3-D STOMP model of the vado,e zone and saturated 
zone at IDF. 

Performance assessment results can be used to support decisions regarding best management practices (ALARA) and cost-
benefit analysis during future operation on the IDF. Because the IDF Is currently In pre-operational stages, PA conclusions 
could also Influence final design features of the faclllty. 
The 2013 Record of Decision ("Final Tank Closure and Waste Management Environmental Impact Statement for the Hanford 
Site, Richland, Washington: Record of Decision•, 78 FR 75913) designated IDF as the permanent dl5posal destination for 
significant Inventories of Hanford Site contaminants, therefore nonuse of the data from the 2017 IDF PA from the Composite 
Analysts would constitute an unacceptable omission from the slt~wlde contaminant mass Inventory. 
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7fib Environmental Modeling Data Transmittal Cover Page 

No.: EMDT•RD-0019 
/Request EMDT numbtr from MadtNng Ttom ltodtr} 

Performance Assessment Results for Inclusion In Composite Analysis: Integrated 
Disposal Facility 

5. Prior usrs 

Revision No,: O 

Date: 9/18/2017 

Identify the data's prior uses. Describe whether the data have been used In slmllar app//cat/ons by the scientific or regulatory 
communny. /ndude the assodated verification processes and prior reviews and review results. 

The data were used In the 2017 performance assessment (PA) of the Hanford Integrated Dlsposal Facility (IDF) reported In 
RPP·RPT-59958 Revision B. The data are from model output! documented In RPP-<:ALC-61032 Revision 0. 
As documented in RPP-CALC-61032, the simulations were performed, checked, and Internally reviewed In accordance with 10 
CFR 830, "Nuclear Safety Management," and Subpart A, "Quality Assurance•; DOE O 414.10, "Quality Assurance•; ASME-NQA-
1-2008 with 2009 addenda; other State and Federal environmental regulations; and associated quality assurance procedures 
by Washlncton River Protection Solutions, LLC (WRPS) for preparation and Issuance of Environmental Model calculation Flies, 
which are equ!valent to the procedures used by CH2M Hill Plateau Remediation Company. Among other measures, 
Implementation of these procedures Included verification of Inputs, rerunning base case simulations, and verification of post-
processing by an Independent checker not Involved In preparation of the model files and use of an Internal senior reviewer. 
RPP-CALC-61032 and RPP•RPT-59958 were also externally reviewed by subject matter experts at Pacific Northwest National 
Laboratory, Savannah River National Laboratory, and Savannah River Site. An LFRG review IS currentlv scheduled to be 
Initiated In October 2017. 
Note that as of 5eptember 2017, the 2017 IDF PA has not completed all of Its regulatory reviews Including the DOE-mandated 
review by an LFRG committee. Therefore, the documentation Is not publlcly available and base case assumptions and results 
are subject to change. The LFRG Review Is scheduled to be Initiated In October 2017. 
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6. Data Acqufsltlan Mnhod{sl 

Describe the data acquisition method and associated Q,4/QC, considering the /of/owing: 

a. Qua/1/fcat/ons of personnel or organizations generating the data; 
b. Techn/co/ adequacy of equipment and procedures used; 
c. Environmental and progrommatfc conditions If germane to the dato quollty; 
d. The extent to which acquisition processes reflect mode/Ing requirements; 
e. The qua/tty and reffab/1/ty of the measurement control progrom; 
/. The degree to which Independent audits of the process were conducted; 
g. Extent ond rellab//fty of the associated documentation. 

The data development and management used for the IDF PA adheres to EPA and DOE guidance and requirements provided In 
Section 10 of the IDF PA. 

a. Modeling staff are required to participate In training to ensure QA/QC processes and requirements for model 
development are communicated and followed. Selectlon of PA modelers, authors, checkers, and reviewers Is based 
on quallflcatlon by education and professional experlenco as documented In attachments to RPP-RPT-599S8 and 
RPP-CALC-61032. 

b. STOMP software used to calculate vadose fate and transport meets safety and software requirements of ASME-
NQA-1-2008 with 2009 addenda and DOE O 414.lD. Technical assumptions and Inputs were reviewed by an Internal 
senior reviewer and external peer reviewers. 

c. RPP-RPT-59958 describes environmental conditions and uncertainties associated with the numerous Inputs to the 
2017 IDF PA models and the assumptions adopted In the base case simulations. In 2013, 78 FR 75913 de,lgnated 
IDF as the permanent disposal destination for low activity waste from WTP and other secondary waste. Phase 1 
construction of IDF was completed In 2006, but construction of further phases assumed In the PA is dependent on 
actual waste generated by WTP, which Is not yet operational In 2017. Disposal of waste In IDF requires 
authorization via updates to the existing RCRA permit and DOE Disposal Authorization Statement Issued prior to the 
2013 Record of Decision. Al of September 2017, the 2017 IDF PA has not completed all regulatory reviews required 
to approve the PA or obtain such authorizations. future programmatic conditions may differ from those assumed In 
the 2017 IDF PA In ways that could affect the nature, quantity, or spatial arrangement of wastes In IDF and thus 
affect the simulated contaminant releases and Impacts to groundwater. 

d. DOE/RL-2011-50 documents the capability of the STOMP code to meet Identified attributes and criteria. Technical 
assumptlons and Inputs were reviewed by an Internal senior reviewer and external peer reviewers. 

e. Quality of underlying data used In model Input Is addressed In multiple data packages cited In RPP•RPT-59958. 
STOMP software Is registered In the Hanford Information Systems Inventory, under controlled management by 
CHPRC. PA modeling attributes are compliance with the following Quality Alsurance documents: 

I. EPA Guidance for Qua/tty Assuronce Project Plans for Mode/Ing {EPA/240/R-02/007) 
II. CHPRC Procedure for Controlled Software Management (PRC-PRO-IRM-309) 
Ill. DOE management expectations for compliance In EM Quallty Assuronce Program (EM-QA-001) 

t. Simulation Inputs and outputs were checked by an Independent checker who did not participate In preparing the 
model Input flies. Simulation Inputs and results were reviewed by an Internal senior reviewer and external peer 
reviewers. In accordance with TFC-PLN-15S, WRPS quality assurance personnel provided oversight Including two 
Independent surveillances and multiple work site assessments. 

g. The 2017 IDF PA results are documented In RPP-RPT-S9958 Revision A, RPP-CALC-61032 Rev. O, and associated 
model package reports, environmental model calculation flies, data packages, environmental modeling data 
transmittals. and other documents cited therein. The documentation Is verified by Independent checkers and 
reviewed by Internal senior reviewers and external peer reviewers. As of September 2017, the 2017 IDF PA has not 
completed all regulatory reviews Including review by an LFRG committee. 

