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The purpose of the I00AGWM is to provide the computational framework for
groundwater flow and contaminant transport modeling for system performance

ev. lation, where an active remedy is in place; evaluation of migration patterns of
contaminant plumes in each OU; and remedial process optimization (RPO) based on a
final Record of Decision (ROD) for each OU. Intended and anticipated uses of the model

include:

e Calculating groundwater levels, hydraulic gradients, and groundwater flows
throughout the model domain, for use in subsequent calculations of the f :and

transport of COCs.

e FEstimating ure groundwater concentrations of COCs to support the design and

evaluation of remedial alternatives.

e Evaluating selected remedial alternatives, and optimizing final remedial designs in

order to achieve specified remedial action objectives.

This report describes the 100 Areas conceptual model framework in terms of the existing
fea es, events, and processes (FEPs) that are important to the various 100 Area OUs.
The report focuses on the hydrogeology of each OU; the sources, patterns, and rates of
groundwater recharge; and the groundwater response to fluctuations in the adjacent
Columbia River and currently operating pump and treat (P&T) remedies. Structural
(surface elevation) maps are presented to illustrate the geologic extent and aquifer
conditions related to the Hanford/Ringold E Formation contact and the Ringold
Formation Upper Mud unit (RUM) as well as transitional intervals of reworked Ringold
{(between the Hanford and Ringold E) and reworked RUM (between Ringold E and the
RUM), identil  in various areasa s the River C lor. Important features al  :ting
unsaturated flow and transport for the 100 Areas, as well as available information on
hydraulic pro;  ies for 100 Areas sediments, are summarized and aquifer properties

derived from aquifer testing and well development data for the 100 Areas are tabulated.

The report details the numerical implementation of these FEPs as the 100AGWM,
including the software employed, spatial and temporal discretization, aquifer properties,
boundary conditions and recharge, and methods used to simulate pumping at we  in
addition to model calibration and the methods used to complete simulations of
contaminant transport. Assumptions and limitations that underlie the 100AGWM

development and deployment are then summarized.
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1.2 Document Organization

This document is organized as follows:

Chapter 1: Provides overarching modeling objectives.

Chapter 2: Discusses the conceptual site models for the various OUs in the 100 Area. The discussion
is presented in the context of features, events, and processes (FEPs). The nature and extent of
contamination for individu-' OUs is also presented.

Chapter 3: I cusses imple entation of the OU-specific conceptual site models, 3 computer codes
used, and the parameterizar ~n to construct the 100AGWM.

Chapter 4: Discusses the 1M AGWM flow model calibration.

Chapter 5: Discusses the principal elements of the contaminant transport modeling methods employed
with the 100AGWM.

Chapter 6: Provides an overview of the 100AGWM assumptions and limitations.
( pter 7: Reviews aspect. f model configuration management for the I00AGWM.

Chapter 8: Lists the references cited in this report.

1-3
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3 Model Implementation

3.1 Background

Local scale groundwater flow models have been used at the 100-KR-4 and 100-HR 3 Areas
(DOE/RL-96-84, Remedial Design Report and Remedial Action Work Plan for the 100-HR-3 and
100-KR-4 Groundwater Operable Units' Interim Action) to support design of P&T interim remedies and
to evaluate the performance of the P&T systems. These groundwater flow models were construct  to
simulate patterns of groundwater flow and other hydraulic features local to each OU and, as such, the
domains of these models were of limited spatial extent. As modeling needs increased over time, efforts
were undertaken to develop a groundwater model that unified the simulations for all 100 Area
groundwater OUs. The 100AGWM was originally developed to simulate groundwater flow  d the :ly
advective (i.e., non-dispersive and non-reactive) movement of water and contaminants in order to
estimate the likely extent of hydraulic containment and ultimately “capture” developed by groundwater
P&T remedies. The expansion of the model domain over time to encompass the 100 Area OUs occurred
in several phases, as described in the following subsection.

3.1.1 Versions of the 100AGWM

First, because the size and influence of the 100 Area groundwater P&T remedies at 100-} -4 and
100-HR-3 increased over time, a single, two-dimensional (2D) groundwater flow model was developed
that encompassed the 100-KR-4, 100-NR-2, and 100-HR-3 Areas (DOE/RL-2006-75, Supplement to the
100-HR-3 and 100-KR-4 Remedial Design Report and Remedial Action Workplan for the expansion of
the 100-KR-4 Pump and Treat System).

Second, P&T remedial process optimization (RPO) efforts led by the CH2M HILL Plateau Remediation
Company (CHPRC) during Calendar Years ~ )08 and 2009 in 100-HR-3 and 100-KR-4 required
contaminant transport simulations to develop projections of Cr(VI) distributions and evaluate plume
migration patterns and attainment of river protection and aquifer cleanup goals. For that purpose, the 2D
groundwater flow model was coupled with a contaminant transport model (SGW-46279, Rev. 0,
Conceptual Framework and Numerical Implementation of the 100 Areas Groundwater Flow and
Transport Model). The results of these RPO modeling efforts in 100-HR-3 are described in SGW-40044,
100-HR-3 Remedial Process Optimization Modeling Technical Memorandum. The strategy deve ed for
making final decisions to complete cleanup along the River Corridor is described in =~ )E/RL-2008-46.
A series of addenda to the work plan outlined the goals and strategy data collection and analyses for each
100 Area OU to develop the RI/FS studies.

