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1 Purpose 

This environmental calculation file (ECF) documents the results of contaminant transport simulations 
performed using a local-scale groundwater model for the U Plant Groundwater Extraction System within 
the 200-UP-1 Groundwater Operable Unit (OU) at the Hanford Site. This system began operating in 
2015, and consists of2 extraction wells, 299-W19-113 and 299-W19-114 (Figure 1). These extraction 
wells are currently operating at flow rates of approximately 55 and 110 gallons per minute (gpm), 
respectively. The primary contaminants at the site are technetium-99 (Tc-99) and uranium (U). More 
information regarding groundwater contamination at U Plant and operation of the groundwater extraction 
system can be found in DOE/RL-2016-09, Hanford Site Groundwater Monitoring Report for 2015, and 
DOE/RL-2016-20, Calendar Year 2015 Annual Summary Report for the 200-ZP-l and 200-UP-l 
Operable Unit Pump-and-Treat Operations. 

There were three specific objectives of the transport modeling: 

1. Assess the performance of the U Plant Groundwater Extraction System to detennine if cleanup 
objectives will be accomplished within the planned time frame (active remediation through the 
end of 2037, followed by monitored natural attenuation through the end of 2137) 

2. Determine the effect that ongoing sources of contamination will have on remedy performance. 

3. Determine if system performance can be improved. 

This is the second of two ECFs documenting the assessment and optimization of the U Plant Groundwater 
Extraction System. In ECF-200W-17-0044, Capture-Zone and Particle-Tracking Analysis for the U Plant 
Pump and Treat System using a sub model from the 201 7 Updated Central Plateau Model, construction 
and results of the local-scale groundwater flow model were presented. The code used for the local-scale 
flow model was MODFLOW 2000, a finite difference groundwater flow model developed by the U.S. 
Geological Survey (USGS) (Harbaugh et al. [2000) , MODFLOW-2000, the U. S. Geological Survey 
Modular Ground-Water Model- User Guide to Modularization Concepts and the Ground-Water Flow 
Process). Telescopic mesh refinement (TMR) was used to build the local-scale model from the most 
recent version of the Central Plateau model (CPM) (CP-47531 , Model Package Report: Central Plateau 
Model, Version 8.4.5) . With this approach, the portion of the CP model grid surrounding the U Plant 
vicinity was extracted and made into a local-scale model of higher grid resolution. Thus, the local-scale 
model is embedded within the regional CP model. Water levels simulated by the CP model at the edges of 
this grid became the specified boundary conditions for the local model. The stress periods for this model 
were trimmed to begin at the beginning of 2016, instead of 2012. For this ECF, three additional flow 
simulations were calculated in attempts to optimize the capture of the uranium plwne, including a flow 
model which maximized capture using shuffled complex evolution (SCE) algorithm. 

· The local-scale flow model formed the basis for the transport simulations, which were performed using 
MT3DMS, a three-dimensional transport model which simulates advection, dispersion, and chemical 
reactions (Zheng and Wang, 1999, 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). Simulations of plume movement (Tc-99 and U) with and 
without ongoing sources of contamination are documented in this ECF. Uranium transport simulations 
use one of two initial conditions: the 2015 plume from ECF-200UP1-0010, 200-UP-l Leapfrog Models of 
U Plant Uranium and Technetium-99 Plumes Fall 2015, or a working version of the uranium plume, 
constructed as described in Section 3.3. 1. The working version of the plume was constructed due to 
uncertainty in the current plume interpretation as described in ECF-200UP1-0010. 
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The remainder of this ECF documents construction of the transport model, system optimization, and 
predictions of future plume movement and remediation system performance. 
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Figure 1. U Plant Groundwater Extraction System 

2 Methodology 

This section describes the U Plant Groundwater Extraction System transport model setup. It also 
describes the need for multiple uranium initial condition interpretations, and how each was built. 

2.1 U Plant Transport Model 

Contaminant transport simulations were performed using MT3DMS (Modular Transport, 3-Dimensional, 
Multi-Species), a three-dimensional transport model which simulates advection, dispersion, source/sinks, 
and chemical reactions (Zheng and Wang, 1999). MT3DMS is designed for use with finite difference 
flow models, such as MODFLOW 2000 (Harbaugh et al., 2000). The flow model provides the velocity 
field needed for transport simulations. 

The approach to using MT3DMS was as follows : 
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1. Perform the necessary flow modeling prerequisite to using MT3DMS. The flow model is 
documented in ECF-200W-l 7-0044. Three additional flow simulations beyond those documented 
in ECF-200W-17-0044 were performed to optimize uranium capture, as described in Section 2.2. 

2. The start date for the transport model was updated to reflect the start date for transport modeling. 
The flow model in ECF-200W-17-0044 begins modeling in 2012. The transport as modeled in 
this ECF begins in 2016. Therefore, the constant and initial head values from the flow model 
were exported at the beginning of 2016, the stress periods were updated to reflect the change in 
start date, thereby adjusting the start date of the flow model to coincide with the start date of the 
transport model. 

3. Generate the input files for MT3DMS. Input data are described in Chapter 3. 

4. Execute the model simulations making use of the Transport Observation Package to gather output 
concentrations at specific times and locations needed for post-processing of the results (e.g., 
transport evaluation, calculations of the 95tl, percentile upper confidence limit [UCL95] on mean 
plume concentrations, etc.). 

5. Perform calculations of contaminant mass recovered by the extraction wells. 

6. Perform the UCL95 calculations for each scenario (described in Section 2.3). 

2.2 System Optimization 

The substantial change in the interpreted uranium plume initial conditions in 2015 (see Section 3.3.1) 
shows that the current system (pumping wells -113 and -114 at about 150 gpm total) may no longer 
satisfy the remedial objectives. Optimization was used to investigate potential system configurations 
using the same flow rate, but considering additional existing wells for pumping (299-Wl 9-126, -125, and 
-123). Additionally, the effect of injection was evaluated by adding two injection wells at fixed locations 
and 75 gpm each (see Figure 2 for well locations and pumping rates optimized as described in the next 
paragraph). 

A mathematical optimization approach was used to detennine the optimum pumping rates for the U Plant 
extraction wells. Mathematical optimization approaches are numerical methods that search for optimal 
designs based on specified objectives and constraints. These approaches can be coupled to groundwater 
flow and transport models to evaluate pump and treat designs. Optimization has been demonstrated at 
several field sites and shown to provide savings (in treatment costs and system infrastructure) over trial
and-error optimization (EP A/542/R-99/01 lB, Hydraulic Optimization Demonstration for Groundwater 
Pump-and-Treat Systems, Volume II: Application of Hydraulic Optimization). Pump and treat 
optimization using the flow and transport models developed for U Plant was done with the SCE 
algorithm, which is part of the PEST suite of software (Doherty [2016], PEST Model-Independent 
Parameter Estimation User Manual Part I: PEST, SENSAN, and Global Optimisers:6th Edition). Broadly, 
the SCE algorithm is a global optimization approach that generates families of parameter samples that are 
evolved to the optimum values. The optimization objective for U Plant was to maximize mass recovery as 
a surrogate for plume concentration reduction subject to pumping rate constraints. Well location is not 
optimized in this approach; rather a limited number of physically plausible locations is selected based on 
understanding gained from forward simulations. 
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Figure 2. Well Location for SCE Optimization, and Optimized Pumping Rates 

2.3 UCL95 Calculations 

Remediation perfonnance was evaluated by calculating the 95 th percentile upper confidence limit 
(UCL95) on mean plume concentrations. This is the same method recommended for calculating 
groundwater plume exposure point concentrations in superfund risk assessment guidance 

" A 

(OSWER 9285 .6-10, Calculating Upper Confidence Limits/or Exposure Point Concentrations at 
Hazardous Waste Sites). The advantage of the UCL95 is that it provides a comprehensive evaluation of 
plume concentrations in a single metric. It is calculated using sample results or simulated concentrations 
at monitoring wells. 

The one-sided UCL95 was calculated using Student' s t test assuming a normal distribution 
(OSWER 9285.6-10): 

- s 
UCL9s = X + ta,n-1 ,/ii. 

where 

X arithmetic mean of the sample results 
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t a,n-1 the 1-ath quantile of Student's t distribution with n-1 degrees of freedom; for the 95th 

percentile, a. = 0.95 ( one-tailed) 

s standard deviation of the sample results 

n number of samples. 

