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1 PURPOSE 

The purpose of this calculation is to develop and evaluate remedial scenarios for the 200-UP-1 
Groundwater Operable Unit (OU) at the Hanford Site of US Department of Energy (DOE), or 
simply the 200-UP-1 area. Attributes like location, number, pumping rate , pumping duration, 
time to maximum contaminant level (MCL), and others for a scenario are presented to help 
assess the scenario. By presenting multiple scenarios with these attributes, the calculation 
described herein is expected to help inform and improve decision making for groundwater 
management in the 200-UP-1 area. 

The calculation specifically focused on remediation of groundwater contaminants of potential 
concern (COPCs). A set of remedial scenarios were developed for a set of COPCs. Pump-and­
treat (P& T) followed by monitored natural attenuation (MNA), P& T only, and containment 
followed by MNA were considered for the scenarios. A scenario was developed selecting a 
COPC for remediation. The scenario was defined by the COPC and the number, location, 
pumping rate, and well type of the remediation wells . The scenario was evaluated by assessing 
its effectiveness in capturing , containing , and/or attenuating the COPC. Selectively, the effect of 
other COPCs on the scenario was evaluated. 

2 METHODOLOGY 

Hydraulic containment of the plume and removal of the dissolved COPC for each remedial 
scenario were quantified using a numeric approach to solve the governing equations for fluid 
flow and solute transport through saturated porous media. Analytical solutions to these 
governing equations are available, but they cannot adequately quantify hydraulic containment 
and contaminant recovery given the complexity resulting from site geology, contaminant 
distribution, and well (well-system) configuration . Consequently, the calculation was made using 
the previously-developed Central Plateau Model (CPM) described in ECF-Hanford-10-0371 : 
Central Plateau Model Version 3 MODFLOW Development, to simulate groundwater flow and 
solute transport. 

The calculation evaluated six remedial scenarios (Table A-1 ). Scenarios 1, 2, and 3 looked at 
employing P&T+MNA, P&T, and P&T+MNA respectively for uranium. Scenarios 4 and 5 looked 
at employing P&T+MNA and P&T respectively for Technitium-99. Scenarios 6 looked at 
employing containment+MNA for lodine-129 (an iodine radioisotope) . The COPCs were 
selected based on the COPCs that were identified in ECF-200UP1-10-0373: 200-UP-1 
Remedial Investigation Report. For example, the lodine-129 plume was large in the 200-UP-1 
area , and the present-day maximum concentration (37 pCi/L approximately) far exceeds the 
MCL of 1 pCi/L. 

In general, the calculation of a remedial scenario for a given COPC proceeded as follows: 

1. Delineate the plume of the COPC in each of the model layers where it is found . 

2. Given total pumping rate and pumping capacities, determine the number of pumping 
wells to be used in the scenario. 

3. Given pumping capacities, number of pumping wells , and pumping duration, vary 
locations of the pumping wells to achieve plume capture using an iterative method. 
Given a well configuration , simulate head using the groundwater flow model. Use the 
simulated head and particle tracking to assess the effectiveness of the configuration in 
achieving plume capture. 
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4. If plume capture appears sufficiently promising, simulate the COPC concentration using 
a solute transport model. Use the simulated head and transport modeling to estimate the 
time-to-MCL. 

5. Given limitation on computational resources, develop a scenario based on a near­
optimal solution. Develop the system based on a reasonably, not strictly, defined set of 
criteria (metrics). 

6. Characterize the scenario using graphical and quantitative metrics. 

3 ASSUMPTIONS AND INPUTS 

3.1 Assumptions 

The assumptions underpinning this calculation are the same as those that underpin the Central 
Plateau Model (CPM) (ECF-Hanford-10-0371). The CPM employs MODFLOW-2000 (Harbaugh 
et al., 2000) to solve the governing equation for groundwater flow through the Central Plateau 
area, which includes the 200-UP-1 area. MODPATH (Pollock, 1994) uses the MODFLOW­
generated flow to solve the governing equation for particle tracks through the area (ECF-
200UP1-10-0373). MT3DMS (Zheng and Wang, 1999) uses the MODFLOW-generated flow to 
solve the governing equation for solute transport through the area (ECF-200UP1-10-0373). 
These three model codes together with certain assumptions, boundary conditions, and initial 
conditions were used to evaluate the remedial scenarios. The assumptions that underlie this 
calculation are: 

1. Water is the only liquid phase flowing through the saturated porous media in the model 
domain according to the laminar conditions assumed for Darcy's Law and with a 
constant water density. 

2. Model boundary conditions represent the forces or processes driving water flow and 
solute transport sufficiently well for the intended use of model results. 

3. The initial head and solute concentration values are known sufficiently well for the 
intended use of the model results. 

4. Hydraulic and transport parameter values are known sufficiently well for the intended 
use of the model results. · 

5. Flow through the vadose zone is not explicitly considered. Recharge is assumed to 
arrive directly in the uppermost saturated layer. 

6. Solute fluxes from the vadose zone are negligible. 

7. The primary transport processes simulated include advection, dispersion, linear sorption, 
and first-order decay. 

8. Reactions between COPCs were assumed to be negligible. 

3.2 Limitations 

Limitations to this calculation follow from the governing equations, boundary conditions, initial 
conditions, parameter values, and discretization employed in the CPM. The calculation results 
are dependent on these components of the flow and transport models. Hence, discovery of new 
data regarding these components may cause the models and their results to change. For 
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example, new data about the lithology and hydraulic properties of an area of concern could 
require changes to the grid discretization, hydraulic property distribution, and initial condition. In 
the absence of new and conflicting data, the calculation assumptions described above are 
appropriate because the purpose of this calculation is to help ascertain the relative differences 
between remedial scenarios. 

3.3 Central Plateau Model (CPM) 

The CPM is described in detail in ECF-Hanford-10-0371 . The key features of the CPM are 
summarized below. 

1. Simulation Period 

Initially, a transient stress period of 274 year was used to establish steady state 
conditions for the beginning of the year 1944 simulation. Thereafter, the years 
1944-2011 were simulated in one year increments: 

2. Rectangular Extent of Domain (Figure B-1) 

• East-west: 25.6 km 

• North-south: 13.4 km 

• Lower left corner: Easting 555650 m, Northing 129850 m 

• Coordinate System: NAO_ 1983_StatePlane_ Washington_South_FIPS_ 4602 

3. Discretization 

The model domain was discretized using 134 rows, 256 columns, and 7 layers. A 
uniform horizontal discretization of 100 m by 100 m was used. The domain was vertically 
discretized into seven layers with non-uniform thickness (Figures B-2 to B-15). Each 
layer represents one or more hydrostratigraphic units (HSUs). The thickness of a layer at 
a cell depends on the thickness of the HSU at that cell location (Figures B-2 to B-15). 
Noted, the primary use of the model result is to predict the fate of a COPC plume over 
time in the model area given a remedial scenario and, hence, to help assess the relative 
effectiveness of a set of scenarios. An approximate prediction is assumed adequate to 
conduct such a relative assessment. In addition, the approach was to represent the 
hydrostratigraphic units using uniform properties for simplicity given data/knowledge 
limitation. Therefore, the horizontal and vertical discretizations are assumed adequate 
given the primary use of the model and coarse space scale of property representation. 

