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1 Introduction

This engineering report describes the proposed final status groundwater monitoring plan for the
Low-Level Burial Grounds (LLBG) Trenches 31 and 34 (inclusive of the Trench 31 and Trench 34 Waste
Treatment and Storage Pads) and provides an evaluation of a proposed groundwater monitoring network
for detection of groundwater contamination. This study is performed to comply with WAC 173-303-806,
“Dangerous Waste Regulations,” “Final Facility Permits,” which outlines the contents of the Part B
permit application pertinent to Resource Conservation and Recovery Act of 1976 (RCRA) final status
groundwater monitoring. WAC 173-303-806(4)(xx)(E) requires the preparation of detailed plans and an
engineering report describing the proposed monitoring program to meet the requirements of

WAC 173-303-645(8), “Dangerous Waste Regulations,” “Releases from Regulated Units,” general
groundwater monitoring requirements. Specific provisions in the regulation require a groundwater
monitoring system consisting of a sufficient number of wells installed at appropriate locations and depths
to yield groundwater samples from the uppermost aquifer. Furthermore, the samples collected shall
represent the quality of background groundwater that has not been affected by leakage from a regulated
unit, represent the quality of groundwater passing the point of compliance, and allow for the detection of
contamination when dangerous waste constituents have migrated from the waste management area to the
uppermost aquifer.

This report is also prepared to address specific information requested in Washington State Department of
Ecology (Ecology) Letter 15-NWP-157, “Groundwater Monitoring Requirements for Low-Level Burial
Grounds Trenches 31/34 Permit Modification to the Hanford Facility Resource Conservation and
Recovery Act Permit, Dangerous Waste Portion, Revision 9, for the Treatment, Storage, and Disposal of
Dangerous Waste.” The letter requires the following documentation in this engineering report for

LLBG Trenches 31 and 34:

e Information necessary to support the design of the groundwater monitoring well network, such that it
is capable of yielding representative samples of groundwater potentially impacted by releases from
the two regulated units under the influence of the adjacent 200-ZP-1 Operable Unit (OU) pump and
treat (P&T) injection well(s) (IWs)

e Information supporting design of the groundwater monitoring program that is capable of detecting
significant increases in groundwater contamination at the earliest practicable time, reflecting the
influence of the adjacent IW(s)

e Information describing the approach, input data, any additional information needs, and analysis
proposed to evaluate and respond to changes in the groundwater flow regime as it evolves over time
under the influence of the adjacent IW(s)

According to WAC 173-303-806 (4)(xx)(E), a detailed plan of monitoring will be specified in a separate
groundwater monitoring plan and included in the Part B application with this engineering report. At the
discretion of Ecology, implementation of the groundwater monitoring plan may be carried out prior to or
after a documented release of contamination from the facilities lined leachate collection system. Evidence
of a release should be determined based on sampling and analysis and monitoring of the leachate.

A release to the environment has not been documented at the facility to-date.

1-1
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1.1 Background

Used for the disposal, treatment, and storage of mixed-RCRA waste, LLBG Trenches 31 and 34 are
operating dangerous waste management units used for disposal of mixed RCRA wastes. The trenches
are located in the 200 West Area Low-Level Waste Management Area 3 (LLWMA-3) on the Hanford
Site in Washington State. LLWMA-3 consists of 76 unlined trenches and 2 lined trenches that are
managed in 4 LLBGs: 218-W-3A, 218-W-3AE, 218-W-5, and 200-W-254. The area of the
200-W-254 LLBG was originally part of the 218-W-5 Burial Ground. In 2014, a new site code
(200-W-254) was identified in the Hanford Site Waste Information Data System (WIDS) database to
identify the operating units of the LLBG containing Trenches 31 and 34 (inclusive of the Trench 31
and 34 Waste Treatment and Storage Pads). The location of the Hanford Site, 200 West Area,
LLWMA-3, and LLBG Trenches 31 and 34 are shown in Figures 1-1 and 1-2.

LLBG Trenches 31 and 34 were constructed in 1994 with adjacent waste treatment and storage pad.
The principal design features of the LLBG trenches include provisions for liquid collection systems
using geomembrane trench liners. As such, the lined trenches are RCRA-compliant land disposal units.
Each trench was constructed with a double liner and a leachate collection/removal system.

The treatment and storage pads direct all surface runoff to the leachate collection system of the lined
trenches and are considered separate dangerous waste management units according to
DOE/RL-2015-74, Hanford Facility Dangerous Waste Part B Permit Application; Low-Level Burial
Grounds Trenches 31-34-94, T Plant Complex, and Central Waste Complex-Waste Receiving and
Processing Facility. The bottom and sides of each trench are covered with a 0.9 m (3 ft) layer of soil to
protect the liner system during fill operations. Additional layers progressing toward the subgrade for
each trench includes the following:

e A geotextile that acts as a filter between the operations layer and the primary drainage gravel
e A 0.3m(l ft) layer of primary drainage gravel

e A geotextile that serves as a cushion between the drainage gravel and the primary and secondary
geomembranes

e A geonet with high transmissivity, which functions as a redundant drainage system in conjunction
with the drainage gravel on the floor

e A primary leachate barrier, a 60 mil high-density polyethylene (HDPE) liner

e (0.46 m (1.5 ft) of compacted clay (12 percent)/soil (admix)

e A geotextile cushion

e 0.3 m(1 ft) of drainage gravel 40 A geotextile cushion, geonet, and a secondary 60 mil HDPE liner
e 0.94 m (3.1 ft) of admix material (clay/soil) meeting permeability requirements

On the trench side slopes, the primary and secondary liner systems use geocomposite (two geotextiles
thermally bonded to a geonet) drainage layers rather than a drainage gravel and geotextiles used on the
floors.
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The leachate collection system is capable of collecting and removing leachate such that a nominal
hydraulic head on the liner is not exceeded. The primary leachate collection system is composed of

4 in. diameter perforated drainage pipes that lie along the centerline of the floor, at the base of the side
slopes, and down the “upslope” side of the access ramp. The floor’s slope directs leachate to the center
of the floor, which also slopes down toward the sump areas located at the east ends of both trenches.
The secondary leachate collection system is installed above the secondary liner system. Pumps are
provided in both the primary and secondary sump areas. Collected leachate is pumped into

WAC 173-303-compliant, 37,800 L (10,000 gal) accumulation tanks. The system was designed with
consideration for the 24-hour peak precipitation event (3.96 cm [1.56 in.]) over a 25-year period.

To date, there has not been a release (e.g., leakage) from LLBG Trenches 31 and 34.

The approximate base dimensions of each trench area are 76.2 m by 30.5 m (250 ft by 100 ft), with a
surface grade footprint of 1.3 ha (3.21 ac). The trenches are designed for approximately 21,000 m?
(27,000 yd®) of mixed waste. The floor of both trenches slopes slightly, providing a variable depth of
9.1to 12.2 m (30 to 40 ft). The floor slope is a minimum of 2 percent, draining to a recessed area at the
eastern end that houses the sump for leachate collection. The side slope ratio is 3:1 (horizontal to
vertical). Access to the trench floor is provided by a ramp with an 8 percent slope.

LLBG Trenches 31 and 34 are designed for disposal of miscellaneous dry wastes from various
operations at the Hanford Site and from offsite facilities. LLBG Trenches 31 and 34 began receiving
low-level mixed dry waste in 1999. Mixed waste disposed in the LLBG trenches include bulk wastes,
containerized wastes, inherently stable waste, and long-length contaminated equipment. A diverse
range of waste containers can be disposed at LLBG Trenches 31 and 34 including, but not limited to,
containers/drums, waste boxes, and miscellaneous equipment. LLBG Trench 34 is also designed for
receipt and final disposal of decommissioned, defueled nuclear reactor compartments.

All mixed waste destined for disposal in LLBG Trenches 31 and 34 meets land disposal requirements
(WAC 173-303-140, “Dangerous Waste Regulations,” “Land Disposal Restrictions,” which includes,
by reference, 40 CFR 268, “Land Disposal Restrictions”) and 69 FR 39449, “Record of Decision for
the Solid Waste Program, Hanford Site, Richland WA: Storage and Treatment of Low-Level Waste
and Mixed Low-Level Waste; Disposal of Low-Level Waste and Mixed Low-Level Waste, and
Storage, Processing, and Certification of Transuranic Waste for Shipment to the Waste Isolation Pilot
Plant.” A site-specific treatability variance approved by Ecology must be obtained for waste not
meeting these requirements. The pads provide greater than 90-day treatment and storage for mixed
waste prior to waste placement into the trenches for disposal.

At the time of closure, a final cover will be constructed over the facility to minimize infiltration.

1.2 Interim Status and Proposed Final Status Groundwater Monitoring

The interim status groundwater monitoring network for LLBG Trenches 31 and 34 currently consists
of wells 299-W-9-2, 299-W10-29, 299-W10-30, and 299-W10-31. Interim status groundwater
monitoring requirements for LLBG Trenches 31 and 34 are documented in DOE/RL-2009-68, Interim
Status Groundwater Monitoring Plan for the LLBG WMA-3. The interim status network is a result of
previous investigations and data quality objective (DQO) equivalent studies. Table 2-1 in
DOE/RL-2009-68 provides a matrix of data requirements that are typically determined using the DQO
process, the associated interim status regulations applicable to these requirements, and the current and
historical documentation specifying how the monitoring program complies with the requirements.
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The DQO process for the trenches (SGW-47729-VA, Low-Level Burial Ground 3 Trenches 31 and 34
DQO Process) included modeling to evaluate the effects of the 200 West P&T at the monitoring well
locations.

