





SGW-59365
Revision 0

TRANFMARK NiQrl AIMER

ipe process, or service by

an es not necessarily
constutute or Impliy I1s enaor , or favoring by the
United States Government or any agency tnereor or its contractors or

PPN Ty Ty SO

This report has beenr  oduced from the best available copy.

Printed in the United Ste »f America












SGW-59365, REV. 0

e The configurat 1 of the Hanford/Ringold contact in the western portion of the
OU is not well constrained by well data, but is of minor impot ice because it is

not in an area that will affect future plume migration.

e Hydraulic conductivity (and hence transmissivity and groundwater flow rate)
uncertainty grows away from AWLN wells. Because the AWLN wells bracket
the Cr(VT) plu :southern extent and discharge flow path to the river this

uncertainty is « 1litatively judged of modest importance.

. road hydrogeologic heterogeneity is inferred from calibration to the AWLN
data, and is also reported by PNNL-21845.

e ..e Hanford ¢ [Ringold formations can be difficult to distinguish. Thus, small
discrepancies  -ontact horizons can result in conceptu inconsistency in

hydraulic properties manifesting themselves in groundwater (plume) velocities.

¢ The long-term behavior of the chromium source cannot be known with high
certainty because chromium exists in several chemical states in the aquifer with

greatly differing release characteristics.

¢ Laboratory data suggests that over the long-term Cr(VI) leachability of
contaminated sediments declines. Coefficients were estimated from
laboratory-scale data and applied to field-scale computations. This scale change

is judged to have significant, but unresolvable uncertainty.

e Due to reactor operations chromium is a ubiquitous soil contaminant that, despite extensive

soil remediation, may still linger in the PRZ in some locations that are not well understood.
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e Chapter 2 describes the conceptualization of the system to be simulated with the numeri  model,
including identification of the relevant features, events, and processes (FEPs).

e Chapter 3 describes the implementation of the conceptual model as a numerical computer
simulation model.

o Chapter 4 provides an overview of the sensitivity and describes sources of uncertainty for the
predictions made with this model. There is some intentional redundancy in Chapters 3 to 5 to allow
the report to be used as a reference document as well as a descriptive document.

e Chapter 5 enumerates the limitations of this model that result from the conceptualization, selection,
and exclusion of relevant FEPs, assumptions, and numerical implementation.

e  Chapter 6 describes how this model is uniquely identified, trac |, and preserved as a configuration
management item.

o ( pter7listsre nended impro s to the model that could be made for future v ons.
e Chapter 8 provides references cited in this model package report.

e Appendix A describes an asse  2nt of the relationship between Priest Rapids dam and B-gauge
stage data.

e Appendix B shows the observed head data and simulated hydrographs for the evaluation model.

1.4 Model Objectives

The overall objectives of the modeling effort is to provide a basis to assist in making informed
remediation action decisic  based on descriptions of current and expected future groundwater
contam’  :concentrations at decision points within the OU boundaries.

Problem-specific analyses wil. ¢ described for each use of the model in separate environmental
calculation files.
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2 Model Conceptualization

The conceptual site model (CSM) is a framework for interpreting data from 100-BC characterization
efforts. The CSM synthesizes what is known into a framework that is pertinent for decision making.

The American Society for Testing and Materials Standard Guide for Conceptualization and

Cha terization of Ground-Water Systems (ASTM D5979) defines the CSM as a written, pictorial, and
diagrammatic information and interpretations. The CSM results from a blending of information and
expert opinion on topics that range from small-scale processes to large-scale regional constraints, honors
existing data, ac  :sses how well interpretations and parameters are known, and integrates the parts into a
whole-system view of the regulatory problem that can be translated into a quantitative representation.

The llowing section describe the data and components of the CSM. Key conceptual points are
emphasized by bold text.

21  ydrogeologic Overv v

The 100-BC Area lies on the northern flank of the Wahluke Syncline and is located adjacent the
Columbia River.

