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Terms
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N/A not applicable
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RCRA Resource Conservation and Recovery Act of 1976
Rwie Ringold Formation unit E
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1 Introduction

The 100-HR-3 Groundwater Operable Unit (OU) is located adjacent to the Columbia River in the
northeast corner of the Hanford Site in southeastern Washington State (Figure 1-1). The 100-HR-3 OU is
bounded by the Columbia River along the north. on the south by an upgradient boundary within the
Pleistocene-age. flood-enhanced topographic plane, and is located approximately 45 km (28 mi) north
northwest of the city of Richland, Washington. The uppermost unconfined aquifer in this area is
contained within Ringold Formation and Hanford formation sediments.

Geographically, the 100-HR-3 OU consists of the 100-D Area, the 100-H Area. and the area between,
referred to as the “Hom.™ The 100-HR-3 OU encompasses the operating areas of the former D and DR
(D Replacement) Reactors within the100-D Area and the former H Reactor within the 100-H Area. While
these reactors were operational (1944-1957), large volumes of river water were treated with sodium
dichromate (to inhibit corrosion of the reactor piping) and used as a coolant for the reactors. After a single
pass through the reactor, and before being discharged back to the Columbia River, the coolant water was
sent to unlined retention basins to cool so the short-lived radioactive contaminants would decay. This
approach to cooling the reactors introduced large volumes of process water contaminated with hexavalent
chromium (hereafter referred to as chromium) into the vadose zone and, ultimately, into the aquifer.

In addition, numerous leaks and spills of concentrated sodium-dichromate stock solution occurred over
the lifetime of reactor operations, locally introducing much higher concentrations of chromium
contamination into the vadose zone and groundwater.

Groundwater flow models are being developed for the 100-HR-3 and other OUs to support the design of
the pump-and-treat interim remedies and to evaluate the performance of the operating remedies. These
groundwater flow models are being developed to simulate patterns of groundwater flow and other features
local to each OU. This report details aspects of model development and the assignment of parameter
values, including the types and sources of information used to support model development and
application of the model to evaluate the remedy expansion alternatives at the 100-D and 100-H Areas.
This revision (2) incorporates new hydrogeologic model data obtained during well drilling that occurred
since the last revision was completed (2009): data from 115 new and/or existing wells/boreholes have
been added to this revision.

In particular. the data package includes information on the following topics:

e Site infrastructure (Chapter 2)

¢ Contamination sources (Chapter 3)

¢ Natural and anthropogenic recharge (Chapter 4)
¢ Hydrogeology (Chapter 5)

e 100 Area vadose zone properties (Chapter 6)

e Aquifer properties (Chapter 7)

e Transport properties (Chapter 8)

e Water-level maps (Chapter 9)

¢ River data and bathymetry (Chapter 10)

e Aquifer tubes and chromium concentration along the shoreline (Chapter 11)
e References (Chapter 12)
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2 Site Infrastructure

The 100-D Area facilities include cooling water systems, distribution. reactors, conveyance, holdup. and
discharges (Figure 2-1): these are summarized in Remedial Process Optimization for the 100-D Area
Technical Memorandum Document (SGW-38338). The sodium-dichromate salts and various solutions
were han ed at specific locations over the service life of the D Reactors. Locations where source
materials of the various concentrations were handled and used are described in SGW-38338. A 2 mg/L
sodium-dichromate cooling water solution was used as the single-pass. primary coolant in the D and

DR Reactors. Reactor coolant was subsequently routed to the 116-DR-9 retention basin and ultimately
discharged to the Columbia River at the 100-D-65 and 116-DR-5 outfalls. Decontamination solutions
containing sodium dichromate were used in the 108-D Building.

Variable, and generally ill-defined. quantities of the various sodium-dichromate solutions are known
and/or suspected to have been discharged to the vadose zone in the 100-D Area (SGW-38338). These
release events include discharges to the environment, leaks from conveyances. and other unintentional
releases. including the following locations (Figure 2-1):

e 107-D retention basin

¢ 116-DR-1 emergency retention crib

e 108-D Building cribs

e 100-D-31 process sewer

e 100-D-12 railcar/truck unloading station

Reactor coolant production for the 100-H Area was far less complex than for the D and DR Reactors.
The facilities involved in the reactor coolant process are shown in Figure 2-2. Rather than using multiple
mixing steps to progress from highly concentrated chromium solutions to dilute reactor coolant solutions,
a one-step process was used at the 100-H Area. River water was treated for impurities and pumped to the
190-H Building (Figure 2-2). where sodium dichromate was added to allow for the correct concentration.
From there, the coolant was pumped through the reactor and then piped to the 116-H-7 retention basin for
cooling. Two smaller facilities. the 116-H-1 Trench and 116-H-4 Crib (Figure 2-2). also briefly received
coolant in the early 1950s. After cooling, the fluid was pumped to the Columbia River and discharged
through the 116-H-5 outfall structure (Figure 2-2). In addition to reactor coolant, chromium was also
present in equipment decontamination fluids, which were discharged to the 116-H-2 Trench and

116-H-3 French drain (Figure 2-2). Finally, numerous small, solid waste burial grounds were used in the
100-H Area, and some amounts of chromium are likely present in these facilities as well.