Third, as data became available indicating that a »-dimensional (3D) m« 1 would be more suitable
for representing the partial penetration of many pumped and monitoring wells, and verticald  rences in
contaminant distribution, the 2D (i.e., single la. 1 model was expanded to 3D, comprising four model
layers. To meet the RI/FS needs for each 100 Area OU, this 3D groundwater model was expanded to
include 100-B/C and 100-F (encompassing all 100 Area OUs). Thus, the model simulates groundwater
flow as 3D to explicitly represent the saturated zone in the Hanford formation and Ringold Unit E
Formation that comprise the unconfined aquifer across the 100 Areas. In addition, the model simulated
contaminant transport in the unconfined aquifer, to support projections of fate and transport of several
COCs and evaluations of alternative remedial designs as part of the RI/FS effort in River Corridor OUs.
A detailed description of the resulting 100AGWM is provided in SGW-46279, Rev. 2, Conceptual
Framework and Numerical Implementation of 100 Areas Groundwater Flow and Transport Model.

The fourth and fifth versions were developed by extending the model domain to the west of the 1  B/C
area (to better represent groundwater flow dynamics in that region) and by providing parameter updates to
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wells, and provide a basis for comparative remedy analyses in each OU as part of the RPO and RI/FS
processes.

e (Calibration: PEST (Doherty, 2010, PEST Model-Independent Parameter Estimation User Manual:
5" Edition) is a software package for model calibration, parameter es  tion, andp ictive
uncertainty analysis that was used to assist in the groundwater flow model calibration. PEST Version
13 was used in this work.

e GeoData Visualization: ArcGIS (ESRI ArcMap 9.3), Surfer 12, and LeapFrog (Version 2.1, 64 t
were used to visualize the spatial information included in the model.

3.21 Approved Software

The following software was used to perform calculations and was approved and compliant with
PRC-PRO-IRM-309, Controlled Software Management. These softwares are managed under the
following documents consis 1t with PRC-PRO-IRM-309:

e CHPRC-00257, MODFLOW and Related Codes Functional Requirements Document
e CHPRC-00258, MODFLOW and Related Codes Software Management Plan

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

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

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

CHPRC-00258 distinguishes between safety software and support software based on whether the
st ware managed calculates reportable res 3 or provides run support, visualization, or other similar
functions. Folloy are brief descriptions of the software.

3.22 Des: ptions
3.22.1 MODFLOW (Controlled Calculation Software)
e Software Title: MODFLOW-2000 (Harbaugh et al., 2000); solves transient groundwater flow

equations using 3 finite-difference discretization technique.

e Software Version: Version 1.19.01 modified by S.S. Papadopulos and Associates, Inc. (SSP&A) to
address dry cell issues and to use the ORTHOMIN solver; approved as CHPRC Build 7 using
executable “mf2k-mst-chprc07dpv.exe” compiled to default double precision for real variables and
optimized for sy . The MDS5 Hash for this executable file is
“4E7F2. _ _ j496D2CBA7144ADACBI13DAAD”.

e Hanford Information Systems Inventory (HISI) Identification Number: 2517 (Safety Software,
graded Level C).

—  Workstation type and property number (from which software is run): S.S. Papadopulos and
Assoc, Inc., FE483.

3.2.2.2 MT3DMS (Controlled Calculation Software)

e Software Title: MT3DMS (Zheng and Wang, 1999, MT3DMS: A Modular Three-dimensional
Multispecies Transport Model for Simulation of Advection, Dispersion, and Chemical Reacti  of
Contaminants in Groundwater Systems; Documentation and User’s Guide; Zheng, 2010)

e Software Version: Version 5.3 dified by SSP&A to address dry cell issues; approved as CHPRC
Build 7 using the executable “mt3d-mst-chprc07dpv.exe” compiled to default double precision for
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The mapped surfaces for the top of the Hanford formation, Reworked Ringold E, Ringold E Formation,
the Reworked RUM, the RUM, and the basalt are shown in Figures 3-4 through 3-9, respectively.

__.e top of the Hanford formation is set as the top elevation of the model (top of Layer 1). The model
surface corresponding to the top of Layer 1 was developed using land surface topography based on light
detection and ranging (LiDAR) elevation data for the 100 Areas south and west of the Columbia River;
river bathymetry data for the 3D representation of the river geometry; and digital elevation model where
LiDAR or bathymetry data were not available (ECF-Hanford-13-0020).