For dotaboses, Identify query language used ta obtain data from database (SQL, •tc.), briefly describe the query description 
and attach copy 

Not applicable. 
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76b Environmental Modeling Data Transmittal Cover Page 

No.: EMDT•RD-0019 
/Request EMDT number from ModellnQ Team Ltader/ 

Title: Performance Assessment Results for Inclusion in Composite Analysis: Integrated 
Disposal Facility 

7. Corroborating Data 

Revision No.: o 

Date: 9/18/2017 

Identify and discuss any corroborating datasets. Provide ony documentation that confirms the corroboroting doto substantiate 
existing parameter values, distributions, or data quality 

Data Packages, reports, and literature with corroborating data referenced In the vadose zone and saturated zone fate and 
transport modeling Included: 

PNNL- 13037 Rev.2, PNNL 14744, PNNL-14960, PNNL-15237, PNNL-23711, RPP-20691 Rev.land RPP-58562 Rev.3. 

Fayer, MJ. and G. W. Gee, 2006, "Multiple-Year Water Balance of SOIi Covers In a Semiarid Setting.• Journal of Environmental 
Quality, Vol. 35, No. 2, pp.366-377. 

Zhang, Z.F. and R. Khaleel, 2010, "Simulating field-scale moisture flow using a combined power-averaging and tensional 
connectlvlty-tortuoslty approach," Water Resources Research, Vol.46, W09SOS, pp. 1-14 

xc8. Data Quallty Considerations 

Discuss data quality considerations not ldentJfled in other sections. Include discussion of data quallty Indicators (I.e., accuracy, 
precision, representativeness, completeness, and comparablllty). 

RPP-RPT-59958 reports sensitivity and uncertainty analyses of the Inputs and assumptions of the 2017 IDF PA model base case 
and Includes discussion of accuracy, representativeness, etc. of the simulation results. FluXl!s to the wator table are calculated 
with high precision but are accurate to only 2 or 3 significant digits at the most and subject to conceptual uncertainties 
affecting the first digit, typical of other PA simulation results. Simulation t imes are specified exactly, however t he cumulative 
uncertainties in the contaminant transport calculations Imply timing of results ever the 1,000-year tlmeframe Is likely 
uncertain to the nearest decade or mere. Assumptions adopted for the base case parameterization ranged from 
representative to reasonable conservative. The base case does not represent a central tendency or most likely case, although 
as shown In the probabilistic uncertainty analyses the base case results are similar to the mean of the probabilistic results. It 
Is the responslblllty of the data user to determine whether those assumptions are reasonably consistent with those of other 
Inputs for the Composite Analysis. 
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76b Environmental Modeling Data Transmittal Cover Page !~-
No.: EMDT-RD-0019 Revision No,: 0 

{R,quest EMDT nurnM from Mod•llng Teom Wider/ 
Title: Performance Assessment Results for Inclusion In Composite Analysis: Integrated 
Disposal Facility Date: 9/lB/2017 

9. Assumptions and Umhotlons on Data Us,, 

Document known uncertainties, assumptions, constrolnU or 1/111/ts on doto, 

Summaries cf key uncertainties and key assumptions can be found In Sections 1.9 and 2,8 of the IDF PA. respectively, Base 
case assumptions are detailed In Section 5.2.1 of the PA. Slgnlflc.ante of key assumptions Is discussed In Section 8.4. As of 
September 2017, the 2017 IDF PA has not completed all regulatory reviews Including review by an U:RG committee. 
Therefore, the documentation Is not publicly avall•ble, and base case assumptions and results are subject to change. 

Daia Configuration' Item Submittal• , . 

Data H\lfl\ Car-\-e.c I Oa+u V<t>\l'ide.r 
Provider $ · submittal IO-Jl- I,-

OAlE 
O.ta Configuratio.n l~em Review andVerlflel>tium 

JO, Verifkr,tlon Process 

Describe sttps token to verify that these data are appropriate for Intended use, noting any llmltotlons 
Reviewed all citations and section numbers provided, requested additional detail be provided In some areas. 
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76b Environmental Modeling Data Transmittal Cover Page 
,!~l-

No.: EMDT-RD-0019 Revision No.: 0 
[Request EMDT num~r from Modeling Team Lwder} 

Title: Performance Assessment Results for Inclusion In Composite Analysis: Integrated 
Disposal Facility Date: 9/18/2017 

11. Summory of Dato Review 

The review shall ensure thot the report meets the listed criteria. Consideration includes ensuring that the dota collectlon 
method employed was approprfote for the type of data beln(I considered and confidence in the dota acquisition and 
subsequent processing methodo/011y Is warranted. 

Is documentallon technically adequate, complete, and correct? [ x] Yes [ I No 

Are uncertainties and limitations on appropriate use of data discussed? (x I Yes [ I No 

Are the assumptions, constraints, bounds, or limits on the data identlfled? 

(x I Yes 11 No 

Data Approval of Oata CDnf/11uratlon Item 
Reviewer 
Approval 

Lit-Jt>A LEtf.(J\IZAAJ fJ(!,,fE,fv7t>l' 

"7E"~' 10/u U.? . .u.L 
SIGNATURE --- DAtt T 

Electronic Modeling Data Transmittal Form Rev. 0 Cover Page 8 of 8 



ECF-HANFORD-22-0114, REV. 0 

C-15 

 

  

t. Environ mental Modeling Data Transmittal Cover Page 

No.: EMDT·RE-0026 Revision No.: 0 
[R,quest £MOT num~ from Mod•ling T,am l,ad,r} 

Tltle: Environmental Impact Statement Results for Inclusion In the Composite Analysis: US 
Ecology Low-tevel Waste Dlsposa I Site Date: 9/18/2017 

l. Doto Desulptlo11 

Provide the description of data set or data type. 

US Ecology operates a low-level radioactive waste disposal facility (LLRW) on the Hanford Site, Washington. A draft 
Environmental Impact Statement (DEIS) was developed by the Washington State Department of Health (WSDOHI for the site 
in 2000. The WSDOH requested an updated EIS from the U.S. Ecology since the draft was published. As a part of the updated 
EIS, a groundwater analysis for radioactive waste stored In the URW was conducted. 

The groundwater analysis results were published In the Groundwater Concentration and Drlnl<lng Water Doses with 
Uncertainty for the U.S. Ecology Low-Level Radloacti'll Waste Disposal Fadlity, Rich/and Washington, February, 2004 
(groundwater report). The contents of this transmittal document contains results and supporting data of the groundwater 
analysis that were used In the EIS. (Section 5.2 In the EIS discussed the groundwater and surface water conditions at the 
LLRW site based on the groundwater analysis.) 
The Information sought for the CA modeffng effort Is the radlonucllde flux from the vadose zone to the saturated zone. 

emall to WIii Nichols and Linda Lehman on February 27, 2018 and are now stored In EMMA. The flies were annotated as 
follows: 
RadlonucUde fluxes from the vadose zone to the saturated zone are presented In the six attached ASCII files, There are six 
groups of radlonucffdes. The first group has fission and activation products while the next five groups are actinides. 