Well networks for UCL95 calculations in the 200-UP- l OU are provided in DOE/RL-2015-14, 
Performance Monitoring Plan for the 200-UP-1 Groundwater Operable Unit Remedial Action . These 
networks are based on the current distribution of contamination. Well networks for the UCL95 
calculations at U Plant are shown in the plume result maps in Section 6. 

Calculations ofUCL95s for transport simulation results were performed as follows : 

I . For a given constituent, the wells used for UCL95 calculations were those identified in 
DOE/RL-2015-14. 

2. UCL95s were calculated annually beginning in 2016 (the first year of the transport simulations) . 
The calculations used simulated concentrations at the end of each year. Three years of data were 
compiled for the calculations. For example, the data used for calculations of the 2018 UCL95 
consisted of concentrations at the end of 2016, 2017, and 2018. This ensured that enough data 
were available for representative calculation results. Note that only I year of data could be used 
for 2016 and 2 years for 2017. 

3. When concentrations in a well declined to below one-tenth of the cleanup level, then that well 
was dropped from the calculation. This is the cutoff specified in DOE/RL-20 I 5-14. However, if 
concentrations in that well later increased to above one-tenth the cleanup level, it was added back 
into the calculation. In other words, once a well is part of the UCL95 network, it is always used in 
the calculation if the concentration is above one-tenth the cleanup level. 

4. Calculations were performed until the end of the simulation data set, or until there were fewer 
than 2 data points above one-tenth the cleanup level available for the calculation. The use of only 
2 data points occurred in the simulations performed with no ongoing sources when concentrations 
were very low and the mean was well below the cleanup level. Thus, the effect of using only a 
few data points in the calculation was considered minor. 

3 Assumptions and Inputs 

The structure and input data for the U Plant local-scale transport model are described in the following 
subsections. 

3.1 Model Domain 

The U Plant local-scale model domain extends 2,700 m east-west and 1,900 m north-south. The lower left 
comer of the domain has coordinates of 566,550 m east and 133,950 m north (Washington State Plane, 
South Zone [ 4602]). The horizontal grid discretization is shown in Figure 3. The area around the 2015 

· uranium plume extents has a cell size of 5 x 5 m, to characterize the transport with finer discretization. 
From the 5 x 5 m cells, the row spacings increase to 7 m (for 5 rows and/or columns), then IO m (5), 15 m 
(2), 20 m (3), and 25 m, and the column spacings increase to 7 m (5) , then 10 m (4) , 15 m (2), 20 m (1 ), 
and 25. Limiting the cell sizes to no more than 25 m ensured no cell had an aspect ratio of greater than 5, 
which is desired for transport modeling. 
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The CP model is vertically discretized into 7 layers. To better represent contaminant plumes in the upper 
part of the aquifer, two additional layers were added to the U Plant local-scale model (described in ECF-
200W-17-0044). Layer elevations and properties are identical to those in the local-scale groundwater flow 
model (ECF-200W-17-0044). 

6 
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3.2 Transport Parameters 

Input data needed for transport modeling consists of values for effective porosity, dispersion, decay, and 
contaminant distribution coefficients. Contaminant-specific transport parameters used for the U Plant 
transport modeling are shown in Table 1 and parameters for the aquifer are shown in Table 2. Tc-99 
occurs in groundwater as polyatomic anions and was assumed to be non-sorbing. Thus, its distribution 
coefficient was set to zero. Uranium is known to sorb, and was therefore given a distribution coefficient 
of 0.4 mL/g. Because their half-lives are much longer than the simulation, both Tc-99 and uranium were 
modeled as non-decaying constituents. Parameters for the aquifer listed in Table 2 are identical to values 
used in the CP model. 

Table 1. Contaminant Transport Parameters 

Constituent Half-Life (years) Distribution Coefficient (mUg) 

Uranium, soluble salts N/A 0.4 

Technetium-99 210,000 0 

Source: DOE/RL-2009-122, Remedial Investigation/Feasibility Study for the 200-UP-1 Groundwater Operable Unit. 

Table 2. Transport Parameters for the Aquifer 

Property 

Effective Porosity 

Longitudinal Dispersivity 

Transverse Horizontal Dispersivity 

Transverse Vertical Dispersivity 

Molecular Diffusion Constant 

Bulk density, Hanford, Cold Creek 
Formations 

Bulk density, Ringold Taylor Flat, 
Ringold Unit E, Ringold Lower Mud, 
Ringold Unit A 

Value 

0.15 

3.5 m 

0.7 m 

0.0 m 

0.0 m2/day 

1.93 g/cm3 

1.90 g/cm3 

Source: CP-47631 , Model Package Report: Central Plateau Groundwater 
Model, Version 8.4.5 

3.3 Boundary and Initial Conditions 

3.3.1 Initial Plume Concentration 
Evaluating the response of the existing U Plant groundwater plumes to remedial actions requires 
knowledge of current plume extent and concentrations. Ideally, the existing groundwater plumes at U 
Plant would be simulated from their inception when vadose-zone sources arrived at the water table to 
current conditions, producing plumes that are consistent with model hydraulic and transport parameters 
and source loading mass (Zheng and Bennett [1995], Applied Contaminant Transport Modeling: Theo1y 
and Practice). However, uncertainty in the amount and time of contaminant release, migration time 
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through the unsaturated zone, and dynamic groundwater level changes due to operations make such an 
approach difficult and is beyond the scope of this analysis. A more practical approach is to use the plume 
maps generated in the annual groundwater report (for example, DOE/RL-2016-09) as initial conditions . 
for fate and transport analysis. 

Due to uncertainty in the uranium plume interpretation, this ECF features two interpretations of the 
uranium plume: the interpretation as described in ECF-200UP 1-0010, henceforth referred to as the "2015 
initial conditions", and a working interpretation developed using well data too new to be included in the 
creation of the raster in DOE/RL-2016-09, henceforth referred to as the "2016 working initial conditions". 
Development of the working interpretation of the uranium plume is described in this section. The initial 
concentration values for uranium from the interpretation in ECF-200UP 1-0010 will be referred to in this 
ECF as the 2015 initial conditions, as that model reflects the plume interpretation based on data from or 
before 2015. The uranium initial condition values which were built based on newer data 'will be referred 
to as the 2016 working initial conditions. 

The Tc-99 and 2015 uranium plume initial concentrations for U Plant transport modeling are based on the 
three-dimensional (3D) plumes documented in ECF-200UP 1-0010. The 3D model was created by using 
depth-discrete measured field data, as well as data from the two-dimensional (2D) uranium plume raster 
documented in ECF-Hanford-16-0061, Calculation and Depiction of Groundwater Contamination for the 
Calendar Year 2015 Hanford Site Groundwater Monitoring Report, in support ofDOE/RL-2016-09. 
Concentrations from the 3D plumes were translated onto the U Plant local-scale model grid by assigning 
to each model grid cell the maximum solid model concentration occurring within the volume represented 
by the model grid cell . The 2015 raster and the well data used in its creation can be seen in Figure 4. 

The uranium plume 2016 working initial conditions were built using the raster data from DOE/RL-2016-
09 and the well data in Attachment C. Control points were used to constrain the plume boundaries, and 
they are also listed with the well data. The resulting initial condition plume can be seen in Figure 5. 
Concentrations from the 3D plumes were translated onto the U Plant local-scale model grid by assigning 
to each model grid cell the maximum solid model concentration occurring within the volume represented 
by the model grid cell. In cases where measured well data were present within a cell , the measured well 
data was given precedence over cell data. The 2016 working initial conditions were created as a 2D 
plume, and therefore required extrapolation to the lower layers. Individual rates of decreasing 
concentration for each model cell were calculated using the change in concentration from layer to layer in 
each cell of the 2015 uranium initial condition. These rates were applied to the 2016 initial condition, and 
thereby the 2D plume was interpolated into a 3D plume. 
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3.3.2 Continuing Sources 
Some scenarios considered the effect of ongoing sources of contamination to the aquifer. These were 
added as sources beneath the Ul and U2 Cribs (216-U-1 and 216-U-2) forTc-99 and uranium. The 
mass/activity fluxes used for the sources are specified in ECF-200W-17-0030, Calculation of Source 
Terms for the 200 West Pump-and-Treat System Optimization Modeling, FY 2017. These cribs have a 
small spatial footprint (slightly more than 5 meters by 5 meters for each crib), and loading the entire 
continuing source mass at those cribs would prevent the model from converging. Therefore, the 
continuing source mass from these cribs was spread out over 9,500 square meters around the U cribs 
(Figure 6) . The calculations for the source terms are attached in Attachment C of this ECF. The source 
tenns were sized such that resulting groundwater concentrations were similar to the concentrations used 
to estimate the sources. 