The base of the groundwater model is assumed the RUM or the basalt, where the RUM is absent. Typically,
the basalt forms the model bottom in the southern portions of the model approaching Gable Butte.

An algorithm was developed to assign the appropriate geologic unit in each model cell based on the
presence or absence of each geologic unit at the corresponding location. Based on this algorithm, in the
presence of all geologic/aquifer units (i.e., Hanford formation, Reworked Ringold E and Ringold E
Formation, and the Reworked RUM), model layers are configured as depicted schematically in

Figure 3-10. When one or more geologic units are not present at a particular cell, vertical discretization
follows the process of geologic unit assignment per model layer illustrated in Figures 3-11 through 3-17
for all combinations of geologic unit presence/absence.

In many instances, numerical interpolation in developing model layer elevations based on the geologic
surfaces led to thin layers or layers with negative thicknesses. For that reason, minimum thickness
constraints were developed. A nominal minimum aquifer thickness of 0.1 m (0.3 ft) was maintained at all
times. Additionally, each individual model layer was required to be at least 0.025 m (0.08 ft) thick. If only
the Hanford formation was present and the total aquifer thickness is at least 1.33 m (4.4 ft), the bottom
three layers are each 0.333 m (1.1 ft) with a total thickness of 1 m (3.3 ft). If an underlying aquifer unit
was found to have a higher elevation than an overlying unit, the underlying unit was lowered to satisfy
minimum thickness constraints. The resulting calculated model layer elevations are shown in Figures 3-18
through 3-22.

All Layer 1 cells were assigned the properties of the Hanford formation with the exception of the cells
that represent the Columbia River. The river cells in which the underlying aquifer units were higher than
the Hanford formation were assigned the property of those underlying aquifer units.

3.5 Aquifer Properties

1 .

The development of aquifer property distributions for the grov " vatermodelis =~ c1  « ~ the
following subsections.
3.5.1 Hydraulic Conductivity

The principal aquifer property that is specified in the 100AGWM is the spatially varying hydraulic
conductivity (HCOND). The horizontal HCOND distribution in the model was developed based on
the following:

e Point estimates obtained from slug/aquifer pumping tests performed at various w  locations, and
data collected during well development

e Independent information on aquifer properties from prior modeling efforts and qualitative
hydrostratigraphic interpretations
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3.5.2 Porosity and Storage

Effective porosity and specific yield values for the saturated aquifer were determined from model
calibration and are equal to 0.18 and 0.10, respectively. Both values are within the range of values
(0.04-0.37) docume :d in previous investigations for the Hanford Site (PNL-10886, Development of a
Three-Dimensional Ground-Water Model of the Hanford Site Unconfined Aquifer System: FY 1995 Status
Report; PNNL-14753). The specific yield value of 0.10 results in a satisfactory simulated groundwater
response to changes in the Columbia River stage but is lower than the expected field value of specific
yield. This results from the preponderance of short oscillations in the Columbia River stage, the duration
of which does not elicit the full value of the specific yield. A similar phenomenon has been ited in
aquifer tests conducted in the C tral Plateau (PNNL-19695, Large-Scale Pumping Test
Recommendations for the 200-ZP-1 Operable Unit), which suggested that many w of sustain  head
change might be required before the bulk of the water table drainage occurs. Although use of 0.10 for
specific yield in the historical model results in an improved calibration versus the use of higher values, the
use of this value in predic e simulations may result in more rapid simulated stabilization of the aquifer
in response to groundwater extraction than will be measured in the field.

A specific storage value of 5 x 1 ' day was assumed for the entire model. The resultant storage coefficient
typically varies between 1 x 10 and 2 x 10 across the model domain. This value lies within the range of
values in the literature for similar geologic data and it is within the range of values (3 x 10~ to 0.01)
documented in previous investigations for the Hanford Site (PNL-10886).

3.6 Sin"ation Period
The model simulates transient-state (i.e., time-varying) conditions in the aquifer that reflect water level

changes due to river stage variations over time and changing pumping patterns corresponding to P&T
operations at each OU. The hist cal model sitr  ation timeframe spans the period January 2006 through
December 2014, consisting of monthly stress periods with one time step per stress riod for a total of
108 stress periods. These stress periods correspond to monthly average river stages, representing the
time-varying river stage during that period. The first stress period is simulated as steady state (i.e., not
time varying, but an effective average condition) to produce meaningful initial conditions for the transient
stress periods that follow. The head contours from the steady-state simulation are shown in Figure 3-44
and are consistent with the published fiscal year 2006 groundwater head distribution (PNNL-16346,
Hanford Site Groundwater Monitoring for Fiscal Year 2006).

3.7 Boundary Conditions

The MODFLOW model domain comnrises active cells where the flow of groundwater is simulated and
inactive cells where the flow of grour vater is not simulated. In general, the inactive cellsa loce
beyond the shores of the Columbia River that form the lateral extents of the model to the northwes
northeast, and in the area of Gable Mountain and Gable Butte to the south.