Some radlonuclldes have an "mf" suffix (e.g. U·238mf). This refers to the mobile fraction of the radlonucllde that has• 
different release rate and transport time than most of the Inventory. 

Actinides that are not mobile fractions have • letter suffix Dke Pu-238a, U·234a, Th-230a, and The letter 
designation refers to the decay chain of the progeny. For example U·234a Is U·234 de~ved from Pu•238a and Ra-226• 
refers to derived from Pu-238. 

Release rate units are Cl/yr, Time units are In years from the start of the slmulatlon. The simulation starts In 1965. 

Electronic Modeling Data Transmittal Form Rev. 2 Cover Page 1 of7 
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Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RE-0026 Revision No.: O 
{Request EMDT number from Modeling Team leader} 

Title: Environmental Impact Statement Results for Inclusion in the Composite Analysis: US 
Ecology Low-Level Waste Disposal Site Date: 9/18/2017 

2. Dara lntendfll IJs4' 

Identify the data's Intended use. Describe the rationale for Its selection arid how the data w/1/ be lncorporoted /flto a model, 
report, or database. Include discussion of the e~tent to which the data demonstrote the properties of interest. 

Conclusions derived from the groundwater analysis were incorporated Into the Environmenta I impact Statement for the 
Commercial Low-level Radioactive Waste Disposal Site In the Hanford, Washington Area (EIS). This data will be 
Implemented Into the Composite Analysis for the Hanford Site. The data fifes received On February 27, 2018 are to be 
read directly Into the CA model Of the Saturated zone If pOsslble. This wlll eliminate having tO recreate the rad flux Of 
contaminants Of concern Over time. 

The figure below shows a tlmeline of radionuclldes stored In the US Ecology faclflty from 1965-2005. 
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12. Radioat!Mty iii Iba U8 :Ecology Ll.RW facilil)' as I fimii1ion of time fill 
C-14, Cl-36, H-3, I-129, and Tc-99. 
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3. Doto Sources 

List databases, documents, etc. - provide sufficient detail to enable data co be located by Independent reviewer 

• US Ecology Groundwater Analysts and EIS flies were provided by PA team in data folder •Final Reports" 
o Final Environmental Impact Statement (EIS) 
o Groundwater Concentrations and Drinking Water Doses with Uncertainty for the U.S. Ecology Low-Level 

Radioactive Waste Disposal Faclllty, Richland Washington (Groundwater Report) Computer Flies of rad 
flux over time were provided by Art Rood. 

No model data or codes were located tor this analysis. 

Example data curves from the analysis, Illustrating radlonucllde (U-238) and water flux as a function of time, are shown below 

I ,.oo 
I io.ao+---------------------

IJI I 0.eo 
I 0A0-t------~------~--------

.a 0.20 +----+------_.;"'2'-~---... 
0 

Tlllle('t'ews) 

Fipu'f 7. GWSC'REEN 111d FOLAT flux to poundwater aonu1izM to the 
maximtun tJux predicted by OWSC'REEN for ,m 82.3 m 1111Sllllllated thickness 
111d 4 m cispauvily. 
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t Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RE-0026 Rellision No.: o 
/Rtqutst EMOT numbtr from Modtllng Ttom Leodtr} 

Ule: Environmental Impact Statement Results for Inclusion In the Composite Analysis: US 
Ecology Low-Level Waste Disposal Site ~te: 9/18/2017 

4.Gll1o' . [-i---~ ~~;_-- .... ----· _; __ { 
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i i .. - ~-1. -... s.a.10' --l- ----· " I . I I I _; , 
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flaur, H, Gnpb sbowiq U-238 mobile fnctim 1quifa coaca,ntioo, for the 
eo1wiced 111d prq,or<d coven. Cooa:atnrilllll while tbc covor rmuoilll illbc:t "'" 
lower for tbc allumced cov« but uc bi,l,cr after cover !llil..-e. The area Ulldor the 
two cwve• ls tbe same. 

4. Impact of US. or Nonuu of Doto 

Describe the Importance of the data ta the model, report, and/or conclusions which they support. Identify the value added and 
dlscussthe impacts of not using the data. 

The groundwater concentration analysis data Is a key component to the Fina I EIS, which represents the changes In Hanford 
site operations since the draft EIS. Without this data, the Final EIS will Inaccurately represent the current radionuclide 
Inventory and transport actJvltywithln the groundwater table. 
Utllzatlon of the model data ties clrectly wll save time and money. The radlonucllde flux wll not have to be recreated, or 
somehow estimated from concentration data. 
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Environmental Modeling Data Transmittal Cover Page 

No,: EMDT-RE-0026 Revision No,: o 
/Rtquest EMDT number from Mode/Ing T,am Ll!Oder} 

Title: Environmental Impact Statement Results for Inclusion In the Composite Analysis: US 
Ecology low-Level Waste Disposal Site Data: 9/lB/2017 

s. Prior Usu 

Identify the data's prior uses. Describe whether the data ha'1e been used in similar applications by the sdentific or regulatory 
community. lndude the associated uerificatfan processes and prior reviews and review results. 

Computer files were previ ously adopted as the Groundwater Report supporting the EIS rnenlloned 
above . 

6. oat.a Acqulsltk>n Method(s) 

Describt th• data acqu/sltfan mtthod and associated QA/Qc; consldtr/ng th• following: 

a. OllaNfications of personnel or organizations generating the data; 
b. Technical adequacy of equipment and procedures used; 
c. Enllironmtntal and programrr>atlc conditions if grrmant to tht data quallty; 
d. The extent to which acquisition processes r•flect modeling requirements; 
•· The quality and rel/ability of the measurement control program; 
f Th• dtgret to which lndt~ndtnt audits of tht proct,s wtrt conducted; 
g. Extent and re/lab//ity of the associated documentation. 

a. N/A 
b. The models FOLAT(FlrstOrder Leach and Transport), GWSCREEN, and Disposal Un ltSourceTerm(DUST) models 

were for the groundwater anatysls. 
I. A summary description these models can be found on pp.19-22 of the groundwater report. 

c. N/A 
d. N/A 
e. N/A 
f. Groundwater analyses were conducted both FOLAT and GWSCREEN models, then compared. Results Indicate no 

major difference between results produced by bolt\ models. 
g. N/A 

Far databases, Identify qut!ry language used to obtain data from database (SQL, etc.), brleftydescr/be the Qut!,Y dtscriptlon 
and attach COfl't 

N/A 

7. Corroborating Doto 

Identify and discuss any corroborating datasets. Provide any documentation that confirms the corroborating dota substantiate 
t,c/stlng parameter valut!s, distributions, or data quality. 

