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1 Purpose 

The objective of this environmental calculation file (ECF) is to document the process of developing 
source/sink mixing packages for all the Contaminants of Potential Concern (COPCs) under different flow 
conditions that would be used as a continuing source for the feasibility study of 100-KR-4 Operable Unit 
groundwater flow and transport model (100-K model) derived from vadose zone sources. The vadose 
zone calculation is performed with models implemented in the Subsurface Transport Over Multiple 
Phases (STOMP©l) fate and transport simulation software (PNNL-11216, STOMP Subsurface Transport 
Over Multiple Phases: Application Guide; PNNL-12030, STOMP Subsurface Transport Over Multiple 
Phases: Theory Guide; PNNL-15782, STOMP Subsurface Transport Over Multiple Phases: Version 4. 0: 
User's Guide). Waste sites, contaminants associated with each waste site and source strength at each 
waste site for each COPC were identified as part of the remedial investigation study for 100-KR-4 
Operable Unit and documented in the model package report for the 100-K Groundwater Flow and 
Transport Model (100-K GWFTM) (CP-61711, Model Package Report: 100-K Scale-Appropriate Fate 
and Transport Model). The STOMP 1-D model framework used in this analysis is identical to that used in 
CP-61711. 

2 Methodology 

Possible continuing source locations for each COPC were identified based on prior knowledge and 
observed groundwater concentrations between 2012 and 2016. The upper vadose zone of significant 
number of waste sites (56 percent of the waste sites, according to DOE/RL-2016-67, Hanford Site 
Groundwater Monitoring Report for 2016) at the 100-K area was excavated as part of the U.S. 
Department of Energy's (DOE's) remedial action goals. However, no soil remediation of the deep vadose 
zone was performed. Moreover, no characterization of the deep vadose zone is available for the waste 
sites within 100-K area. Scarcity of information on the areal extent, vertical distribution, and strength of 
the soil contamination made it difficult for a comprehensive vadose zone modeling for estimating the 
contribution to groundwater contamination from continuing sources at the potential source locations. 
Therefore, a simple one-dimensional soil column was used for estimating a characteristic release rate 
curve for each COPC at each potential source location using a unit source concentration uniformly 
distributed across the vadose zone. Increasing or decreasing of these release rate curves was performed 
within the transport calibration process on the observed groundwater concentration at or near the source 
locations. The detailed information on the transport calibration processes for developing continuing 
sources is documented in Section 3.5 of the model package report for the 100-K GWFTM (CP-61711). 

2.1 Vadose Zone Modeling 

The vadose zone calculation is performed with models implemented in the STOMP fate and transport 
simulation software (PNNL-11216; PNNL-12030; PNNL-15782). The STOMP one-dimensional (1-D) 
model framework used in this analysis is identical to that used in development of Source/Sink Mixing 
(SSM) packages for the MT3DMS (SERDP-99-1, MT3DMS: A Modular Three-Dimensional 
Multi-Species Transport Model for Simulation of Advection, Dispersion, and Chemical Reactions of 
Contaminants in Groundwater Systems; Documentation and User's Guide) modeling remedial 
investigation (RI) analysis for the 100-KR-4 Operable Unit (OU). However, a few changes were made to 

1 Battelle Memorial Institute (Battelle) retains copyright on all versions, revisions, and operational modes of the 
Subsurface Transport Over Multiple Phases (STOMP) software simulator, as permitted by the U.S. Department of 
Energy. STOMP is used here under a limited government use license. 
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the STOMP 1-D model framework to address the vadose zone remedial actions considered for the 
feasibility study (FS). 

2.1.1 Identification of Vadose Zone Source Area 
Figure I and Figure 2 show the potential continuing source locations for all the COPCs that were 
considered during transport calibration processes at KW and KE areas, respectively. Table 1 lists all the 
waste sites with their associated COPCs that were considered as the potential continuing sources for the 
RI analysis in the 100-KR-4 OU. The same waste sites and their associated COPCs were used to develop 
SSM packages for the FS in 100-KR-4 OU. 

2.1.2 Identification of Representative Stratigraphic Column 
Two lithologic units are present in the vadose zone in the I 00-K source area. These are the gravel
dominated Hanford formation and the Ringold Formation Unit E. The Ringold E contains a slightly 
smaller percentage of coarse-grained sediments and a higher percentage of finer-grained sediments than 
the Hanford formation (SGW-40781, 100-HR-3 Remedial Process Optimization Modeling Data Package; 
SGW-46279, Conceptual Framework and Numerical Implementation of 100 Areas Groundwater Flow 
and Transport Model). It is important to identify the thickness of the vadose zone and the location of the 
Hanford/Ringold E contact within the vadose zone for estimating a characteristic release rate curve for 
each COPC at each waste site. The 100 Area Geoframework Model (ECF-HANFORD-13-0020, Process 
for Constructing a Three-dimensional Geological Framework Model of the Hanford Site, 100 Area) was 
evaluated at the selected waste site locations to get the representative vadose zone thickness and hydro
stratigraphic unit (HSU) contacts. Then, STOMP 1-D model grids were created for these representative 
columns. Figure 3 shows the representative stratigraphic columns at each source area. The water table 
elevations from 2014 annual groundwater monitoring report (DOE/RL-2015-07, Hanford Site 
Groundwater Monitoring Report for 2014) were used to define the saturated zone in the STOMP 1-D 
column. However, a fluctuating water table boundary condition was used to simulate the periodically 
rewetted zone. STOMP 1-D simulations were performed using these representative stratigraphic columns 
for all the scenarios considered in the RI and FS analysis. 