The MODFLOW simulation code comprises a main program that provides the basic requirements for
simulating gr. dwater flow, as well as a series of packages that provide the capability to simulate
particular features of the groundwater system. The 100AGWM MODFLOW model uses packages that
simulate the following:

e Flow of water to and from major surface water bodies (river package [RIV])

3-51
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e Lateral flow into and out of the model domain based on information about the aquifer transmissivity
and hydraulic gradient (general head boundary package [GHB])

e Lateral flow into and out of the model domain based on a prescribed hydraulic head at particular ce
(constant head boundary package [CHD])

¢  Areal recharge (recharge package [RCH])
e Flow of water to and from wells (multi-node well package [MNW2])

Figure 3-45 illustrates the distribution of active and inactive model cells, and the location of lateral
boundaries specified for the 100AGWM MODFLOW model.

3.71 River Boundary

The river package (RIV) was used to represent the flow of water to and from the Columbia River. Due to
the diurnal and seasonal fluctuations of the Columbia River stage, a varying number of model cells in
each layer was identified as river cells during each stress period, to represent the varying river stage and
associated spatial extent of inundation. River stage and riverbed conductance were calculated for each
stress period, reflecting monthly average conditions as discussed in the following text.

River stage data at the USGS gauge 12472800 (located below Priest Rapids Dam) was processed and
summarized for the period January 2006 through December 2014. Data gaps were filled by linearly
interpolating between the closest two known points. Stages at the K, N, D, and 300 gauges were estimated
using regression equations developed in ECF-Hanford-13-0028, Columbia River Correlation for the
Hanford Area. Similar regression equations for the B and F gauges were developed to aid in the analysis.
It is noted that the gauges were not monitored for the entire duration of the simulation period.
Additionally, there were documented gauge shifts (Personal Communication, Sage, 2011). As a result, the
period for which regression equations were developed does not extend to the duration of the simulation
period. The regression equations are presented in Table 3-4 and the locations of gauges are shown in
Figure 3-46. Due to the long distance between the F and 300 gauges and knowledge of the slope of the
bed of the Columbia River obtained from available bathymetric data, linear interpolation of the stage
between these two gauges was not deemed appropriate. Hence, two additional interpolation points (F1
and F2) were included in the analysis to replicate the change in bed slope south of F (Figure 3-47).

Mc average river stage values were calculated at each gauge location in the 100 Area and at the
loc of the twoco 1] points. In or accurately rey mtt rans ! river boundary geome

s cti oftl -ver bathymetry extending inland were developed in ArcGIS. Tl  : cross-se~tions
were developed along the river centerline at 15 m (49.2 ft) intervals, using river bathymetry and L...AR
data (Personal Communication, Royer, 2014). Along each cross-section, the river extent and
corresponding cell inundation laterally inland from the river centerline, and the associated wetted
perimeter, were calculated for river stage elevations varying between 105 m (344.5 ft) and 130 m
(426.5 ft), at 0.25 m (0.8 ft) intervals. This information was stored in a SQL Server Database. The 3D
transient River Package was created by running the Python Script ProcRiverStage v9.py followec -
FinalGapFill.py. River boundary cells were created for each of the 108 months in the simulation period
and associated hydraulic properties were calculated based the following sequence of steps:

e River stage elevations were calculated at each cross-section by linearly interpolating the calculated
river stage elevations between upstream and downstream river gauges.

d
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e At each cross-section, the extents of the river, the inundated river cells, and the wetted perimeter were
determined by finding the closest match to the calculated stage in the SQL database. A limited
number of river cells were used to represent the river in the model at each cross-section, determined
such that a sufficient minimum number of cells would always be present to define the river during
both low and high river stage periods.

e The river was connected to Layer 1 of the model as long as the stage was above the cell bottom
elevation. At certain locations, the model cells below Lay.  have the nominal thickness discussed in
Section 3.4. In such cases, the river was connected to those layers  ong as the stage is above their
cell bottom elevations. This is illustrated in Figure 3-48 for the case of the river penetrating two
model layers.

¢ The conductance of the cross-section was calculated using equation 3-4. The calcu’ * ' conductance
was distributed among those river cells being used in the model to represent the riv factor of
0.5 is used in the equation because it was assumed that aquifer recharge/discharge from/to the river
occurs equally between the 100 Areas and the areas north and east of the river. The wetted perimeter
is determined based on the length of wet riverbed calculated from the number of wet river cells, and
the vertical hydraulic conductivity in each of the river cells as the mean zonal value from the HCOND
distribution used in the model. A riverbed thickness of 0.3 m (0.98 ft) was used based on the
information presented in PNNL-14824, River Data Package for the 2004 Composite Analysis.