--, 
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* 

.o 0 ..... 
o .... s.. 

0 45 00 270 

299-W19-18 replaced by299-W19-115 "Wells are Tc-99 and uranium UCL95 wells 

Figure 6. Assumed Source Term Location 

3.3.3 Boundary Conditions 
The U Plant local-scale model grid was sized to entirely contain the U Plant plumes for the duration of the 
simulations. Thus, the U Plant plumes never reached the boundary of the model. Extraction wells were 
sinks where contaminant mass was removed from the model domain. When the flow model was trimmed 
to begin in 2016, the boundary conditions were updated as described in Section 2.1. 
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3.3.4 Additional Flow Models 
As mentioned in Section 2. 1, three additional flow model simulations were perfonned with different 
internal boundary conditions than those documented in ECF-200W-l 7-0044. For each, the only changes 
made were to which wells were pumping, and the extraction rates at those wells. All the scenarios 
modeled are listed in Table 3. Scenario 1 is the base case scenario, with the pumping rates left the same as 
in the CPM. This scenario was documented in ECR-200W-17-0044. Scenario 2 added in 299-Wl9-125 as 
a pumping well. Scenario 3 was perfonned using the SCE-optimized pumping rates for extraction wells 
299-Wl9-l 13 , -114, -123 , -125, and -126, as well as injection in two hypothetical wells. Scenario 4 
considered extraction at 299-WI 9-114, -123 , -125 , and -126, as well as at two hypothetical wells. 
Scenario 4 also considered injection at four hypothetical injection wells. 

Table 3. U Plant Groundwater Extraction System Pumping Rates 

Flow Scenario Name and Total 
Rates 

Flow Scenario 1 

Total Extraction: 167 gpm 

Flow Scenario 2 

Total Extraction: 200 gpm 

Flow Scenario 3 

Total Extraction: 150 gpm 

Total Injection: 150 gpm 

Flow Scenario 4 

Total Extraction: 365 gpm 

Total Injection 200 gpm 

Well Name 

299-W19-113 

299-W19-114 

299-W19-113 

299-W19-114 

299-W19-125 

299-W19-113 

299-W19-114 

299-W19-123 

299-W19-125 

299-W19-126 

Injector 1 

Injector 2 

299-W19-114 

299-W19-123 

299-W19-125 

299-W19-126 

Extractor 1 

Extractor 2 

Injector 1 

Injector 2 

Injector 3 

Injector 4 
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Pumping Rate (gpm) 
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3.4 Simulation Period 

The U Plant Groundwater Extraction System began operating during 2015, and is currently being 
modeled to cease pumping in 2037. This will be followed by a period of monitored natural attenuation 
(MNA) (up to 100 years) to allow concentrations to decline to below the 30 µg/L and 900 pCi/L cleanup 
levels for uranium and Tc-991. This time is divided into 49 stress periods as listed in Attachment B of this 
ECF. 

4 Software Applications 

MODFLOW-2000-MST, MT3DMS, Groundwater Vistas™2, and Microsoft Excel®3 software programs 
were used for this environmental calculation. MT3DMS is CH2M HILL Plateau Remediation Company 
(CHPRC) approved software, managed and used in compliance with the requirements of 
PRC-PRO-IRM-309, Controlled Software Management. Groundwater Vistas is support software 
managed under PRC-PRO-IRM-309 as described in CHPRC-00258, MODFLOW and Related Codes 
Software Management Plan. Microsoft Excel was used as a desktop calculator as defined in 
PRC-PRO-IRM-309. 

4.1 Approved Software 

Required descriptions for approved calculation software used in this work are provided below. 

4.1.1 Description 
MODFLOW 

• Software Title: MODFLOW-2000-MST 

• Software Version: CHPRC Build 0008 (mf2k-mst-chprc08dp.exe) 

• HISI Identification Number: 2517 (Safety Software, Level C) 

• Workstation type and property number: Personal Computer, 00857 

• Authorized User: Mary C. Weber 

• CHPRC Software Control Documents: 

o CHPRC-00257, MODFLOW and Related Codes Functional Requirements Document 

o CHPRC-00258, MODFLOW and Related Codes Software Management Plan 

o CHPRC-00259, MODFLOW and Related Codes Software Test Plan 

o CHPRC-00260, MODFLOW and Related Codes Requirements Traceability Matrix 

o CHPRC-00261, MODFLOW and Related Codes Acceptance Test Report 

MT3DMS 

1 These times assume there are no ongoing sources of contamination to the aquifer. 
2 Groundwater Vistas is a trademark of Environmental Simulations, Inc., Reinholds , PA. 
3 Microsoft Excel is a registered product of the Microsoft Corporation in the United States and in other countries . 
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• Software Title: MT3DMS 

• Software Version: CHPRC Build 8 (Windows®4 executable file mt3d-mst-chprc08dpv.exe) 

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

• Workstation type and property number: INTERA Workstation Computer, Property Tag INTERA-
00857 

• Authorized User: Mary Weber 

• CHPRC Software Control Documents: 

o CHPRC-00257, MODFLOW and Related Codes Functional Requirements Document 

o CHPRC-00258, MODFLOW and Related Codes Software Management Plan 

o CHPRC-00259, MODFLOW and Related Codes Software Test Plan 

o CHPRC-00260, MODFLOW and Related Codes Requirements Traceability Matrix: 
CHPRC Build 8 

o CHPRC-00261 , MODFLOW and Related Codes Acceptance Test Report: CHPRC Build 
8 

4.1.2 Software Installation and Checkout 
The Approved Safety Software package (MODFLOW) was checked out in accordance with procedures 
specified in CHPRC-00258. Executable files were obtained from the software owner who maintains the 
configuration-managed copies in MKS lntegrity™5, installation tests identified in CHPRC-00259 were 
performed and successful installation confinned, and Software Installation and Checkout Fonns were 
completed and approved for installations used to perform model runs reported in this calculation. A copy 
of the Software Installation and Checkout Form is provided in Attachment A of this ECF. 

4.1.3 Statement of Valid Software Application 
The preparers of this ECF attest that the software identified above, and used for the calculations described 
in this calculation brief, are appropriate for the application and used within the range of intended uses for 
which they were tested and accepted by CHPRC. 

Because MODFLOW is graded as Level C software, use of this software is required to be logged in the 
HISI. Accordingly, this environmental calculation has been logged by the software owner in the HISI 
under Identification Number 2517. Because MT3DMS is graded as Level C software, use of this software 
is required to be logged in the HISI. Accordingly, this environmental calculation has been logged by the 
software owner in the HISI under Identification Number 2518 (MT3DMS). 

4 Windows is a registered trademark of the Microsoft Corporation in the United States and in other countries. 
5 MKS Integrity is a trademark of PTC, Incorporated. 
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5 Calculation 

Simulations were perfonned for uranium and Tc-99 for all four flow scenarios with and without including 
ongoing sources of contamination to the aquifer. Table 4 lists the scenarios that were simulated. The 
results are described in Section 6. 

Table 4. U Plant Transport Modeling Scenarios 

Transport Scenario # Constituent Ongoing Sources? 

Flow Scenario 1 

Technetium-99 No 

2 Technetium-99 Yes 

3 2015 Uranium No 

4 2015 Uranium Yes 

5 2016 Uranium working interpretation No 

6 2016 Uranium working interpretation Yes 

Flow Scenario 2 

7 Technetium-99 No 

8 Technetium-99 Yes 

9 2015 Uranium No 

10 2015 Uranium Yes 

11 2016 Uranium working interpretation No 

12 2016 Uranium working interpretation Yes 

Flow Scenario 3 

13 Technetium-99 No 

14 Technetium-99 No 

15 Technetium-99 Yes 

16 2015 Uranium No 

17 2015 Uranium Yes 

18 2016 Uranium working interpretation No 

19 2016 Uranium working interpretation Yes 

Flow Scenario 4 

20 Technetium-99 No 

21 Technetium-99 Yes 

22 2015 Uranium No 

23 2015 Uranium Yes 

24 2016 Uranium working interpretation No 
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Table 4. U Plant Transport Modeling Scenarios 

Transport Scenario # Constituent Ongoing Sources? 