The proposed LLBG Trenches 31 and 34 final status groundwater monitoring plan detailed in this
report consists of one upgradient (299-W9-2) and five downgradient wells (299-W10-29, 299-W 10-30,
(9625, C9626, C9627). The upgradient well (299-W9-2) and downgradient wells 299-W10-29 and
299-W10-30 are in the current interim status groundwater monitoring network. Three additional
downgradient wells (C9625, C9626, and C9627) are proposed for final status monitoring based on the
simulation presented in this document. Under final status requirements, the proposed indicator
parameter dangerous waste constituents include arsenic, cadmium, mercury, benzene,
1,1,1-trichloroethane, 4-methyl-2-pentanone, and dichloromethane for statistical evaluation for
significant increases in groundwater concentrations. Samples will also be collected and analyzed for
alkalinity, anions, and metals to assess groundwater quality. Water-level measurements shall also be
collected each time a well is sampled. The six groundwater wells proposed for LLBG Trenches 31 and
34 final status groundwater monitoring are shown in Figure 1-3. Figure 1-4 is a location map for all the
wells discussed in this report. The final status groundwater monitoring plan for the LLBG Trenches 31
and 34 shall supersede the interim status previous plan (DOE/RL-2009-68) when issued.

1.3 Report Organization

The report is organized as follows:

e  Chapter 2 describes the geology and hydrogeology of LLBG Trenches 31 and 34.
e Chapter 3 identifies waste constituents of interest.

e Chapter 4 describes the groundwater simulations conducted to evaluate the monitoring network for
releases from Trenches 31 and 34 and influence of the 200 West P&T.

e Chapter 5 describes calibration of the groundwater model used to perform the simulations.
e Chapter 6 discusses the results of the simulations,
e  Chapter 7 describes the proposed final status groundwater monitoring plan.

e Chapter 8 lists the references cited in this report.
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2 Geology and Hydrogeology

The geology and hydrogeology of the 200 West Area, including the area of LLBG Trenches 31 and 34,
are described in the following documents:

e PNL-6820, Hydrogeology of the 200 Areas Low-Level Burial Grounds—An Interim Report
e PNL-7336, Geohydrology of the 218-W-5 Burial Ground, 200-West Area, Hanford Site

e PNNL-13858, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-West Area and
Vicinity, Hanford Site, Washington

e PNNL-16887, Geologic Descriptions for the Solid-Waste Low Level Burial Grounds

e  WHC-SD-EN-AP-015, Revised Ground-Water Monitoring Plan for the 200 Areas Low-Level Burial
Grounds

e  WHC-SD-EN-TI-290, Geologic Setting of the Low Level Burial Grounds

The following discussions in this chapter are based mainly on these documents. A stratigraphic column
and geologic cross section for LLBG Trenches 31 and 34 are presented in Figures 2-1 and 2-2.

2.1 Stratigraphy

In descending order, Holocene surficial deposits and sediments of the Hanford formation, the Cold Creek
unit (CCU), and the Ringold Formation are present at LLBG Trenches 31 and 34. These suprabasalt
sediments overlie the Saddle Mountains basalt of the Columbia River Basalt Group.

Surficial deposits at the trenches consist of Holocene eolian sand to silty sand. These windblown soils are
not continuous across the site and are up to several feet thick.

Basalt-rich glaciofluvial unconsolidated gravel and sand of the Hanford formation are present at the
surface where surficial deposits are absent at the site. These sediments were deposited by Pleistocene
cataclysmic floodwaters 13,000 years to 1 million years before present. The gravel-dominated sequence
consists of uncemented, matrix-poor, cross-stratified, coarse-grained sands and granule to boulder size
gravel. The sand-dominated sequence consists of well-stratified fine to coarse sand with less gravel. Silt
in these lithologies is variable. A silt-dominated sequence is also associated with the Hanford formation
and does not appear to the present beneath trenches. The Hanford formation is 26 m (85 ft) to 40 m
(131 ft) thick and thins to the north beneath the trenches. Soft sediment deformation (i.e., clastic dikes)
are common features within the Hanford formation.

The CCU, formally known as the Plio-Pleistocene Unit/Early Palouse Soil, underlies the Hanford
formation beneath the trenches. This unit was deposited 1 to 3.9 million years before present. The CCU
consists of very hard rock that formed during soil development as precipitation evaporated and left behind
minerals forming caliche called hardpan. This unit may also consist of wind-blown unconsolidated
muddy fine sand to fine sandy mud. In the 200 West Area, the CCU is 0 to 20 m (0 to 66 ft) thick.
Beneath the trenches, the CCU is about 8 m (26 ft thick) and dips to the south.
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Figure 2-1. Stratigraphic Column for LLBG Trenches 31 and 34
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Figure 2-2. Geologic Cross Section Through LLBG Trenches 31 and 34

The Ringold Formation underlies the CCU and overlies basalt beneath the trenches. This formation
consists of fluvial-lacustrine sediments deposited by the ancestral Columbia River about 3.9 to

10.5 million years before present. These semi-consolidated sediments consist of an intercalated mix of
gravel, sand, and silts to silt-rich paleosols and lake deposits. Beneath the trenches, the Ringold
Formation is subdivided into the four units in descending order: Member of Taylor Flat (upper Ringold),
Unit E, the Ringold lower mud, and Unit A. The Ringold Formation is up to 122 m (400 ft) thick beneath
the trenches and dips to the south. A brief description of each unit is provided below.

The Ringold Formation member of Taylor Flat consists of an abundance of well-sorted sand to
muddy sand and gravelly sand. Deposition of this unit represents transition to a lower energy fluvial
environment compared to Unit E. Beneath the trenches, this unit is about 4 m (13 ft) to 7 m (23 ft)
and thins to the south.

Ringold Formation Unit E makes up over 75 percent of the Ringold Formation and intersects the
water table surface at an elevation of about 136 m (446 ft). Unit E consists mostly of coarse-grained
gravel and sand deposited in a high-energy fluvial environment. This unit is about 92 m (302 ft) to
94 m (308 ft) thick near the trenches.

The Ringold Formation lower mud unit represents the base of the unconfined aquifer beneath the
trenches. This unit consists predominantly of silt with approximately equal amounts of sand and clay.
Beneath the trenches this unit is about 9 m (30 ft) to 13 m (42 ft) thick and thins to north where it
pinches out north of the 200 West Area fence boundary and northeast of the trenches.

2-3
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e Ringold Formation Unit A is similar in texture to Ringold Formation Unit E. Where the Ringold
formation lower mud is not present it is difficult to differentiate between Unit E. Beneath the trenches
this unit is about 11 m (36 ft) to 13 m (43 ft) thick and directly overlies basalt of the Elephant
Mountain Member.

e The Saddle Mountain Basalt is the uppermost formation of the Columbia River Basalt Group beneath
the trenches. The uppermost basalt unit is Elephant Mountain Member dated about 10.5 million years
before present. The surface of the basalt slopes gently to the south at an elevation of 50 m (164 ft) to
56 m (184 ft).

2.2 Hydrogeology

2.21 Aquifer Recharge

Natural recharge to the Hanford Sites unconfined aquifer is from precipitation ([~18 cm/yr. [~7 in/yr])
and runoff from Rattlesnake and Yakima ridges. The ridges are located south and west of the 200 Areas
and expressed at the surface as long linear outcrops at an elevation of 1,060 m (3,527 ft). Recharge to the
aquifer near the LLBG trenches is mainly from artificial and, possible natural sources. Any natural
recharge originates from precipitation. Estimates of recharge from precipitation range from 0 to 10 cm/yr.
(0 to 4 in./yr) and are largely dependent on the soil texture and the type and density of vegetation.
Directly beneath the LLBG trenches natural recharge to the aquifer may not occur because of the lined
leachate collection system. Liquids are routinely sampled and pumped from the leachate collection
system.