4. Hydrostratigraphic Units (HSUs) 

Six HSUs are included in the model layers (Figures B-2 through B-8). They are: 

a. Hanford Coarse Grained Unit 

b. Hanford Fine Grained Unit 

c. Eastern Portion of the Cold Creek Unit 

d. Upper Ringold Unit E 
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e. Ringold Mud comprising Ringold Units 8, C, and D 

f. Coarse Grained Ringold Unit A 

The key properties of the HSUs are summarized in Table A-2. Of the HSU hydraulic 
conductivity range, the Hanford coarse grained unit has the maximum value, whereas 
the mud has the minimum value. The Upper Ringold Unit E fills Layers 1 to 5 of the 
model below the 200-UP-1 area, while the mud fills Layer 6 below the area. The 
hydraulic conductivity of the Upper Ringold Unit E is higher than that of the mud. Thus, 
most of the contaminant migration is expected to occur through Layers 1 to 5 as the mud 
is expected to help retard any contaminant migration through and across Layer 6. 
Regarding porosity, transport in the 200-UP-1 area is noted to be dominated by the 
Upper Ringold Unit E, an HSU. The porosity of this HSU was used to approximately set 
the porosity of the remaining HSUs. The porosities of the HSUs will be re-examined and 
revised (if needed) in the next version of the model. 

5. Inflows and Outflows 

Inflows to the model domain include recharge from areal precipitation, leakage through 
the beds of Cold Creek and Dry Creek, injection or subsurface discharge from Treated 
Effluent Disposal Facility (TEDF) and State-Approved Land Disposal Facility (SALOS), 
and groundwater inflow through lateral boundaries. To the north, south, and west, the 
domain is constricted by basalt sub-crops above the water table of the aquifer. Where 
present, these sub-crops are assumed to be no-flow boundaries. They are treated as 
inactive cells in the CPM. There are two gaps in the basalt sub-crops along the northern 
boundary where the water table is above the basalt. The western-most region is referred 
to as the western gap, and the eastern region is referred to as the Gable gap. Along the 
eastern boundary and the eastern-most part of the southern boundary, the water table is 
above the basalt. Cold Creek, located in the gap along the western boundary, is a 
source of inflow to the domain. Dry Creek, the gap in the basalt sub-crops in the 
southwest corner, is another source of inflow to the domain. 

Outflows are restricted to groundwater flow across lateral boundaries and extraction 
wells. The low permeability basalt underlying the model domain is assumed to have 
negligible flow crossing it. Thus, it is treated as a no-flow boundary. 

6. Boundary Conditions 
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The key boundary conditions for the flow model are shown in Figure 8-16. 

Constant Head: Two gaps where the water table is above the top of Gable 
Ridge/Mountain Gap are set to constant head (CH) boundary condition. The CH at these 
boundaries was set to the 2008 observed value. The CH at the western gap was based 
on water level data for well 699-63-90 acquired from the Hanford Environmental 
Information System (HEIS). The CH at the Gable gap was based on water level data for 
well 699-60-60 acquired from HEIS. 

General Head: Eastern boundary below Gable Mountain is set to general head 
boundary (GH8) condition . The conductance for the GH8 condition was determined 
through calibration of the model. In addition , a part of the southeastern boundary is set 
to a GH8 condition. 



No-Flow: A part of the southeastern boundary, north of the Rattlesnake Ridge sub-crop, 
is set to no-flow boundary condition. In addition, the bottom boundary of the domain 
follows the contact between the overlying sediments and the underlying basalt and was 
set as a no-flow boundary condition. 

Recharge: The primary recharge to groundwater is from precipitation (ECF-200UP1-10-
0373). Its distribution is assumed variable relative to space but constant relative to time. 
Its estimation is described in PNNL-14753 (2006). Additional recharge is from the 
ephemeral Cold Creek and Dry Creek beds and injection/discharge at the TEDF and 
SALOS facilities . Recharge rates were determined for these facilities. These rates were 
based on current-planned operations. Water disposed near the surface experiences a 
delay time in arriving at the groundwater table. This delay of arrival is provided by 
calculations performed for System Assessment Capability (SAC) Rev 1 lnflow-04 
Assessment of Pacific Northwest National Laboratory (PNNL), devoted to calculating 
vadose-zone attenuated artificial recharge for 1062 sites from 1994 through 2400 
(EMDT-BC-0002, 2009). In general, recharge rate was varied spatially from 2 mm/yr to 
8 mm/yr. In some small area, recharge rate of 55 mm/yr was applied. In two local ponds, 
a maximum recharge rate of 120 mm/yr was applied. 

7. Initial Head 

Mentioned above, the first stress period spanned approximately 274 years. It is used to 
establish the head distribution prior to the disposal of a large volume of water during the 
operational period of the Hanford Site (Figure 8-17). 

8. Calibration Period 

The calibration period is from 1944 to 2008. 

3.4 Inputs 

Given the purpose of this calculation , model inputs refer to simulation period (hydraulic 
parameter), transport parameters, initial head, initial concentration , and boundary conditions for 
the transport simulations. Most inputs used in this calculation were obtained directly from ECF­
Hanford-10-0371 and ECF-200UP1-10-0373. Inputs to this calculation that were modified from 
the original CPM were: 

1. Simulation Period 
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The simulation period is divided into multiple stress periods (segments) for a given 
remedial scenario. An approximate reference for time is used. The exact time will 
depend on the actual start of remediation in/around the 200-UP-1 area, e.g. Phase I of 
the P&T in the 200-ZP-1 area (CHPRC, 2009). 

a. The first 3-year period is from 2009 to 2011. This period represents present 
condition. In addition , this period includes Phase I - System Construction (through 
December 2011) of the P&T in the 200-ZP-1 area (CHPRC, 2009). 

b. The second 3-yr period is from 2012 to 2014. This period includes Phase II - System 
Upgrade and Optimization (assumed duration 3 years) of the P&T in the 200-ZP-1 
area (CHPRC, 2009). 



c. The third period is the 22 years from 2015 to 2036. This period includes Phase Ill -
Long-term Operations (assumed duration 22 years) of the P&T in the 200-ZP-1 area 
(CHPRC, 2009). The P&T in the 200-ZP-1 ends at the end of this period. 

d. Regarding Scenario 2 (Tables A-1 and A-3), the fourth period is the 3 years from 
2037 to 2039. This period simulates Phase 3 of the scenario in the 200-UP-1 area. 
The P&T in the 200-UP-1 area ends at the end of this period. Regarding the 
remaining scenarios, this period is scenario-specific time from 2037 to future. This 
phase employs MNA part of the scenario. 