25 2016 Uranium working interpretation Yes 

6 Results/Conclusions 

In this section, results of the model simulations are presented and evaluated. 

6.1 Flow Scenario 1 

This section contains results from transport models which used the CPM pumping rates as their flow 
model. In this model, the only wells pumping at U Plant are 299-W 19-113 and 299-W 19-114, reflecting 
the current pumping at the site. The failure of this pumping scenario to achieve the cleanup goals for U 
prompted the construction of the other three transport simulations described in this ECF. The transport 
results are presented by constituent. Figure 7 is a map of all the pumping wells and their rates. 
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Figure 7. UCL95 and Pumping Well Locations, Scenario 1 
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6.1.1 Technetium-99 
Approximately 1 curie of mass is extracted during pumping, regardless of whether sources are present 
(Figure 8). Mass recovery of Tc-99 in this scenario is similar to the recorded mass recovery obtained from 
the pump and treat system reports (DOE/RL-2015-06, Calendar Year 2014 Annual Summary Report for 
the 200-ZP-1 and 200-UP-1 Operable Unit Pump and Treat Operations; DOE/RL-2016-20; DOE/RL-
2016-69, Calendar Year 2016 Annual Summary Report for the 200-ZP-1 and 200-UP-1 Operable Unit 
Pump-and-Treat Operations). With or without a continuing source, Tc-99 is cleaned up after five years of 
pumping (Figure 9). Without a continuing source, Tc-99 remains cleaned up (Figure 10 and Figure 11). 
With a continuing source, the buildup of mass is enough that a persistent plume is present in 2037 (Figure 
12) and increases in size by 2137 (Figure 13). In 2037, the plume direction is to the northeast due to the 
influence of pumping at ZP-1, but with the cessation of pumping the plume flows due east by 2137. 
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U Plant: Simulated UCL95 (Tc-99), Scenario 1 
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Figure 9. UCL95 Curves for Tc-99, Scenario 1 
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6.1.2 Uranium 
The impact of the initial conditions can be clearly seen in every figure below. The 2015 initial conditions 
have an initial mass of approximately 630 kg of uranium, while the 2016 initial conditions have an initial 
mass of approximately 400 kg of uranium. More mass is recovered when 2015 initial conditions are used 
(Figure 14), but this does not translate to better cleanup, both in tenns ofUCL95 (Figure 15) and overall 
plume size and concentration (Figure 16 through Figure 23). Cleanup is not reached with 2015 initial 
conditions, with or without sources. With 2016 working initial conditions and no sources, the UCL95 is 
reached approximately 23 years after the start of pumping, even though a sizable plume is present with 
concentrations above the maximum contaminant level (MCL) of 30 µg/L (Figure 22 and Figure 23) 
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Figure 23. Uranium at U Plant with 2016 Initial Conditions, with Continuing Source, Modeled Year 2137, 
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6.2 Flow Scenario 2 

This section contains results from transport models used Scenario 2 as their flow model. In Scenario 2, 
299-W 19-113 and 299-W 19-125 are each pumping at 50 gpm and 299-W I 9-114 is pumping at 100 gpm, 
for a total extraction rate of 200 gpm. Figure 24 is a map of all the pumping wells and their rates. 
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Figure 24. UCL95 and Pumping Well Locations, Scenario 2 

6.2.1 Technetium-99 

When sources are present, slightly over 1.2 curies are extracted by the end of pumping; when they are not 
present, approximately 1. 1 curies are recovered (Figure 25). Mass recovery of Tc-99 in this scenario is 
similar to the recorded mass recovery obtained from the pump and treat system reports (DOE/RL-2015-
06, DOE/RL-2016-20, DOE/RL-2016-69). With or without a continuing source, Tc-99 is cleaned up after 
slightly over five years of pumping (Figure 26). Without a continuing source, Tc-99 remains cleaned up 
(Figure 27 and Figure 28). With a continuing source, the buildup of mass is enough that a persistent 
plume formed exclusively by the continuing source is present in 2037 (Figure 29), and increases in size 
by 2137 (Figure 30). In 2037, the plume direction is to the northeast due to the influence of pumping at 
ZP-1, but with the cessation of pumping the plume flows due east by 2137. 
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Figure 27. Tc-99 at U Plant with No Continuing Source, Modeled Year 2037, Scenario 2 

35 

A 



D 

\ 
\ 

I 
) I 

\ 

• 

~~ 0 

l. 

<' 

Maximum activit y- < 900 pCLI. 

ECF-200UP1-1 7-0093, REV. 0 

( 

L 

c::J 

I 
• 0 45 90 Q 180 270 

letNd 

* I.C~-"•• 
• E.ci-aetclll-.W• 

- --T.eia 2 \ l7 

li:tt Ac fvi--1pC n..1 . .,, 
900-1»:i 

- ,oco-2'XO . ,,,..,.,,, ___ .,,, - .,.,,, 
!.:xio - &m 

WY.> - j,U) 

Figure 28. Tc-99 at U Plant with No Continuing Source, Modeled Year 2137, Scenario 2 

36 

" A 



ECF-200UP1-17-0093, REV. 0 

d o •5 90 D 1eo 

Max,mum act,v,ty 1228 pCIA.. 

Logood 

* U:..Ow .. ............ 
- Wt-,Tac..i.4,»l' 

TttlAclM1J (pCd.J 

'.,. 

Figure 29. Tc-99 at U Plant with Continuing Source, Modeled Year 2037, Scenario 2 
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Figure 30. Tc-99 at U Plant with Continuing Source, Modeled Year 2137, Scenario 2 

6.2.2 Uranium 

.. 
A 

The impact of the initial conditions can be clearly seen in every figure below. The 2015 initial conditions 
have an initial mass of approximately 630 kg of uranium, while the 2016 initial conditions have an initial 
mass of approximately 400 kg of uranium. More Tc-99 is recovered when 2015 initial conditions are used 
(Figure 31 ), but this does not translate to better cleanup, both in terms of UCL95 (Figure 32) and overall 
plume size and concentration (Figure 33 through Figure 40) . Cleanup is not reached with 2015 initial 
conditions, with or without sources. With 2016 working initial conditions and no sources, the UCL95 is 
reached approximately 23 years after the start of pumping, even though a sizable plume is present with 
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concentrations above the MCL of 30 µg/L (Figure 37 and Figure 38). Cleanup, in terms of plume size and 
UCL95 , is very similar to Scenario 1. 
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Figure 40. Uranium at U Plant with 2016 Initial Conditions, with Continuing Source, Modeled Year 2137, 
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6.3 Flow Scenario 3 

This section contains results from transport models used Scenario 3 as their flow model. In Scenario 3, 
extraction rates are as follows : 299-Wl9-l 13 at 32 gpm, 299-Wl9-l 14 at 36 gpm, 299-Wl9-123 at 41 
gpm, 299-Wl9-125 at 21 gpm, and 299-WJ9-126 at 19. The total extraction rate is 150 gpm. This 
scenario also has two injection wells, Injector 1 and 2, with injection rates of 75 gpm, for a total injection 
rate of 150 gpm. These extraction and injection rates were selected using SCE. Figure 41 is a map of all 
the pumping wells and their rates. 
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Figure 41. UCL95 and Pumping Well Locations, Scenario 3 