Artificial recharge to the aquifer near the LLBG trenches occurred when effluent was discharged to the
ground and by the injection of treated groundwater from the 200 West P&T remedy. After the start-up of
Hanford site operations in 1944, water levels in the unconfined aquifer increased as much as 13 m (43 ft)
above the pre Hanford natural water table. Hydrographs from selected wells show changes in the
elevation of the water table in the 200 West Area (Figure 2-3). Discharges to the T Pond (1944 to 1976),
and U Pond (1944-1985) systems and other liquid waste receiving sites were the cause of water table
elevation changes and changes in groundwater flow direction. The impact of artificial recharge on
groundwater flow direction is discussed in Section 2.3

Most discharges of effluent to the ground in the 200 Area ceased in the mid-1990s. The only current
permitted discharge to the ground in the 200 West Area is from a State-Approved Land Disposal Site
(SALDS). The SALDS is located about 1200 m (4000 ft) northeast of the trenches and began operation in
1995. Since 1995, more than 880 million L (232 million gal) of effluent have been discharged to the
facility. Discharges from the approved land disposal site does not appear to significantly impact the
groundwater at LLBG Trenches 31 and 34. However, the discharges contributes to the collective
groundwater regime in the northern portion of the 200 West Area. Hydrographs from well 699-48-77D
(located near the permitted facility) and wells 299-W9-1 and 299-W10-13 (located closer to the LLBG
trenches) show that groundwater has been generally declining since SALDS began operations in 1995
(Figure 2-4). Significant impact, in terms of a rise in the elevation of the water table, is not observed after
operations began at the SALDS in these wells. Groundwater flow direction at the SALDS is to the
northeast away from the LLBG trenches.
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Figure 2-4. Hydrographs from Wells Near of the State-Approved
Land Disposal Site and LLBG Trenches
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An additional source of artificial recharge to the unconfined aquifer is the 200 West P&T system, which
came online in 2012. The system is designed to capture and treat contaminated groundwater. Following
treatment, water is reinjected into the aquifer to serve as a recharge source and promote flow path control.
According to DOE/RL-2009-124, 200 West Pump and Treat Operations and Maintenance Plan, the
facility can treat up to 9,464 L/min (2,500 gallons per minute [gpm]). With modifications to the system,
the treatment capacity can be increased to 14,194 L/min (3,750 gpm) if required.

Although the elevation of the water table has generally been declining (0.4 m [1.4 ft]) in the 200 West
Area since the 1980s, the 200 West P&T has raised the elevation of the water table near the trenches
about 2 m (6.6 ft). Hydrographs from three LLBG network wells (299-W9-2, 299-W10-29, 299-W10-30)
show the impact of the P&T remedy (Figure 2-5). The elevation of the water table across the 200 West
Area remains above year 1944 levels. Following the completion of the P&T remedy, groundwater
elevation levels are expected to decline near the trenches.

== 200-Wo9-2 3 Rejects == 299-W10-29 =o— 299-W10-30
138

137 1

Head (m)
@
(=]

135

134 y T " y T
2005 2007 2009 2011 2013 2015 2017

Year
Figure 2-5. LLBG Hydrographs - Impacts to Groundwater from P&T Remedy in 2012

2.2.2 Hydrogeologic Units

Hydrogeologic units near the LLBG trenches are Holocene surficial deposits, the Hanford formation, the
CCU, the Ringold Formation (member of Taylor Flats, Unit E, Ringold Lower Mud Unit, Unit A), and
basalt of the Elephant Mountain Member. The Hanford formation, the CCU, and Ringold Formation
member of Taylor Flats occur entirely in the unsaturated zone (i.e., vadose zone), while the Ringold
Formation Unit E is partially within the vadose zone and partially within the unconfined aquifer

(i.e., saturated zone). Based on the maximum surface elevations near the top of the trenches, the
unsaturated thickness of the vadose zone around LLBG Trenches 31 and 34 is approximately 74 to 78 m
(240 to 260 ft). Within the open areas of the trenches, which have been excavated to a depth of 9.1 m
(30 ft), the unsaturated thickness of the vadose zone is about 67 m (219 ft).
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Ringold Unit E intersects the water table (i.e., unconfined aquifer) at an elevation of 136 m (446 ft).

The saturated thickness of the unconfined aquifer is 59 m (194 ft) to 63 m (207 ft). The Ringold Lower
Mud Unit underlies Unit E and is the base of the unconfined aquifer. It separates the unconfined aquifer
from the confined aquifer that resides within Unit A. The saturated thickness of Unit A is about 9 m

(30 ft) to 13 m (42 ft) beneath the trench. Unit A thins to north where it pinches out north of the 200 West
Area fence boundary. The uppermost surface of the Elephant Mountain Member (basalt) is considered the
base of the suprabasalt aquifer system (bedrock). Saturated hydraulic conductivities for the major
sedimentary hydrogeologic units and basalt are shown in Table 2-1. The data in Table 2-1 indicate that
the Hanford formation is highly permeable compared to the Ringold Formation. Soil properties of the
CCU indicate that this horizon will likely slow the rate of downward movement and promote lateral
spreading in the vadose zone. The Ringold lower mud and basalt are considered aquitards relative to other
sediments beneath the LLBG trenches because of the unit’s very low hydraulic conductivities.

Table 2-1. Hydraulic Conductivities for Major Hydrogeologic Units

Estimated Range of
Saturated Hydraulic
Conductivities
Hydrogeologic Unit (m/day) Reference(s)*

Hanford formation 1 to 1,000,000 PNL-8337; PNL-10886; PNNL-11801; PNNL-13858
Ringold Formation Unit E 0.1 to 200 PNL-8337; PNL-10886; PNNL-11801; PNNL-13858
Cold Creek unit 0.0006 to 2.2 WHC-EP-0698
Ringold formatlon Lower 0.0003 0 0.09 PNL-8337; PNL-10886; PNNL-11801; PNNL-13858
Mud Unit
Ringold Formation Unit A 0.1 to 200 PNL-8337; PNL-10886; PNNL-11801; PNNL-13858
Elephant Mountain Member 0.009 WHC-EP-0698

* Complete reference citations are provided in Chapter 8.

2.3 Groundwater Flow Interpretation

Pre-Hanford Site groundwater flow direction was toward the east in the 200 West Area (BNWL-B-360,
Selected Water Table Contour Maps and Well Hydrographs for the Hanford Reservation, 1944-1973).
After the startup of Hanford Site operations in 1944, the water table beneath the 200 West Area and
LLBG Trenches 31 and 34 was affected by disposal of liquid effluent to various facilities. As stated
previously, discharges to liquid waste receiving sites that reached groundwater caused changes in the
elevation of the water table and changes in groundwater flow direction. Radial groundwater flow was
documented in the 200 West Area from 1948 to 1955. In 1955 groundwater flow in the area of the LLBG
trenches was to the west and north from a groundwater mound (Figure 2-6). After year 2000, groundwater
flow direction was predominantly eastward; however, the elevation of the water table remains elevated.
The Hanford Site water table maps from years 2000 and 2005 are shown in PNNL-13404, Hanford Site
Groundwater Monitoring for Fiscal Year 2000, and PNNL-15670, Hanford Site Groundwater Monitoring
for Fiscal Year 2006.
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2.3.1 2015 Water Table Map

The 2015 Hanford Site water table map shows groundwater flow direction to the east-southeast beneath
the LLBG Trenches 31 and 34 (Figure 2-7). Groundwater flow is affected by the 200 West P&T remedy,
which began operating in 2012. The system extracts and treats contaminated groundwater. Treated
groundwater is injected back into the aquifer in a series of injection wells and has raised the elevation of
the water as much as 2 m (6.6 ft) near the trenches. Two injection wells (299-W10-35 and 299-W10-36)
are located near the trenches. Another injection well (299-W6-14) is located east of the LLBG

Trenches 31 and 34. Injection and extraction wells are shown on the 2015 water table map (Figure 2-7).
The hydraulic gradient beneath LLBG Trenches 31 and 34 is estimated to be 7.3 x 10 m/m based on the
2015 water table map, with an average linear velocity of 0.18 to 0.73 m/day (0.59 to 0.2.4 ft/day)
(DOE/RL-2016-12, Hanford Site RCRA Groundwater Monitoring Report for 2015).
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Figure 2-7. 2015 Water Table Map for LLWMA-3 and LLBG Trenches 31 and 34

2.3.2 2012 Water Table Map - Baseline Conditions with No Operating P&T Remedy

Baseline groundwater levels were evaluated in two dimensions by interpolating water-level data obtained
during June 2012, at which time no groundwater remedy was operating. Figure 2-8 shows the 2012 water
table map prior to the start of the P&T remedy. During this time, groundwater flow direction was to the
east-northeast. The hydraulic gradient is estimated to be 1.5 x 10~ m/m in 2012 with an average linear
velocity of 0.04 to 0.15 m/day (0.13 to 0.49 ft/day) (SGW-55438, Hanford Site Groundwater Monitoring
for 2012: Supporting Information).
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3 Site-Specific Waste Constituents

LLBG Trenches 31 and 34 have not been identified as a source to groundwater contamination and are
currently monitored for indicator parameters (i.e., pH, specific conductance, total organic carbon, and
total organic halides) as identified in DOE/RL-2009-68. This chapter identifies specific waste constituents
that will be included in the detection monitoring program (WAC 173-303-645(9), “Dangerous Waste
Regulations” “Releases from Regulated Units”) for Trenches 31 and 34.

3.1 Conceptual Site Model
The conceptual site model for contaminant release and transport is based on the following assumptions:

e Average precipitation and net infiltration (5 to 10 cm/yr [2 to 4 in./yr]) prevail over the timeframe of
interest (operational lifespan and post-closure monitoring period).

e Net infiltration is assumed to occur under gravity drainage on the trench floor and slopes into the
leachate collection system.

e Leaching of mobile contaminants from buried waste in damaged/degraded sealed containers or
contaminated soils in direct contact with the trench is assumed the major potential source for
contamination to enter the leachate sumps.

e Contaminated leachate leaking from the sumps or damaged/degrading liners is the major potential
source for contamination to enter the vadose zone beneath the trenches.

e Maximum vertical hydraulic conductivity in the vadose zone under the secondary liner system is
assumed significantly larger than the net infiltration rate.

e Artificial sources of water (e.g., leaking potable or raw water lines) are not present based on Hanford
Site drawings.

e Extreme conditions or accidental releases are recognized as factors but would be addressed under
emergency response/corrective actions.