Wetted Perimeter » Vertical Hydraulic Conductivity
conductance = 0.5 * - - 34
River Bed Thickness

The location of the river gauges, and the river boundary cells during extreme high and low river stage
events (June 2011 and September 2007, respectively) are shown in Figure 3-46. The riverbed profile
downstream of the F gauge is shown in Figure 3-47. The calculated monthly average river stage
elevations are shown in Figure 3-49. Examples of river cell definition per model layer are illustrated in
Figures 3-50 and 3-51 for low and high river stage conditions, respectively.
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44 Comparison of Measured and Simulated Pumping Rates

The pumping operations of the extraction and injection wells in the 100-K, 100-D, and 100-H Areas are
simulated using the MNW2 Package, with pumping wells grouped by P&T system. Even though the
measured pumping rates are prescribed in the model input file, simulated net flow rates are determined by
the model based on the ava ble saturated thickness at each model time step. If saturated thickness is not
sufficient, the model reduces the prescribed extraction rate so that a nominal saturated thickness is
maintained at the well (Konikow et al., 2010, Revised Multi-Node Well (MNW2) Package for MODFLOW
Ground-Water Flow Model). The pumping rates at all injection wells in the corresponding P& T system
are also automatically proportionately decreased to account for the reduced extraction (CHPRC-00261).
Therefore, a comparison of the measured and simulated pumping rates is essential to ensure that the
model accurately simulated the measured flow rates.

The measured and simulated rates for each individual P&T system (described in Section 3.7.5) are shown
in Figures 4-26 through 4-32. Since the NR2 system was active for only a few months during the
simulation period, it was not simulated in the model and, hence, the corresponding plots are not provided.
The plots for the HX and HR3 systems show an imbalance between the injection and extraction rates.
This is because the extraction rates from two RUM wells (199-H3-2C and 199-H4-12C) are not included
in the m¢ 1; the model does not simulate groundwater flow in the RUM. However, the simulated
injection rates include the contribution from these two we , creating an artificial imbalance.

The maximum error (discrepancy) between measured and simulated flow rates in each system, tabulated
in the figures, suggest that such discrepancies are negligible and should primarily be attributed to
conditions near : well that could not be accurately represented in the model.

Plots of measured versus simulated flow rates per well are included in Appendix F. The  ning
convention adopted in the appendix conveys the well name, well type (injection/extraction), and the P&
system to which the well is connected. For ex 1iple, injection well 199-D4-10 in the DX system is named
as “199-D4-10_1_DX” and extraction well 199-K-220 in the KX system is named as
“199-K-220 E KX”. Except for a few wells in the HX system, the discrepancy between the measured

and simulated pumping rates is minimal, suggesting that the modeled saturated thicknesses are reasonable
or represent a reasonable lower-bound value that sustains historical pumping rates. The two RUM wells in
HX do not have a significant impact on the overall system-wide pumping totals.
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5 Contaminant Transport Modeling

This section . :ribes those aspects of the transport of contaminants dissolved in groundwater that can be
simulated using the current version of the I00AGWM, and the general procedures used to assign
parameter values describing transport characteristics for COCs and other indicator parameters in the

100 Areas. Detailed, application-specific explanations of contaminant transport properties (parameters)
and simulations will be provided in application-specific ECFs on any occasion that the 100AGWM is
employed to make a specific calculation. Simulation of the transport of contaminants is accomplished
using a version of the multi-species reactive-transport simulator MT3DMS, modified specifically for use
at the Hanford Site.

Steady-state and transient transport simulations are based upon groundwater flow fields calculated by the
flow component of the 100AGWM. The 100AGWM was originally developed to simulate groundwater
flow and purely advective (i.e., non-dispersive and non-reactive) movement of water and contaminants in

order to estimate the likely extent of hydraulic containment and  ately “capture” developed by
ur rater P&T remedies. As the development of remedy alternatives progressed, ho it became
necessary to simulate the fate of contaminants, commencing with Cr(VI), and later inco ing other

COCs and indicator parameters, using mass conservative reactive-transport methods. These capabilities
were required in order to simulate the following:

¢ Concentrations at point locations (for example, corresponding to wells) and integrated over broad
areas (such as plumes) and other quantities such as plume masses and volumes, over time.

¢ Influent concentrations at extraction wells.

e Aboveground mixing, including “blending” or combining influent streams from multiple extraction
wells, and treatment of contaminants by existing and/or proposed aboveground treatment systems.

e Transformations and reactions that some contaminants undergo under either natural or anthropogenic
{enhanced) conditions; for example, to evaluate the likely impact and effectiveness of in situ
biodegradation as a remedy component.