2.1.3 Calculating Characteristic Release Rate Curve 
STOMP is used to solve for water flow and contaminant transport in each of representative stratigraphic 
columns, under specified recharge scenario, for the appropriate initial uniform concentration of 
contaminant, for each COPC, for a pair of sequential simulations. The first simulation in this pair is of 
water flow only for historic recharge conditions, and was needed to obtain the soil moisture conditions 
throughout the model domain at the start time for the second simulation. The second simulation is of 
water flow and contaminant transport for future recharge scenarios, starting from the imposed initial 
contaminant distribution (same as CP-61711) and the initial soil moisture conditions provided by the first 
simulation. The second simulation set of the sequential pair provides information the solute mass entering 
the aquifer and exiting the downgradient boundary of the 1-D STOMP simulation. 

2.2 Construction of Source/Sink Mixing Package 

The contaminant flux releases from the vadose zone to the aquifer is applied to the transport model 
through the SSM package. The SSM package allows different ways to apply continuing source in the 
transport package. Continuing source can be applied as a source concentration or a mass-loading rate 
depending on the "ITYPE" flag selected in the SSM package. The mass-loading rate option was selected 

2 
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Figure 1. Potential Continuing Source Locations in the KW Area 
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Table 1. List of Waste Sites for Potential Continuing Sources to the Groundwater 

i Primary ~ Nearby Related '. , 'f' r,t:}','~.• 

Nearby · Cleanup p 
it Waste Site ~ ,. 1 Waste Sites Operational History ;;,; ~-. ,. COPCs) IJ.; wells ,. Status. _,.,. 

·, 

183.1KW 120-KW-5, 100-K- Unplanned releases of Cr(VI) 199-K-205 Contaminated 
Head house 18, 100-K-19, 100- the sodium dichromate soil was 

K-21, 100-K-79, dihydrate solution excavated up to 
100-K-97 during transfer and 10.96 m from 

material handling ground surface 
events along with some (DOE/RL-88-
intentional releases to 30) 
the ground during 
cleaning of tanks and 
conveyance lines 

183.1KE 120-KE-6, 100-K- Some sodium Cr(VI) 199-K-36, Site was not 
Head house 58, 100-K-79, 100- dichromate dihydrate 199-K-188, excavated 

K-101, 100-K-123 solution remained in 199-K-220 
tank farm pipelines and 
was released during 
demolition of the 
head house 

165-KW and 1 00-K-59, 100-K- Possible migration of Cr(VI) 199-K-173 Site was not 
190-KW 60, 100-K-66 sodium dichromate excavated 

dihydrate solution from 
183.1 KW headhouse 

116-KW-1 crib 100-K-47, 100-K- Discharges of C-14, nitrate, 199-K-106A, Contaminated 
54, 100-K-61 condensate generated tritium 199-K-204 soil was 

by the reactor gas dryer excavated up to 
system 9.1 m from 

ground surface 
(DOE/RL-88-
30) 

116-KE-1 crib Discharges of C-14, nitrate, 199-K-222 Contaminated 
condensate generated tritium soil was 
by the reactor gas dryer excavated up to 
system 9.1 m from 

ground surface 
(DOE/RL-88-
30) 

105-KW FSB 116-KW-2 Contamination of water Strontium-90 199-K-107 A, Site was not 
crib/reverse well, in the FSB by fuel 199-K-34 excavated 
100-K-43 ruptures entered the 

FSB during reactor 
defueling operations 

105-KE FSB 100-K-42, UPR- Same as 105-KW FSB Strontium- 199-K-221, Contaminated 
100-K-1 , 116-KW- but substantially more 90, tritium 199-K-222 soil was 
2 crib contaminated excavated up to 

8.5 m near well 
199-K-221 and 
4.5 m near well 
199-K-222 
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Table 1. List of Waste Sites for Potential Continuing Sources to the Groundwater 

:-· Primary fl · Nearby Related J ,. 
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~--· Nearby ,._ :._ 

\ . Waste Site . : ~ Waste Sites -. · ~ Ope~tt;nal History i · wells ' · 

116-K-2 trench 116-K-1 Strontium-90 199-K-200 

118-K-1 burial Contaminated solid Tritium 199-K-111A, 
ground waste disposed at the 199-K-207 

burial ground 

DOE/RL-88-30, Hanford Site Waste Management Units Report. 

CVP-2006-00001, Cleanup Verification Package for the 116-K-2 Effluent Trench. 
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Figure 3. Representative Stratigraphic Columns for the Selected Waste Site Locations 

to avoid any intermediate calculation and directly apply the STOMP output to the transport model. A 
Python®2 script was used for constructing the SSM package using the characteristic release rate curve 
developed in STOMP, the calibrated number of cells at each waste site, and a calibrated multiplier file to 
scale release rates. 

3 Assumptions and Inputs 

All the features and processes of the 1-D STOMP model ( e.g., hydraulic properties, saturation function 
parameters, boundary conditions, and initial conditions) were kept the same as STOMP simulations 

2 Python and is a registered trademark of the Python Software Foundation. 
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performed for the no further action scenario in the RI (CP-61711). However, flow boundary conditions 
such as time-varying upper boundary conditions (i.e., recharge), and prescribed (Dirichlet type) head 
boundary were changed due to the varying simulated hydraulic head for different pump-and-treat 
scenarios in the aquifer and assumed future soil flushing in the vadose zone. 

3.1 Model Domain 

The 1-D STOMP model represents a column of sediments that comprise a vadose zone underlain by an 
aquifer. Recharge-driven flow moves downward through the vadose zone, where it encounters 
contamination that is eventually transported to an underlying aquifer. The contamination that reaches the 
aquifer serves as a continuing source for the transport simulation in the 100-K GWFTM. All the cells 
within a source area for each waste site and their associated COPCs, developed through a calibration 
process during RI analysis as documented in CP-61711, were represented by a stratigraphic column for 
each waste site. The details on these representative columns can be found in the model package report of 
I 00-K GWFTM (Section 3.5). These representative columns were used for 1-D STOMP simulation to 
derive a characteristic breakthrough curve. 