Figure 2-1 shows the generalized stratigraphy of 100-BC. . ..e area is underlain by Miocene
(approximately 17 to 8.5 million years be  : present) basalt of the Columbia River Basalt Group
and late Miocene to Pleistocene (approximately 10.5 million to 12,000 years before present)
suprabasalt sediments.

Sediments overlying the basalts are approximately 200 m (660 ft) thick at 100-BC. Most of this
sedimentary sequence can be divided into two main units: the Ringold Formation of late Miocene to
middle Pliocene age (approxim 1y 10.5 to 3 million years before present) and the Hanford formation of
Pleistocene to Recent age (approximately 1 million to 12,000 years before present). Holocene surficial
deposits of silt, sand, and gravel form the veneer at the surface.

The sediments that overlie the basalt are divided into two primary units: the Ringold Formation of late
Miocene to middle Pliocene age (approximately 10.5 to 3 million years [m.y.] before present [E .])
(Sedimentology and Stratigraphy of the Miocene-Pliocene Ringold Formation, Hanford Site,
South-Central Washington [ WHC-SA-0740-FP]) and the informally named Hanford formation of
Pleistocene age (appro. nately 1 million to 12,000 B.P.) (Geology and Ground-Water Characteristics of
the Hanford Reservation of the U.S. Atomic Energy Commission, Washington [Newcombe ., 1972]).
Holocene surficial deposits of silt, sand, and gravel form a relatively thin veneer at the surface

(Geology and Hydrology of the Hanford Site: A Standardized Text for Use in Westinghouse Hanford
Company Documents and Reports [WHC-SD-ER-TI-003}; “Long History of Pre-Wisconsin, Ice Age
Cataclysmic | ods: Evidence from Southeastern Washington State” [Bjornstad et al., 2001]).

The 100-BC Area is underlain by Miocene-aged (approximately 17 to 8.5 m.y. B.P.) basalt of the
Columbia River Basalt Group and late Miocene- to Pleistocene-aged sediments (Ellensburg Formation,
approximately 10.5 million to 12,000 B.P.) that are interbedded with basalt flows. The basalt may exceed
3,050 m (10,000 ft) in thickness, including the interbedded sediments of the Ellensbu  Formation.

: physical properties of these formations influence the distribution of contamination in the subsurface.
The Hanford form i, two upper units of the Ringold Formation (Ri  >ld unit E and RUM) have been
contacted by contaminated fluids. The rest of the Ring | Formation consists of a lower mud unit and
Ringold units A, B, and C. Contaminant migration units below the RUM is very unlikely in most
locations because the low hydraulic conductivity of the RUM makes it an effective aquitard where it
underlies the overlying Ringold unit E throughout 100-BC.
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Figure 2-6 Ringold Hydraulic Conductivity ECDF from SGW-44022

Note that the pumping test at 199-B2-15 gave a value about 3 times higher 1 the slug test. This result
confirms the general pattern seen in the SGW-44022 data of higher values in the Hanford; actual
formation hydraulic conductivity should be considered to be higher than shown by the slug tests.

1 2xcavation of 100-C-7:1 in 2012 PNNL con' :ted characterization activities on the I ord
for m. This included 3 constant-rate injection tests which gave hydraulic conductivity rai y from
5,200 to 7,300 m/d with an average of 6,000 m/d based on a saturated thickness of 9 ft; PNNL-21845.
However, because the distance between pumping and observation wells is small (5 to 10 ft) considerable
uncertainty still exists about effective larger-scale properties.

Bierschenk (1959) used the Ferris analytic approach to estimate hydraulic conductivity for Hanford
“glaciofluviatile” deposits in the 100 Area between 200 and 700 m/d. These wells ranged from about 1 to
£ ninland from the river; thus, these values represent bulk effective Hanford properties.

Slug and single-well tests do not provide reliable estimates of storativity even though the analytic test
solutions incorporate the parameter (Lohman, 1972; Horne, 1990).