6.3.1 Technetium-99 
With or without a continuing source, Tc-99 is cleaned up after approximately six years of pumping 
(Figure 42). Approximately 1 curie of mass is extracted during pumping, regardless of whether sources 
are present (Figure 43). Mass recovery ofTc-99 in this scenario is similar to the recorded mass recovery 
obtained from the pump and treat system reports (DOE/RL-2015-06, DOE/RL-2016-20, DOE/RL-2016-
69). Without a continuing source, Tc-99 remains cleaned up (Figure 44 and Figure 45) and even pulls 
some of the Tc-99 from the S-SX area in 2037. With a continuing source, the buildup of mass is enough 
that a persistent plume is present in 2037 (Figure 46), and increases in size by 2137 (Figure 47). The 
plume from the continuing source is much smaller in 2037 than it is in continuing source transport 
simulations for Scenario 1 and 2, due to the influence of the injection well near the source. The peak 
concentration in 2037 for this scenario is 1002 pCi/L, while for Scenario 1 it's 1434 (Figure 12) and for 
Scenario 2 it ' s 1228 (Figure 29). However, all three plumes behave the same by 2137, with the same 
maximum concentrations, and very similar flow directions and plume sizes (Figure 13, Figure 30, and 
Figure 47 for Scenarios 1, 2, and 3, respectively). 
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6.3.2 Uranium 

N 

A 

The impact of the initial conditions on the uranium plume can be clearly seen in every figure below. The 
2015 initial conditions have an initial mass of approximately 630 kg of uranium, while the 2016 initial 
conditions have an initial mass of approximately 400 kg of uranium. Nearly twice as much mass is 
recovered when 2015 intital conditions are used instead of the 2016 working initial conditions (Figure 
48), but this does not translate to better cleanup, both in tenns ofUCL95 (Figure 49) and overall plume 
size and concentration (Figure 50 through Figure 57). The UCL95 indicates that cleanup is not reached 
with 2015 initial conditions, with or without sources. The peak concentrations in 2037 and 2137 (Figure 
50 and Figure 51) are lower than Scenario 1 or Scenario 2 transport runs with 2015 initial conditions and 
no continuing source, due to the capture or dilution of the core of the plume. The peak concentration 
when sources are present is also lower in 2037 in this scenario (Figure 52) than the peak concentraion in 
Scenarios 1 or 2. However, by 2137 (Figure 53), the peak concentration when sources are present is 
similar to that of the other scenarios, though the size of the plume is significantly smaller. With 2016 
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working initial conditions, the UCL95 indicates cleanup may be reached approximately 20 years after the 
start of pumping, regardless of whether a continuing source is present (Figure 56 and Figure 57). 
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Figure 57. Uranium at U Plant with 2016 Initial Conditions, with Continuing Source, Modeled Year 2137, 
Scenario 3 

6.4 Flow Scenario 4 

This section contains results from transport models using Scenario 4 as the flow model. In Scenario 4, 
extraction rates are as follows: 299-Wl 9-114 at 30 gpm, 299-Wl 9- 123 at 90 gpm, 299-Wl 9-125 at 75 
gpm, and 299-W 19-1 26 at 30 gpm. Two hypothetical extraction wells were added, one pumping at 90 
gpm and one pumping at 50gpm. The total extraction rate is 365 gpm. This scenario also has three 
injection wells, two with injection rates of 75 gpm, and one with an injection rate of 50 gpm, for a total 
injection rate of 150 gpm. These extraction and injection rates were selected after examining the results of 
Scenario 3, and selecting well locations which would better capture the uranium plume. Figure 58 is a 
map of all the pumping wells and their rates. 
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6.4.1 Technetium-99 
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With or without a continuing source, Tc-99 is cleaned up after approximately five years of pumping 
(Figure 59). Approximately 1 curie is extracted during pumping when sources are present, and 
approximately 0.9 curies are recovered when sources are not present (Figure 60). Recovery ofTc-99 in 
this scenario is similar to the recorded recovery obtained from the pump and treat system reports 
(DOE/RL-2015-06, DOE/RL-2016-20, DOE/RL-2016-69). Without a continuing source, Tc-99 remains 
cleaned up (Figure 61 and Figure 62) and even pulls some of the Tc-99 from the S-SX area in 2037. With 
a continuing source, the buildup of mass is enough that a persistent plume is present in 2037 (61), and 
increases in size by 2137 (Figure 64). The plume from the continuing source is much smaller in 2037 than 
it is in continuing source transport simulations for Scenario 1 and 2, due to the influence of the injection 
well near the source, but it is not as small as the 2037 plume for Scenario 3 when sources are assumed. 
The peak concentration in 2037 when a continuing source is assumed for this scenario is 1171 pCi/L 
(Figure 63), while for Scenario I it ' s 1434 (Figure 12), for Scenario 2 it's 1228 (Figure 29), and for 
Scenario 3 it's 1002 pCi/L (Figure 45). However, all four plumes behave the same by 2037, with the same 
maximum concentrations, and very similar flow directions and plume sizes (Figure 13, Figure 30, Figure 
47, and Figure 64 for Scenarios 1, 2, 3, and 4 respectively). 

65 



60000 

50000 

__J 

:':::- 40000 u 
C. 

LI)-

C1'I 
30000 __J 

u 
:::) 

C1'I 
C1'I 

I 20000 
~ 

10000 

Q 
"O ., 

1.2 

~ 0.8 

,B 
-~ 0 .6 

~ 
%! 
-~ 0.4 
:i 
E 
::, 
u 

0.2 

0 

0 
\ 

0 5 

ECF-200UP1-1 7-0093, REV. 0 

Cleanup Level 900 pCi/ L 

10 15 20 25 30 35 40 45 50 

Time (Years Since 1/1/2016) 

--Cleanup Level -- No Source - - - Continuing Source 

Figure 59. UCL95 Curves for Tc-99, Scenario 4 

----------------· 

Model Date 

- - Total: No Sources --Total: Sources ~ Actual 

Figure 60. Cumulative Activity Extraction of Tc-99, Scenario 4, Compared to Actual Activity Extraction Values 

66 



Maximum activity- 1064 pCi,\. 

ECF-200UP1-17-0093, REV. 0 

. 
' 

0 50 I 

0 

L~end 

~ -------, A Em• ttioa~II 

200 300 

.. h,a!IJDGW• 

- --Tati1'1037 

lttlActvt_. CpCIIL) .... 
t'Xt· t000 ---= • =·- XI00 - <4:>00 

- •XI) -~ 
~ - eQCXI 

0000 - 1000 

7./JOO,.IOCtO 

---toOO 
""" CJWu• Siti 

Figure 61. Tc-99 at U Plant with No Continuing Source, Modeled Year 2037, Scenario 4 

67 

" A 



ECF-200UP1 -17-0093, REV. 0 

/ I 
0 

~ : • 
_j__ 

• ,_,., c=J_ lltl"d 

• I • EJl'l'~Wtlt. 

( • -· ... ..,._w• 
- V.- Ta111t 2 \J1 

lctlA<M-(pCWI... J -- .... 
to0 ·1 IXIO 

\ } ( 
---= • = ·""" ---------6)00 . r.x,o 

)-.0 0 
,..,. .,., ----__ ,. 

c:3-... s.. 

N 

0 50 100> 200 300 400 A M 

Maximum activity: < 900' pC i,\_ 
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6.4.2 Uranium 

]'I 

A 

Scenario 4 is the only scenario where reaching the UCL95 suggests cleanup levels can be achieved for 
both 2015 and 2016 working initial conditions (Figure 65). This occurs for cases with and without 
sources, but the cases with continuing sources begin to rise above the UCL95 approximately 30 years 
after pumping begins. As with all other scenarios, when 2015 initial conditions are used, more mass is 
extracted than with 2016 working initial conditions (Figure ). In this scenario, the presence of sources can 
be seen in the cumulative mass extraction. Figure 67 and Figure 68 show the plumes with 2015 initial 
conditions and no sources at 2037 and 2137, respectively, and show considerably smaller plumes than the 
2016 working initial conditions with no sources in 2037 and 2137, as seen in Figure 71 and Figure 72, 
respectively. Figure 69 and Figure 70 show the plumes with 2015 initial conditions and continuing 
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sources, and Figure 73 and Figure 74 show the plumes with 2016 working initial conditions and 
continuing sources. 
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Figure 67. Uranium at U Plant with 2015 Initial Conditions, No Continuing Source, Modeled Year 2037, 
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Figure 68. Uranium at U Plant with 2015 Initial Conditions, No Continuing Source, Modeled Year 2137, 
Scenario 4 
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Figure 70. Uranium at U Plant with 2015 Initial Conditions, with Continuing Source, Modeled Year 2137, 
Scenario 4 
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Figure 71. Uranium at U Plant with 2016 Initial Conditions, No Continuing Source, Modeled Year 2037, 
Scenario 4 
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Figure 72. Uranium at U Plant with 2016 Initial Conditions, No Continuing Source, Modeled Year 2137, 
Scenario 4 
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Figure 73. Uranium at U Plant with 2016 Initial Conditions, with Continuing Source, Modeled Year 2037, 
Scenario 4 
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Figure 74. Uranium at U Plant with 2016 Initial Conditions, with Continuing Source, Modeled Year 2137, 
Scenario 4 

6.5 Summary 

The following are the key findings of the transport modeling performed to evaluate the U Plant 
Groundwater Extraction System: 

1. Residual plumes of uranium persist in 2137 in all scenarios considered in this ECF. 

2. The model simulations show that the pumping scenarios considered in this ECF do not result in 
uranium cleanup if 2015 initial uranium concentrations are assumed, with the exception of 
Scenario 4. 