2. Transport Parameters 

The transport parameter values of these COPCs were obtained from ECF-200UP1-10-
0373. Table A-4 presents the transport properties of the COPCs. The parameter values 
for linear sorption, decay, and degradation of these COPCs were estimated or taken 
from site-specific sources. Thus, the longitudinal dispersivity was set to 3.5 m throughout 
the model domain based on MT3D manual (ECF-Hanford-10-0371 ). The horizontal 
dispersivity was set at 20% of the longitudinal dispersivity (DOE/RL-2008-56). The 
vertical dispersivity was set at 0% of the longitudinal dispersivity and, hence, neglected 
(DOE/RL-2008-56). 

3. Initial Head 

The initial head was set to the simulated head of the CPM (ECF-200UP1-10-0373) 
for 2008 (or Stress Period 66). The head in Layer 1 is shown in Figure B-17. The head in 
the remaining layers is approximately similar to that in Layer 1. 

4. Boundary Conditions for Transport Model 

The transport model boundaries were set as the advective mass flux (AMF) boundary 
condition (Zheng and Wang, 1999). The AMF at a boundary is determined internally in 
the model using the rate and concentration of flux (inflow or outflow) across the 
boundary. Inflow concentration is zero by default. 

5. Initial Concentration 
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Development of initial concentrations for the COPCs is discussed in ECF-200UP1-10-
0373. In general, the HEIS qualified data for a COPC concentration measured in 2008 
was primarily used to develop the initial concentration of the COPC. Initial concentration 
of Layers 1 to 5 was developed through interpolation of observed data in the 200-UP-1 
area. Regarding the remaining layers, Layer 6 is dominated by the Ringold Mud, an HSU 
(Section 3.3-4). The permeability of the HSU is assumed low. It is assumed not to have 
let a significant amount of contaminated groundwater from above it to pass through and 
below it, thereby, keeping Layers 6 and 7 contaminant-free at present. The initial 
concentration of these layers was set to zero. Modeling results support this assumption 
for the limited time scale of current contamination. 

Appendix C shows the initial maximum vertical concentration of the COPCs. Here, the 
maximum vertical concentration at a point refers to the maximum concentration in a 
vertical line at the point. 

It is important to note that the initial concentration developed here may differ from those 
reported in DOE/RL-2008-66: Hanford Site Groundwater Monitoring for Fiscal 



Year 2008. Any difference may be attributed to the difference in employing interpretation 
and interpolation. 

4 SOFTWARE APPLICATIONS, DESCRIPTIONS, INSTALLATION & CHECKOUT, AND 
STATEMENTS OF VALIDITY 

4.1 Approved Software 

The software used to perform this calculation were approved and are in compliance with PRC­
PRO-I RM-309, Controlled Software Management. The software was managed under multiple 
documents consistent with PRC-PRO-IRM-309. The documents are: 

1. CHPRC-00257 Rev 1, MODFLOW and Related Codes Functional Requirements · 
Document 

2. CHPRC-00258 Rev 2, MODFLOW and Related Codes Software Management Plan 

3. CHPRC-00259 Rev 1, MODFLOW and Related Codes Software Test Plan 

4. CHPRC-00260 Rev 2, MODFLOW and Related Codes Acceptance Test Report 

5. CHPRC-00261 Rev 2, MODFLOW and Related Codes Requirements Traceability Matrix 

CHPRC-00258 Rev 2 distinguishes between safety software and support software based on 
whether the software managed calculates reportable results or provides run support, 
visualization, or other similar functions. The software used in this calculation is briefly described 
below. 

4.1.1 Descriptions 
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1. MODFLOW-2000 (Harbaugh et al., 2000); Safety Software graded Level C 
(HISI #2517): 

a. Used to simulate groundwater flow under saturated conditions. 

b. Solves the three-dimensional groundwater flow equation using the finite 
difference method for both steady state and transient systems. 

c. Vendor: USGS 

d. Version 2.1.18 with SSPA modification for minimum saturated thickness 

e. Build: mf2k-mst-0003dp.exe (CHPRC Build 0003, minimum saturated thickness 
features, double precision compilation) 

2. MODPATH-2000 (Pollock, 1994), Safety Software graded Level C: 

a. Used for particle tracking 

b. Provides depictions of three-dimensional flow paths from the groundwater heads 
and fluxes calculated by MODFLOW 

c. Vendor: US EPA 

d. Version 4.3 with SSPA modification for minimum saturated thickness 



e. Build : modpath-mst-0003sp.exe (CHPRC Build 0003, minimum saturated 
thickness feature, single precision compilation) 

3. MT3DMS-2000 (Zheng and Wang, 1999), Safety Software graded Level C 
(HISI #2518): 

a. Used to simulate solute transport under saturated conditions. 

b. Solves the three-dimensional transient advection dispersion equations using the 
several different methods. 

c. Vendor: US EPA 

d. Version 5.2 with SSPA modification for minimum saturated thickness 

e. Build: mt3dms-mst-0003dp.exe (CHPRC Build 0003, minimum saturated 
thickness feature , double precision compilation) 

4.1.2 Installation & Checkout 

Safety Software (MODFLOW, MODPATH, and MT3DMS) was checked out in accordance with 
procedures specified in CHPRC-00258 Rev 2. Executables were obtained from the Software 
Owner who maintains the configuration managed copies in MKS lntegrity™ 1, installation tests 
identified in CHPRC-00259 Rev 1 performed and successful installation confirmed , and 
Software Installation and Checkout Forms were completed and approved for installations used 
to perform model runs reported in this calculation. Copies of the Software Installation and 
Checkout Forms for approved users and installations used in this calculation are provided in 
Appendix F. Approved users are registered in HISI for safety software. Use of this software for 
this calculation has been logged in the HISI. 

4.1 .3 Statement of Validity 

The software identified above was used consistent with intended use for CHPRC as identified in 
CHPRC-00257 Rev 1 and is a valid use of this software for the problem addressed in this 
application. The software was used within its limitations. 

4.2 Support Software 

Support software used, that either have been identified in CHPRC-00258 Rev 2 or are 
scheduled to be included in the next revision to that document, are given below. 