PNNL-21845 assumed a specific storage of 1 x 10~ 1/m in its analyses. Estimated specific yield ranged
from 0.01 to 0.16; PNNL stated the lower value should not be considered representative.

PNNL-18732 reports aquifer characterization in the 200-ZP-1 OU located in the 200 West area.

The Ringold E was the tested formation. Storativity of 9.7 x 10 was reported for a saturated thickness of
55.4 m giving a specific storage of 1.7 x 10~ 1/m. Specific yield was estimated at 0.097; similar
type-curve matches could be generated with specific yield ranging from 0.08 to 0.13.

2-7










SGW-59365, REV. 0

Untreated (that is, raw) Columbia River water is us  in 100-BC to control fugitive dust from remedial
action processes. Typical remedial ¢ on processes and site features that contribute to fugitive dust
include digging, open excavations, soil stock piles, and vehicle use on dirt roads. During remedial action,
it has been important to control fugitive dust primarily for contamination control, worker inhalation
concerns, and offsite perceptions. Control is maintained by applying water and by halting remediation
activities when fugitive dust cannot be controlled because of wind conditions. According to the 100 Area
RDR/RAWP (DOE/RL-96-17), “...use of water for dust control is minimized.” This means that the
quantity of water used is sufficient to control airborne emissions but excessive quantities of dust control
water are not applied to minimize potential adverse impacts on groundwater. In the future, remedial
actions will have less  pact within 100-BC because most of the waste sites have been remediated

and revegetated.

The typical quantity of dust suppression water used in 100-BC during periods of active remediation,
including the water used on haul roads, is 908,000 L/week (240,000 gal/week). Dust control water is
largely r  wed fr  the soil column during waste site excavation.

2.2.2 FEP: Natural Recharge

Reche s the result of net infiltration through the vadose zone reaching the aquifer, and is driven by the
partition of precipitation (meteoric water, including snow) into potential evaporation, transpiration,
run-off, run-on, and net recharge. In an arid or semi-arid climate such as at the Hanford Site, the net
downward recharge flux that results from the partition of these fluxes is episodic and usually infrequent.
However, this effect is typically damped towards a nearly constant rate with increasing depth as soil
moisture variability with depth measured at Hanford Site lysimeters shows (PNNL-17841, Compendium
of Data for the Hanford Site (Fiscal Years 2004 to 2008) Applicable to Estimation of Recharge Rates).
This is the basis for representing recharge in the vadose zon¢ odel using ¢  nstant rate applicable to a
given soil type and vegetation cover (DOE/RL-2011-50, Regulatory Basis and Implementation of a
Graded Approach to Evaluation of Groundwater Protection).

Direct measurement of re.  ‘ge at the water table is typically impractical d » inaccessibility,
especially for many areas of the Hanford Site where the water table is comr y located at de 1s below
ground surface (bgs) of 80 m or more. Other aquifer-influencing operations, such as artificial discharges
(from anthropogenic discharges such as those associated with past waste management operations at the
Hanford Site) or perturbations to the aquifer system from remedial action pump and treat systems, where
present, complicate efforts  making a direct measurement of natural recharge for a deep water table.
Instead, measurements and analyses in the unsaturated zone at shallow depths are used to characterize
deep drainage. Deep drainage | e is defined here as the water flux leaving the depth below which the
processes of evapotranspiration can return water from the unsaturated soil to the atmosphere
(PNNL-17841). This deep drainage, with sufficient time, will be manifest as the natural recharge flux.
The time required for this to happen will depend on the thickness and hydraulic properties of the vadose
zone and the deep drainage rate itself. Changes in the deep drainage rate, such as would result from
changes in surface vegetative conditions that increase or decrease the evapotranspiration rate, can take
many years to be reflected in the recharge rate for a thick vadose zone in arid conditions such as at the
Hanford Site and can be an important consideration in characterizing recharge as well (PNNL-17841).