N/A 
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-~!:.\-. Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RE-0026 Revision No.: 0 
/Request EMDT n11mbet from Modeling Team Leader) 

Title: Envlronmenta I Impact Statement Results for Inclusion in the Composite Analysis: Date: 9/18/2017 US Ecolocv Low-level Waste D~posal Site as does tlte Ascii files rec.eved on February 27, 
'\ntat ..... -1:» ......... 

8- Doto Quality Comiderotions 

Discuss data quality considerations not Identified In other sections. Include discussion of data quality Indicators (i.e., accuracy, 
precision, repnsentatlvrness, completeness, and camparab/1/ty ). 

Utilization of the model files from the Groundwater report and their 
incorporation into the EIS ensures that the output of rad flux from the vadose 

- -- - - -- . -- -- ---· 

9. Assumptions and Umitot/ons on Doto IJSe 

Document known uncertainties, assumptions, constraints or limits on data. 

The methodology and results of the uncertainty and sensitivity analyses can be found on pp.62-70 of the groundwater report. 

Data CoNIIU~ lte,nSIANnltt•lt 
Dat. H\1(1 I (Cl(~· Ocx\u 9l'\N•cA~ 
Provider PIAM!/POSITION 
Submittal \\-~-rt 

DATE 

Data Conflluratlon Item Review and V1rlficatlon1 

10. Verfjkot/on Process 

Describe steps token to verify that these data ore appropriate for Intended use, noting any limitations 

11. Summary of Dato Review 

The review shall ensure that the report meets the 1/sted criteria. Consideration Includes ensuring that the data collection 
method employed was appropriate for the type of data being considered and confidence In the data acquisition and 
subsequent processing methodology Is warranted. 

Is documentation technically adequate, complete, and correct? [x I Yes I I No 

Are uncertainties and limitations on appropriate use of data discussed? [x I Yes [] No 

Are the assumptions, constraints, bounds, or llmlts on the data Identified? Ix) Yes [ l No 

Data Approval of Data Configuration Item 
Reviewer 
Approval 

Unda Lehman, Senior Reviewer 
NAM!/POSmON 
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No.: EMDT-RE-0026 Revision No.: 0 
{Request EMOT number from Modeling Tl!Om Leader] 

Title: envlronmental Impact Statement Results for Inclusion In the Composite Analysis: US Date: 
911812017 

Ecology Low-level Waste D~i,.cp-os--la~=lS..,lte~---..,__ ____________ _ a, • ~<Aw-<,/ 
SIGNA 

EMDT accepted for Composite Analysis input after Data Readiness 
Review's provisions on 11/20/2017 were met on 10/2/2018. 

EMDT accepted for Composite Analysis input in Data Readiness Review on 10/2/2018. 
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C .. -:!' .. l Environmental Modeling Data Transmittal Cover Page 

No.: EMOT- EMDT-RE-0018 Revision No.: 0 
{f!tqutst £MOT numbff from Modeling Team leader} 

Title: Performance Assessment Results for Inclusion In Composite Analysis: Waste 
Date: 9/28/2017 Management Area C 

1. Data Description 

Provide the description of data set ar data type. 
Waste Management Area C (WMA C) Is located In the 200 East Area of the Central Plateau at the Hanford Site in southcentral 
Washington and Is one of 12 tank farms grouped Into 7 WMAs (A-AX, B-BX-BY, C, S-SX, T, TX-TY, and U) containina 149 SSTs 
and ancillary equipment built from 1943 to 1964 In preparation for the WMA C closure In 2020, a performance assessment 
{PA) is required to evaluate future fate and transport of radlonucl\des from the tank residuals Into the surrounding 
environment. 3-0 flow and transport model, STOMP, was used to calculate radionuclide transport In the vadose zone 
surrounding the facility. This data transmittal documents the data Inputs and results used to complete the PA. 

The primary data Includes time varying contaminant mass flux estimates from the vadose zone to the water table under 
WMAC. 

2. Datrr lntendm Use 
Identify the data's intended use. Describe the rat/onale for Its selection and how the dato w/11 be incorporated into a made/, 
report, or database. Include discussion of the extent to which the data demonstrate the properties of Interest. 
The intended use of the data Is to provide contaminant mass flux from WMA C to the groundwater model used for Composite 
Analysis. 

3. Dato Sou~•• 

List databases, documents, etc. -provide suffident detoll to enable data to be located by Independent re•iewer 
Data Folder: WMAC PA Documents are located In file directory "PA·WMAC-flle,• 

STOMP Model Data folder: This directory Include, input and post-processed surface files for solutes occurring at the water 
table, Data provided by WMA Cteam In folder "Flux to Water Table WMA CPA". 

4. Impact of Use or Nonuse of Dato 
Describe the lmpottance of the data to the model, report, and/or conclusions which they support. Identify the value added ond 
discuss the impacts of not using the dota. 

Conclusions from this PA can be used to refine current contamination dose estimates and exposure analyses for residual 
wastes left In tanks and ancillary equipment at WMA C. The analysis conducted at the WMA C facility is an Integral component 
to the Composite Analysis. Falling to Include WMA C data wlll neglect a signfflcant amount of Hanford Site contaminants 
within the site wide Inventory. 
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Environmental Modeling Data Transmittal Cover Page 

No.: EMDT• EMDT-RE--0018 Revision No.: O 

{Request EMDT number from ModeHng Ttom Leadtr} 

Title: Performance Assessment Results for Inclusion In Composite Anatvsls: Wast• 
Management Arna C 

Date: 9/28/2017 

5. Prior USI/J 

ldMtify the data's prior uses. Describe whether the data have been used In slmllar oppllcotlons by the sclentl/lc or regulatory 
community. Include the associated verification processes and prior reviews and review results. 

Datasets were developed for the WMA C PA. 

6. Doto Acquisition Method(•} 

Describe the data acqul,ltlon method and Dlloclated a,vac; con,lderlng the following: 

a. Quali/lcotlon, of personnel or organization, generating the data; 
b. Technical adequacy of equipment and procedure, u,ed; 
c. En•lronmental and programmatic condition, If germane to the data quality; 
d. The extent to which acquisition proceue, reflect model/ll!J requlr=nts; 
e. The quality and rel/ob/1/ty of the measurement control program; 
f. The degree ta which Independent audits of the proces, were conducted; 
g. Extent and relloblllty of the associated documentation. 

a. Mod•llng staff and subcontractors am responsible to partaking In modeler training and additional responsibilities to 
manage software operations and verify model r•sults. 

b. STOMP software used to calculate vadose zone fate and transport meets ASME NQA-1-2008 and DOE O 414.lD 
saf•ty software/quality assurance requirements. 

c. Unknown at this tim•. 

d. DOE/Rl-2011-50 documents the capablllty of the STOMP code to meet Identified attributes and criteria. 

e. STOMP softwane is r•glstered In the Hanford Information S'(5tem Inventory, managed by CHPRC. The modeling 
software has been verlfled as acceptable for the purposes of the ERDF PA. PA modeling attrlbutes are compliant 
with the following Quality AS5urance docum•nts: 

I. EPA Guidance for Quality Assurance Project Plans for Modeling (EPA/240/R-02/007) 
II. CHPRC Procedure for Controlled SOftwore Management (PRC·PRO-IRM-309) 

Iii. DOE management expectations for compliance In EM Quality Assurance Program (EM-OA-001) 
f. The model was Implemented on 2 Independent computer systems, GREEN Linux and Tellus subsurface Simulation 

Platform. 
g. . Much Information was developed through the Battelle Paclflc Northwest Laboratory and is considered to be of 

good quality. 