4.2.1 Descriptions 

1. Groundwater Vistas (Rumbaugh and Rumbaugh , 2007): It provides a graphical user 
interface to construct, run, and depict MODFLOW, MODPATH, and MT3DMS model 
components and results. It provides graphical tools used for model quality assurance. 

1 MKS Integrity is a trademark of MKS, Inc. 
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4.2.2 Statement of Validity 

The software identified above was used consistent with its purpose and is a valid use of this 
software for the problem addressed with each application. The software was used within its 
limitations. 

5 CALCULATION 

Six remedial scenarios based on P& T +MNA, P& T only, and containment+MNA were considered 
to remediate three COPCs (Table A-1). Uranium, Technitium-99, and lodine-129 were selected 
as the COPCs. Mentioned earlier, a scenario was developed selecting a COPC for remediation. 
The scenario was evaluated by assessing its effectiveness in capturing, containing, and/or 
attenuating the COPC. Selectively, the effect of another COPC on the scenario was evaluated. 
Tritium was selected as the other COPC for this evaluation. Of these scenarios, two scenarios 
required tritium concentration in the extracted groundwater to continue with their evaluations. 

5.1 Scenario 1 

Scenario 1 was developed to remediate uranium (Table A-1 ). A P&T +MNA system was 
considered . The system was set to have three extraction wells and three injection wells 
(Table A-3). Each well was assumed capable of sustaining 100 gpm. Therefore, each well was 
set to pump at 100 gpm over a 25 year period. The P&T system of the 200-ZP-1 area was 
considered in setting this pumping period (Section 3.4-1 ). Thereafter, the MNA was considered 
to attenuate the COPC maximum concentration to MCL in the 200-UP-1 area over time. 

The COPC maximum concentration at a time is based on an area window (Figure B-18). A 
rectangular window was selected to include the portion of the 200-UP-1 area given the fate and 
transport of the COPC in the area. The rectangular shape led to the inclusion of a part of ZP-1 
area in the window. To reduce the influence of the ZP-1 area on the results based on the 
window, the window is not stretched to the northern-most tip of the 200-UP-1 area. The window 
appeared adequate for the present study given the fate and transport of the COPC in the area. 

The time required for the initial COPC maximum concentration to attenuate to MCL is referred 
as time-to-MCL. The scenario was developed adjusting pumping-well locations to minimize the 
time-to-MCL (or MNA period) given computational resources. Initially, well locations were 
assumed. Thereafter, these locations were adjusted using an iterative method, where each trial 
was evaluated using groundwater flow and contaminant transport modeling. The resulting 
solution yielded a time-to-MCL of 80 years (Table A-3). The extraction wells are named EW-1 
through EW-3 (Figure D01 ). Of these wells, EW-1 pumps from Layers 2. EW-2 through EW-3 
pump from Layers 2 through 3. Similarly, the injection wells are named IW-1 through IW-3. Of 
these wells, IW-1 pumps to Layers 2. IW-2 through IW-3 pump to Layers 2 through 3. Given this 
solution, a particle-track simulation was performed (Figure D01 ). The simulation suggests a 
near-complete capture of the plume. 

5.2 Scenario 2 

Scenario 2 was developed to remediate uranium (Table A-1 ). A P& T only system was 
considered . The system was set to have four extraction wells and four injection wells 
(Table A-3). Each well was set to pump at 100 gpm over an extended period to complete 
attenuation of the COPC maximum concentration to MCL in the 200-UP-1 area. The scenario 
was developed adjusting pumping-well locations to minimize the time-to-MCL given 
computational resources. Given the system, the pumping period equals the time-to-MCL. 
Initially, well locations and pumping period were assumed based on Scenario 1. Thereafter, 
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these locations and the period were adjusted using an iterative method. The resulting solution 
yielded a time-to-MCL of 28 years (Table A-3). The extraction wells are named EW-1 through 
EW-4 (Figure D02). Of these wells, EW-1 and EW-4 pump from Layers 2. EW-2 through EW-3 
pump from Layers 2 through 3. Similarly, the injection wells are named IW-1 through IW-4. Of 
these wells, IW-1 and IW-4 pump to Layers 2. IW-2 through IW-3 pump to Layers 2 through 3. 
Given this solution, a particle-track simulation was performed (Figure D02). The simulation 
suggests a near-complete capture of the plume core but no capture of the plume eastern part. 

The groundwater contaminated with the COPC, together with other COPCs, is extracted by the 
extraction wells of the P& T system. Thereafter, the extracted groundwater is sent to a mixing 
facility. The flow-weighted concentration of tritium at the mixing facility was calculated to help 
continue evaluating this scenario. In general, an extraction well extracts g·roundwater and 
contaminant from multiple layers of the groundwater model. The resulting concentration of a 
contaminant at the well is estimated as follows: 

(1) 

Here, Cw=resulting concentration at the well , Qw=flow rate of the well, Ck=concentration of k-th 
layer flow, Qk=k-th layer flow contribution to the flow rate, and N=number of layers contributing 
groundwater and contaminant to the well. Similarly, a mixing facility may receive groundwater 
and contaminant from multiple extraction wells. The resulting concentration of a contaminant at 
the facility is estimated as follows: 

(2) 

Here, CF=resulting concentration at the facility, QF=flow rate to the facility (from all the wells), 
Cwk= concentration of k-th well flow, Qwk= k-th well flow contribution to the facility, and 
NW=number of wells contributing groundwater and contaminant to the facil ity. Given this 
scenario, the flow-weighted concentrations at each extraction well and at the mixing facility are 
presented in Table E-1. 

5.3 Scenario 3 

Scenario 3 was developed to remediate uranium (Table A-1). A P&T+MNA system was 
considered . The system was set to have two extraction wells and two injection wells 
(Table A-3). Each well was set to pump at 100 gpm over a 25 year period. Thereafter, the MNA 
was considered to attenuate the COPC maximum concentration to MCL in the 200-UP-1 area 
over time. Assuming an initial well configuration, the scenario was developed adjusting 
pumping-well locations to minimize the time-to-MCL given computational resources. The 
resulting solution yielded a time-to-MCL of 150 years (Table A-3). The extraction wells are 
named EW-1 and EW-3 (Figure D03). These wells pump from Layers 2 through 3. Similarly, the 
injection wells are named IW-1 and IW-3. These wells pump to Layers 2 through 3. Given this 
solution, a particle-track simulation was performed (Figure D03). The simulation suggests a 
near-complete capture of the plume core but no capture of the plume eastern part. 