Although the subsurface migration and fate of many contaminants at Hanford is dominated by advection,
that is, the movement of dissolved contaminants in the subsurface with, and in the general direction of,
groundwater flow, contaminants do undergo processes of dispersion, adsorption-desorption,
transformations (such as radioactive decay), and degradation. Indeed, PNNL studies (PNNL-17674,
Geo Characterization of Chromate Contamination in the 100 Area Vac e at the

an 'suggest .t hough advection is the primary transport mec  1is ite It tre t
cannot be adequately simulated with advection alone since advection only etfectively simulates the mghly
mobile mass that is already dissolved in the actively moving groundwater. In addition to simple
advection, contaminants undergo reactions and contaminant mass can be retained within heterogeneous
parts of the aquifer of low hydraulic conductivity or poorly connected pore spaces. Where these
conditions occur above the seasonal low water table and below the seasonal high water table, this
relatively less mob :mass can constitute a continuing source of contaminants to the permanently
saturated aquifer below, facilitated by mass transfer between these domains (i.e., secondary sources
within the periodically rewetted zone). Where these conditions occur within the saturated aquifer, these
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concentrations in 2D or 3D, depending on the availability and location of the sample data, and the
discretization of the numerical model.

Unless decided otherwise, initial COC distributions are developed following the procedure im; nented
annually for the purposes of the Hanford Site Groundwater Monitoring Report (e.g., DOE/RL-  15-07,
Hanford Site Groundwater Monitoring Report for 2014). Maps of the extent of contamination, referred to
as contaminant plume maps, are typically developed by interpolating concentration data at wel and
aquifer tubes to a grid using ordinary kriging in 2D. The approach to develop COC piece-wise continuous
distributions imple  its an integrated procedure of compiling and aggregating datasets in a
comprehensive dat  se; developing inputi s; and executing batch processes using the open  irce

stat  al computing/programming language R (The R Development Core Team, 2013, The R yect
for Statistical Computing). Details on the development and implementation of this procedure are provided
in ECF-Hanford-14-0035, Description of Groundwater Calculations and Assessments for the Calendar
Year 2013 (CY2013) 100 eas Pump-and-Treat Report.
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' Zheng, C., 2010, MT3DMS v5.3: Supplemental User’s Guide, Technical Report, Department of
Geological Sciences. Universitv of Alabama. Tuscaloosa. Alabama. Available at:

Zheng, C.,and P. P. War 1999, MT3DMS, A Modular Three-Dimensional Multi-Species Trc  port
Model for Simulation of Advection, Dispersion, and Chemical Reactions of Contaminants in
Groundwater Systems; Documentation and User’s Guide, Report SERDP-99  U.S. Army
Erminaas Dacaneoh and Navalanmant Mantar Vickshurg, Mississippi. Available at:
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Appendix A

Reprint of ECF-Hanford-13-0020,
Proc  for Constructing a Three-dimensional Geologi--{ Framework
Model of the Hanford Site 100 Area, Rev. 1, published July 2014
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:CF-H: ford-13-0020
Revision 1

o . . r service by
tradename, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof or its contractors or
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This report has been reproduced from the best available copy.

Printed in the United States of America
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ECF-HANFORD-13-0020, REV. 1
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Process for Constructing a Three-dimensional Geological Framework »del of the
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ECF-HANFORD-13-0020, REV. 1

Terms

three-dimensional

Comprehensive Environmental Response, Compensation, and Liability Act of
1980

environmental calculation file

geogra ic information system

Hanford Environmental Information System (database)
Hanford formation (undifferentiated)

Ringold Formati: unit E

Ringold Formation upper mud unit

North American Vertical Datum 1988

Laser Imaging Detection Ranging

National Agriculture Imagery Program

Open Database Connectivity
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a) 1-mresolution Aerial photographs — National Agriculture Imagery Program (NAIP, 2012)
b) Groundwater Area Operable Unit boundartes
¢) Waste sites boundaries

d) Well names, and color-indicators, by category, of the well information provided at that location.
Information may include well screen information, geologic information, or well status, i.e., well
decommissioned

€) Published 2-dimensional groundwe  plume extents for all major contaminants of con n
f) Published interpretations of the water table

Additional feature data can be added to any scene at the request of project staff. The feature da  sets are
captured and archived with the completed scene data package.

3.5 Step " -Step Instructions for Reproducing the 100 Area Leapfrog S¢ ds lc 2l

In the previous sections of the methodology, we have endeavored to provide the overall workflow and
logic we employed to create our model. The section below provides the exact sequence of steps that must
be followed, and the input files referred to in each step, in order for the user to construct the exact same
model (note: variation from this sequence of steps will produce a slightly different model output):

a) Open Leapfrog Software and create a new project

b) Import borehole data by right clicking on : folder titled "Borehole" data and navigating to the
comma separated value (csv) table entitled "100 Area Leapfrog Collars.csv". In the “ir  ort data
dialogue box" there will also be a section to import well intervals. In s area, browse to the
coma separated value table entitled "100 Area Lithology.csv".

c) Follow the prompts in the Leapfrog Borehole Data dialogue box entering the well name column
from the csv file as (Hole ID) , the x-coordinates column from the table as (X) data. the y-
coordinates as (Y) data, the elevation as (Z) and the constructe depth as (MAX1  TH) in the
Leap frog dialogue boxes respectiv .