For databases, Identify query longuag,e used to obtain data from database (SQ/.., etc,), briefly describe the query description 
and attach copy 

N/A 
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~t:INll,~I Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-EMDT•RE-0018 Revision No.: 0 
/RtqUtst EMOT numbff from Modtl/ng Ttom uader] 

Title: Perforrmnce Assessment Results for Inclusion In Composite Analysis: Waste 
Date: 9/28/2017 Management Area C 

7. Corroborating Data 

Identify and discuss any co"oborating dot:Dsets. Provide any documtnt:Dtlon that confirms the corroborating data substantiate 
exlsllnr, parameter values, distributions, or dota quality. 

Information contained In several documents supports the Information contained In the WMAC PA. such as: 
DOE/EIS-0391, 2012, "final Tank Closure and Waste Management Environmental Impact 
Statement for the Hanford Site, Richland, Washington." U.S. Department of Energy, Washington, D.C. 

PNNL-15503, 2008, "Characterization of Vadose Zone Sediments Below ttle crank Farm: 
Borehole C4297 and RCRA Borehole 299-E27-22." Rev. 1, Pacific Northwest National 
Laboratory, Richland, Washln,ton 

Ye, M., R. Khaleel, T. J. Yeh, 2005, "Stochastic analysis of moisture plume dynamics of a neld 
22 lnJect1on e~perlment, • Water Resources Research, Vol. 41, W03013. 

WMP-22922, 2004, "Prototype Hanford Features, Events, and Processes (HFEP) Graphical User 
Interface," Rev. 0, Fluor Hanford, Inc., Richland, Washington. 

s. Data Quallty Considerations 
Discuss dat:D quality considerations not ldentf/led In other sections. lndude discussion of data quality Indicators /I.e., accuracy, 
pr«lslon, representativeness, completeness, and comporab/1/tyJ. 
Except as noted, BBi estimates with radlonuclldes decayed to January 1, 2020 were used as source terms for the PA. The BBi Is developed using applicable output from the Tani( Characterization Database, Autormted Statistics tool, Automated Vector creation tool and BBi Model tool. 

The BBi was developed In accordance with RPP-7625, "Guidelines for Updating Best-Basis Inventory" and TFC•ENG-CHEM•P• 
53, "Best-Basis Inventory Evaluations.• BBi Model tool output was downloaded to a spreadsheet which was reviewed and 
checked In accordance with Internal WRPS procedures used In the preparation and review of engineering calculations and 
Incorporated Into RPP-RPT-42323. 

9. Assumptions and Umitatlons on Data Use 

Document known uncertalntlts, assumptions, constraints or limits on data. 
A summary of key assumptions can be found In Appendix A of RPP-ENV-587B2, Rev. O Performance Assessment of Waste 
Monogtment Area C, Hanford Site, Woshlnr,ton. 
Description of the uncertainty and sensitivity analyses for WMA C can be found In Section 8.0 of RPP-ENV-58782, Rev. o Performance Assessment of Waste Management Aleo C, Hanford Site, Washington. 

--
Data Configuration Item Submittal: 
Data 
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Environmental Modeling Data Transmittal Cover Page 

No.: EMDT- EMDT-RE-0018 Revision No.: o 

{Request EMDT number from Mode/Ing Team Leader{ 

Title: Performance Assessment Results for Inclusion In Composite Analysis: Waste 

MallagementArea C A-.,Ci\ C.C..,-\er ()(Q\/i ckf' Date: 9/21,/2017 

Provider 
Submittal 

Datil Confl&uratlon Item Revil!W and Verification: 

10, Verification Process 

Describe steps token to verify that these data ore appropriate for intended use, noting any /imitations 

Checked Figures and sections as well as Figures and statements. 

U . SUmma,y a/ Data Review 

11-9-17 
OA'Tt 

The review shall ensure that the report meets thi, l~d criteria. Consideration Includes ensuring that the data collection 
method employed was appropriate for the type of data being considered and confidence In the datu acquisition and 
subsequent processing methodology is worronted. 

Is documentation technically adequate, complete, and correct? 

Are uncertainties and llmltatlons on appropriate use of data discussed? 

Are the assumptions, constraints, bounds, or limits on the data Identified? 

Data Approval of Doto Configuration Item 
Reviewer 
Approval 
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[ l No 
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!~- Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RE-0034 Revision No.: 0 
/Request EMDT number from Modeling Team Leader/ 

Title: Past Leaks Evaluation Results for Inclusion the Composite Analysis: Waste Management 
05/10/2019 Area C Date: 

1. Data Description 

Provide the description of dato set or data type. 

Waste Management Area C (WMA C) is located in the 200 East Area of the Central Plateau at the Hanford Site in southcentral 
Washington and is one of 12 tank farms grouped into 7 WMAs (A-AX, B-BX-BY, C, S-SX, T, TX-TY, and U) containing 149 SSTs 
and ancillary equipment built from 1943 to 1964. In preparation for the WMA C closure in 2020, a Past Leaks Evaluation is 
required to evaluate the contaminant mass flux from the WMA C Into the surrounding environment. The 3-0 f low and 
transport model, STOMP, was used to calculate vadose and satu rated zone flow and contaminant transport. The results of the 
flow and transport model are used to approximate the current and future concentrations in groundwater of various 
radionuclides and non-radiological contaminants from these past releases. 

This data transmittal documents the data Inputs and results used t o complete the Past Leaks Evaluation. 
z. Data Intended Use 

Identify the data's intended use. Describe the rationale for its selection and how the data will be incorporated into o model, 
report, or database. Include discussion of the extent to which the dota demonstrate the properties of interest. 

The intended use of the data is to provide contaminant mass flux from WMA C to the groundwater model used for Composite 
Analysis. 

3. Data Sources 

List databases, documents, etc. - provide sufficient detail to enable data to be located by independent reviewer 

Data Folder: WMAC past leaks assessment documents are located in file directory "Emma\WRPS\Models\EMCF _RPP-CALC-
60793_past_Leaks_Analysis_WMA_C\revl" 

STOMP Model Data folder: The directory includes subfolders with the model data. A document titles 
"ReadMe_directory_structure.docx" describes the data in the subfolders. 

