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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 of 2 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-1 and 200-UP-1
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 determine 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 2017 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 plume, 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-1 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-17-0044. 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 95" 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-W19-126, -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 determine 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 (EPA/542/R-99/011B, Hydraulic Optimization Demonstration for Groundwater
Pump-and-Treat Systems, Volume I1: 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:6™ 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 performance was evaluated by calculating the 95" 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

(OSWER 9285.6-10, Calculating Upper Confidence Limits for 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):

UCLos = X + tapn-17 @
where

X = arithmetic mean of the sample results
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ten-1 =  the 1-0™ quantile of Student’s t distribution with n-1 degrees of freedom; for the 95
percentile, & = 0.95 (one-tailed)

S = standard deviation of the sample results

n = number of samples.

Well networks for UCL95 calculations in the 200-UP-1 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 of UCL95s for transport simulation results were performed as follows:

1. 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 1 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-2015-14. 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
corner 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 10 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).
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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 (mL/g)
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 Value
Effective Porosity 0.15
Longitudinal Dispersivity 3.5m
Transverse Horizontal Dispersivity 0.7m
Transverse Vertical Dispersivity 0.0m
Molecular Diffusion Constant 0.0 m?/day
Bulk density, Hanford, Cold Creek 1.93 g/cm3
Formations
Bulk density, Ringold Taylor Flat, 1.90 g/cm?
Ringold Unit E, Ringold Lower Mud,
Ringold Unit A

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. ldeally, 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: Theory
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-200UP1-0010, 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-200UP1-0010 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-200UP1-0010. 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 of DOE/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 U1 and U2 Cribs (216-U-1 and 216-U-2) for Tc-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
terms were sized such that resulting groundwater concentrations were similar to the concentrations used
to estimate the sources.
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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.

11
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3.3.4 Additional Flow Models

As mentioned in Section 2.1, three additional flow model simulations were performed with different
internal boundary conditions than those documented in ECF-200W-17-0044. 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-W19-125 as
a pumping well. Scenario 3 was performed using the SCE-optimized pumping rates for extraction wells
299-W19-113, -114, -123, -125, and -126, as well as injection in two hypothetical wells. Scenario 4
considered extraction at 299-W19-114, -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 Well Name Pumping Rate (gpm)
Flow Scenario 1 299-W19-113 -57
Total Extraction: 167 gpm 299-W19-114 -110
299-W19-113 -50
Flow Scenario 2
) 299-W19-114 -100
Total Extraction: 200 gpm
299-W19-125 -50
299-W19-113 -32
299-W19-114 -36
Flow Scenario 3 299-W19-123 -41
Total Extraction: 150 gpm 299-W19-125 -21
Total Injection: 150 gpm 299-W19-126 19
Injector 1 75
Injector 2 75
299-W19-114 -30
299-W19-123 -90
299-W19-125 -75
299-W19-126 -30
Flow Scenario 4 Extractor 1 -90
Total Extraction: 365 gpm
Total Injection 200 gpm Extractor 2 -50
Injector 1 75
Injector 2 75
Injector 3 50
Injector 4 25

12
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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 ug/L and 900 pCi/L cleanup
levels for uranium and Tc-99'. 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.

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

41.1 Description
MODFLOW

e Software Title: MODFLOW-2000-MST
e Software Version: CHPRC Build 0008 (mf2k-mst-chprc08dp.exe)
e HISI Identification Number: 2517 (Safety Software, Level C)
e Workstation type and property number: Personal Computer, 00857
e Authorized User: Mary C. Weber
e 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.

13
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e Software Title: MT3DMS
e Software Version: CHPRC Build 8 (Windows®#* executable file mt3d-mst-chprc08dpv.exe)

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

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

e Authorized User: Mary Weber

e 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)