3. If 20 16 initial uranium concentrations without continuing sources are assumed, the UCL95 
network data suggests cleanup levels could be achieved during or within five years of the active 
remediation period under all scenarios considered in this ECF. 

4. Scenario 4 outperforms all other scenarios modeled in this ECF. This may be due in part to the 
injection wells: Scenarios 1 and 2 utilized solely extraction wells, and Scenario 3 had fewer 
extraction wells and an overall lower extraction rate. 
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5. UCL95 data suggests uranium cleanup can be reached for both 2015 and 2016 initial conditions 
under Scenario 4; however, the concentration rebounds over time when continuing sources are 
assumed. 

6. UCL95 data suggests cleanup levels can be reached for Tc-99 with the current U Plant 
Groundwater Extraction System when no continuing source is present. When continuing sources 
are assumed, cleanup levels can be reached during the active remediation period, but 
contamination eventually rebounds above cleanup levels. 

7. Simulations that include approximations of ongoing sources of contamination indicate that 
groundwater plumes will reform after the active remedy period unless near-field extraction wells 
are operated to contain the plumes or the sources are otherwise mitigated. It should be 
emphasized that simulated future plume conditions caused by ongoing sources are 
approximations due to the assumptions upon which the source tenns are based. While the 
simulations indicate that substantial plumes would reform after the active remedy phase, the 
concentrations and extent of those plumes are uncertain. 
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Attachment A 

Software Installation and Checkout 
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM 

Software owner ln1lruc;tions; 
Compleie F Id$ 1-13, hen nm easei i Field 4. Compare test ca suit& listed in Fi Id 5 to corresponding T st R l)Ol1 oulputs. 
I su ar the same, sign and da F Id 19. If l'IOt. resolve differences and repeal aboYG $, ps 

EXECUTABLE IHFORMATION! 

2 xecu a Name (lr>Wd p ): 

Follow! nq exec fLe:s in directory: _ _ 

MDS Signa ure [unique ID) 

919~'74196f'SFBSnro 64fC 1 0 1B507 
F.AfO 7 70 AP02 

ErF29DD5496D2CBA7:4 4AOAC 3DAA 
CEB802 BC616£0552E•C-SA2D4719387 

CA 82 530B6802DiC340'1 COl o~ooc 
C920CC2 s ~E2665D9 0OA FC80c 620D 
5C 1432D2C898E 3D,rE2~2C52A155AB 

x cutable file Nam 

f2k-ch rcO 1- xe 
~f2k-ch cO :s l.exe 

- chprc0Bdpv.exe 
1 12 k - m.5t - chprc08spv . e 

Jd- ch rcO 1. x 
rcO !l l . x 

68 re 9DAc2E6913D2578DES:!CB034 Fil.AO m - chp:rc0Bspv.exe 

n mai tain form l.lS part or the sott,,,·are 

.!ODFLOl-2000 doubl ecision 
,O0FLOK-2000 ~ingl reel.SJ.On 

OF'l.Oli- 2000- MS"' single pr c 
0FLO - 200 - MST double p c 
301•S double pr 
3D1-IS s ngl e pr 
30MS- l"'ST 

DMS- l'ST ingle 

3. Execulable Size (by1es)· MD5 s g ur :! listed above uniqu y i dentify executa le ti l s, 

COMPILATION INFORMATION: 

4. ~ are SyM.em i.e., propert}' number or iD) 

1/endor !:OVlded (SSl?,AI 

5. Op ra .ing Sy$ m (i dud Yersi umber): 

(SSP 

STALLATION AND CHECKOUT INFORMATION; 

6. Hardware Syst· (I . .• p1operty umbe or ID): 

PSC- X on ; Jn r Prop r y umber 00857 

7. Ope a g System (indude version umb ): 

~Ii ndcws 10 

@ No O Yes PR/CR o 

10. Procedu &.}: 

CHPRC- 00259 Rev J , MO0F1,0W and Rela 

11 Lib ries· 

/A (st ic l nkin > 

2 n tFil 

MF- TC-l and MT-TTC-l in U S 

3 Output s. 

Mf'- ITC-1 and l'IT-TTC-1 OU pus 

Cod~ Software resc Pl 

p 1 or 2 
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CHPRC SOFTWARE INSTALLATION ANO CHECKOUT FORM (continued) 

1. Softw11re Name: ~10DFLOW and Re ated Co es Software V rslon No. Bl B 

14. T I Cases,: 

~~-ITC-- (bo h s andar and MST v . ion. of MOD LOO>- run for :;in 1 - dou le precision 
MT-ITC-l - r n for single and dou e prec ion 

15. Test ca,e Resulb : 

F'C : no ifferences ncountered )( 8 - PAS.>. 
16, Tei,t Performed By: Mar}• ~leber 

7. Te!il Re~ . @ sa~s actory. Accep e for Use 

B. o,spo O (include HISI update): WS-0.u,tt'ibN 

{MOP,-UU J 

20. Test Personnel: 

• , ~~ ~1..,i1<,-v~ 

&,gn 

i,, 

Ap oved By. 

21 . 
Sollw e SME (5,gn iln) 

0 Unsa!igfadory 

.-tPOet> 7'0 /ll'lb•a, vsm .1..,rrs (-o/1 

A"1P #2.$i8 (_.,r~Pl'f~). ~ 

l'IB N cho s 
Prinl 

p · 

Pr1n1 

Prinl 

N/R (CHPRC- 00258 R v 3) 
n1 

Page2 o 2 
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Attachment B 

Stress Periods in the U Plant Local-Scale Transport Model 
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Table B-1 lists the stress periods in the U Plant local-scale model, the length of each period, start and end 
dates, and the total elapsed time. These are the same as in the CP model extended to year 2137. 

Table B-1. Stress Periods in the U Plant Local-Scale Model 

Stress 
Length Length End Date Elapsed Elapsed 

Period Start Date 
Number 

(days) (years) (Inclusive) Days Years 

31 0.08 1/1/2016 1/31/2016 31 0.08 

2 29 0.08 2/1/2016 2/29/2016 60 0.16 

3 31 0.08 3/1/2016 3/31/2016 91 0.25 

4 30 0.08 4/1/2016 4/30/2016 121 0.33 

5 31 0.08 5/1/2016 5/31/2016 152 0.42 

6 30 0.08 6/1/2016 6/30/2016 182 0.50 

7 31 0.08 7/1/2016 7/31/2016 213 0.58 

8 31 0.08 8/1/2016 8/31/2016 244 0.67 

9 30 0.08 9/1/2016 9/30/2016 274 0.75 

10 31 0.08 10/1/2016 10/31/2016 305 0.84 

11 30 0.08 11 /1/2016 11/30/2016 335 0.92 

12 31 0.08 12/1 /2016 12/31/2016 366 1.00 

13 365 1/1/2017 12/31 /2017 731 2.00 

14 365 1/1/2018 12/31/2018 1,096 3.00 

15 365 1/1/2019 12/31/2019 1,461 4.00 

16 366 1/1/2020 12/31/2020 1,827 5.01 

17 365 1/1/2021 12/31/2021 2,192 6.01 

18 365 1/1/2022 12/31/2022 2,557 7.01 

19 365 1 1/1/2023 12/31/2023 2,922 8.01 

20 366 1/1/2024 12/31/2024 3,288 9.01 

21 365 1/1/2025 12/31/2025 3,653 10.01 

22 365 1/1/2026 12/31/2026 4,018 11 .01 

23 365 1/1 /2027 12/31/2027 4,383 12.01 

24 366 1/1/2028 12/31/2028 4,749 13.01 

25 365 1/1/2029 12/31/2029 5,114 14.01 

26 365 1/1/2030 12/31/2030 5,479 15.01 

27 365 1/1/2031 12/31 /2031 5,844 16.01 
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Table B-1. Stress Periods in the U Plant Local-Scale Model 