311 Vadose Zone

The vadose zone beneath LLBG Trenches 31 and 34 is approximately 75 m (246 ft) thick and consists
of (from top to bottom) the Hanford formation, the CCU, and the Ringold Formation. The CCU is
likely to slow downward movement of moisture and contaminants because of the finer textured
sediment and cementing that characterize this stratigraphic feature in the vadose zone.

Based on the trench construction details, the volume of the pore space beneath both of the trenches to the
water table is approximately 87,100 m? (2.30E+07 gal), assuming 25 percent effective porosity in the
vadose zone sediment; 4,650 m? (50,000 ft?) for the area of the mixed waste trenches; and 75 m (246 ft) to
the water table. Historical knowledge of past leaks or releases into the vadose zone from analogous sites
indicates that the leaks would not cover the entire surface area prior to infiltration. Leakage from the
waste in the trenches would tend to collect in the low sump area, which is approximately 10 to 15 percent
of available surface area under the trenches that may become saturated with liquid waste. Using

15 percent to be conservative, the available volume of pore space is 13,070 m* (3,450,000 gal).

The leachate collection system for both trenches (primary and secondary sumps), when full, has a total
capacity of 2,100 m? (555,000 gal), assuming a conservative 75 percent effective porosity. Using this
capacity volume, the ratio of pore space in the vadose zone between the trench and water table to leachate
collection capacity is calculated as approximately 6:1; therefore, available pore space volume is over six
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times greater than the volume of a catastrophic release. The large calculated spare capacity would likely
impede migration of liquid waste to groundwater.

Additionally, a finer grained lithologic unit lies below the CCU within the stratigraphic framework
under LLBG Trenches 31 and 34. The Taylor Flat member of the Ringold Formation (shown in
Figures 2-1 and 2-2) is interpreted from well construction geologic logs near LLBG Trenches 31

and 34. It is a fine-grained sequence consisting of interstratified, well-bedded, fine to coarse sand to silt
and is equivalent to the upper Ringold Formation unit mentioned in earlier documents (e.g.,
PNNL-16887). The combined moisture-retention properties for the CCU and Taylor Flat member of
the Ringold Formation within the vadose zone have high capacity to absorb and retain moisture.

3.1.2 Geochemical Considerations

The solubility and subsequent mobility of waste constituents in pore fluid depend on the container,
chemical nature of the waste constituents and natural subsurface geochemical conditions.

Pore fluid in the unsaturated and saturated zones beneath LLBG Trenches 31 and 34 is slightly alkaline
(7<pH<S8), with appreciable amounts of bicarbonate and very little natural organic material. The lack of
organic matter means that conditions are generally oxidizing. Calcium carbonate is also abundant in
vadose zone sediment. These general conditions favor sorption or retardation of many heavy metals
(e.g., lead) and favor formation of anionic species, which enhances mobility for other metals (e.g.,
hexavalent chromium). Laboratory sorption studies have documented these effects and related mobility
issues in Hanford Site media.

3.1.3 Soil Moisture Factors

With the exception of waste in sealed metal or concrete containers (e.g., retrievable waste), direct
precipitation is the primary driver for hypothetical leaching of waste constituents from the burial
trenches and subsequent transport to groundwater. The amount of natural infiltration that can pass
through the leachable buried waste and drain to the water table is controlled by the trenches’ drainage
and leachate collection systems. After the operational lifespan of LLBG Trenches 31 and 34 is
complete, the texture of the cover and backfill, as well as the amount of vegetative cover, will also
control natural infiltration to a large degree.

Stratigraphic features in the soil column beneath LLBG Trenches 31 and 34 can also influence or slow
the downward migration by spreading soil moisture laterally. Direct observational evidence to assess
this effect at LLBG Trenches 31 and 34 is lacking. Under the gravity drainage assumption, only a small
to moderate horizontal gradient component is likely to be available to produce lateral spreading of
infiltrating water.

It is estimated that recharge rates at the Hanford Site range from nearly 0 mm/yr at highly vegetated
sites to greater than 50 mm/yr at gravel-covered, nonvegetated sites (PNNL-14702, Vadose Zone
Hydrogeology Data Package for Hanford Assessments).

3.1.4 Hydrogeologic Considerations

Prior to startup of the 200 West P&T system in 2012, the groundwater flow direction under LLBG
Trenches 31 and 34 was east-northeast at a calculated rate (using the Darcy relationship) of 0.04 to
0.15 m/day. The water table in this region has increased in response to groundwater injection, and

the groundwater flow direction across the trenches (east of injection wells 299-W10-35 and
299-W10-36) is now east to east-southeast as a result of groundwater extraction for the 200 West P&T
with a calculated rate of 0.18 to 0.73 m/day (0.59 to 2.4 ft/day) (DOE/RL-2016-09).

3-2
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These conditions are expected to remain while the 200 West P&T system is operational. After
completion of active groundwater remediation and the 200 West P&T is shut down, groundwater flow
is anticipated to return to pre-200 West P&T startup conditions. The changing groundwater flow
directions and gradients will be considered when evaluating the groundwater monitoring network.
These factors are assessed in evaluating impact to groundwater beneath LLBG Trenches 31 and 34 in
the simulations described in Chapters 4 through 6 of this report.

3.1.5 Groundwater Chemistry

The groundwater monitoring results from the 200-ZP-1 OU and the current RCRA monitoring program
are discussed in this section.

Groundwater in the saturated zones beneath LLBG Trenches 31 and 34 is slightly alkaline (7<pH<8),
with appreciable amounts of bicarbonate and very little natural organic material. The lack of organic
matter means that conditions generally are oxidizing. The dissolved oxygen concentrations fall into the
higher range for groundwater (7 to 10 mg/L). These general conditions favor sorption or retardation of
many heavy metals (e.g., lead) and also favor formation of anionic species, which enhance mobility for
other metals (e.g., hexavalent chromium). These conditions tend to allow chlorinated solvents (e.g.,
carbon tetrachloride) to remain persistent, as these compounds normally degrade in more reducing
groundwater environments.

Regional groundwater contaminant sources are identified through Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 remedial investigation activities at the 200-ZP-1 OU.
The 200-ZP-1 OU comprises the groundwater beneath an area in the northwestern portion of the

200 West Area. Monitoring results for the 200-ZP-1 OU have shown that groundwater historically
upgradient of the trenches has been contaminated from other sources in the 200 West Area.

The principal contaminant plume from the 200 West Area that is present in the saturated zone under
LLBG Trenches 31 and 34 is carbon tetrachloride. LLBG Trenches 31 and 34 are located immediately
adjacent to or within the northwestern edges of this large regional plume. In this area of the plume, the
concentrations are above the drinking water standard (DWS) for carbon tetrachloride (5 pg/L).

Nitrate is another contaminant plume from the 200 West Area that is affecting LLBG Trenches 31

and 34. LLBG Trenches 31 and 34 are located immediately adjacent to or within the edges of this large
regional plume. In this area of the plume, the concentrations are currently low and close to the DWS
for nitrate (45 mg/L).

3.2 Monitoring Program Waste Constituents

As discussed in the conceptual site model, the potential for migration of substantial amounts of
contamination from the vadose zone to groundwater is small because of the CCU, which inhibits
downward migration from the surface to groundwater. An evaluation of the dangerous waste inventory
disposed in LLBG Trenches 31 and 34 was performed to assess the specific dangerous waste constituents
to include in the groundwater monitoring program for the trenches. This section also provides the
selection process used for the indicator parameters.

3.21 Selection Process for Indicator Constituents

The selection process identifying indicator constituents included the following steps:

1. List the constituents in the waste inventory that are also on the dangerous constituent groundwater
monitoring list in Ecology Publication 97-407, Chemical Test Methods For Designating Dangerous
Waste WAC 173-303-090 & -100, Appendix 5, excluding lead considering its less mobile and less

3-3
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soluble characteristics. This provides a list of candidate constituents that may be subject to the
indicator monitoring.

2. Query the Solid Waste Information and Tracking System database for an inventory of actual waste
shipments delivered to LLBG Trenches 31 and 34 and summing the inventory mass, volume, and
number of waste containers for the list of waste constituents.

3. Calculate the concentration for each waste constituent assuming all the waste inventory is absorbed
into one pore volume of water from the trench to the water table. As identified in Section 3.1.1, the
pore volume beneath the both trenches to the water table is 13,070 m? (3,450,000 gal). Identify a
subset of this list as the dangerous constituents subject to the groundwater protection standards of
WAC 173-303-645(4) by excluding those constituents with calculated concentrations below
groundwater protection standards. The subset of waste constituents is provided in Table 3-1. Note that
constituents may be excluded per WAC 173-303-645(4)(b).

4. Identify possible monitoring indicators based primarily on quantity, detectability, solubility,
distribution coefficient (Kq), and mobility. Note that a constituent’s K4 value is usually empirically
determined and is based on local site conditions, as well as the constituent’s chemical properties.

A low K4 value generally indicates that a chemical has greater potential to migrate through the vadose
zone and reach groundwater.