3.2 Boundary and Initial Conditions 

The initial conditions for the predictive simulations are the same as what were used for the no further 
action scenario in the RI analysis. 

Four pump-and-treat alternative scenarios were developed as part of the FS. The details on these FS 
pump-and-treat scenarios are documented in ECF-1 00KR4- l 8-0044, Modeling of Updated Design 
Alternatives for the 100-KR-4 Feasibility Study. In addition, four dust suppression water simulations at 
the strontium-90 waste site locations were developed as part of the Technical Impracticability analysis. 
The details on the dust suppression water simulations are documented in ECF-100KR4-18-0063, Model 
Simulations Supporting Technical Impracticability Documentation for Strontium-90, I 00-KR-4 
Groundwater Operable Unit. The simulated hydraulic heads from these flow simulations were extracted 
and used as the boundary conditions to simulate the periodically rewetted zone for the continuing sources. 
The simulated hydraulic head files (* .HDS) were received from S.S. Papadopulos & Associates, Inc. and 
the file transfer process is documented in EMDT-RE-0029, Flow Simulation Results for the Feasibility 
Study in the 100-KR-4 Operable Unit (a copy of this electronic model data transmittal is provided in 
Attachment A). 

3.3 Simulation Period 

The 1-D STOMP model for the analysis documented in this ECF starts in 2018 and runs for 300 years. 
This simulation period is same as the simulation period used in the 100-K GWFTM for the FS scenarios. 

4 Software Applications 

STOMP was the primary software used for this calculation; as approved software, the information 
required is provided in this section. PEST utilities and Python scripts were used to extract time-varying 
hydraulic heads from each flow solution (binary files) and for post-processing the STOMP outputs to 
develop SSM package. The utilities/scripts related to developing SSM package were checked as part of 
the quality assurance process for CP-61711. These utilities/scripts are archived in the Environmental 
Model Management Archive (EMMA) indexed to the number and revision of this ECF. 

7 
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4.1 Approved Software 

The vadose zone fate and transport calculations are performed using CH2M HILL Plateau Remediation 
Company (CHPRC) Build 4 of the STOMP software, registered in the Hanford Information System 
Inventory (HISI) under identification number 2471. STOMP use by CHPRC is managed under the 
following software lifecycle documents: CHPRC-00222, STOMP Functional Requirements Document; 
CHPRC-00176, STOMP Software Management Plan; CHPRC-00211, STOMP Software Test Plan; 
CHPRC-00515, STOMP Acceptance Test Report; and CHPRC-00269, STOMP Requirements 
Traceability Matrix. 

4.1.1 Description 
The following required information for the STOMP software package used for this calculation is provided 
here: 

• Software Title: STOMP 

• Software Version: CHPRC Build 4 

• HISI Identification Number: 24 71 

• Workstation type and property number (from which software is run): STOMP was executed on the 
INTERA Richland OLIVE Linux®3 Cluster that is owned and managed by INTERA, Inc., a pre
selected subcontractor to CHPRC. The computer property tag for the front-end node is #825 at 
INTERA's office in Richland, Washington. This node is a Dell®4 PowerEdge® R530 Server with 
12 Intel®5 Xeon ES-2680 v3 CPU (x2) Cores (48 processors)@2.5 GHz with 30 MB Cache and 
128 GB of RAM. The workstation storage consists of 26 TB RAID-5 disk array. As given by the 
command "uname -a", the operating system details are 

Linux olive 4.4.0-38-generic #57~14.04.1-Ubuntu SMP Tue Sep 6 17: 20:4 3 
UTC 2016 x86 64 x86 64 x86 64 GNU/Linux - - -

4.1.2 Software Installation and Checkout 
A copy of the Software Installation and Checkout Form for the STOMP installation used for this 
calculation is provided in Attachment B to this ECF. 

4.1.3 Statement of Valid Software Application 
DOE/RL-2011-50, Regulatory Basis and Implementation of a Graded Approach to Evaluation of 
Groundwater Protection, contains a summary of the main model attributes and code selection criteria that 
serve as the basis for the demonstration of the adequacy of the STOMP code for use in vadose zone 
modeling at Hanford. The results of the evaluation in DOE/RL-2011-50 show that the STOMP code is 
capable of meeting or exceeding the identified attributes and criteria. The comparison of the code 
selection criteria to the STOMP code capabilities indicates the STOMP code can simulate all the 
necessary features, events, and processes, and that STOMP meets all of the other required code selection 
criteria. Section 6.4.1 of DOE/RL-2011-50 addresses code selection criteria, including quality assurance 
documentation of verification studies for specific model attributes (e.g., unsaturated flow, solute 

3 Linux is the registered trademark of Linus Torvalds in the U.S. and other countries. 
4 Dell and PowerEdge are registered trademarks of Dell Corporation, Austin, Texas. 
5 Intel and Zeon are registered trademarks of Intel Corporation. 
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transport, infiltration, and drainage), and includes a discussion of other code related criteria (i.e., inter
code comparisons, hardware requirements, solution methodology, dimensionality, and output capability). 

The results of CHPRC acceptance testing (CHPRC-00515) demonstrate that the STOMP software is 
acceptable for its intended use by the CHPRC. Installations of the software are operating correctly, as 
demonstrated by the INTERA Linux® Cluster system producing the same results as those presented for 
selected problems from the STOMP application guide (PNNL-11216) in accordance with the software 
test plan (CHPRC-00211). 