Stress 
Length Length End Date Elapsed Elapsed 

Period Start Date 
Number 

(days) (years) (Inclusive) Days Years 

28 366 1/1/2032 12/31/2032 6,210 17.01 

29 365 1/1/2033 12/31/2033 6,575 18.01 

30 365 1/1/2034 12/31/2034 6,940 19.01 

31 365 1/1/2035 12/31/2035 7,305 20.01 

32 366 1/1 /2036 12/31/2036 7,671 21 02 

33 365 1/1/2037 12/31/2037 8,036 22.02 

34 365 1/1/2038 12/31/2038 8,401 23 02 

35 365 1/1/2039 12/31/2039 8,766 24.02 

36 366 1/1/2040 12/31/2040 9,132 25 02 

37 365 1/1/2041 12/31/2041 9,497 2602 

38 365 1/1/2042 12/31/2042 9,862 27.02 

39 1826 5 1/1/2043 12/31/2047 11,688 32.02 

40 1827 5 1/1/2048 12/31/2052 13,515 37.03 

41 1826 5 1/1/2053 12/31 /2057 15,341 4203 

42 3652 10 1/1/2058 12/31/2067 18,993 52.04 

43 3653 10 1/1/2068 12/31/2077 22,646 62.04 

44 3652 10 1/1 /2078 12/31/2087 26,298 72.05 

45 3653 10 1/1/2088 12/31/2097 29,951 82.06 

46 3651 10 1/1/2098 12/31/2107 33,602 92.06 

47 3653 10 1/1/2108 12/31/2117 37,255 102 07 

48 3652 10 1/1/2118 12/31/2127 40,907 112.07 

49 3653 10 1/1/2128 12/31/2137 44,560 122 08 
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Attachment C 

Well Data Used to Create 2016 Working Initial Conditions 

89 



ECF-200UP1-17-0093, REV. 0 

Table C-1 lists the well data used to create the 2016 working initial conditions. 

Table C-1. Well Data Used to Create 2016 Working Initial Conditions 

Well Name X-Coordinates Y-Coordinates Date Concentration (mg/L) 

299-E11-1 571003.1 134505.27 2015 1.2 

299-E13-11 573386.512 134207.559 2016 2.95 

299-E13-14 573087.497 134474.132 2016 1.45 

299-E13-19 573277.657 134061.013 2016 3.67 

299-E13-5 573607.493 134319.579 2016 2.9 

299-E17-1 574977.079 135386.153 2016 6.63 

299-E17-12 574905.372 135125.906 2016 7.55 

299-E17-13 574948.031 135172.575 2016 7.8 

299-E17-14 575140.608 135333.739 2016 23.58 

299-E17-16 575145.774 135210.78 2016 16.35 

299-E17-18 575112.433 135123.586 2016 8.65 

299-E17-19 575017.183 135414.871 2016 16.3 

299-E17-23 574694.483 134842.439 2016 4.68 

299-E17-25 574515.185 134845.567 2016 2.5 

299-E17-3 575160.625 135390.495 2016 14 

299-E18-1 573296.567 135200.161 2016 3.65 

299-E20-1 570503 135199.81 2015 1.2 

299-E20-2 570897.94 134895.76 2015 1.2 

299-E23-1 574043.396 136016.551 2016 8.28 

299-E24-16 575017.622 135464.364 2016 17.5 

299-E24-18 574647.088 135469.764 2016 9.7 

299-E24-23 575205.22 135517.81 2015 35.35 

299-E25-36 575403.61 1 135566.372 2015 42.37 

299-W10-1 566663.096 136734.565 2016 1.1 

299-W10-14 566017.194 136608.895 2016 0.9 

299-W10-26 566843.396 136400.594 2016 1.36 

299-W10-27 566843.969 136441 .778 2016 1.5 

299-W10-28 566701.55 136709.93 2016 2.59 

299-W10-29 566082.98 136828.74 2016 0.84 
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Table C-1. Well Data Used to Create 2016 Working Initial Conditions 

Well Name X-Coordinates Y-Coordinates Date Concentration (mg/L) 

299-W10-30 566082.78 136739.33 2016 0.89 

299-W10-31 566266.44 136968.34 2016 3.92 

299-W10-33 566772.75 136610.19 2016 1.32 

299-W10-35 566024.73 136995.48 2015 1.2 

299-W10-36 566019.19 137451 .97 2015 1.2 

299-W11-13 567099.363 136424.033 2016 1.1 

299-W11-18 567181.916 137161.484 2016 1.6 

299-W11-33Q 567184.869 136844.366 2016 0.72 

299-W11-42 566920.435 136745.665 2016 0.91 

299-W11-43 567269.74 136971 .04 2016 2.99 

299-W11-45 566992.84 136775.64 2016 0.89 

299-W11-47 566933.82 136680.7 2016 0.92 

299-W11-48 566881 .97 136846.18 2016 1.2 

299-W11-49 567361.5 135924.72 2016 0.84 

299-W11-50 566966.27 136756.64 2016 1.27 

299-W11-87 568141 .08 136608.7 2016 1.54 

299-W11-88 567874.67 137113.09 2016 1.03 

299-W11-90 567306.79 136519.66 2016 1.77 

299-W11-92 566692.86 136351 .78 2016 0.84 

299-W11 -96 567774.83 136772.24 2016 1.57 

299-W11 -97 568317.57 135875.91 2016 1.75 

299-W12-2 568312.67 136610.25 2016 1.17 

299-W12-3 568321 .53 136998.09 2016 1.6 

299-W12-4 568327.41 136363.65 2016 1.23 

299-W13-1 568148.74 136048.6 2015 0.9 

299-W13-2 568832.59 135819.18 2016 2 

299-W14-14 566898.386 136181 .048 2016 1.02 

299-W14-15 566899.685 136230.654 2016 1.15 

299-W14-16 567001 .334 136318.482 2016 1.34 

299-W14-17 567006.773 136218.349 2016 0.96 

299-W14-18 566897.47 136344.15 2016 2.05 
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Table C-1. Well Data Used to Create 2016 Working Initial Conditions 

Well Name X-Coordinates Y-Coordinates Date Concentration (mg/L) 

299-W14-19 566898.6 136135.06 2016 0.98 

299-W14-21 567721.52 135890 01 2015 0.97 

299-W14-22 568324.69 136117.29 2016 1.33 

299-W14-72 567328.44 135941 .28 2015 0.73 

299-W14-73 567358.99 136204.58 2016 0.89 

299-W14-74 567781.48 136381 .29 2016 1.3 

299-W15-11 566412.296 136000.716 2015 0.86 

299-W15-152 566309.4 135550 2016 2.35 

299-W15-17 566306.891 135718.958 2016 0.85 

299-W15-224 566307.89 135926 08 2016 0.83 

299-W15-225 566657.35 136108.93 2016 0.9 

299-W15-226 566033.3 136450.23 2015 1.2 

299-W15-227 566034.04 135966.56 2015 1.2 

299-W15-228 565745.36 135711.48 2015 1.2 

299-W15-229 566049.31 135678.81 2015 1.2 

299-W15-29 565921 .17 135506.003 2015 1.2 

299-W15-30 566304.617 135748.936 2016 1.09 

299-W15-33 566433.297 135966.703 2015 0.91 

299-W15-37 566716.468 135248.316 2016 1.56 

299-W15-42 566581 .825 135627.018 2015 1.61 

299-W15-44 566685.02 136066.47 2016 0.85 

299-W15-46 566752.23 135586.67 2015 0.69 

299-W15-49 566307.2 135972.91 2015 0.83 

299-W15-50 566793.47 135790.72 2015 0.8 

299-W15-7 566675.883 135920.204 2015 1.06 

299-W15-763 566809.207 136028.763 2016 0.99 

299-W15-765 566697.02 136373.06 2016 1.12 

299-W15-83 566304.52 135826.24 2016 0.97 

299-W15-94 566307.58 135640.34 2016 0.95 

299-W 17-1 565310.68 135038.74 2016 0.73 

299-W17-2 566951 .64 135806.21 2016 0.78 
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Table C-1. Well Data Used to Create 2016 Working Initial Conditions 