3.2.2 Composition of Waste Packages

Applying steps 1 and 2 of the indicator constituents selection process (Section 3.2.1), the list of candidate
constituents that may be subject to the indicator monitoring is presented in Table A-1 (Appendix A)
which summarizes the dangerous waste constituent inventory in Trenches 31 and 34 and identifies the
following information:

e  Waste constituent Chemical Abstracts Service number

e  Waste constituent description

e Number of waste containers containing the waste constituent
e Combined volume of waste containers for each constituent

e Total weight of the waste constituent in all containers

All waste constituents in LLBG Trenches 31 and 34 were considered in this evaluation. Table 3-1 lists the
subset of waste constituents from Table A-1 (Appendix A) where the total inventory transported by the
assumed pore water volume exceeds federal regulation standards or WAC 246-290-310, “Group A Public
Water Supplies,” “Maximum Contaminant Levels (MCLs) and Maximum Residual Disinfectant Levels
(MRDLs).” The waste constituents for possible monitoring indicators are identified in Table 3-1 along
with justification based primarily on quantity, detectability, solubility, K4, and mobility.

The leachate from the trench leachate system was also evaluated for dangerous constituents to include in
the groundwater monitoring program. Leachate sample results are provided in Table A-2 (Appendix A).
From the leachate data, Table 3-2 summarizes the dangerous constituents in the leachate above the
maximum contaminant level (MCL) or maximum residual disinfectant level (MRDL). Three constituents
(aluminum, arsenic, and uranium) had detections exceeding the MCL or MRDL. As identified in

Table 3-2, only arsenic is proposed as an indicator parameter from the leachate samples because samples
with concentrations above the MCL or MRDL for aluminum and uranium had laboratory qualifiers.
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Table 3-1. Dangerous Constituents (Excluding Lead) from LLBG Trenches 31 and 34

Times Over MCL Proposed Final
Combined % of or MRDL List of
Waste Containers | % of Total Assuming All Justification for Indicator
Inventory | with Waste Waste Inventory Selection as Proposed Parameters?
Dangerous Constituent (kg) Constituent Volume Released Analytes (Yes/No)
1.1 triehlorosthiane 334.77 68% 77% 5.82 High sy, Iigh Ve
solubility, low K4,
1,1,2,2-tetrachloroethane 0.60 1% 2% 12.24 -- No
1,1,2-trichloroethane 2.56 3% 1% 15.30 -- No
1,1-dichloroethylene 7.78 9% 15% 5.38 -- No
1,2-dichloroethane 8.32 7% 15% 98.88 -- No
2,4-dinitrotoluene 11.25 11% 20% 164.94 -- No
High inventory, high
- i o [ 2
4-methyl-2-pentanone 164.99 65% 75% 177 selfbilEtee Tow Ky Yes
2 Medium inventory, very
o L) >
Arsenic 23.39 12% 23% 11.85 selble T Bk pEL 10 Yes
Benzene 20.77 15% 23% 128.81 Mediur “;;’:mory’ low Yes
Bis(2-chloroethyl)ether 5.97 6% 1% 685.15 -- No
3 High inventory, medium
o o >
Cadmium 222.81 18% 32% 5.62 Calhlicy, high Ky Yes
Carbon tetrachloride 348.22 20% 25% 30605.04 -- No
Chloroform 18.79 9% 19% 69.26 -- No
Dichloromethane 284.00 73% 82% 399.06 ELig TR, Tod s Yes
solubility, low K4,
Ethylbenzene 4.72 8% 10% 3.23 -- No
Heptachlor 0.52 2% 2% 244 -- No
Hexachloroethane 8.43 6% 14% 122 -- No
Mercury 249.97 19% 38% 2.06 High inventory Yes
Nitrobenzene 8.33 8% 15% 1.94 -- No
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Table 3-1. Dangerous Constituents (Excluding Lead) from LLBG Trenches 31 and 34

Times Over MCL Proposed Final
Combined % of or MRDL List of
Waste Containers | % of Total Assuming All Justification for Indicator
Inventory | with Waste Waste Inventory Selection as Proposed Parameters?
Dangerous Constituent (kg) Constituent Volume Released Analytes (Yes/No)
P-cresol 28.43 16% 18% 1.48 -- No
P-dichlorobenzene 8.30 7% 15% 1.20 -- No
Pentachlorophenol 13.51 7% 15% 22.68 -- No
Tetrachloroethylene 26.15 15% 19% 59570.44 -- No
Toluene 225.24 20% 26% 1.20 High inventory, low K4, Yes
Trichloroethylene 26.88 15% 18% 207.40 -- No
Vinyl chloride 5 5
(ehlorosthylens) 85.70 7% 15% 9222.51 -- No
-- = constituent not proposed as indicator parameter
Ka = distribution coefficient
MCL = maximum contaminant level

MRDL = maximum residual disinfectant level

0 'A3Y '¥9565-MOS
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Table 3-2. Mixed Waste Trench Leachate Constituents Above the MCL or MRDL

Proposed Final
No. of Samples with No. of List of
Concentrations Samples Indicator
Dangerous Above MCL or Analyzed for Parameters?
Constituent MRDL Constituent Comment (Yes/No)
; Samples with concentrations above
Aluminym 4 i MCL or MRDL had lab qualifiers Ho
Detected above MCL or MRDL in
Arsenic 8 8 all samples in data set analyzed for Yes
arsenic
: Sample with concentration above
Ussnigm . 38 MCL or MRDL had lab qualifier e
MCL maximum contaminant level

MRDL =

maximum residual disinfectant level

The dangerous waste constituents proposed as indicator parameters for groundwater detection monitoring
based on the above evaluation are presented in Table 3-3.

Table 3-3. Proposed Indicator Parameter Dangerous Waste Constituents

Dangerous Constituent

4-Methyl-2-Pentanone
Toluene

Benzene
1,1,1-Trichloroethane
Mercury

Arsenic

Cadmium

Dichloromethane

As guided by the Washington Administrative Code (WAC), only the dangerous waste constituents listed
in Table 3-3 will be used to determine if there is statistically significant evidence of contamination from
LLBG Trenches 31 and 34.

3-7
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1 4 Groundwater Flow Simulations
2 Groundwater flow simulations were conducted to evaluate a proposed groundwater monitoring network
3 for detection of significant increases in groundwater contamination under the influence of the 200 West
4  P&T and post-P&T operations. The Central Plateau groundwater model (CPGWM) is the principal
5 computational tool (CP-47631, Rev. 0, Model Package Report: Central Plateau Groundwater Model
6  Version 3.3) used to simulate groundwater flow and evaluate the performance of the 200 West P& T
7  groundwater remedy. The current version (6.3.3) of the CPGWM simulates groundwater flow using the
8  U.S. Geological Survey three-dimensional groundwater flow model (MODFLOW) discussed in the
9  following documents:
10 e McDonald and Harbaugh, 1988, “A Modular Three-Dimensional Finite-Difference Ground-Water
11 Flow Model”
12 e Harbaugh and McDonald, 1996, User’s Documentation for MODFLOW-96, an update to the
13 U.S. Geological Survey Modular Finite-Difference Ground-Water Flow Model
14 e Harbaugh et al., 2000, MODELOW 2000, MODFLOW-2000, the U.S. Geological Survey Modular
15 Ground-Water Model — User Guide to Modularization Concepts and the Ground-Water Flow Process
16 e Harbaugh, 2005, MODEFLOW-2005, The U.S. Geological Survey Modular Ground-Water Model —
17 The Ground-Water Flow Process
18  Contaminant transport is simulated using the Modular 3-D Transport Multispecies (MT3DMS) code
19  (Zheng and Wang, 1999, MT3DMS: 4 Modular Three-Dimensional Multispecies Transport Model for
20 Simulation of Advection, Dispersion and Chemical Reactions of Contaminants in Groundwater
21 Systems; Documentation and User’s Guide; Zheng, 2010, MT3DMS v5.3 Supplemental User’s Guide).
22 MT3DMS is a three-dimensional, multispecies transport model developed specifically for use with
23 MODFLOW to simulate contaminant advection, dispersion, and chemical reactions in groundwater.
24 MT3DMS was used to calculate approximate directions and rates of migration of the 200-ZP-1
25  contaminants of concern and approximate time varying influent concentrations and masses of these
26  contaminants at the extraction wells and at the combined system influent. The particle-tracking
27  post-processor MODPATH (Pollock, 1994, User’s Guide for MODPATH/MODPATH-PLOT,
28 Version 3: A particle tracking post-processing package for MODFLOW, the U.S. Geological Survey
29 finite-difference ground-water flow model) is used to compute pathlines based upon results obtained
30  fromthe CPGWM flow simulations.

31 4.1 Simulation Scenarios

32 Table 4-1 identifies the simulation scenarios run for this evaluation. The scenarios were selected to
33 provide a bounding set of conditions expected near LLBG Trenches 31 and 34 during P&T
34 (until year 2037) and post-P&T operations.

35 Three scenarios were identified:

36 e Scenario 1 provides particle tracking simulations to evaluate influence to the LLBG Trenches 31

37 and 34 monitoring network with the 200 West P&T operating at total current operating flow rate of
38 8782 L/min (2,320 gpm).