Important physical properties and processes that influence recharge include climate, soil hydraulic
properties and stratigraphy, vegetative cover, land use, and topography (PNNL-17841). Climate
determines the driving forces for recharge, n:  :ly the quantity of precipitation available for the
land-surface water balance, and the energy fluxes that are determinant in the partitioning of precipitation
into evaporation, transpiration, and recharge. Soil hydraulic properties and stratigraphy determine the rate
at which water is transmitted through the vadose z  , and hence the effective time for processes of
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Package for the Immobilized Low-Activity Waste 2001 Performance Assessment, PNNL-14" ., Recharge
Data Package for the 2005 Integrated Disposal Facility Performance Assessment; PNNL-16688,
Recharge Data Package for Hanford Single-Shell Tank Waste Management Areas) and site-wide
assessments (e.g., PNNL-14702). These studies, in turn, have been supported by a significant field
research program (e.g., PNL-6403, Recharge at the Hanford Site: Status Report, PNL-6810, The Field
Lysimeter Test Facility (FLTF) at the Hanford Site: Installation and Initial Tests; PNL-7209, Field
Lysimeter Test Facility: Second Year (FY 1989) Test Results; Gee et al. [2005], “Measurement and
Prediction of Deep Drainage from Bare Sediments at a Se  arid Site”; Gee et al. [2007], “Hanford Site
Vadose Zone Studies: An Overview”; PNNL-17841).

The 1  Area specific recharge rates reported in PNNL 1702 vary with surface soil type, providing an
estimate of the range of possible recharge rates for various land uses. The three surface soil types were the
Ephrata sandy loam or stony loam, Burbank sandy loam and Rupert sand. Additionally, PNNL-14702
also provides recharge rates for disturbec il conditions: the disturbed soil rates were selected for use in
calculation of soil screening levels (SSLs) and preliminary remediation goals (PRGs) for the 100 Area
source operable units using vadose zone models.

For the groundw r model of the 100-BC area that is the subject of this report, an important
improvement in this model is the treatment of  : natural recharge for this model as spatially-and
temporally-variable, using recharge rates that vary by surface soil type | vegetation cover type, and that
are fully consistent with the rates used for vadose zone models used to derive SSL and PRG values. Rates
of net recharge from precipitation were acquired from DOE/RL-2011-50, which summarized net natural
recharge rates compiled in PNNL-14702. These are the same sources of recharge rates used for vadose
zone modeling. An example of temporal var ility, already applied in vadose zone models, is the natural
vegetation recharge scenario illustrated in Figure 2-8 using values tabulated in Table 2-2. Note the higher
recharge rates during the operation perit  whenav e site was cleared and maintained in
gravel-covered, vegetation-free state. In contrast, revegetation following remedial activities vastly reduces
the recharge rates expected in the future as the surface condition changes within the expectations of this
scenario. The purpose of such a recharge scenario is to define the upper boundary condition for a vadose
zone model of a waste site in terms of a recharge rate  at changes in time as a function of the surface soil
and vegetation present during the history and expected future condition of that site.
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2.25 FEP: Potential Hexavalent Chromii  Sources

Soil in 100-BC has been extensively remediated via RTD to varying depths. The largest and deepest
excavation occurred at waste sites 100-C-7 and 100-C-7:1, which were excavated almost to the water
table. Soil remediation goals were met, but some Cr(VI) soil contamination (ranging from 10 to

40 mg/kg) remained near the bottom of the excavation (PNNL-21845). Downgradient monitoring well
199-B4-14 showed a rise in Cr(VI) concentrations beginning in April 2012 likely from infiltrating dust
control water when the excavation was close to the water table between November 2011 | February
2012. Concentrations have continued to decline since 2012, but it is not yet cli  what, if any, impacts
Cr(VI) residual may be having.

Relatively stable concentrations at some wells, especially in the shallow unconfined aquifer, are
suggestive of continuing sources. One well that shows this pattern is 199-B3-47 as shown in Figure 2-18.
Waste site 116-B-11 (retentior sins)isupg “‘enta  ;the flow path leading to the well, and pothole
sampling after excavation revealed concentrations on the order of 2 mg/kg of residual Cr(VI)
(CVP-99-00001, Rev.0). Other possible waste sites that could be contributing based on flow direction
include the 116-C-5 retention basins  d the 116-B-14 trench—any or all of these sites could be sources
because all that is known is the concentration at 199-B3-47.