For both the 100-D and 100-H Areas, in compliance with Resource Conservation and Recovery Act of'
1976 (RCRA) guidance, a number of treatment, storage, and/or disposal units were addressed as part of
the deactivation. decommissioning. decontamination, and demolition (D4) work. Figure 2-3 shows the
100-H Area after the completion of D4 actions.
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5 Hydrogeology

This chapter summarizes the geology and hydrogeology within the 100-HR-3 OU. which includes the
100-D Area. the 100-H Area. and area in between, known as the Horn. Numerical modeling efforts
require the development of geologic structure (i.e., surface) maps for key hydrogeologic units and related
boundaries of the uppermost aquifer system beneath the 100-HR-3 OU. This chapter also discusses the
primary unconfined aquifer flow boundaries, defines the geometry of the saturated units, and provides
maps and the extent of those key units and zones.

5.1 Purpose

The purpose of this section is to provide (1) a summary of the suprabasalt geology and hydrology for the
region, and (2) a revision and update of the Hanford/Ringold contact boundaries and updated maps
representing the geometry and boundaries of the Hanford/Ringold contact for the 100-HR-3 OU. Updated
geologic information is available in HEIS, and geologic contact interpretations are published in 100 Area
Stratigraphic Database Development (ECF-100NPL-11-0070).

5.2 Background

The uppermost unconfined aquifer beneath the 100-HR-3 OU ranges in thickness from 1.3 to 11.8 m
(4.3 to 38.7 ft). Regionally, the groundwater flows radially from the upgradient southern boundary of
the OU. discharging into the Columbia River to the north. The base of the unconfined aquifer is well
defined by the low-permeability Ringold Formation upper mud (RUM) unit. The aquifer exhibits
variations in groundwater flow, with a transition occurring near the east side of the 100-D Area. Within
the 100-D Area, the aquifer is contained in Ringold Formation unit E (Rwie) sediment. which directly
overlies the RUM. East of the 100-D Area, the Rwie sediment has been mostly removed and/or reworked
by paleoflood erosion (only a few thin remnants of the Rwie remain across the Horn area), and Hanford
formation sediment directly overlies the RUM. Beneath the 100-D Area, the saturated Rwie sediment
exhibits lower permeability compared to the saturated Hanford formation sediment throughout the
remainder of the 100-HR-3 OU and across the Horn area.

5.3 Hydrogeologic Conceptual Model

This section describes the 100-HR-3 OU geology that forms the hydrogeologic conceptual model
developed to support the modeling effort.

5.3.1 Geology

The geology beneath the 100-HR-3 OU (Figure 5-1) comprises the Hanford formation, Ringold
Formation, Columbia River Basalt Group, and the Ellensburg Formation (WHC-SD-EN-TI-132, Geologic
Setting of the 100-HR-3 Operable Unit, Hanford Site. South-Central Washington. DOE/RL-93-43,
Limited Field Investigation Report for the 100-HR-3 Operable Unit). The descriptions below are
paraphrased from Hvdrogeological Summary Report for the 600 Area Between 100-D and 100-H for the
100-HR-3 Groundwater Operable Unit (DOE/RL-2008-42).

8.3.1.1 Geologic Unit Descriptions

The geologic units that comprise the uppermost unconfined aquifer (Figure 5-1) include most of the
contaminants migrating beneath the 100-HR-3 OU. The description of geologic units begins with the
youngest units at the surface that are within the overlying vadose zone. It then progresses into the older
units. and then to the lower confining unit at the base of the unconfined aquifer.

5-1
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5.3.1.5 Hanford/Ringold Contact

Hanford formation gravel overlies the Ringold Formation sediment across the entire 100-HR-3 OU.
Pleistocene-age cataclysmic glacial outburst floods have eroded into the older Ringold Formation
sediment and reworked the Ringold surface. Hanford formation sediment. consisting of newly derived
and existing reworked sediment. was subsequently deposited over the Ringold Formation sediment
erosional surface, and that contact surface (disconformity) between the overlying Hanford formation and
underlying Ringold Formation forms several hydrogeologic flow boundaries that constrain the uppermost
unconfined aquifer. These boundaries are illustrated on the conceptual cross-section and the
Hanford/Ringold contact surface map (Figures 5-2, 5-3. and 5-4). This interpretation (Figures 5-2

and 5-4) is based on information from the surrounding wells (Table 5-1). aquifer test results, temporal
head data, geographic plume shape, and the prominent topographic surface expression of the
paleo-erosional features across the Horn area.