Well Name X-Coordinates Y-Coordinates Date Concentration (mg/L) 

299-W17-3 566925.89 135325.02 2016 0.86 

299-W18-1 566421 .515 135465.21 2015 2.74 

299-W18-15 566380.033 134733.478 2015 22.5 

299-W18-16 566605.05 135425.69 2015 2.85 

299-W18-21 566097.7 134978.692 2016 14.75 

299-W18-22 566088.632 134990.157 2016 1.03 

299-W18-36 565908.606 135419.398 2015 1.2 

299-W18-38 565892.132 135232.922 2015 1.2 

299-W18-39 565885.563 135141 .112 2015 1.2 

299-W18-41 566045.06 135048.54 2015 1.2 

299-W19-101 567939.14 135014.07 2016 100 

299-W19-105 567565.15 134745.44 2016 23.6 

299-W19-107 567997.87 135205.66 2016 1.4 

299-W19-111 567313.04 135547.02 2016 0.7 

299-W19-113 567689.62 135008.2 2016 44.75 

299-W19-114 567901 .89 135013.21 2016 26.75 

299-W19-115 567371 .99 135011 .96 2016 380 

299-W19-116 568510.19 135090.16 2016 37 

299-W19-12 566897.131 135059.446 2016 1.29 

299-W19-18 567360.647 135012.357 2014 734 

299-W19-35 567992.099 135015.156 2014 75.3 

299-W19-36 567634.738 135017.052 2016 2350 

299-W19-39 567901 .739 134886.74 2016 44.6 

299-W19-4 567949.931 135350.792 2015 0.88 

299-W19-43 567699.15 135004.02 2016 133 

299-W19-46 567782.67 134842.46 2016 37 

299-W19-47 566895.31 135161 .86 2014 1.76 

299-W19-48 567822.93 134925.99 2016 41 

299-W19-49 567568.04 134894.38 2016 147 

299-W19-6 567133.33 134693.76 2014 0.69 

299-W21-2 568124.39 134573.79 2015 3.09 
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Table C-1. Well Data Used to Create 2016 Working Initial Conditions 

Well Name X-Coordinates Y-Coordinates Date Concentration (mg/L) 

299-W21-3 568570.76 133980.24 2016 4.6 

299-W22-10 567012.978 134215.144 2016 1.65 

299-W22-113 566904.52 134192.75 2015 1.88 

299-W22-114 567726.31 134048.07 2016 4.4 

299-W22-115 566939.39 134292.43 2016 2.3 

299-W22-116 566900.5 134139.92 2016 4.38 

299-W22-45 566945.16 134292.51 2015 4.68 

299-W22-47 566908.74 134076.28 2014 4.2 

299-W22-49 566904.383 134201 .625 2014 4.24 

299-W22-72 567237.37 134207.08 2016 0.97 

299-W22-79 567629.54 134464.846 2016 1.2 

299-W22-83 567009.082 134092.546 2016 1.6 

299-W22-86 567186.74 134041 .31 2016 2.01 

299-W22-87 567541.75 134539.88 2016 0.9 

299-W22-88 568046.48 134390.53 2016 3.82 

299-W22-90 566961 .39 134483.24 2016 2.65 

299-W22-91 566911 .76 134134.53 2016 2.73 

299-W22-92 567167.84 134029.77 2016 4.1 

299-W22-93 566949.07 134485.98 2016 3.84 

299-W22-95 567170.54 134549.11 2016 1.2 

299-W22-96 567351 .93 134145.58 2016 1.89 

299-W23-19 566759.115 134166.653 2016 6.32 

299-W23-21 566707.737 134293.994 2016 6.15 

299-W23-4 566628.216 134391 .881 2016 35.5 

299-W26-13 566424.387 133293.598 2016 1.56 

299-W26-14 566682.69 133539.21 2016 0.96 

299-W5-1 568329.73 137321 .21 2016 1.6 

299-W5-2 568175.4 137621 .12 2015 1.7 

299-W6-13 567313.33 137630.55 2015 1.2 

299-W6-14 566939.64 137388.93 2015 1.2 

299-W6-15 567781 .69 137076.41 2016 1.47 
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Table C-1. Well Data Used to Create 2016 Working Initial Conditions 

Well Name X-Coordinates Y-Coordinates Date Concentration (mg/L) 

299-W6-3 567118.18 137299.13 2015 0.95 

299-W6-6 567318.74 137638.72 2015 1.07 

299-W7-14 566022.21 137639.37 2015 1.2 

299-W7-3 566292.031 137638.641 2016 

299-W9-2 565742.21 136872.84 2016 0.98 

699-19-88 563131 .105 129413.881 2014 0.6 

699-29-66 570053.53 132336.94 2016 3.95 

699-30-57 572394.41 132770.78 2016 3.88 

699-30-66 569990.98 132739.19 2016 1.55 

699-31-68 569598 133080.6 2016 2.97 

699-32-62 571009.564 133215.925 2016 2.05 

699-32-70B 568461 .999 133242.245 2016 1.13 

699-32-76 566683.94 133137.73 2016 0.84 

699-33-56 572922.693 133627.235 2016 4.2 

699-33-74 567472.65 133552.16 2015 1.66 

699-33-75 566907.78 133662.48 2015 3.85 

699-34-61 571395.863 133809.862 2016 1.83 

699-34-72 567859.97 133785.33 2016 6 

699-35-66A 569857.861 134099.244 2016 2.16 

699-35-78A 566063.586 134271.27 2015 11 

699-36-61A 571395.472 134557.106 2016 1.9 

699-36-63B 570682.28 134227.58 2016 1.5 

699-36-66B 569731 .34 134469.01 2016 2.48 

699-36-70A 568466.679 134308.839 2016 2.59 

699-36-70B 568427.79 134625.98 2016 5.02 

699-37-47A 575556.97 134893.26 2016 11 .75 

699-37-66 569730.32 134797.15 2016 1.79 

699-38-64 570189.63 135318.83 2015 1.2 

699-38-68A 569180.305 134931 .603 2016 3.29 

699-38-70B 568469.1 135331 .04 2016 1.1 

699-38-70C 569084.11 135325.58 2015 2.39 
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Table C-1. Well Data Used to Create 2016 Working Initial Conditions 

Well Name X-Coordinates Y-Coordinates Date Concentration (mg/L) 

699-40-62 571164.26 135764.42 2015 2.12 

699-40-67 569420.26 135815.7 2015 1.2 

699-42-67 569390.25 136199.83 2011 1.2 

699-43-678 569374.78 136560.2 2015 1.2 

699-43-69 568967.03 136488.48 2016 1.4 

699-44-64 570390.65 136897.43 2014 1.7 

699-44-67 569338.04 136894.3 2011 1.2 

699-45-67 569257.03 137262.97 2015 1.2 

699-45-678 569264.36 137264.99 2015 1.2 

699-45-69A 568729.3 137182.679 2015 1.54 

699-45-69C 568947.12 137233.81 2015 1.27 

699-46-68 569109.83 137600.88 2015 1.2 

699-47-60 571474.38 137968.732 2016 2.46 

699-48-71 568387.914 138056.941 2016 1.6 

699-48-77C 566468.954 138086.801 2016 0.34 

699-48-77D 566433.302 138119.268 2016 1.01 

699-49-69 568829.74 137966.54 2015 1.2 

699-50-74 567359.52 138646.73 2015 1.4 

699-51-63 570664.4 139148.408 2015 2.22 

699-55-76 566723.421 140225.816 2016 1.6 

CP _2014_ 15 567483 135114 N/A 

CP _2016_ 16 567100 134960 N/A 0 

CP _2016_ 17 567309 134908 N/A 30 

CP_2017_1 566904 136285 N/A 2.57 

299-W19-123 567511 .23 134988.39 N/A 14 

299-W19-125 567720.15 135090.95 N/A 5.2 

CP _8-201 7 568191 135000 N/A 50 
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