d) To add the upper surface of the model right click on the folder entitled "T:  sgraphy", =n "New
Topography", then "Import Elevation Grid". Browse to the Lidar tif file, and import it. (Note:
Leapfrog will not accept the native 0.5 resolution due to the size of the file. Input 40 for the grid
spacing)

e) To add the lower surface of the model boundary and the northern clipping boundary, r  t click
on the "Meshes" folder, and "import elevation grid", and navigate to stwdtob.tif, and 1 _Area
Trim.tif, and import both files.

f) To create a new geological model we define a region that encompasses the boundary coordinates
of the model. Right click on the folder entitled "Geological Model", and click "New geological
model". In the Base Lithology dropdown, navigate to the lithology (which should appear by
default). Set the X minimum and maximum to 551,000 and 587,000 respectively, and set the Y
minimum and maximum to 141,000 and 156000 respectively. Set the surface resolution to 100,
and click OK.

g) Expand the new Geological model and right click "Surface Chronology", then drop down to
"New Deposit from Base Lithology." Drop down to Ringold E. Click the radio button "Contacts

A-15












SGW-46279, REV. 3

ECF-HANFORD-13-0020, REV. 1

interpolation algorithm that is symmetric with respect to the measurement point. One of the reasons for
using control points was to reduce the influence of this modeling limitation. Control points allow the
imposition of the subjective bias by the hydrogeologist into the interpolation. Control points were used to
define geologic surface extents that have been inferred by limited measurements and knowledge of
distributions or process knowledge. Control points introduce bias and uncertainty because thei1r lacement

anc pretation of their influence are subjective. They are mainly used to apply professional
jud e ufficientd  zxist to fully describe site conditions. The net effect of control points is
to1 s mcertainty while defining geologic surface configurations that are consistent w:

published or interpreted hydrogeologic results.

The un¢ ainties| =d above provide a listing of some common uncertainties encountered during any
hydrogeologic investigation. These uncertainties are minimized, where possible, through accur
collection and recording of the raw data that is used to interpret the results, and by utilizing cor  tent
interpretation techniques, and maintenance/archival of the related databases, and hydrogeologic
publications that provide the basis for the interpretations.
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Attachment B

Software Installation and Checkout ‘orm for Leapfrog "lyc o®
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Appendix B

Columbia River Stage Calculations
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Appendix C

Pumping Well Information and Rates (2006 to "914)
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Appendix D

Aquifer Test Data for Model Calibration
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D1 Introduction

The aquifer test data from the model data packages tabulated in Table D-1. Transmissivity estima
developed from Specific Capacity estimates are tabulated in Table D-2. A1 ery location,  it-wise
Hydraulic Co1  ictivity estimates were developed using the PEST software as described in Section 3.5.1.
These unit-wise Hydraulic Conductivity estimates are tabulated on Table D-3.
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Appendix E

Three-Point Gradients for Model Calibration
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Three-Point Gre lients (Observed vs.Simulated) at Triangle 5

[ observed sin  ated
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Appendix F

Mude ration: Measured versus Simulated Flow Rates per P&T Well
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Appendix G

Deve i 1ent and Verification of the 100 Area Two-Dimensioni P
Optimization Model






Gl
G2
G3

GS

G6

G7
GS8

SGW-46279, REV. 3

Contents

Bac] ound and Purpose .1
Test Scenarios.... seesassasesaisaisaresaasrassbe bt st sa s b e ae e aesatsrnes .1
Software Applications, Descriptions, Installation and Che out,
and Statements of Validity . 1
G3.1  APPIOVEd SOTEWATE ......eouiiminiriiitiie ettt ettt s ettt sbe e e e e s nnene s 5
G3 DESCIIPLIONS «..cuveeiiiieetsireveerertesreseessessessesessassessassassessssserssesseseasseseesenssesessessessassssessessessassessans 5

G3.2.1 MODFLOW (Controlled Calculation Software)...........c..ccuveeveviivirceineeecieciee e 5

G3.2.2 MT3DMS (Controlled Calculation SOftWare) ........ccccevvvrererirreecercerenseneeeereeseenns 5

G3.2.3 MODPATH (Controlled Calculation SOftWare) .........ccccceecvevenenveesesrereeseereereeeneens 6
POM: Construction of Flow Model........c.coceeueernce .6
G4.1 LPF: Calculation of Equivalent Hydraulic ConductiVity..........cccvvveriernenrenienirniesensnerssnnnnns 6
G4.2 GHB and River: Calculation of Equivalent Conductance .........c.ccocvvverrererrervrenvesenersessensennes 7
G4.3 Results and VerifiCation .........c.ccceoreirerirrteinieenesteiecerstesese sttt ie et ses e e se e se e eneneenens 7
POM: Construction of Particle-Tracki= = Model.......cconerrneirincensensnsissnscecssssseossessesssesssosans 10
G5.1 POM: Verification of Hydraulic Capture Mod  ......coovevvirinniirirrenere e se e s 11
POM: C  tru on of Contaminant Transport Model 14
G6.1  ransport Model VerifiCation ........cecuerviriirieeiiiirieeceieeeeienre st ste et eses s seesaeessensseneas 14
Conclusions 22
References 22