The most significant geologic change affecting aquifer flow dynamics in the region occurs at the apparent
erosional truncation of Rwie (Figure 5-2). located along the eastern boundary of the 100-D Area (within
which the Hanford formation overlies Rwie). East of the 100-D Area. where the Rwie has been removed
by erosion (Figure 5-4), the Hanford formation disconformably overlies the RUM. The surface of the
RUM (Figure 5-5) represents the base of the uppermost unconfined aquifer across the entire

100-HR-3 OU.

Beneath the 100-D Area. roughly coincident with the localized topographic high that covers this area, the
uppermost aquifer resides in the Rwie fluvial silty-sandy gravel. The lateral extent of Rwie is defined by
various data sets (as previously mentioned). and truncation of the Rwie is reflected by the prominent
topographic elevation drop east of thel 00-D Area (Figure 5-3). This topographic drop in relief is believed
to be a surface expression of the paleoflood erosional event(s) that removed most of Rwie east of the

100 D Area (Figure 5-2 and 5-4).

From this point eastward. the aquifer flows out of Rwie sediment (across this hydraulic boundary) and
into the adjacent Hanford formation sediment that directly overlies the RUM (Figure 5-2). This transition
creates several changes within the aquifer. Aquifer testing and water-level data suggest that Hanford
formation sediment is more permeable and exhibits more unrestricted flow properties than Rwie sediment
(see Table 7-1 in Chapter 7). The data suggest that groundwater contamination disperses more rapidly
within the saturated Hanford formation sediment east of the 100-D area and may be impacted more
readily by fluctuations in river level. effluent disposal. etc., resulting in rapid spreading, dispersion. and
dilution of contaminant concentrations east-northeast ward across the horn.
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6 100 Area Vadose Zone Properties

A number of parameters are needed to model vadose zone flow and transport of contaminants from

a waste disposal site. Among the hydrologic data. information on soil hydraulic properties (i.e., moisture
content versus matric potential, and unsaturated hydraulic conductivity versus matric potential or
moisture content relationships) is key to quantifying the moisture storage and flow properties of vadose
zone sediments.

A closed-form functional relation is typically used to describe the laboratory-measured soil moisture
characteristics in numerical models. At Hanford, van Genuchten-Mualem relationships (van Genuchten,
1980. A Closed-form Solution for Predicting the Conductivity of Unsaturated Soils:™ Mualem, 1976,
A New Model for Predicting the Hydraulic Conductivity of Unsaturated Porous Media™) continue to be
the most popular model to represent the characteristic curves. The van Genuchten (1980) moisture
retention model is given by the following:

6(h)=6.+0 - +[ah " (Equation 6-1)
where:
e = volumetric moisture content (dimenston-less)
h = matric potential or pressure head, which, for notational convenience. is considered
as being positive (i.e.. tension [in cm])
o, = residual moisture content (dimension-less)
6 = saturated moisture content (dimension-less)
= afitting parameter (in cm™')
R = afitting parameter (dimension-less)
m = 1-1/n

Combining the van Genuchten (1980) model with Mualem’s (1976) model for unsaturated conductivity:

KA @ny i+ eny ]|

Kh)= (Equation 6-2)
1+ @]
where:
K(h) = unsaturated hydraulic conductivity (in cm/s)
K. = saturated hydraulic conductivity (in cm/s)
1 = pore-connectivity parameter [dimensionless]. estimated by Mualem to be

approximately 0.5 for many soils.

Limited field investigation studies have shown that the vadose zone sediments in the 100 Areas contain

a large gravel (>2-mm size) fraction. During the 1990s, as part of the Westinghouse Hanford Company
Environmental Restoration Project, moisture retention and unsaturated conductivity data were obtained in
the laboratory for 100 Area sandy gravel sediments. Fifteen samples with a large gravel fraction were
characterized for soil hydraulic properties (Table 6-1). These samples ranged in gravel content from