5 Calculation 

Input files for each waste site and their associated COPCs were created during the development of no 
further action scenario of RI analysis. These input files were modified by updating the boundary 
conditions to account for the changes in the simulated fluctuating water table boundary and source 
treatment by soil flushing for different alternative scenarios. Mass/activity exiting through the outflow 
boundary of the STOMP 1-D soil column is essentially what is entering the aquifer from the vadose zone. 
Characteristic release rate curves were generated using STOMP 1-D simulations for each representative 
column using the initial conditions described above and described with greater detail in CP-61711. The 
time series data comprising the characteristic release rate curves are the simulated mass/activity entering 
the aquifer over time for each COPC at each waste site. The only exceptions to the initial conditions used 
for generating the characteristic release rate curves were for strontium-90 near Well 199-K-221 and 199-
K-222 which were simulated using depth discrete strontium-90 concentrations in the vadose zone 
(ECF-100KR2-16-0127, Evaluation ofStrontium-90 Leaching Characteristics from Borehole Sediment 
Samples Collected at UPR-100-K-1 and 116-KE-3 Crib within the 100-KArea of the Hanford Site). The 
characteristic release rate curves for all the FS scenarios and for all the COPCs at the waste sites 
identified as continuing sources are shown in Figure 4 through Figure 15. Figure 12 through Figure 15 
also include the characteristic release rate curves for all the Technical Impracticability scenarios at the 
strontium-90 waste sites locations. The characteristic release rate curves at a waste site for all the 
scenarios are quite similar unless a source treatment was applied to flush the vadose zone contaminant or 
to account for dust suppression water. For example, the characteristic release rate curve of Cr(VI) at KW 
Headhouse for FS scenario 5 (Figure 6) is significantly different from the other scenarios because soil 
flushing was not applied at KW Headhouse for scenario 5 whereas soil flushing was applied for other 
scenarios. 

These characteristic release rate curves are then applied to all the 100-K GWFTM cells identified for each 
waste site and scaled using the calibrated multipliers. 

9 



1e+06-

1e+01 · 

1e+OO~ 
2018 

ECF-1 00KR4-18-0019, REV. 0 

Carbon-14 at 116-KW -1 

2040 

IOOK GWFTM HR 07112018 

-Alt2 
-Alt3 
-Alt4 

Alt5 

2080 ,doo 

Figure 4. Characteristic Release Rate Curve for Carbon-14 at 116-KW-1 Gas Condensate Crib 

1e+03-

1e+02· 

1e-01 -

1e-02; 
2018 

Cr(VI) at KE Headhouse 

2o'so 
Calendar Year 

IMK GWFTM HR 07112111& 

-Alt2 
-Alt3 
-Alt4 

Alt5 

---======-.---.-,.--= 

2100 

Figure 5. Characteristic Release Rate Curve for Hexavalent Chromium at KE Headhouse 

10 



Cl) 

gJ 
.!! 
Cl) 

1e+04-

1e+03-

a: 1e+OO-

1e-01 -

1e-02~ 
2018 

1e+04-

1e+03-

1e-01-

1e-02~ 
2018 

2040 

ECF-100KR4-18-0019, REV. 0 

Cr(VI) at KW Headhouse 

2060 
Calendar Year 

100K GWl'TM HR 0711201& 

- Alt2 
-Alt3 
-Alt4 
- Alt5 

- -- --· .. 

2100 

Figure 6. Characteristic Release Rate Curve for Hexavalent Chromium at KW Headhouse 

100K t;.Wl'TM Hll 07112016 

Cr(VI) near Well 199-K-173 
-Alt2 
-Alt3 
- Alt4 

Alt5 

Figure 7. Characteristic Release Rate Curve for Hexavalent Chromium nearWell 199-K-173 

11 



1e+03-

,e-01 -i 

1e-02: 
2018 

1e+06-

1e-.-01 · 

1e+OO~ 
2018 

ECF-100KR4-18-0019, REV. 0 

100K GwnN HR 07112018 

Nitrate at 116-KW-1 
-Alt2 
-Alt3 
-Alt4 
- Alts 

i 
'! \ 

11

; ii™~\~\ \t I I, , ! 
2040 2060 

Calendar Year 

Figure 8. Characteristic Release Rate Curve for Nitrate at 116-KW-1 Gas Condensate Crib 

100K GWFTM HR 071121118 

Tritium at 116-KW-1 
-Alt2 
-Alt3 
-Alt4 
·· Alt5 

2100 ·· 

Figure 9. Characteristic Release Rate Curve for Tritium at Well 116-KW-1 Gas Condensate Crib 

12 



1e+06· 

1e+01 · 

1e+OO; 
2018 

1e+06· 

1e+00; 
2018 

ECF-100KR4-18-0019, REV. 0 

100K GWFTM HR 07112018 

Tritium at 118-K-1 
-Alt2 
-Alt3 
-Alt4 

Alt5 

-· ··-··- -- --·--· -- 2000·-·-· -- ----- 20180 ----· 
Calendar Year 

Figure 10. Characteristic Release Rate Curve for Tritium at Well 118-K-1 Burial Ground 

100K GWFTM HR 07112018 

Tritium near Fuel Storage Basin 
-Alt2 
- Alt3 
- Alt4 

Alt5 

2080 2100 
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6 Results/Conclusions 

The SSM package for each COPC was developed using a Python script that used characteristic release 
rate curve derived from 1-D STOMP simulation, calibrated scaling multipliers, and a zone file that 
identifies the source cell locations as an input. Figure 16 shows the locations of the continuing sources in 
the 100-K GWFTM. 

Legend 
• Wells Sr-90 Source Zone 

~Carbon-14 Source Zone r= Reactors 

c=i O(VI) Source Zone Buildings t 
filillll Tritium Source Zone t~c:il Wa~e Sites 

c::::J Nitrate Source Zone 0~---1~00 ___ ~200 Meters · 

*100-K•79 is a pipe system .. 