G-iii






A NM
3D
CHPRC
Cr(VI)
CY
GHB
HISI
LPF
ouU

0S
POM
SSP&A

SGW-46279, REV. 3

Terms
100 Area Groundwater Model
three-dimensional
CH2M HILL Plateau Remediation Company
hexavalent chromium
calendar year
general head boundary
Hanford Information Systems Inventory
layer property flow
operable unit
operating system
Pumping Optimization Model

S.S. Papadopulos & Associates, Inc.
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G3.1 Approved Software

The

yroved software used to perform calculations is managed under the following doc 3

consistent with PRC-PRO-IRM-309:

CHPRC-00257, MODFLOW and Related Codes Functional Requirements Document
CHPRC-00258, MODFLOW and Related Codes Software Management Plan

CHP1 -00" 79, MODFLOW and Related Codes Software Test Plan

CHPRC-00260, MODFLOW and Related Codes Requirements Traceability Matrix
CHPRC-00261, MODFLOW and Related Codes Acceptance Test Report

CHPRC-00258 distinguishes between safety software and support software based on whether the
software 1 iaged calculates reportable results or provides run support, visualization, or other similar
functions. Brief descriptions of the software are provided in the following subsections.

G3.2 Descriptions

G3.2.1 MODFLOW (Controlled Calcula n Software)

Software title: MODFLOW-2000 (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); solves transient groundwater flow equations using the finite-difference
discretization technique.

Software version: Version 1.19.01 modified by S.S. Papadopulos and Associates, Inc. (SSP&A) to
address dry cell issues and to use the Orthorr  solver; approved as CH2M HILL Plateau
Remediation Company (CHPRC) Build 7 using executable file “mf2k-mst-chprc07dpv.exe” compiled
to default double precision for real variables and optimized for speed. The MDS5 Hash for this
executable file is “4E7F29DD5496D2CBA7144ADACB13DAAD”.

Hanford Information Systems Inventory (HISI) ID number: 2517 (Safety Software,
graded Level C).

Workstation type and property number (from which software is run): SSP&A, FE483.

G3.2.2 MT3DMS (Controlled Calculation Software)

Software title: 1... JDMS (Zheng d Wang, 1999, MT3DMS: A Modular Three _ .mensional
Multispecies Transport Model for Simulation of Advection, Dispersion, and Chemical Reactions of
Contaminants in Groundwater Systems,; Documentation and User’s Guide; Zheng, 201  MT3DMS
v5.3: Supplemental User’s Guide — Technical Report).

Soft re version: Version 5.3 modified by SSP&A to address dry cell issues; approved as CHPRC
Build 7 using executable file “mt3d-mst-chprc07dpv.exe ” compiled to default double precision for
real variables and optimized for speed. The MD5 Hash for this executable file is
“A09EDC957F6B19A8CD3968EA901355CB™.

HISI ID number: 2518 (Safety Software, graded Level C).

Workstation type and property number (from which software is run): SSP&A, FE483.
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for this discrepancy cor | be the 50-year stress period from 2026 to 2075. For the purposes of evaluating
model performance before CY 2028, the POM would be adequate.

As an additional check, the simulated plumes from 100AGWM and the POM at the end of CY 2014 for
the historical scenario are compared for the 100-HR-3 and 100-KR-4 OUs in Figures G-12 and G-13,
respective  Similarly, the simulated plumes from 100AGWM and the POM at the end of CY 2025 for
the predicuve scenario are compared for the 100-HR-3 and 100-KR-4 OUs in Figures G-14 and G-15,

respectively. In each of these figures, simulated concentrations from 100AGWM are n the ft,
and those = _m /M are wn on the right. Two sets of  ults are displayed frc JWM.
Average concel i across all the model layers in 100AGWM are shown in the top-left panel,

w  eas the concentrations from layer 4, the bottom-most layer, are shown in the bottom-left panel. In
general " reis good agreement between 100AGWM and the POM in the historical scenario. For the
predictive scenario, there is good agreement between the two  odels on the outline of the plume.
However, the POM tends to underestimate higher concentrations, especially in the 100 R-3 OU.
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Zheng, Chunmiao and P. Patrick Wang, 1999, MT3DMS: A Modular Three-Dimensional Multispecies
Transport Model for Simulation of Advection, Dispersion, and Chemical Reactions of
Contaminants in Groundwater Systems; Documentation and User’s Guide, Contract Report
SERDP-99-1, U.S. Army Eneineer Research and Develonment Center. Vicksburg,
Mississippi. Available at

G-23






SGW-46279, REV. 3

Appendix H

Software Installation and Checkout Forms





