5.4 Scenario 4 

Scenario 4 was developed to remediate Technitium-99 (Table A-1 ). There are multiple plumes 
of this COPC in the 200-UP-1 area (Figure C-3). This scenario was developed to remediate the 
southern and northern plumes near the center of the area, while MNA was assumed adequate 
to remediate the remaining plumes. Given the southern and northern plumes, a P&T +MNA 
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system was considered. The system was set to have one extraction well pumping at 20 gpm in 
the northern plume and two extraction wells pumping at 30 gpm each in the southern plume 
(Table A-3). Each well was set to pump over a 25 year period. Thereafter, the MNA was 
considered to attenuate the COPC maximum concentration to MCL in the area over time given 
all the plumes in the area window (Figures B-18 and C-3). Noted, the maximum concentration 
calculation at a time includes concentrations in the window at the time. A part of a plume at the 
north fell outside the window at a time during simulation, and the maximum concentration 
calculation ignored the part at the time. Given the focus and assumption of this scenario, 
ignoring the part outside the window is expected not to affect the evaluation of the scenario. 
Assuming an initial well configuration, the scenario was developed adjusting pumping-well 
locations to minimize the time-to-MCL given computational resources. The resulting solution 
yielded a time-to-MCL of 30 years (Table A-3). The extraction wells are named EW-1 through 
EW-3 (Figure D04). These wells pump from Layers 2 through 3. Given this solution, a particle­
track simulation was performed (Figure D04 ). Regarding the northern plume, the simulation 
suggests a near-complete capture of the plume core but no capture of the plume eastern part. 
Regarding the southern plume, the simulation suggests a near-complete capture of the plume 
core but no capture of the plume south-eastern part. 

5.5 Scenario 5 

Scenario 5 was developed to remediate Technitium-99 (Table A-1 ). This scenario was 
developed to remediate the southern and northern plumes near the center of the 200-UP-1 
area. Given these plumes, a P&T only system was considered. The system was set to have two 
extraction wells in the northern plume and three extraction wells in the southern plume 
(Table A-3). Each well was set to pump at 30 gpm over an extended period to complete 
attenuation of the COPC maximum concentration to MCL in the area over time given all the 
plumes in the area window (Figures B-18 and C-3). Noted, a part of a plume at the north fell 
outside the window, and ignoring the part outside the window is expected not to affect the 
evaluation of the scenario (Section 5.4 ). The scenario was developed adjusting pumping-well 
locations to minimize the time-to-MCL given computational resources. Initially, well locations 
and pumping period were assumed based on Scenario 4. Thereafter, these locations and the 
period were adjusted using an iterative method. The resulting solution yielded a time-to-MCL of 
25 years {Table A-3). The extraction wells are named EW-1 through EW-5 (Figure D05). These 
wells pump from Layers 2 through 3. Given this solution, a particle-track simulation was 
performed (Figure D05). Regarding the northern plume, the simulation suggests a near­
complete capture of the plume core but no capture of the plume eastern-part. Regarding the 
southern plume, the simulation suggests a near-complete capture of the plume core but no 
capture of the plume southeastern-part. In addition, the flow-weighted concentrations of tritium 
at each extraction well and at the mixing facility were calculated to help continue evaluating this 
scenario {Table E-2). 

5.6 Scenario 6 

Scenario 6 was developed to contain lodine-129 {Table A-1 ). A containment+MNA system for 
this COPC was considered, operating simultaneously with P&T +MNA systems for uranium 
(Scenario 1) and Technitium-99 (Scenario 4 ). The containment system was set to have three 
injection wells {Table A-3). Each well was set to pump at 50 gpm over a 25 year period. The 
P&T systems for uranium and Technitium-99 were based on Scenarios 1 and 4 respectively, 
and these systems were set to operate over the 25 year period. Thereafter, the MNA was 
considered to attenuate the COPC maximum concentration to MCL in the 200-UP-1 area over 
time. Assuming an initial well configuration of the containment system, the scenario was 
developed adjusting the pumping-well locations of the containment system to achieve a near­
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complete containment of the lodine-129 plume leading-edge over the 25 year period given 
computational resources. The resulting solution yielded a time-to-MCL of >938 years 
(Table A-3). The injection wells of the containment system are named IW-01-I through IW-03-I 
(Figure D06). These wells pump to Layers 2 through 5. Mentioned earlier, the P& T systems for 
uranium and Technitium-99 were based on Scenarios 1 and 4 respectively. The uranium wells 
are renamed EW-1-U through EW-3-U and IW-1-U through IW-3-U for clarity (Figure D06). The 
layers from or to which these wells pump are discussed in Scenario 1 (Section 5.1 ). Similarly, 
the Technitium-99 wells are renamed EW-1-Tc through EW-3-Tc (Figure D06). The layers from 
which these wells pump are discussed in Scenario 4 (Section 5.4). Given this solution, a 
particle-track simulation was performed (Figure D06). The simulation suggests a near-complete 
containment of the plume leading-edge. In addition, the flow-weighted concentrations of 
lodine-129 at each extraction well and at the mixing facility were calculated to help continue 
evaluating this scenario (Table E-3). 
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Appendix A 

Input/Output Tables 



Table A-1. List of Remedial Scenarios 

Scenario Code1a Code23 COPCb 

1 Run6 U10 Uranium 

2 Run7a - Uranium 

3 Run19a - Uranium 

4 Run10b T00b Technitium-99 

5 Run11b T03b T echnitium-99 

6 Run14 -
3 Code: Additional code for scenario (if any) 

bCOPC: Contaminant of potential concern 

cp& T: Pump-and-treat 

dMNA: Monitored natural attenuation 

lodine-129 

System 

P&Tc + MNAd 
P&Tc 

P&Tc + MNAd 
P&Tc + MNAd 
P&Tc 

Containment + MNA d 



Table A-2. Key Properties of Hydrostratigraphic Units (HSUs) 

HSU 

Hanford Coarse Grained Unit 
Hanford Fine Grained Unit 
Eastern Portion of the Cold Creek Unit 
Upper Ringold Unit E 
Ringold Mud comprising Ringold Units B, C, and D 
Coarse Grained Ringold Unit A 
8Color used in Figures 8-3 to 8-9 
bKh: Horizontal hydraulic conductivity 

cKv: Vertical hydraulic conductivity 
dSy: Specific yield 
0 n: Porosity 

Color'5 

Blue 
Light Blue 

Pink 
Orange 
Brown 
Green 

Khb Kvb 

(m/day) (m/day) 

10000 1000 
100 10 
106 10.6 
5 0.5 

0.008 0.0008 
4.8 0.48 

Syd ne 

(-) (-) 

0.1 0.15 
0.1 0.15 
0.1 0.15 

0.0905 0.15 
0.0905 0.15 
0.0905 0.15 



Scenario COPC 

1 Uranium 
2 Uranium 
3 Uranium 
4 Technitium-99 
5 Technitium-99 

6 lodine-129 

a MCL: Maximum contaminant level 

b Rate: Extraction(-) and injection(+) 