, 

Figure 16. Continuing Source Locations in the 100-K GWFTM 
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Table 2. Number of Cells used as Continuing Source at each Waste Site Location 

r 
t r .. Primary Waste Site 

183. 1 KW Headhouse 

183. 1 KE Headhouse 

165-KW and 190-KW 

116-KW-1 crib 

116-KE-1 crib 

105-KW FSB (116-KW-2) 

105-KE FSB, UPR-100-K-1 
(Near well 199-K-221 and 
199-K-222) 

116-K-2 trench 

118-K-1 burial ground 

4 

2 

11 

None 

None 

None 

None 

None 

None 

r 
>1. 

None None None 

None None None 

None None None 

None 6 28 

None None None 

22 None None 

13 9 None 

20 None None 

None 76 None 
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Environmental Modeling Data Transmittal Cover Page 

No.: EMDT~RE.0029 Revision No.: 1 

[Request EMOT number from Modeling Team Leader] 

Title: Flow Simulation Results for the Feasibility Study In the 100-KR-4 Operable Unit Date: 08/13/2018 

1. Data Description 

Provide the description of data set or data type. 

The simulated hydraulic head file {binary file with extension •.HOS} /or the Feaslblllty Study scenarios uslno the 100-K 
Groundwater Row and Transport Model. 

2. Data Intended Use 

Identify the data's Intended use. Describe the rationale for Its selec:ffon and how the data will be Incorporated into a model, 
report, or database. Include discuss;on of the extent to which the data demonstrate the properties of Interest. 

Simulated hydraullc head at the .selected model cells (I.e., waste sites} will be extracted to be used as fluctuating boundary 
conditions In 1-0 STOMP simulations for calculating mass/activity release rotes. 

3. Data Sources 

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

• Slmulatlons for Feasibility Study using the 100-K Groundwater Flow and Transport Model were performed by S.S. 
Papadapulos & A.ssoclates1 lnG 

• Simulations for Technical Impracticability analysis using the 100-K Groundwater Flow and Transport Model were 
performed by S.S. Papadopulos & Associates, Inc. 

• The simulated hydraulic head /lies (•.HOS} were transferred through a file trans/er site (WeTransfer} 
• The tlmestamp on the received final set of model output files were confirmed through emaH mmmunication with 

s.s. Papadopulos & Assodates, Inc. 
• Change In numbering a/ 5/mulotlon scenarios (Altematlves} were confirmed through email mmmunicatlon with 

S.S. Papadopulos & Associates, Inc. 

4. Impact of Use or Nanuse of Data 

Describe the importance of the data to the model, report, and/or conduslons which they support. Identify the value added and 
discuss the Impacts of not using the data. 

The simulated hydraulic head is a required Input for the J~D STOMP simulations 

5, Prior Uses 

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

None 

Electronic Modeling Data Transmittal Form Rev. 2 Cover Page 1 of 6 
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~ ~
11•u. ·- Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RE-0029 Revision No.: 1 

[Request EMDT number from Modeling Teom Leader] 

Title: Flow Simulation Resufa for the Feasibility Study In the 100-KR-4 Operable Unit Date: 08/13/2018 

6. Data Acquisition Method(s) 

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

o. QuolljJcatlons of personnel or organizations generating the data; 
b. Technical adequacy of equipment and procedures used; 
c. Environmental and programmatic conditions Jf germane to the data quality; 
d. The extent to which acquisition processes reflect modeling requirements; 
e. The quality and reliabl/lty of the measurement control program; 
f. The degree to which Independent audits of the process were conducted; 
g. Extent and rellablllty of the assodated documentation. 

ECF-100KR4-18-0044 {Modeling of Updated Design Altematives for the 1.00-ICR-4 Feasibility Study} and ECF-100KR4-18-0063 
{Model Simulations Supporting Technical lmpradlcabHlty Documentation for Strontlum-90, 100-KR-4 Groundwater 
Operable Unit} document all the details on the model simulations and associated QA/QC procedures mentioned above 

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

7. Corroborating Data 

Identify and discuss any corroborating datasets. Provide any documentation that confirms the corroborating data substantiate 
existing parameter values1 distributions, or data quality. 

Verification process was performed to confirm the latest version of the model slmutatlons were used. The email 
confirmation Is attached below 

8. Data Quality Considerations 

Discuss data quality considerations not Identified In other sections. lndude discussion of data quallty Indicators {i.e., accuracy, 
precision, representativeness, completeness, and comparability}. 

None 

g, Assumptions and Limitations on Data Use 

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

None 

Data Configuration Item Submittal: 

Data 

Provider 
Submittal 

Alex Splllotopoulos/Senior Hydrologist (S.S. Papadopulos & Associates, Inc.) 

Electronic Modeling Data Transmittal Form Rev. 2 
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i CH2M~IU ~ Environmental Modeling Data Transmittal Cover Page 

No.: EMDT-RE-0029 Revision No.: 1 
{Request EMDT number from Modellng Team Leader] 

Title: Flow Simulation Results for th Feasibility Study In the JOO-KR-4 Operable Unit Date: 08/13/2018 

Data COnflguratlon Item Review and Verification: 

.:1.0. Verification Process 

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

None 

U. Summary of Dato Review 

The review shall ensure that the report meets the listed criteria. Consideration indudes 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? [ ] Yes [] No 

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

Are the assumptions, constraints, bounds, or limits on the data identified? [ ] Yes (] No 

Data Approval of Data Configuration Item 
Reviewer 
Approval 

H. Rashid/Hydrologist {lntera Inc.) 
NAME/POSmoN 

S,J--l,Jf~[) ~k!'d 8/13/2018 
SIGNATUJtE DATE 

Electronic Modeling Data Transmittal Form Rev. 2 Cover Pase 3 of 6 
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Email confirmation to verify the latest version of the simulation results were used in the 1-D STOMP 
simulations: 

Helalur Rashid 

From: 
Sent: 
To: 
Subject: 

All correct! Thanks Helal. 