226 FEP: Potential Strontium-90 Sources

Strontium-90 concentration in some wells is steady or decaying slower than radioactive decav.
This suggests potential residual sources. This FEP is further documented in ECF-100BC5-1  )51.

2.3 Nature and Extent of Contamination

Hexavalent chromium [Cr(VI1)], strontium-90, and tritium have been identified as groundwater COPCs in
the 100-BC-5 OU. Generally, chromium concentrations are highest near the top of the unconfined
aquifer and decline with depth. Given that the Hanford formation forms the upper part of the
unconfined aquifer over much of the site and carries the bulk of groundwater flow this suggest some
residual source may be present. In recent years chromium concentrations in wells 199-B5-1 and 199-B8-6
have declined indicating clean groundwater moving into 100-BC-5 from the west and south. Figure 2-19
shows the fall 2013 chromium plume in the unconfined aquifer (Hanford and Ringold sediments).

However, at some locations there is chromium contamination deeper in the lower Ringold E as shown in
Fig :2-20. This contamination is illustrated in cross section in Figure 2-21 and Figure 2-22.
Concentrations in ower Ringold are anging slowly in wells 199-B5-5 and BS5-6 (Figure 2-23)
because of the low: 'draulic conductivity (lower velocity) not because ecre is a source nearby—the
well is too deep.
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Uniform values of KvKh for the Hanford and Ringold were specified, and used to multiply horizontal
hydraulic conductivity to yield vertical hydraulic conductivity for model input. S, and S, were input as
constant values for all layers and formations. Upper and lower bounds on KvKh were set at 0.01 and 0.1,
respectively. Specific storage upper and lower bounds were set at 1x10* and 5 x 10 1/m, respectively.
Specific yield upper and lower bou s were set at 0.4 and 0.1, respectively.

3.3.7 Effective Porosity

PNNL-21845 estimates Hanford effective porosity from tracer tests at 0.18 with a range from 0.24 to
0.14. The uncertainty was due to the simplified methodology. A uniform value of 0.18 was used.

3.3.8 Dispersivity

Dispersivity is a characteristic property of the geologic system, often found to be scale-dependent
(e.g., a function of mean travel distance of solutes). Representative dispersivity values are typically
determined from examination of values at similar transport scales from tracer tests and modeling of
contaminant plumes. Dispersivity data from the scientific literation was evaluated and appropriate
dispersivity values for use in the 100-BC transport model selected. This analysis supersedes that in
SGW-44022.

Schulze-Makuch (2005) gathered data from additional sources and added this data to the data presented
by Gelhar et al. (1992). Schulze-Makuch (2005) presents 184 additional dispersivity values from 39
authors in a similar fashion to that of Gelhar et al. (1992). An evaluation of some of the data summarized
by Schulze-Makuch (2005) revealed a number of discrepancies such as: (1) incorrect reporting of
dispersivity [e.g., average dispersivity value referenced from Rivett et al. (1994) should be 49 cm, not 49
m; and transverse horizontal dispersivities fr ~ _avenue and Domenico (1986) were reported as
longitudinal dispersivities], (2) from two to five dispersivity values were tabulated for identical flow paths
from some reference sources which could lead to over representation and bias if multiple values are
included in the datas for the same tested flow path [e.g., Ptak and Teutsch (1994); D'Alessandro et al.
(1997); Himmelsbach et al. (1998)], (3) inappropriate selection of transport scale [e.g., use of the total
model grid length rather than the mean travel distance for regional plumes presented in Avon and
Bredehoeft (1989) and Chapelle (1986)], and (4) omitting dispersivities reported in sources [e.g., Chiang
et al. (1989); Engesgaard et al. (1996); Mas-Pla et al. (1992); D'Alessandro et al. (1997)] . Since direct
inclusion of all of the data reported in Schulze-Makuch (2005) could lead to undesirable uncertainty in the
combined dataset constructed to support development of a dispersivity-scale relation, it was decided to
only use data from those original sourcest  could be readily obtained and verified with emphasis on
field studies with scales of interest (i.e., greater than 1 m). Where multiple dispersivity values where
reported for the same flow path (e.g., from multiple tests and/or multiple analysis methods) in the original
data sources, a geometric mean value was calculated for inclusion in the dataset. Schulze-Makuch (2005)
adopted the reliability classification system above defined by Gelhar et al. (1992).