Table A-3. Summary of Remedial Scenarios 

Number Total 
MCLa Well Rateb of Wells Rate Duration Time-to-MCL a 

(pCi/L or ug/L) (gpm) (#) (gpm) (yr) (yr) 

30 3(-100) 3 -300 25 80 
30 4(-100) 4 -400 28 28 
30 2(-100) 2 -200 25 150 

900 [1 (-20), 2(-30)] 3 -80 25 30 
900 [2(-30), 3(-30)] 5 -150 25 25 

1 
3(-100), [1 (-20), 2(-30)] 6 -380 

25 >938 
3(+50) 3 +150 

-- --- - - - - ----- --- ---



Table A-4. Transport Properties of Contaminants of Potential Concern (COPCs) 

COPC Kd8 Half-Life Half-Life Degradation Rate 
Reference for Kd8 

{ml/g) {yr) {day) (1/day) 

lodine-129 0.10 1.57E+07 5.73E+09 1.21E-10 PNNL-18564, Table 6.9, Sandy Gravel sediment type 
Uranium 0.40 4.47E+09 1.63E+12 4.25E-13 PNNL-18564, Table 6.9, Sandy Gravel sediment type 
Technitium-99 0.00 2.11E+05 7.71 E+07 8.99E-09 PNNL-18564, Table 6.9, Sandy Gravel sediment type 
Tritium 0.00 1.23E+01 4.50E+03 1.54E-04 PNNL-18564, Table 6.9, Sandy Gravel sediment type 
8 Kd: Distribution coefficient 



Appendix B 

Central Plateau Model 
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Figure B-1. Domain of Central Plateau Model 
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Figure B-2. Hydrostratigraphic Units of Layer 1 
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Figure B-3. Hydrostratigraphic Units of Layer 2 
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Figure B-4. Hydrostratigraphic Units of Layer 3 
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Figure B-5. Hydrostratigraphic Units of Layer 4 
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Figure B-6. Hydrostratigraphic Units of Layer 5 
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Figure B-7. Hydrostratigraphic Units of Layer 6 
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Figure B-8. Hydrostratigraphic Units of Layer 7 



Figure B-9. Bottom Elevation for Layer 1 

Figure B-10. Bottom Elevation for Layer 2 



Figure B-11. Bottom Elevation for Layer 3 

Figure B-12. Bottom Elevation for Layer 4 



Figure B-13. Bottom Elevation for Layer 5 

Figure B-14. Bottom Elevation for Layer 6 



7 

Figure B-15. Bottom Elevation for Layer 7 
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- Constant Head 
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Figure 8-16. Boundary Conditions of Central Plateau Model 



Figure B-17. Initial Head in Layer 1 of Central Plateau Model 
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Figure B-18. 200-UP-1 Window 



Appendix C 

Initial Condition of Contaminant Concentration 
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Appendix D 

Groundwater/Contaminant Remedial System 
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Figure D04. Technetium-99 under Pump-and-Treat System of Scenario 4 
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Appendix E 

Flow-Weighted Concentration (pCi/L or ug/L) at Extraction Wells 



Table E01 . Tritium Flow-Weighted Concentration at Extraction Wells for Scenario 2 

TIME EW-1 EW-2 EW-3 EW-4 EW 
1.00 0.00 0.00 0.00 0.00 0.00 
2.00 0.00 0.00 0.00 0.00 0.00 
3.00 0.00 0.00 0.00 0.00 0.00 
4.00 0.00 0.15 1.16 0.00 0.33 
5.00 0.01 0.93 5.37 0.00 1.58 
6.00 0.03 2.35 11 .27 0.00 3.41 
7.00 0.05 4.48 20.36 0.00 6.22 
8.00 0.07 7.31 32.51 0.00 9.97 
9.00 0.12 11 .09 46.87 0.01 14.52 

10.00 0.20 16.01 62.69 0.03 19.73 
15.00 2.34 47.78 134.13 1.72 46.49 
20.00 9.78 67.48 170.26 14.51 65.51 
25.00 22.86 72.98 183.24 47.39 81 .61 
28.00 31.45 71 .93 184.75 73.11 90.31 
EW: Concentration after mixing the flows from given extraction wells 



Table E02. Tritium Flow-Weighted Concentration at Extraction Wells for Scenario 5 

TIME EW-1 EW-2 EW-3 
1.00 1662.05 655.73 1498.50 
2.00 2193.25 1965.25 2055.05 
3.00 2404.00 3445.45 2281 .70 
4.00 2197.55 4567.40 2183.10 
5.00 2474.10 4795.40 1945.50 
6.00 2822.70 4640.85 1740.20 
7.00 3056.25 4385.75 1567.15 
8.00 3261.40 3957.05 1383.55 
9.00 3338.70 3462.50 1227.12 

10.00 3275.00 2978.75 1102.24 
15.00 1907.75 1228.95 713.26 
20.00 759.54 435.08 461.77 
25.00 256.14 145.02 286.12 

EW-4 EW-5 EW 
1793.25 21 .65 1126.24 
3338.90 39.39 1918.37 
4628.65 53.07 2562.57 
8272.75 823.52 3608.86 

10616.50 904.47 4147.19 
12399.50 87 4.15 4495.48 
13976.50 841 .24 4765.38 
15293.50 777.50 4934.60 
16010.50 714.90 4950.74 
16128.00 660.45 4828.89 
11493.00 434.61 3155.51 
5936.10 248.05 1568.11 
2713.30 122.52 704.62 

EW: Concentration after mixing the flows from given extraction wells 



Table E03. lodine-129 Flow-Weighted Concentration at Extraction Wells for Scenario 6 

TIME EW-1-U EW-2-U EW-3-U EW-1-Tc EW-2-Tc EW-3-Tc EW 
1.00 0.90 0.54 0.40 0.00 0.00 0.05 0.49 
2.00 0.96 0.53 0.38 0.00 0.00 0.08 0.50 
3.00 1.02 0.52 0.37 0.00 0.00 0.09 0.51 
4.00 0.50 0.33 0.27 0.00 0.00 0.11 0.30 
5.00 0.42 0.31 0.28 0.00 0.00 0.11 0.28 
6.00 0.35 0.31 0.28 0.00 0.00 0.12 0.26 
7.00 0.29 0.32 0.29 0.00 0.00 0.12 0.25 
8.00 0.24 0.32 0.29 0.00 0.00 0.11 0.23 
9.00 0.20 0.31 0.28 0.00 0.00 0.10 0.21 

10.00 0.16 0.29 0.26 0.00 0.00 0.10 0.20 
15.00 0.06 0.22 0.19 0.00 0.00 0.08 0.13 
20.00 0.03 0.19 0.17 0.00 0.00 0.06 0.11 
25.00 0.01 0.17 0.17 0.00 0.00 0.05 0.10 
EW: Concentration after mixing the flows from given extraction wells 