Al ex Splflotopoulos 

Alex Spiliotopoulos <alexs@sspa.com> 
Friday, May 25, 2018 10:46 AM 
Helalur Rashid 
RE: Documenting the FS SSMs to an ECF 

Associate, Senior Hydrogeologist, PhD 
S.S. Papadopulos & Associates, Inc. 
7944 Wisconsin Avenue 
Bethesda, MD 20814 
Office:(301)718-8900 
Direct: (301) 500-2288 
Cell: (301) 787-3506 
Email: alex@sspa.com 

PRIVILEGED ANO CONFIDENTIAL: Thi5 email and any attachments are Intended only for the addressee(sl and may be confidential, proprieta,y, ptivileged, or 
otherwise protected by law from disclosure or u~ by a third party. If you are not lhe intended redplent, please delete this messa11e and lt5 attachmentS, and destroy 
any electronic or hard copies that you may ha11e cteated. Thank you. 

From: Helalur Rashid [mailto:hrashid@intera.com) 
Sent: Thursday, May 24, 2018 5:40 PM 
To: Alex Splllotopoulos <alexs@sspa.com> 
Subject: RE: Documenting the FS SSMs to an ECF 

Okay, for some reason I thought Tl waiver replaces ALTS. I have got the following alternative scenarios for which you 
should have SSM packages: 

Scenario rar file name 
Time stamp 

name Q!" HOS fite 
ALT2 Flow Alt2_05092018_rev1.rar 5/9/2018 
ALT3 K RIFS_AL T3 _02252018.rar 2/23/2018 
ALT4 K RIFS_ALT4_02252018.rar 2/23/2018 
ALTS K RI FS_AL TS _02252018.rar 2/23/2018 
Tl 

Tl_ Waiver _Flow-Slmulatlon_vl 3/20/2018 
waiver 

Please confirm whether the above table looks correct or not. 

Thanks 
Helal Rashid, P.E. 
Hydrologist 

INTERA Incorporated I 3240 Richardson Road, Suite 2 I Richland, WA 99354 
hrashld@intera.com I Office: 509.946.9898 

Email confirmation to verify the change in numbering for the Feasibility Study simulations: 

Electronic Modeling Data Transmittal Form Rev. 2 

24 

Cover Page 4 of 6 



Helalur R•hid 

Fram: 
Sent: 
To: 
Subject: 

Confirmed I 

Alel< Splllotopoulos 

ECF-100KR4-18-0019, REV. 0 

Al~ Spillotopoulos <alelCs@sspa.com> 
Monday, August 6. 2018 3:20 PM 
Helalur Rashid 
RE: Updating the ECf and EMDT for SSM package 

Associate, Senior Hvdroseologlst, PhD 
S.S. Papadopulos & Associates, Inc. 
7944 Wisconsin Avenue 
Sethesda, MD 20814 
Office: (301) 711-S!IOO 
Olreet: 1301) 500•2288 
Cell: 1301) 787-3506 
Email: alp@URi cpm 

• ~MU:GtDANDCONflOENML. 'rllllflllllill!ld-•111Cll:'nlnlUrtllll,rMIN001Yfortht1ddl'rnH(s)IIIIIIUV'be~tlal.jlrOlll'lftMY,~.OtDIM<wl5tpNl!fffldbylawfromdGclolu1eorUS1llyJ!hlrf 
patty, f WD11M1tnatthe1nlfftd,!dnap1tnl, plNH lk'lotr lhllme.i.a«e •ndftSIUKINnffl11,MICI destfll\,'"111'(~ orhlld fllllll!t tlllll fOU onay,..._c,nted. ~\IOII 

From: He-lalur Rashid <hrashldOlntera.com> 
Sent: Monday, AUJUst 6, 201B 5:48 PM 
To: Alex Spiliotopoulos <ale11S@lsspa.com> 
SUb)Ktl RE: Updatifll the ECf and EMDT fot SSM package 

Ok•V• I'll renumbered the attematlves to bt consistent with yoot ECF. Plea~ conflnn the hlghllghted the texts below. 

Thanks 
HeJal Rashid, P.E. 
Hydrologist 

INTEAA Jncarpamed I UolO lllch~11 Road, SUlte l I flictli.1111, WA 993M 
!>!~1!):g6:,.'lM1 VT. I Offitt; 509."6.9198 

Fram: Alex Splllotopoulos <alPX~@s~pa .rom> 
Sent: Monday, Ausust 6, 2018 2:42 PM 
To: Helalur Rashid <hrashld@jntera com> 
Sllbjedl RE: Updating the ECf and EMDT for SSM p1cklp 

Exactrv. Here Is the revised numbHlng and description: 

• Alicmativc 1: No Further Action; 1hc int~m rc:Mc:dy is suspended by 2019; 

• Alti;mati\'C 2 (Altl in EMDT•RE-00-29,Rcv 0): Natuml Attenuation and lnstilutional Controls (ICsJ, and Remove-Treat-Dispose (RTD) rar Wa5tc Siles; with Soil 
Flushing. MNA and ICs (KN, K•N Boundary, 100-N) and Pump-and-Trat (P&.T) in KW and KE fot' Groundwater; 

• Alternative 3 (Alt4in EMDT•RE-00-29,Rcv.O); Natural Attcn1111tlon and ICs. and Rm forWnstc Sites; with Soll Flushing. MNA and ICs (K•N Boundary. 100-N) 
and P&T (KW. KE. KN) for Groundwater; 

• Alternative 4 (AltS in EM DT-RE-00-29,Rcv.O): Natural Attenuation and lCs. and RTO for Wll!lte Sites; wilh Soil Flushing and P&T (atl area.~) ror Groundw11tcr: 

• Alti;mativc S (Alt2 in EMDT •RE-00•29,Rcv.0):. Naturul Attenuation and ICs and RTD far Waste Sites: with MNA and IC~ and River Protection P&T for 
<iroundwatcr. 