39 e Scenario 2 provides particle tracking simulations to evaluate influence to the LLBG Trenches 31

40 and 34 monitoring network with the 200 West P&T operating at the planned expanded capacity of
41 9,464 L/min (2,500 gpm).
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e Scenario 3 provides for particle tracking simulation with the 200 West P&T shut down following
the active remediation period.

Scenarios 1 and 2 both include six subscenarios (A through F) to evaluate changes in flow rates to the
IWs (299-W10-35 and 299-W15-226). Flow rates to the two IWs for cases A through F are provided in
Table 4-1. The subscenario flow rates include the following:

A. Nominal injection rates to IWs 299-W10-35 and 299-W15-226.

B. IW 299-W10-35 operating at 50 percent nominal pumping rate with other IW pumping rates
adjusted to maintain total pumping rate at the 200 West P&T operating capacity.

C. No pumping to IW 299-W10-35 with other IW pumping rates adjusted to maintain total pumping
rate at the 200 West P&T operating capacity.

D. IW 299-W15-226 operating at 50 percent nominal pumping rate with other IW pumping rates
adjusted to maintain total pumping rate at the 200 West P&T operating capacity.

E. No pumping to IW 299-W15-226 with other IW pumping rates adjusted to maintain total pumping
rate at the 200 West P&T operating capacity.

F. No pumping to IW 299-W10-35 with other IW pumping rates adjusted to maintain total pumping
rate at the 200 West P&T operating capacity.

Each subscenario in Table 4-1 is weighted on a normalized scale of 0 to 100 percent, indicating the
likelihood of operating under operating condition of the subscenario. Table 4-2 in
ECF-200ZP1-16-0054 (Appendix B) provides pumping rates for the 200 West P&T extraction and
injection wells Scenarios 1 and 2. Simulations were run for each scenario to look at dilution from
nearby IWs 299-W10-35 and 299-W15-226 and particle tracking of potential releases from LLBG
Trenches 31 and 34 to evaluate monitoring well locations for detection of potential releases.

Scenario 3 provides particle tracking for evaluating the LLBG Trench 31 and 34 monitoring network
for releases when the 200 West P&T remedy is complete and no longer operating.

4.2 Particle Tracking and Transport Modeling

The particle tracking program MODPATH was executed to track the particles, and the results were
post-processed and superimposed upon figures together with injection and monitoring wells to determine
if monitoring locations lie in the migration pathway of any potential releases from the trenches, and if
monitoring locations lie in the migration pathway of reinjected water. To simulate dispersion with particle
tracking, the Random-Walk tracking option within MODPATH was used.

To evaluate the efficacy of the groundwater monitoring network to detect potential releases from LLBG
Trenches 31 and 34, two distinct but complementary transport simulations were performed:

e Simulation of treated water reinjection, using the unit source approach to represent the water
reinjected at injection wells

e Simulation of a potential release that impacts the water table below Trenches 31 and 34, using the
unit source approach to represent the water table impact and subsequent migration from LLBG
Trenches 31 and 34

Particles were tracked for both releases at IWs 299-W10-35 and 299-W 15-226 and releases from
Trenches 31 and 34 for the equivalent of 26 years (period of 200 West P&T active remedy). Particle

4-2
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tracking was performed for each of the simulation scenarios identified in Table 4-1. Specific details on
generation of the input files, water level maps, particle tracking, and post-processing of the output data

are provided in ECF-200ZP1-16-0054, Groundwater Flow and Migration Calculations to Support

Assessment of the LLWMA-3 Trenches 31 and 34 Monitoring Network (see Appendix B).

Table 4-1. Simulation Scenarios

P&T
System Scenario
Sub- Capacity Weight
Scenario | scenario (gpm) Description (%)
A 2,320 Current conditions. 74%
Current, but with injection well 299-W10-35 operating at 10%
B 2,320
50 percent.
(@ 2,320 Current, but with injection well 299-W10-35 not operating. 5%
1 Current, but with injection well 299-W15-226 operating at 5%
D 2,320
50 percent.
E 2,320 Current, but with injection well 299-W15-226 not operating. 5%
F 2320 Current, but with both injection wells 299-W10-35 and 1%
? 299-W15-226 not operating.
Full capacity. Injection wells 299-W10-35 and 299-W 15-226 at 74%
A 2,500 .
current rates; remainder rebalanced.
B 2500 Full capacity. Rates as per scenario 2A, except injection 10%
’ well 299-W10-35 operating at 50 percent; remainder rebalanced.
C 2500 Full capacity. Rates as per scenario 2A, except injection 5%
’ well 299-W10-35 not operating; remainder rebalanced.
2 Full capacity. Rates as per scenario 2A, except injection 5%
D 2,500 well 299-W15-226 operating at 50 percent;
remainder rebalanced.
E 2500 Full capacity. Rates as per scenario 2A, except injection 5%
g well 299-W15-226 not operating; remainder rebalanced.
Full capacity. Rates as per scenario 2A, except injection 1%
F 2,500 wells 299-W15-35 and 299-W15-226 not operating;
remainder rebalanced.
3 A 0 System shutdown following active P&T. 100%

Note: For dilution calculations, unit concentration released at injection well corresponding with initiation of each injection well
(i.e., using actual dates/timing).

For release calculations, unit concentration released at each trench assuming late 2015 release date.

gpm =
w =
P&T =

gallons per minute

injection well

pump and treat

4-3
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5 Flow Model Calibration

During 2009 and 2010, the groundwater model underwent development and recalibration and was
reissued via a series of model package reports as the CPGWM. The most recent model package report
describing the CPGWM was released in 2015 (CP-47631, Rev. 2, Model Package Report: Central
Plateau Groundwater Model Version 6.3.3).

Simulated groundwater elevations are computed using the CPGWM, which is a calibrated and flow
conserved numerical simulator of groundwater in the Central Plateau. Since previous efforts were
completed to calibrate the flow model parameters, the flow model outputs (i.e., heads) in general
correspond with measured water levels throughout the area. However, the accuracy of the simulated
groundwater elevations (and of inferences from those elevations, such as the extent of hydraulic
containment) are influenced by the structural accuracy of the CPGWM (i.e., how well the model
represents actual physical conditions); accuracy of the water-level data used for calibration; magnitude
and distribution of validation calibration residuals; and other factors. These and other potential sources of
error in the simulated groundwater contours, drawdown and mounding, and extent of hydraulic
containment result in the simulated depictions only approximating actual conditions. As such, the
simulated water levels are interpreted as reasonable approximations that provide value when interpreting
the likely directions and rates of groundwater movement, and the likely extents of convergent hydraulic
gradients that are consistent with hydraulic containment. Comparison of the groundwater-level maps and
the extent of hydraulic containment as simulated using the CPGWM with the depictions obtained using
the described water-level mapping technique can provide confidence in the results obtained as follows:

e In areas where the estimated extent of hydraulic containment is similar between the methods,

confidence is relatively high that containment is being achieved (if both methods suggest containment

is achieved) or is not being achieved (where both methods suggest containment is not achieved).

e In areas where the estimated extent of hydraulic containment differs substantially between the
methods, confidence is lower in the interpretation of containment because one method suggests
containment is being achieved, while the other suggests it is not.

Calibration targets for the CPGWM were updated with available continuous and manually measured
water-level data through December 2014. Daily average water-level values were calculated for
incorporation into the validation calibration data set. Figure 5-1 illustrates comparisons of simulated and
measured water levels at selected wells. Summary statistics for the validation/calibration residuals are
presented in ECF-Hanford-15-0002, Description of Groundwater Calculations and Assessments for the
Calendar Year 2014 (CY2014) 200 Areas Pump-and-Treat Report (pending). The summary statistics
presented in ECF-Hanford-15-0002 suggest that over the extended validation period (from 2009 through
2014), the model performs as well (in terms of statistical correspondence with measured water levels) as
during the calibration period.
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Figure 5-1. Selected Water-Level Hydrographs Throughout the Study Area lllustrating the Correspondence
Between Simulated and Measured Groundwater Elevations
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6 Simulation Results and Conclusions

This chapter presents output from the simulation scenarios listed in Table 4-1. For Scenarios 1 and 2,
Subscenario A-F, the composite maps and unit transport calculations are based on the assumptions in
Appendix B of ECF-200-ZP1-16-0054, which includes the following:

e Pathline calculations
— Release of particles from around IWs 299-W7-14, 299-W10-36, 299-W10-35, and 299-W15-226

— Release of particles to the water table from the approximate east-central section of LLBG
Trenches 31 and 34

— Track particles through 2037, which is when the 200-ZP-1 P&T will cease operation

e Dilution calculations
— Release unit concentrations (injected water unit concentration = 1.0) from the same four IWs
— Track injected water through 2037, which is when the 200-ZP-1 P&T will cease operation

— Composite plume maps of release pathlines superimposed over injected water dilution contours
over time

Figures are produced to show the following features:

e Dilution trends for unit concentration release from 200 West P& T IWs to show influence of injected
water at monitoring wells 299-W10-29 and 299-W10-30

e Trend curves for monitored concentrations at monitoring wells 299-W10-29 and 299-W10-30 for unit
concentration release from LLBG Trenches 31 and 34 with dilution from 200 West P&T injection
water

e Composite release plume map to show relative detectability of trench unit release at monitoring
locations.