Appendix F 

CHPRC Software Installation and Checkout Form 



CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM 

Software Owner Instructions: 
Complete Fields 1-13, then run test cases in Field 14. Compare test case results listed in Field 15 to corresponding Test Report outputs. 
If results are the same, sign and date Field 19. If not, resolve differences and repeat above steps. 
Software Subject Matter Expert Instructions: 
Assign test personnel. Approve the installation of the code by signing and dating Field 21, then maintain form as part of the software 
support documentation. 
GENERAL INFORMATION: (Xb3 # 
1. Software Name: MODFLOW 2000, MODFLOW 2000 MST, & MT3DMS (Build~) Software Version No.: 0003 

EXECUTABLE INFORMATION: 

2. Executable Name (include path): 

All files installed in directory c:/bin - MDS signatures uniquely ident i fy exec files: 
mf2k-0003dp.exe (double precision MODFLOW 2000) - AE3452C29826D16AF7812E68E41453F6 
mf2k-0003sp.exe (single pr~cision MODFLOW 2000) - 512B752916371FE1325703298AA4E8E8 
mf2k-mst- 0003dp.exe (double prec MODFLOW with MST) - 21D01926D4313410BD7F4E63C863AA27 
mf2k-mst-0003sp.exe (single prec MODFLOW with MST) - 22E7B852571A93A2EFAC90A6690E41B5 
mt3dms-mst-0003dp.exe (double prec MT3DMS with MST)- CB3343D6D7554D9COE662A597E47D687 
mt3dms-mst-0003sp . exe (single prec MT3DMS with MST)- 2D34D56262561B23259DF9C03B66C791 

3. Executable Size (bytes): MDS signatures for executable files are listed above. 

COMPILATION INFORMATION: 

4. Hardware System (i.e., property number or ID): 

Dell Latitude Laptop PC (Intel(R) Core(TM)2 Duo CPU P8400@ 2.26GHz, 1.95GB of RAM 
Property Tag WC95463 

5. Operating System (include version number): 

Microsoft Wi ndows XP (R) Professional Version 20002 Service Pack 3 
HLAN Windows XP (R) Image Version 3.0.1.0 

INSTALLATION AND CHECKOUT INFORMATION: 

.. ;e~·;,:.J·•~pepa:;; ~r -~~, ·-- ~~~~ f "'f'-'3/ _ -~-~-~-7 'f . ·- . _ ... ... . · ·- ·· _ . _ .. 
7. Operating System (include version number): 

IJ.),'~> X'{' f ~G.,~ tkbfs,'rn-i U,,z_, su~UL. ?~ 2.. 

8. Open Problem Report? @ No O Yes 

TEST CASE INFORMATION: 
9. Directory/Path: 

PR/CR No. 

6\ Jv{DJ)Pl-0"'3- C-t-f p~c.. - iiAA·td-oaJ\0!)05 \ f.J2t>t 
10. Procedure(s): 

CHPRC-00259 Rev 1, MODFLOW and Related Codes Software Test Plan 

11 . libraries: 

Statically linked 

12. Input Files: 

Found in test subdirect ories 

13. Output Files: 

Found in test subdirectories 

14. Test Cases: 

MF-ITC- 1 (bot h standard and MST versions of MODFLOW)- run for single & double precision 
MT-ITC-1 - run for single and double precision 
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (continued) 

1. Software Name: MODFLOW 2000, MODFLOW 2000 MST, & MT3DMS (Build 0002) Software Version No.: 0003 

15. Test Case Results: 

P(A.ss<D{. 
16. Test Perfonned By: T/Yjp'j / clV\., 

17. Test Results: e Satisfactory, Accepted for Use 0 Unsatisfactory 

18. Disposition (include HfSI update): hf<;,m.tJn7df11 1/-f/MVE}? k /Z/!T-P/ll?e1/I ;?fJ!,1/ 
Preoar;:,rl Bv: ~/ ✓ - ··· . 

19. / //4_,_~.2A/h WE Nichols IP l)utf/ 201[) 
// Software uwner (Signature) Print Date 

20. Test Personnel: 

Y~ ~/1/>o/o 
~ ~ 1i ~-t-~~ -srn Print Date 

Sign Print Date 

Sign Print Date 
-

Approved By: 

21. N/R (CHPRC-00258 Rev 2) 
Software SME (Signature) Print Date 

• •• - • .,... ,,,,- _, .. , ,,.,.,., ...,··r· .. . ···- r...- · · . .-, . ..-- ,_ .. _.u,.• .. -. c,,, ,. ,, ,., ~•-,, •. _.., .,. .... • u ,.., ,., .~,,-.-..-, ·••••.---,,._...._.,_,_._ ·• ·••• ••· .• ...-~,..,-• •• ••· .. ...,.,._.,, • .. , ,,·,•· •.r, ,,_,.,..,,~, • ' " -"·'- ,• • ..._._,,_.., •o.....-. • . .-.• .• ', ' ' ,..., .~·• . •n•• •T,..,0,' •• • ••• ."JT ..,.,_ . ,,,. ,._•\I••~••• •" . . ,.·•••• ' I',-, • • • • ,• n .- , •. 
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM 

Software Owner Instructions: 
Complete Fields 1-13, then run test cases in Field 14. Compare test case results listed in Field 15 to corresponding Test Report outputs. 
If results are the same, sign and date Field 19. If not, resolve differences and repeat above steps. 

Software Subject Matter E~pert Instructions: 
Assign test personnel. Approve the installation of the code by signing and dating Field 21 , then maintain form as part of the software 
support documentation. 

GENERAL INFORMATION: OC07 ~ 
1. Software Name: MODFLOW 2000 , MODFLOW 2000 MST , & MT3DMS (Build~ Software Version No.: 0003 

EXECUTABLE INFORMATION: 

2. Executable Name (include path): 

Al l files installed in directory c:/bin - MD5 signatures uniquely identify exec files: 
rnf2k-0003dp . exe (double precision MODFLOW 2000) - AE3452C29826D16AF7812E68E41453F6 
rnf2k-0003sp . exe (single precision MODFLOW 2000) ,- 512B752916371FE1325703298AA4E8E8 
rnf2k- rnst-0003dp . exe (double prec MODFLOW with MST) - 21D01926D43134 1 0BD7F4E63C863AA27 
rnf2k- rnst-0003sp . exe (single prec MODFLOW with MST) - 22E7B852571A93A2EFAC90A6690E41B5 
rnt3dms - rnst-0003dp.exe (double prec MT3DMS with MST)- CB3343D6D7554D9COE662A597E47D687 
mt3dms - rnst-0003sp.exe (single prec MT3DMS with MST)- 2D34D56262561B23259DF9C03B66C791 

3. Executable Size {bytes): MOS signatures for executable files are listed above. 

COMPILATION INFORMATION: 

4. Hardware System (i.e., property number or ID): 

Dell Latitude Laptop PC (Intel(R) Core(TM)2 Duo CPU P8400@ 2 . 26GHz , 1 . 95GB of RAM 
Property Tag WC95463 

5. Operating System (include version number): 

Microsoft Windows XP (R) Professional Version 20002 Service Pack 3 
HLAN Windows XP (R) I mage Version 3.0 . 1.0 

INSTALLATION AND CHECKOUT INFORMATION: 

6. Hardware System (i.e ., property number or ID): 

J:NTEL..(R.) c.oR£( TM)L ovoc:..Pu 
7. Operating System (include version number): 

W-:rNDow$J<R -Prco-j-eJY)1~ VUtnift\ a.coi.. 
8. Open Problem Report? @ No Q Yes PR/CR No. 