Alex Splllotopoulos 
Auodate, Senior Hydro1eologfst, PhD 
S.S. Papadopulos & As$0Clates, Inc. 
7944 Wlscomln Avenue 
Bethesda, MD 20814 
Office: (301)718-8900 
Direct: (301) 500-2288 
Cell: 1301) 787•3506 

Email: atnfPHP• com 
PIWllEGlD AoNDCONl'JDfNTIAI.: T~l1 at1NOlldai,y1t1,ctwn••11urtlftltndedcnll' lorthe acllhlstt1$)t!ld1NYbtconllll!!lllal, prap!lftary, pt~ed,Ol'otlltrwlW PIV!tetedi,, la.r lrom a~rtOr uteO,,J 1""11 pa,ty, l!,ou ate 
nat ttie wended rttlpiNlt. llle•w ~ ltr.•meH-,,c and ib~nb.Md dnifc,y.,.,. ~rcinocor•d CG111tstlll1 vau•11,r,._ mltff. Tlllnlryou. 

Email confinnation to verify the latest version of the Technical Impracticability simulation results were 
used in the 1-D STOMP simulations: 

Electronic Modeling Data Transmittal Form Rev. 2 Cover Page 5 of 6 
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Helal11r Ruhkl 

connrmedl 

Alex Splllotopoulos 

ECF-100KR4-18-0019, REV. 0 

Ale11 Spilioto~los <alm@sJpt.com,. 
Friday. Augu$t 10, 2019 ~.36 PM 
Helalur R.shld 
Re: Tl WaiYtr jj,nulations 

Associate, Senior Hydr09eoloalst, PhD 
S.S. Plpitdopulos & AS1ociates. Int. 
7944 Wisconsin Avenue 
Bethesda. MD 20814 
Office: (301) 718·8900 
Direct: (301) 500-2288 
Cell: (301) 787•3506 
Email; alelt@lsspa.com 

PRIVILEGED AND CONFIDENTIAL: This email and any attachme11ts a,- lntanded only ror the addressee(s) and may be confidential, proprietary, privileaed, or otherwise 
protected by law from disclosure or use by• third party. If you i1re not the Intended recipient, please delete this message and Its attachments. and dMtroy any electrenlc or 
hard copleS that you may have created. 

From: Helalur Rashid <hrashld(Hntera.com> 
sent: Ftlday. August 10, 2018 6:33:35 PM 
To; Alell SplllotopouloJ 
Sullf•ct; Tl Waiver simulations 

Alex, 

Please confirm the time stamp on the •.HDS files for the latest Tl waiver simulations: 

Scenario 
Name 
Hhth IC£ 
Hlirh ICW·KE 

Low 1tE 
Low KW-ICE 

Thanks 
Helal Rashid, p .E. 
Hydrologlit 

rarfllename 
100,: AlT6•T1 Hlah KE 07302018 '11.m-
lOOIC 1U.T6-TI_Hl1h_KW·IC£ 07302018 vl.rar 
l00tc ALT6•T1 Low KW•KE 07302018 vl.rar 
100K_ALT6•Tf low ICW·KE 0730201B_v1.rar 

INTEMlncorporaied f J240 Rl<Nrdson bid, Sulle 2 I Rithlallll. WA 9935• 
!l!t'dl·dt"' •:lt••·a <pm I Office; 509.!MUffl 

Electronlc Modeling Data Transmittal Form Rev. 2 

Time stamD on tfDS file 
7/31/18 9:18 PM 
7/31/18 9:20 PM 
7 /31/18 9:00 PM 
7/31/189:16 PM 
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Attachment B 

Software Installation and Checkout Form for STOMP 
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM 

Soflwaro Owner lntlnlcttona: 
Complete Fields 1-13, then run test cases in Field 14. Compare test case reauhs listed in Field 15 to corresponchng Test Roport outputs. 
If resutts ere the same. sign and dale Field 19. tf not, resolve differences alld repeat above steps. 
SOttwlre Subjlet Matta, ExpAd 11\dtuetiftM'. 
~iyu 1wt pt,rsu111NI. Appruve the lnsl88atlon or tne coat rw SiOninQ and dating htld 21. then matnta,n form as oart of the software 
support documentation. 
GENERAL INFORMATION: 

1. Software Name: STOMP (Subs Jr 1<:1cf.:' "J.ranspo:rt over ~~ltiple PhaseM 

EXECUTABLE INFORMATION; 

Software Version No : Rid 4 

2 Executoblo Namo (inctudo l)Oth): 

MD~ File Signature 

653tb8el2d8c5b83dca7bf2c941t6153 
eocotC4bcla2r6c55c5dlb499939t66J 
te72340bb39fG0SGc232fe5f !2/i lc4d4 
3(83?eD!~8d,147d~~ddaG6~!542d7rc 
7c5b4cc36a699lb3d5a0ea2ed1$~ce~7 
00a898c0c3ec0681?485l8ladlc9cc46 
f.18ft~~b~&670GSd8abl26573~4fbGo0 
061,!6Ecf2l~dQ43Sb046dOefabc971b 
3~R\11~9855dc0e430bf3c8a7atcf37e 
'-04~~d~1;~94q;s~,n~A~~~~b~~baS4~ 
8bJd!29d!lld040189c3e2a50ef823bb 
Oo6a269.a75aedb9.33ebl:,J6-ia!>dldl!f 
~RP.~]~rilaOrlQhf.frA~QriR~~Q~?~tSriM~ 
2aao16806~1307aea5lfdibt8~,,~c,~ 
6c2~0510l6db2!~lf883a7caaaable91 
r:,:rtr29U3~69~19!raece87tllc772b 
Oclel!ba4~£5b9Jc7lhcf9~86432td27 
184~2ae€80aec2dOa4eB2aabf4a9c213 
84b12970uo1ba9c4bl:.'884tl:;t!4'.Jc1!i736'.l 
e990f15E6c8099a8dS1~08dc3da9cd88 
1S~5e9a~b55eab2db2~0e!ea!9b3935l 
65iPt~~476772~137dfJ&n~874ff31ij89 