4. Impact of Use or Nonuse of Data 

Describe the importance of the data ta the model, report, and/or conclusions which they support. Identify the value added ond 
discuss the impacts of not using the data. 

Conclusions from the past leaks evaluation for WMA C can be used to refine current contamination dose estimates and 
exposu re analyses for past leak events at WMA C. The analysis conducted at the WMA C facility is an integral component to 
t he Composite Analysis. Failing to include WMA C past leaks results will neglect a significant amount of Hanford Site 
contaminants within the site wide inventory. 

s. Prior Uses 

Identify the data's prior uses. Describe whether the data have been used in similar applications by the scientific or regulatory 
community. Include the associated verification processes and prior reviews and review results. 

Datasets were developed for the WMA C Past Leaks Assessment. 
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Environmental Modeling Data Transmittal Cover Page 

No.: EMDT·RE-0034 Revision No.: O 

/Request EMDT number from Modeling Team Leader] 

Title: Past Leaks Evaluation Results for Inclusion the Composite Analysis: Waste Management Date: OS/l0/2019 
Area C 

6. Doto Acquisition Method(s) 

Describe the data acquisition method and associated QA/QC, considering the following: 

a. Qualifications of personnel or organizations generating the data; 
b. Technical adequacy of equipment and procedures used; 
c. Environmental ond programmatic conditions if germane to the data quality; 
d. The extent to which acquisition processes reflect modeling requirements; 
e. The quality and reliability of the measurement control program; 
f The degree to which independent audits of the process were conducted; 
g. Extent and reliability of the associated documentation. 

Responses: 
a. Modeling staff and subcontractors are responsible to partaking in modeler traini ng and addit ional responsibilities t o 

manage software operations and ver ify model results. 
b. STOMP software used to calculate vadose zone fate and transport meets ASME NQA-1-2008 and DOE O 414.lD 

safety software/quality assurance requirements. 
c. Unknown at this time. 

d. DOE/RL-2011-50 documents t he capability of t he STOMP code to meet identified attributes and criteria. 

e. STOMP software is registered in the Hanford Information System Inventory, managed by CH PRC. The modeling 
software has been verified as acceptable for the purposes of the ERDF PA. PA modeling attributes are compliant 
with the following Quality Assurance documents: 

i. EPA Guidance for Quality Assurance Projecr Plans for Modeling /EPA/240/ R-02/007) 
ii. CH PRC Procedure for Controlled Software Management (PRC-PRO·IRM-309) 
iii. DOE management expectations for compliance in EM Quality Assurance Program (EM-QA-001) 

f. The mode l was implemented on 2 independent computer systems, GREEN Linux and Tellus Subsurface Simulation 
Platform. 

g. Unknown at this t ime. 

For databases, identify query language used to obtain data from database (SQL, etc.), briefly describe the query description 
and attach copy 

Not applicable. 

7. Corroborating Data 

Identify and discuss any corroborating datasets. Provide any documentation that confirms the corroborating data substantiate 
existing parameter valuesJ distributions, or data quality. 

Not applicable. 
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!~~-- Environmental Modeling Data Transmittal Cover Page 

No.: EMDT•RE-0034 Revision No.: a 
{Request EMDT number from Modeling Team Leader) 

Title: Past Leaks Evaluation Results for Inclusion t he Compos~e Analysis; Waste Management Date: 05/10/2019 Area C 

8. Data Quality Consideration 

Discuss data quality considerations not Identified in other sections. Include discussion of doto quality indicators (i.e., accuracy, 
precision, representativeness, completeness, and comparability}. 

The resul ts of the past leaks evaluation are accepted based on the quality assurance process applied under WRPS 
environmental modeling plans and procedures in the development of t his calculation and its inputs. Software was used under 
NQA-1 standards applied t o comply with DOE O 414.ld, Qualit•1 Assurance. Environmental calculations were prepared, 
checked, and reviewed under the WRPS's general quality plan for environmental models and environment model file 
calculation preparation and issue procedure. 

9. Assumptions and Limitations on Data use 

Document known uncertainties, assumptions, constraints or limits on data. 

A summary of key assumptions can be found in Section 4 of the RPP-CALC-60973 Rev. l WMA C Flow and Contaminant 
Transport Model Simulations Supporting Scoping Analysis and Future Projected Impacts of Past Waste Releases, Hanford Site, 
Washington. 

Description of the uncertainty and sensit ivity analyses for WMA C can be found in Section 3 of the RPP·CALC-60973 Rev. l 
WMA C Flaw and Contaminant Transport Madel Simulations Supporting Scoping Analysis and Future Projected Impacts of Past 
Waste Releases, Hanford Site, Washington . 

Data Configuration Item Submittal: 
Data Theresa Landewe/Senlor Water Resources Scientist 
Provider NAME/POSITION 

Submittal -fhusoo.. ~ck.a. S/10/2019 

SIGNATURE DATE 

Data Configuration Item Review and Verification: 
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No.: EMDT-RE-0034 Revision No.: 0 
{Request EMDT number from Modeling Team Leader/ 

Tit le: Past Leaks Evaluation Results for Inclusion the Composite Analysis: Waste Management Date: 
0511012019 

Area C 

10. Verif ication Process 

Describe steps token to verify thot these data ore appropriate for intended use, noting ony limitations 

WMAC past leaks assessment documents located in f ile directory "Emma\WRPS\Models\EM CF _RPP-CALC-
60793_Past_Leaks_Analysis_WMA_C\revl were substantiated and the verification process is described below. 

Table 3-la and Table 3- lb in RPP·CALC-60793 were checked against RPP-RPT-42294 Rev 2 and wmac_ 
source card.xlsx I 
WMA source card data (file and location described above) were reviewed for any errors. 

Table 3-2 in RPP-CALC-60793 was evaluated against Table 6·1 in RPP•RPT-42294 Rev 2 to ensure the waste releases 
matched. 

Endpoints listed in Table 3-4 RPP-CALC-60793 were confirmed (lower and upper bound Tc99 and leak volumes). 
Assum ptions outlined in Table 3-4 such as recharge rates were reviewed for appropriateness for the int ended case 
study and the changes were incorp0rated into the input file. 

Data in Table 4-1 (RPP-CALC-60793) w ere checked against t he referenc~d documents (RPP-RPT-56356, CP-47631, 
RPP-RPT-58949, RPP·RPT-42294, RPP·CALC-60448, and RPP-ENV-58782). 

Moisture contents per strata were confirmed against RPP·CALC-60345. 

Values in Table 4·2 were checked against RPP·CALC-60345, RPP-ENV-58782, BHl-011, and 
Uncertainty_VZ Parameters 7 7 2015.xlsx 

Model input files were brief ly reviewed for suitability and that the data were consistent with the obj ective of the 
case study. 