Literature data other than that cited in Gelhar et al. (1992) and Schulze-Makuch (2005) for tracer tests
conducted at the Nevada National Security Site (IT Corp, 1998; Reimus et al., 1999; SNJV, 2006, 2007)
and analysis of a long plume in Canada (van der Kamp et al., 1994) are also included in the dataset.
Reliability codes were assigned to these date based on the criteria in Gelhar et al. (1992). For these data, a
geometric mean value was calculated for inclusion in the dataset where multiple dispersivity values where
reported for the same flow path.

Plots of the longitudinal dispersivity versus scale in log-log space are shown in Figure 3-16 and Figure
3-17 by rock type and reliability level, respectively. The data show a systematic increase in longitudinal
dispersivity with increasing transport scale, which is consistent with findings by previous authors

(e.g., Gelhar et al., 1992). The equations for these fits are given in Table 3-1. At 100-BC, the unconfined
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lual-domain non-equilibrium model (Suthersan et al., 2013). PNNL-21845 identified

erogeneiti beneath 100-C-7:1 that may lead to large-scale pre tial >v at and
presence of a dual-domain effect. Because of the relatively rapid groundwater flow at
xt seral years of groundwater quality data should be useful in dete h
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Priest Rapids to B-Gauge Correlation
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w<ecutive Summary

Following the procedures outlined in “Columbia River Stage Correlation for the Hanford
Area” (ECF-Hanford-13-0028 Revision 0), a regression relationship was developed
suitable for determining approximate water surface elevations at the B-River gauge site
(adjacent to the 100-BC area) using water levels recorded at the USGS gauge on the
Columbia River downstream from Priest Rapids dam (USGS Gauge #12472800).

All anal were performed using Matlab, with a customized script

(“Hanford_SW_B.m") created for this project.

It is concluded that the following regression equation best allows for predictions of
B __ver water surface elevations based on water surface elevations measured at the
USGS gauge:

WSEp_river,t+1ag = 0.84742(WSEyses,) + 15.107

Where “WSE” is the water surface elevation (UNITS: meters), “t” is the instant in time,
and “lag” is the time lag between the USGS gauge and the B-River uge (1.2 hrs.).
The time lag was interpolated from datap :nted in ECF-Hanford-13-0028 Revision 0,
was assumed constant irrespective of streamflow, and not verified for this analysis.
Separating available data into high-flow and low-flow periods for regression was also
investigated, but separate regression equations for such periods did not yield any

significant increase in accuracy compared to measured water surface elevations.

It is suspected that B-River water surface elevations recorded after 2010-11-01 are likely
to be referenced to the NGVD29 vertical datum rather than to the reported NAVD88
datum. This assertion was theorized based on our analysis of available data, and could not

be independently verified or refuted.

Regression Analysis-Input Data
To develop the regression relationship, all available streamflow records were obtained for
USGS gauge #12472800. On 6/25/2015, data was downloaded from the USGS’
Instantaneous Data Archive

. Data was
downloaded at for the period from 1987-10-01 to 2007-10-01, with the time interval of
15 minutes. This dataset (referred to as “Dataset 1”’) cor  ned only recorded stream

flows, and not associated gauge heights. To determine gauge heights from the streamflow
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Appendix B

Observed D a and Simulated Hydrogr: rhs












