St{t.-np-w;u=~-hr9-r.hp..-r04 i . ,r 

~tO~P-Wo~-bCq-chprc041.x 
~lump-wae-bd-chprc04i.x 
stomp•-wc1e-b:.l-t:hprc.:o,u .x 
~ lVlliiJ .. V.d~-l~';!~t{-1,;llpt ~041 • x 
stcmp wae-cgsq-chprc041.x 
:,t"r:.p-wc::ut-~y~t -c..Ji._,1 t;041 • .ll. 
~tomp-wae egot ~!':.prc041 . x 
stonp-w-bcg-chprcO'li.x 
~t~rnp-w-br.9-r.hprcO~l .x 
Afnmp-w-bd-chprc04i.x 
st.omp-w-hti-C":hprcn4 l • x 
~t.omp•w-c:::9nq-c:hprr.n.s i. x 

stomp-w-cgsq-chprc041.x 
.:lt.O!'l'lp-w-c:9,:.t "r-hrr~0.4 i . Y 

~to~n-w-cast-cnorcU41.~ 
~tomp-w-r-bcg-chprcO~i.x 
st.oir;,-w-r-bca"'chu:r. c0O. x 
:sLomp·~-r-od•chprc0'1J.x 
~t.omp-w T. ho ~hprc04 l. x 
:,torr.p-w-1:-cg~y-d1iJtc..:04 l. ,
ctomp-i;- r-cg:iq · chprc0-11. x 

3_ ExecutableSiZe(Dytes): M05 signatures above ur:.1que:..y identify P.,1r:h ,.,x,..,r.ut e'lhJe !ilt 

GOMPILATION INFORMATION; 
4 Hardwere System (1.e., property number or ID): 

5. Ooeratin9 System (include version number): 

'Lil:JA li:-Jl..1~IN.Jll:L.1l.qov 2.i:.t6•3:>8.~.!.1?1~, '1 6~P ·.•JI! Apr 1·, 1 1 :~'bWU ED'f 2017. }(fff, f1/, 

xOL G4 xOG G4 GNU/Linux 

tt-ttTAU.ATIO., A~r, CMECKOVt lNP'ORMA TION: 

6. Hordwaro Syctom (i.o .• proporty l'IUrnbct or ID): 

iNTER.A's OliV(' l,ir.ux sy~tPtr 

, _ Opcmni~ svs1am (1nclUda vers10n number)· 

L:m.;x olive 3.19.0-25-qcnenc tH--:4.04.l ,JbU?:t ... S;-J!P Fr-i J,:J 24 21:16~20 t.i'K ?f.lS x!if f 1l 
.i,;8f. f4 xe6 u m::J/l.1uux 

8 Open Problem Report? ® No O Yes PRICRNo 

rage 1 of 2 A,000~149 (REV 0) 
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--·· -·--·~ ·• 

CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (continued) 

t 1:5 t \;~I: INI-UHMA tlON: 
9. OlrectOf)'/Path: 

/blu 

10 Procedure(s)· 

CHPRC·OC2ll kev L !rtC~,tt: Sottw,1rf' TP1-.t e•;,r 

11. libraries: 

12. Input Files: 

U:put r UC!; tor !TC•SiOMP• 1, !1(.. s·rux.~~.i, afHl i 'I C-STOM!J- J 

sottware version No.: uld ~ 

(D~selin~ to:r C0.1':'IJ>llri SO:'l llH! re~111 ts f i :e::, f tQT,1 A'!C-STOMP-1, A'i'C-STOMP-2 t ,rn~i ATC-STOX[•- 3 

p.rcpur€d on Tellu~ du~ing acceptan:e- lcstino) 

13 Ov~Fitn: 

ITC- S'!'OMP-:, .TTC-S':'OMP-2, u.nd l!C-STOM? ., 

1~ T~t ~A. RM11if~ 

1& Test Ptr!Offl\O<I Sy: Wt: l,.i.d1uh 

17. fest Results:® Sabsfactory. Accepted for Use O Unsetisfadory 

18. Oiis~rtiun (lflclUda HISI upualU); 

r.ccepteo; Ir..stallauon notea i11 HISI for al~ approved u~cr:, cf C)!.,!VE who :i;ivp corrp1ei:ect 
f.T::>Xr- ~:1r ,.r,d tTr n;~11ircd ,..-r..,d~nCJ ,2.:nngr.!l'lent::. 

~;~pared::. ;/2_;Z:_ :/,-ff::_--_ -~~---... =.r:;=N=j=c=h=o=l=:;~~-----~~--•---·- ---··· -•·•~=•-·•'-~--------
r /-'•l ________ .,,,..,.. _________ ~t_Y,fV.?<,t) 

/,-;(.,: Snftwant Owner (Sign.,iturP.) Pnnt Oatt 

20. Test Personnel:~ 
-·· ~-~~/ .>,: ~ ---- iiF- Nichol::. .. ,. ___ ;,p,._.; .:--·s1gn····•"·% ~ . =- ________ ..,,...,..... _______ _ ..l_s /l/e1,.. ?l/6 

Prim Date 

Pmt 

Approved By: 
21 . __ _ N/R (J",~! CllPRC-002~ 1 R~v : i 

r1i11l Dato 
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