11. Summary of Doto Review 

The review shall ensure thor the report meets the listed criteria. Consideration includes ensuring that the data collection 
method employed wos appropriate for the type of data being considered and confidence in the data acquisition and 
subsequent processing methodology is warranted. 
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No.: EMDT-RE-0034 Revision No.: 0 
[Request EMDT number from Modeling Team Leader} 

Title: Past Leaks Evaluation Results for Inclusion the Composite Analysis: Waste Management Date: 0S/l0/iolg 
Area C 

Is documentation technically adequate, complete, and correct) 

Are uncertainties and limitations on appropriate use of data discussed? 

Are the assumptions, constraints, bounds, or limits on the data identified? 

Data 
Reviewer 
Approval 

Approval of Doto Configuration Item 

Kimberl Ralston-Hoo er/Environmental Risk Assessor 
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Figure D-1. Spatial distribution of Technetium-99 that Enters the Saturated Zone from the Vadose Zone over the Entire Simulation Length 

Spatial Distribution of 
Total Estimated Activity 
Arriving at Water Table 

Legend 
D Compliance Boundary 

~:: _- Area Boundary 

r - - 1 Inner and Outer 
1 __ 1 Boundaries 

Basalt Above 
Water Table 

Technetium-99 
Total Activity, Ci/m2 

- 0.0 - 0.0001 
0.0001 - 0.0005 

- 0.0005 - 0.001 
0.001 - 0.002 

0.002 - 0.003 

- >0.003 

0 2 3 Km 

0 0.75 1.5 Mi 

--------

\ 
\ 

' - -t--= =---= =---= =---= =--~ =-- - - -

-------------~ ~ ----

/ ,. - - - - - - - - , ' -..... - - - - - - - - - - - - - - - - -
ECF-HAN FORD-22-0114_R0_MassFlux .mxd 



EC
F-H

AN
FO

R
D

-22-0114, R
EV. 0 

D
-2 

 
 

 

 

Figure D-2. Plan View Contours of Technetium-99 Concentration Simulated 0 Years from the Start of Simulation 
Assuming the Best Estimate Initial Concentration 
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Figure D-3. Plan View Contours of Technetium-99 Concentration Simulated 52 Years from the Start of Simulation 
Assuming the Best Estimate Initial Concentration 
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Figure D-4. Plan View Contours of Technetium-99 Concentration Simulated 152 Years from the Start of Simulation 
Assuming the Best Estimate Initial Concentration 
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Figure D-5. Plan View Contours of Technetium-99 Concentration Simulated 552 Years from the Start of Simulation 
Assuming the Best Estimate Initial Concentration 
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Figure D-6. Plan View Contours of Technetium-99 Concentration Simulated 1052 Years from the Start of Simulation 
Assuming the Best Estimate Initial Concentration 
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Figure D-7. Plan View Contours of Technetium-99 Concentration Simulated 2052 Years from the Start of Simulation 
Assuming the Best Estimate Initial Concentration 
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Figure D-8. Plan View Contours of Technetium-99 Concentration Simulated 4052 Years from the Start of Simulation 
Assuming the Best Estimate Initial Concentration 
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Figure D-9. Plan View Contours of Technetium-99 Concentration Simulated 10052 Years from the Start of Simulation 
Assuming the Best Estimate Initial Concentration 
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Figure D-10. Peak Concentration of Technetium-99 from the Start of Simulation to the End of the Compliance Period Within, At, and Beyond 
the Compliance Boundary Assuming the Best Estimate Initial Concentration 

Peak Concentration of Technetium-99 by Zone 
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Figure D-11. Peak Concentration of Technetium-99 from the Start of Simulation to the End of the Simulation Within, At, and Beyond 
the Compliance Boundary Assuming the Best Estimate Initial Concentration 

Peak Concentration of Technetium-99 by Zone 
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Figure D-12. Spatial distribution of Carbon-14 that Enters the Saturated Zone from the Vadose Zone over the Entire Simulation Length 
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Figure D-13. Plan View Contours of Carbon-14 Concentration Simulated 0 Years from the Start of Simulation 
Assuming a Pristine Initial Concentration 
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Figure D-14. Plan View Contours of Carbon-14 Concentration Simulated 52 Years from the Start of Simulation 
Assuming a Pristine Initial Concentration 
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Figure D-15. Plan View Contours of Carbon-14 Concentration Simulated 152 Years from the Start of Simulation 
Assuming a Pristine Initial Concentration 
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Figure D-16. Plan View Contours of Carbon-14 Concentration Simulated 552 Years from the Start of Simulation 
Assuming a Pristine Initial Concentration 
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Figure D-17. Plan View Contours of Carbon-14 Concentration Simulated 1052 Years from the Start of Simulation 
Assuming a Pristine Initial Concentration 
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Figure D-18. Plan View Contours of Carbon-14 Concentration Simulated 2052 Years from the Start of Simulation 
Assuming a Pristine Initial Concentration 
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Figure D-19. Plan View Contours of Carbon-14 Concentration Simulated 4052 Years from the Start of Simulation 
Assuming a Pristine Initial Concentration 

'I 

I 
I , '------------------------------------

_- .! CA Compliance Boundary 
D Area Boundary 

Inner and Outer Boundary 
River 

- Basalt Above Water Table 

0 2.5 5 Km 

Carbon-14, pCi/L 

D 1,000 - 2 ,000 
- 2,000 - 4 ,000 
D 4,ooo - s,ooo 
- >8 ,000 

!Simulation Year: 40521 

[j 

ECF-HANFORD-22-0114 RO PlanViewContours.mxd 



EC
F-H

AN
FO

R
D

-22-0114, R
EV. 0 

D
-20 

 
 

 

 

Figure D-20. Plan View Contours of Carbon-14 Concentration Simulated 10052 Years from the Start of Simulation 
Assuming a Pristine Initial Concentration 
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Figure D-21. Peak Concentration of Carbon-14 from the Start of Simulation to the End of the Compliance Period Within, At, and Beyond 
the Compliance Boundary  Assuming a Pristine Initial Concentration 
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Figure D-22. Peak Concentration of Carbon-14 from the Start of Simulation to the End of the Simulation Within, At, and Beyond 
the Compliance Boundary Assuming a Pristine Initial Concentration 
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Figure D-23. Plan View Contours of Technetium-99 Concentration Simulated 0 Years from the Start of Simulation 
Assuming the Worst Case Initial Concentration 
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Figure D-24. Plan View Contours of Technetium-99 Concentration Simulated 52 Years from the Start of Simulation 
Assuming the Worst Case Initial Concentration 
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Figure D-25. Plan View Contours of Technetium-99 Concentration Simulated 152 Years from the Start of Simulation 
Assuming the Worst Case Initial Concentration 
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Figure D-26. Plan View Contours of Technetium-99 Concentration Simulated 552 Years from the Start of Simulation 
Assuming the Worst Case Initial Concentration 
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Figure D-27. Plan View Contours of Technetium-99 Concentration Simulated 1052 Years from the Start of Simulation 
Assuming the Worst Case Initial Concentration 
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Figure D-28. Plan View Contours of Technetium-99 Concentration Simulated 2052 Years from the Start of Simulation 
Assuming the Worst Case Initial Concentration 
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Figure D-29. Plan View Contours of Technetium-99 Concentration Simulated 4052 Years from the Start of Simulation 
Assuming the Worst Case Initial Concentration 
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Figure D-30. Plan View Contours of Technetium-99 Concentration Simulated 10052 Years from the Start of Simulation 
Assuming the Worst Case Initial Concentration 
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Figure D-31. Peak Concentration of Technetium-99 from the Start of Simulation to the End of the Compliance Period Within, At, and Beyond 
the Compliance Boundary Assuming the Worst Case Initial Concentration 
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Figure D-32. Peak Concentration of Technetium-99 from the Start of Simulation to the End of the Simulation Within, At, and Beyond 
the Compliance Boundary Assuming the Worst Case Initial Concentration 
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM 