TEST CASE INFORMATION: 
9. Directory/Path: . 

(. ! '~0OF'Lew-- C..HfR.c .. QcJrLD-ooo~ \ ooo} \ 

10. Procedure(s): 

CHPRC - 00259 Rev 1 , MODFLOW and Related Codes Software Test Plan 

11 . Libraries: 

Stati~ally l inked 

12. Input Files: 

Found in test subdirectories 

13. Output Files: 

Found in test subdi rectories 

14. Test Cases: 

MF-ITC-1 (both standard and MST versions of MODFLOW ) - run for sing l e & double precision 
MT-ITC - 1 - run for single and double precision 
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (continued) 

1. Software Name: MODFLOW 2000 , MODFLOW 2000 MST , & MT3DMS (Build 0002 ) Software Version No.: 0003 

15. Test Case Results: 

A.U ~~ H.o.c.~ G~ Ca,uz.. ~~ . 
16. Test Performed By: A MENA MA'( bN NA 
17. Test Results:. Satisfactory, Accepted for Use · Q Unsatisfactory 

18. Disposition (include HISI update): /./tl$r/f'V!Tlr,VJ/' /{P/ ~ ~ 
u~ A ~~ UAc-.d ~ bf>PR'.D~ •n t-trs.r 

20. Test Personn& 

Approved By: 

21 . 

{!,l,\r ,._ 

Sign 

Sign 

Sign 

Software SME (Signature) 

WE Nichols 
Print 

Print 

Print 

Print 

N/R (CHPRC-00258 Rev 2 ) 
Print 

• 
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0 6 / or{ i...o1 
Date 

Date 

Date 

Date 
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM 

Software Owner Instructions: 
Complete Fields 1-13, then run test cases in Field 14. Compare test case results listed In Field 15 to corresponding Test Report outputs. 
If results are the same, sign and date Field 19. If not, resolve differences and repeal above steps. 

Software Subject Matter Expert Instructions: 
Assign test personnel. Approve the installation of the code by signing and dating Field 21 . then maintain form as part of the software 
support documentation. 

GENERAL INFORMATION: ooo~ ~ 
1. Software Name: MODFLOW 2000, MODFLOW 2000 MST, & MT3DMS (Build~) 

EXECUTABLE INFORMATION: 
2. Executable Name (include path): 

Software Version No.: 0003 

All files installed i n d i rectory c:/bin - MDS s i gnatures uniquely identify exec f iles: 
mf2k-0003dp.exe (doubl e precision MODFLOW 2000) - AE3452C29826D16AF7812E68E41453F6 
mf2k-0003sp.exe (s i ngle precision MODFLOW 2000) - 512B752916371FE1325703298AA4E8E8 
mf2k-mst-0003dp.exe (double prec MODFLOW with MST) - 21D01926D4313410BD7F4E63C863AA27 
mf2k-mst-0003sp.exe (single prec MODFLOW with MST) - 22E7B852571A93A2EFAC90A6690E41B5 
mt 3dms-mst-0003dp.exe (double prec MT3DMS with MST)- CB3343D6D7554D9COE662A597E47D687 
mt 3dms-mst-0003sp.exe (single prec MT3DMS with MST)- 2D34D56262561B23259DF9C03B66C791 

3. Executable Size (bytes): MDS s i gnatures for executable files are listed above. 

COMPILATION INFORMATION: 
4. Hardware System (I.e., property number or ID): 

De l l Latitude Laptop PC (Intel(R) Cor e(TM)2 Duo CPU P8400@ 2.26GHz, 1 .95GB of RAM 
Property Tag WC95463 

5. Operating System (include version number): 

Microsoft Windows XP (R) Professional Version 20002 Service Pack 3 
HLAN Windows XP (Rl Image Version 3.0.1.0 

INSTALLATION AND CHECKOUT INFORMATION: 

6. Hardware System (i.e., property number or ID): 
HP Pavilion dv7 Notebook PC 

(INTERA • 00383) 

7. Operating System (include version number): 
Windows 7 Home Edition 

8. Open Problem Report? ® No Q Yes 

TEST CASE INFORMATION: 
9. Directory/Path: 

PR/CR No. 

C:\JM2_Model\Hanfont\MODFLOW-CHPRC-Build-0003\0003\lest 

10. Procedure(s): 

CHPRC-00259 Rev 1, MODFLOW and Related Codes Software Test Plan 

11 . Libraries: 

Statically linked 

12. Input Flies: 

Found in test subdirectories 

13. Output Files: 

Found in test subdirectories 

14. Test Cases: 

MF-ITC-1 (both standard and MST vers i ons of HODFLOW)- run for single & double precision 
MT- ITC- 1 - run for single and double precision 
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (continued) 

1. Software Name: MOD FLOW 2 000, MOD FLOW 2000 MST, & MT3DMS (Build 0002) Software Version No.: 0003 

15. Test Case Results: 
All tesls relum identical resulls as base cases. 

16. Test Perfonned By: Jahangir Morshed 

17. Test Results:© Satisfactory, Accepted for Use Q Unsatisfactory 

18. Disposition (include HISI update): 1/flllrJlllf]) - ,1-Vlr::.-rt,f Lf,;,n;7J /'11 lf6/ {owdl /e,19~ 

- Rv· __ / 

19. <,~~✓-.ez"d/~ · WE Nichols ~ .l~ :z.qo //- Softwal'l! UWT..,, 1.:ilgnature) Print Date 

20. Tes{ Personnel: 

·J .t-\~~ Jahangir Morshed ~ l 02.po 
Sign Print Dale 

Sign Print Dale 

Sign Print Dale 

Approved By: 

21 . N/R {CHPRC-00258 Rev 2) 
Software SME (Signature) Print Dale 

. 
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