Scenario 3 provides particle tracking for evaluating the LLBG Trenches 31 and 34 monitoring network
for releases when the 200 West P&T remedy is complete and no longer operating. In the case of the
focused release tracking scenarios, the objective is to identify areas of the aquifer where a potential
release that impacts the water table beneath the low point of the leachate collections system within
Trenches 31 and 34 would be most likely to migrate and be detectable. Section 6.1 of
ECF-200ZP1-16-0054 describes the process used for developing the “relative detectability” figures to
illustrate the results of the calculations on a finer spatial resolution than the discretization of the CPGWM
simulation grid. Details of the simulation are presented in ECF-200ZP1-16-0054 (Appendix B).

6.1 Scenario 1 Dilution Curves

The estimated dilution from 200 West P&T injected water at monitoring wells 299-W10-30 and
299-W10-29 for each of the six cases listed in Table 4-1 at the current 200 West P&T throughput

(2,320 gpm) is shown in Figures 6-1 and 6-2, respectively. A unit concentration of 1 would indicate that
groundwater flowing through the monitoring well is all injected water. The start of the simulation
represents the year 2012 with startup of the 200 West P&T operations. Each test case is assumed to start
in 2015, 3 years after startup of the 200 West P&T. This is reflected by the single trend line up to the year
2015 in Figures 6-1 and 6-2. Starting in 2015, flow rates to IWs are adjusted for each case in Table 4-1.
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Dilution Breakthrough Curve at monitoring well - 299-W10-30
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Figure 6-1. Injected Treated Water Dilution Curves at Monitoring Well 299-W10-30

Dilution Breakthrough Curve at monitoring well 299-W10-29
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Figure 6-2. Injected Treated Water Dilution Curves at Monitoring Well 299-W10-29
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Figures 6-1 and 6-2 show that the hydraulic effects of varying pumping rates to the two nearby injections
wells (299-W10-35 to the north of the trenches and 299-W15-226 to the south of the trenches) influence
concentrations observed differently at the two monitoring wells. The estimated dilution at monitoring
wells 299-W10-30 and 299-W10-29 for the current design operating pumping rates to the IWs
(299-W10-35 and 299-W15-226) are represented by the dilution curve for Scenario 1, Subscenario A in
Figures 6-1 and 6-2, respectively. Reducing the pumping rate to IW 299-W10-35 (Scenario 1,
Subscenario B in Figures 6-1 and 6-2) reduces the dilution influence to monitoring wells 299-W10-29 and
299-W10-30. However, shutting off pumping to IW 299-W10-35 (Scenario 1-C) results in an overall
increase in dilution at monitoring well 299-W10-30 (Figure 6-1) and an overall decrease in dilution at
monitoring well 299-W10-29 (Figure 6-2). The overall dilution increase at monitoring well 299-W10-30
is a result of hydraulic head decrease from shutting off pumping to IW 299-W10-35 allowing additional
injection water from 299-W15-226 to reach the monitoring well.

Reducing the pumping rate to IW 299-W15-226 reduces dilution at monitoring well 299-W10-30

(Figure 6-1, Scenario 1, Subscenario D dilution curve), but it results in an overall dilution increase at
monitoring well 299-W10-29 (Figure 6-2, Scenario 1, Subscenario D dilution curve). The overall dilution
increase at monitoring well 299-W10-29 is a result of hydraulic head decrease from reducing pumping to
IW 299-W15-226 allowing additional injection water from 299-W10-35 to reach the monitoring well.
Shutting off pumping to IW 299-W15-226 (Scenario 1, Subscenario E in Figures 6-1 and 6-2) further
reduces the hydraulic head south of Trenches 31 and 34 allowing more injected effluent from IWs north
of the trenches to disperse towards the south resulting in increased dilution at monitoring wells
299-W10-29 and 299-W10-30.

Figure 6-1 illustrates there is less than a 20 percent difference in the dilution effect observed at
monitoring well 299-W10-30 for Scenario 1, Subscenario cases A through E from injection to nearby
IWs. For monitoring well 299-W10-29, there is a 50 percent difference between the span of Scenario 1,
Subscenarios A through E (Figure 6-2).

Scenario 1, Subscenario-F evaluates dilution effects with pumping shut off to both IWs (299-W10-35 and
299-W15-226). The dilution curve for Scenario 1, Sub Scenario F is included in Figures 6-1 and 6-2. At
monitoring well 299-W10-30 there is about two to three times less dilution estimated at the monitoring
well between Subscenario F and Subscenarios A through E. The dilution curves at monitoring

well 299-W10-29 indicate dilution for Scenario F reaches slightly higher than that observed for

Scenario 1, Subscenario B (reduced pumping to IW 299-W10-35).

Additional detail for the simulated path of treated water that is reinjected at injection wells 299-W7-14,
299-W10-36, 299-W10-35, and 299-W15-226 is provided in ECF-200ZP1-16-0054 (Appendix B).
ECF-200ZP1-16-0054 provides map depictions for release particle tracking and dilution plume
distribution that is simulated assuming unit sources of injected treated water at 299-W7-14, 299-W10-36,
299-W10-35, and 299-W 15-226.

6.2 Scenario 1 Release Dilution Breakthrough Curves

Figures 6-3 and 6-4 show the dilution curves for release of unit concentrations from Trenches 31 and 34
observed at monitoring wells 299-W10-30 and 299-W10-29, respectively. Dilution is defined as the ratio
of concentration at a downgradient point (in this case, monitoring wells 299-W10-30 and 299-W10-29) to
the original concentration of the release. For a unit concentration release, Figure 6-3 shows that the
dilution at monitoring well 299-W10-30 ranges from 32 to 45 percent for Scenario 1, Subscenarios A
through E and about 58 percent for Subscenario F with no pumping to injections 299-W10-35 and
299-W15-226. In each subscenario, 10 percent of the unit concentration release is observed at monitoring
well 299-W10-30 within 2.5 years.
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Figure 6-3. Release Concentration Curves at Monitoring Well 299-W10-30
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Figure 6-4. Release Concentration Curves at Monitoring Well 299-W10-29
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Figure 6-4 shows the dilution for each of the test cases at monitoring well 299-W10-29 ranging from
15 to 47 percent. In each subscenario, 10 percent of the unit concentration release is observed at
monitoring well 299-W10-29 within 4 years.

Table 6-1 shows a range of hypothetical release concentrations from LLBG Trenches 31 and 34 to
determine if a release would be successfully detected. The range reflects release concentrations if

100 percent, 10 percent, or 1 percent of the waste constituent inventory in the trenches were transported to
groundwater by infiltration of one vadose zone pore volume of water. The calculated waste constituent
concentration to groundwater is above the constituent method detection limit (MDL) (Table 6-1).

Table 6-1 includes the percent of the waste constituent inventory from the trenches that would need to be
released for detection above the MDL at the monitoring wells based on the dilution breakthrough curves
in Figures 6-3 and 6-4. The breakthrough percentage range for all subscenarios of scenario 1 is 15 to

58 percent. The percent of total inventory released for detection above the MDL for each waste
constituent at the monitoring locations for Subscenario 1A is presented separately in Table 6-1 since this
reflects the most likely 200 West P&T injection well flow rates and pumping conditions. Except for
arsenic, a release of less than 1 percent of the total inventory will be detectable above the MDL for each
waste constituent. Arsenic is detectable above the MDL for releases of 1.1 to 4.5 percent of the arsenic
inventory in the trenches for all subscenarios, and releases of 1.9 to 2.5 percent for Subscenario 1A.

Table 6-1. Waste Constituent Breakthrough Concentration Range for Scenario 1

C tration fi
PZ:E::t?f ;:,l; s:er Perccent (‘)f Waste Perccent ?f Waste
Constituent Released in onsttuent OnStituc it
Inventory to Detect | Inventory to Detect
1 Vadose Zone Pore 1y
Volume at 58% - 15% at 27% - 35%
L Breakthrough — Breakthrough —
(ng/L) MDL* All Scenarios Scenario 1A
Waste Description 100% | 10% 1% (ng/L) (ng/L) (ng/L)
4-Methyl-2-pentanone | 1262.3 | 126.2 12.6 0.12 0.02% - 0.06% 0.03% - 0.04%
Toluene 17233 | 1723 17.2 1.1 0.11% - 0.43% 0.18% - 0.24%
Benzene 158.9 15.9 1.6 0.064 0.07% - 0.27% 0.12% - 0.15%
1,1,1-trichloroethane 25614 | 256.1 25.6 0.069 0.% - 0.02% 0.01% - 0.01%
Mercury 1912.6 | 191.3 19.1 0.06 0.01% - 0.02% 0.01% - 0.01%
Arsenic 179.0 17.9 1.8 1.2 1.16% - 4.47% 1.92% - 2.48%
Cadmium 1704.7 | 170.5 17.0 0.1 0.01% - 0.04% 0.02% - 0.02%
Dichloromethane 21729 | 2173 21,7 0.21 0.02% - 0.06% 0.03% - 0.04%

* As reported in laboratory analysis from Test America St. Louis.
MDL = method detection limit

6-5
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6.3 Scenario 1 Composite Map Depicting Relative Detectability

Additional detail for the simulated path of unit release concentrations for each subscenario presented in
Table 4-1 is provided in ECF-200Z2P1-16-0054 (see Appendix B). Maps are provided in Figures 7-7
through 7-12 of ECF-200ZP1-16-0054 depicting release particle tracking and dilution plume distribution.
These figures show the dilution plume from the IWs superimposed with particle track flow pathlines for
release from LLBG Trenches 31 and 34 for cases A through F for Scenario 1.