Software Owner Instructions: 
Complete Fie lds 1-13, then ~u n test cases ;r, Field 14. Compare test case results listed in Field 15 to corresponding ,est Report outputs. 
!f results are !he same, s ign and date Field 19. If not, resolve d;fferences and repeat above steps. 
Software Subject Matter Expert Instructions: 
Assign test personnel. Arr•rove the installation of the code by signing and dating Field 21, then ,n ainta ir, for.i i as part of the software 
support docu mer.tat:on. 
GENER.A.L INFORMATION: 

·1 Softwa,e Na me: MOD F'LOW & Re.lated Cod<: S 

EXECUTABLE INFORMATION: 
2. ::xecutacle Name (ind uce path): 

The f ..:,l.lowj_r1g e x ecutabl e files in directory : /bin on head node a nd each 
coaipu:te r,ode (c:oroput e-0-.-) th t <nJ9b c-ompu.·•:e-0-J.0 , !.ocl ll<'.cVe) 

MD5 Signc::.turc {'-.!niquc I D) Execut.c!bl2 Fi.le Nc!m.e Cede 

8bGbL 3c5e102e63d:f95deS42df;3dC:13b rr\f2k-chprc 0Sspl . x MCDFLCW-2GOC si r.Lg l e prc:cisior.i. 
2fade33e27 97 fl;)G3a 9a,0f:f8605e4 c0c mf:2k-,:::hpr,::08d9l . x MODFLCM-200G doubJ.e precision 
ci8 7 9ci~f c1 f'dc5ctd~ She"i J c14 il 6d, .3ed o5d rr•.:f:? k-ms i:-chprc0&sp.• .. x 
eOd670658425653~ f 5bcbb97ad2a2~30 mf2k-mst-chprc08d~l . x 
BbOb2ScScl02c6Jdf9Sde542d83d013b mf2k- chprc0Sspl . x 
2 f adt33e2 7 97 00G3a9a 7 0 ff 8605e4c0c ilif2k-chprc08dpl . x 
2.dOaf>a 4. c4 8 031.87 63bGc1.aaaOf80034.8a m-t:3d- mst - chprc:08s9l . x 
le468c4.409ar:91384 3ce783aabed8l'::lc mt3d-mst-dtprc08dpi . x 

M•JTl~J.C,Y'.J-?0()(,-MSJ' .s l n.rJJ.e p:t~~ci s . 
MOD~Lt)W-2C•0C--MS'l' d o uble pr: e cis . 
MT3DMS sir::qle precision 
MTJDMS do~ble precisioLJ. 
MT3T)MS - MST single precision 
MT3DM:3-!,jS'f double precision 

3 executable Size (bytes): MD!) s i c:n&tu r cs abc·Je uniqu.:oly idenL.tv e&ch cxccut .:1ble ti l e 

COMPIL.AHON INFORMATION: 
'1 Hardware System ( Le., pro perty number or ID): 

HlTERA Aus ti n Linux (Rl Clus t e r 

5 Operat;ng System (include vers ion number): 

Linux head . cluster 2 . 6 . 32-35S . 11 . l . e l 6 . cent~s . plus . x86_64 11 SMP Wed Jun 12 1 9 : 12 : 17 UTC 
2013 x86 64 x86 64 x86 64 GNU/Linux 

!NST.t>.LLATION AND CHECKOUT IMFORMATIO!\J: 
G Ha,·dware Systarn (Le , property ntimber or ID): 

Cuict Subcurfa~c Trunsport Modcli~g Linux Pl3tform 

7. Operating System (include version n~mber): 

Linux gaial . rl. :;ov 3 .1 0 . 0-·ll60 . 25 . l.el 7 . xS 6 __ 64 #1 S!'!P Hed Apr 28 21 : 49 : 45 UTC 2C'21 x86 E4 
x86 64 x86 64 GNU/Linu x 

8. Open Probiern Report? 0 No Q Yes 

TEST CASE INFORMATION: 
9. Directory/Path 

PRiCR No. 

Jmcdflow/bc:ild-8- a on head node 3r,d each cornpu te nodE: 

·1,J. Prnced ure(s): 

C:Hl:'HC:-00259 Hev . 3 , M0Dr'!.O'.~ and Related Cedes Software 1'est Plan 

11 . Libraries 

N/A (static li nk ing ) 
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (continued) 

1. Software Name: MODFLOW & Rel ated Codes Software Vers ion No.: Bld 8 
12. Input Files: 

Per CHPRC-00259 Rev . 3 

13. Output Files: 

Found in test subdi r ect ories 

14. Test Cases: 

MF-ITC-1 (b oth standard and MST versions of MODFLOW) ; run both single & double precision 
MT-ITC-1 run for single and double precision, multiple solvers 

15. Test Case Results: 

All PASS , All Test s , on all nodes of Gaia . Test log attached . 

16. Test Performed By: WE Nichols 

17. Test Results: @ Satisfactory, Accepted for Use Q Unsatisfactory 
18. Disposrtion (include HISI update): 

This is a retest of the installation following system out age of June 1 to June 15, 2 021 
t o update t he Operating System on all nodes and apply all pending vulnerability patches . 
No change to HISI entri es . This constitutes operational testing per the SMP . 

p,oMred Chr 

19Christopher Farro ---- ·- Chris Farrow 
Software Owner na ure) Print Date 

20. Test Personnel: WILLIAM NICHOLS Digi1alty1ignedb,-WILUAM 

(Affiliate) NQKX_S(,Vfi~;,t"') 
Datc:2021.06.15 1~9:24-07'00' William Nichols 

Sign Print Date 

Sign Print Date 

Sign Print Date 
Approved By: 
21 . N/R (CHPRC- 00258 Rev . 3) 

Software SME (Signature) Print Date 
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