43 percent to 75 percent and can be used to represent the hydraulic properties for the gravel-dominated
sequence in the 100 Areas.
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Estimated unsaturated hydraulic conductivities (based on saturated conductivity and the van Genuchten
retention model) can often differ by up to several orders of magnitude with measured conductivities at the
dry end (e.g.. Khaleel et al., 1995). Therefore. a simultaneous fit of both laboratory-measured moisture
retention and unsaturated conductivity data was used. and all five unknown parameters (8,. 6,. o. n. and
K,). with m = 1-1/n (van Genuchten, 1980). were fitted to the data via a code named RETention Curve
(RETC) (EPA/600/2-91/065, The RETC Code for Quantifving the Hyvdraulic Functions of Unsaturated
Soils). The pore-size distribution factor, { (Mualem, 1976), was kept fixed at 0.5 during the simultancous
fitting. The laboratory data for the 15 samples. following gravel-correction of the moisture retention data,
are included in Far-Field Hydrology Data Package for the Integrated Disposal Facility Performance
Assessment (RPP-20621. Appendix A). The fitted moisture retention curves and unsaturated conductivity
curves for the 15 samples for the gravel sequence are shown in Figure 6-1.
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Figure 6-1. Fitted Moisture Retention and Unsaturated Conductivity Curves for 15 Samples
for the Gravel-Dominated Sequence
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7 Aquifer Properties

Table 7-1 provides the saturated conductivities for the 100 Areas based on field data (i.e., pumping and
slug testing). If available, the analysis method used for the field data is noted in Table 7-1. In addition to
values based on slug and pumping tests, a few conductivity estimates exist for laboratory-scale
permeameter tests, which are not included in Table 7-1, but can be retrieved from the Hanford
Environmental Information System (HEIS) database.

A series of slug injection and withdrawal tests were performed in 100-HR-3 Area wells as part of RI/FS
activities in 2010 and 2011 (Table 7-1). See also Analysis of Slug Testing Data at the 100-HR-3 Operable
Unit (ECF-100HR3-12-0011) for more information about the calculations of saturated conductivities for
the new wells (including specific well capacity estimates). Hydraulic conductivity of the Hanford
formation rar  d from 27 to 118 m/day. Hydraulic conductivity of Ringold Formation unit E is somewhat
lower, and ranged from 12 to 38 m/day. Slug tests and a pumping test in wells screened in a water-bearing
zone of the RUM reflect very low hydraulic conductivity ranging from 0.1 to 1.6 m/day (Table 7-1).

The hydraulic conductivities are grouped by the geologic unit (Hanford/Ringold); additional data are
available for the Ringold Formation in comparison to the Hanford formation. The well locations (easting
and northing) are provided in Table 7-1. For multiple entries of saturated hydraulic conductivity for the
same location (Table 7-1), an average conductivity value should be used. The user is cautioned regarding
the presence of outliers (Table 7-1); such outliers should be apparent whenever the overall statistics for
each geologic unit are tabulated. For information regarding the test (screen) interval, the original sources
should be consulted. Note that Table 7-1 includes hydraulic conductivity estimates for a few “699-"" series
wells, which are located in between the 100-D and 100-H Areas.

Limited site-specific data are available for 100-HR-3 on storage properties (ECF-100HR3-12-0011);
however, some data are available for the Hanford and Ringold units based on field tests conducted in the
200 Areas. According to Development of a Three-Dimensional Ground-Water Model of the Hanford Site
Unconfined Aquifer Svstem: FY 1995 Status Report (PNL-10886) and Summary and Evaluation of
Available Hvdraulic Property Data for the Hanford Site Unconfined Aquifer System (PNL-8337), specific
yield for the Hanford formation is estimated to range from about 0.1 to 0.3 and is expected to be higher
for coarse, well-sorted gravel than for poorly sorted mixtures of sand and gravel. From previous work
(PNL-10886; PNL-8337). specific yields of the poorly sorted sediments of the Ringold Formation are
estimated to range from 0.05 to 0.2. In the absence of site-specific values, the preceding ranges can be
used as initial estimates for 100-HR-3 OU storage properties.

7-1
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9 Water Levels

The water-level elevation data for 100-D and 100-H Areas are available via the 2012 Environmental
Dashboard Application. These data are derived from manual water-level measurements collected in
March of each year as part of a Sitewide water-level monitoring program, and measurements collected
before wells are sampled. Automated water-level data may also be available and are accessed via the
Virtual Library, and are also available upon request from the Environmental Data Management group by
contacting the DOE (Richland Office).

9-1
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10 River Data and Bathymetry

River bathymetry describes the shape of the channel bottom. An accurate representation of the channel
bathymetry is vital to realistically simulate the river depth and velocity characteristics. The inclusion of
the bathymetry with the geologic model allows more refined transport simulations at the aquifer —river
flow boundary. The Hanford Reach bathymetry is described in Development of a High-Resolution
Bathymetry Dataset for the Columbia River through the Hanford Reach (PNNL-19878).

Data on discharge and the stage of the Columbia River are available from the U.S. Geological Survey
National Water Information System (USGS, 2007, Water Data for the Nation).
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