Figure 6-5 is a composite depiction map of the relative detectability distribution for a unit release based
on the six Scenario 1 simulations (Scenario 1, Subscenarios A through F) as defined in Table 4-1.

The relative detectability was determined by calculating, for each scenario, the number of released
particles that traversed each simulation model subgrid cell, and then computed a weighted sum of these
counts resulting in a value lying between 0 and 1 for each subgrid cell, as follows:

n
1
RD = —ZP-N-
MNP - v

where
RD = relative detectability (ranging from zero to one)
MNP = maximum number of particles that traversed any subgrid cell in all scenarios
P; = ascribed weight or probability of subscenario i (as listed in Table 4-1)
N; = number of particles that traversed the calculation subgrid cell during subscenario i
n = total number of subscenarios within the simulated scenario (i.e., 6, as listed in
Table 4-1)

The resulting map of relative detectability (Figure 6-5) shows the overall distribution for a unit release
from the trenches taking into account both advection and dispersion. The release distribution is color
coded to reflect the weighted percent distribution of particle counts throughout the release pathline.
Where the weighted percent distribution of particle counts is higher, the probability of release detection is
also higher. The relative detectability map (Figure 6-5) shows that existing downgradient groundwater
monitoring wells 299-W10-29 and 299-W10-30 intersect hypothetical releases from the LLBG trenches
in areas of higher percent distribution of particle releases. Three new monitoring locations are proposed as
shown in Figure 6-5 with wells C9625, C9626, and C9627 to provide monitoring at the extents of the
release pathline distribution and location with higher percent distribution. The three new wells are
planned to intersect and detect potential contamination along the northern and southern region of the
mapped hypothetical release. Along with upgradient well 299-W9-2, which is not impacted by the
hypothetical release, the six well groundwater monitoring network (not to include 299-W10-31) is
proposed for detection of contamination based on Scenario 1, Subscenarios A through F.

Well 299-W10-31 (from the interim status network) is not included in the final status network because it
is not at the point of compliance.
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Figure 6-5. Relative Detectability of Release for Scenario 1

6.4 Simulation Plots for Scenario 2

Scenario 1, Subscenarios A through F were repeated in Scenario 2 with an increased flow rate from

2,320 gpm to 2,500 gpm (see Table 4-1). The dilution and release concentration curves for Scenario 2
(Figures 6-6 through 6-9) follow the same trends as Scenario 1 with little difference (within 5 percent) for
each subscenario.

Table 6-2 shows a range of hypothetical release concentrations from Trenches 31 and 34 to determine if a
release would be successfully detected for Scenario 2 simulations. The range reflects release
concentrations if 100 percent, 10 percent, or | percent of the waste constituent inventory in the trenches
were transported to groundwater by infiltration of one vadose zone pore volume of water. The calculated
waste constituent concentration to groundwater is above the constituent MDL. Table 6-2 includes the
percent of the waste constituent inventory from the trenches that would need to be released for detection
above the MDL at the monitoring wells based on the dilution breakthrough curves in Figures 6-8 and 6-9.
The breakthrough percentage range for all subscenarios of Scenario 2 is 16 to 60 percent. The percent of
total inventory released for detection above the MDL for each waste constituent at the monitoring
locations for Subscenario 2A is presented separately in Table 6-2 since this reflects the most likely

200 West P&T injection well flow rates and pumping conditions. Except for arsenic, a release of less than
1 percent of the total inventory will be detectable above the MDL for each waste constituent. Arsenic is
detectable above the MDL for releases of 1.1 to 4.2 percent of the arsenic inventory in the trenches for all
subscenarios, and releases of 1.9 to 2.5 percent for Subscenario 2A.

6-7
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Dilution Breakthrough Curve at monitoring well - 299-W10-30
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Figure 6-6. Scenario 2 Injected Treated Water Dilution Curves at Monitoring Well 299-W10-30
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Figure 6-7. Scenario 2 Injected Treated Water Dilution Curves at Monitoring Well 299-W10-29
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Breakthrough Curve at monitoring well - 299-W10-30

—Scenario2-A —Scenario2-B —Scenario2-C —Scenario2-D Scenario2-E —Scenario2-F

0.80

0.70

o
fo)
o

o
n
o

Unit Concentration
o
B
o

o
w
o

o

N

o
|

0.10 /
0.00
0 5 10 15 20

Arrival Time (years)

Figure 6-8. Scenario 2 Release Concentration Curves at Monitoring Well 299-W10-30
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Figure 6-9. Scenario 2 Release Concentration Curves at Monitoring Well 299-W10-29
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Table 6-2. Waste Constituent Breakthrough Concentration Range for Scenario 2

C O AM{TA o (0n Percent of Waste Percent of Waste
Percent of Waste . -
: . Constituent Constituent
Constituent Released in
Inventory to Detect | Inventory to Detect
1 Vadose Zone Pore ry
N alime at 60% - 16% at 27% - 35%
L Breakthrough — Breakthrough —
(ng/L) MDL* All Scenarios Scenario 2A
Waste Description 100% | 10% 1% | (ng/L) (ng/L) (ng/L)
4-Methyl-2-Pentanone 1262.3 | 126.2 12.6 0.12 0.02% - 0.06% 0.03% - 0.04%
Toluene 1723.3 | 172.3 17:2 1.1 0.11% - 0.4% 0.18% - 0.24%
Benzene 158.9 15.9 1.6 0.064 0.07% - 0.25% 0.12% - 0.15%
1,1,1-Trichloroethane 25614 | 256.1 25.6 0.069 0.% - 0.02% 0.01% - 0.01%
Mercury 1912.6 | 191.3 19.1 0.06 0.01% - 0.02% 0.01% - 0.01%
Arsenic 179.0 17.9 1.8 1.2 1.12% - 4.19% 1.92% -2.48%
Cadmium 1704.7 | 170.5 17.0 0.1 0.01% - 0.04% 0.02% - 0.02%
Dichloromethane 2172.9 | 217.3 21.7 0.21 0.02% - 0.06% 0.03% - 0.04%

* As reported in laboratory analysis from Test America St. Louis.

MDL = method detection limit

6.5 Scenario 2 Composite Dilution Map.

Figure 6-10 is a composite depiction map of the relative detectability distribution for a unit release based
on the six Scenario 1 simulations (Scenario 1, Subscenarios A through F) as defined in Table 4-1.

Figures 7-18 through 7-23 of ECF-200ZP1-16-0054 show the dilution plume from the IWs superimposed
with particle track flow pathlines for release from Trenches 31 and 34 for cases A through F for

Scenario 2. As in Scenario 1, the relative detectability map for Scenario 2 (Figure 6-10) shows that
existing downgradient groundwater monitoring wells 299-W10-29 and 299-W10-30 intersect hypothetical
releases from the LLBG trenches in areas of higher percent distribution of particle releases. The three new
downgradient groundwater monitoring wells (C9625, C9626, and C9627) proposed in Scenario 1 are also
shown in Figure 6-10 with wells 299-W10-29 and 299-W10-30. As in Scenario 1, the three wells are
planned to intersect and detect potential contamination along the northern and southern region of the

mapped release. Along with upgradient well 299-W9-2, which is not impacted by the hypothetical
release, the six-well groundwater monitoring network (not to include 299-W10-31) is proposed for
detection of contamination based on Scenario 2, Subscenarios A through F. Well 299-W10-31 (from the
interim status network) is not included in the final status network because it is not at the point of

compliance.

6-10
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Figure 6-10. Relative Detectability of Release for Scenario 2

6.6 Scenario 3 P&T Shutdown

Following completion of the active P&T remedy, the 200 West P&T system will be shut down, and
groundwater levels are expected to return to pre-remedy conditions (see Table 4-1, Scenario 3). The
groundwater flow direction would primarily be towards the east to northeast. Figure 6-11 shows the
hypothetical plume for releases under post-remedy conditions. Dilution would be from advection and
dispersion under flow conditions without influence from the P&T remedy. Under these conditions,
concentrations observed at LLBG Trench 31 and 34 monitoring wells would be approximately

40 to 53 percent of the release concentration as depicted on the release concentration curve for Scenario 3

(Figure 6-12).

The dilution map for Scenario 3 (Figure 6-11) shows that existing downgradient groundwater monitoring
well 299-W10-30 intersects the hypothetical release from LLBG Trench 34 in an area of elevated
contamination. The three new downgradient groundwater monitoring wells (C9625, C9626, and C9627)
proposed in Scenarios 1 and 2 are also shown in Figure 6-11. The three wells are planned to intersect and
detect potential contamination along the northern and southern region of the mapped release and provide
earlier detection of potential releases from LLBG Trench 31 than in the existing groundwater monitoring
network from well 299-W10-31. Along with upgradient well 299-W9-2, which is not impacted by the
hypothetical release, groundwater monitoring wells C9625, C9627, and 299-W10-30 are proposed for
detection of contamination based on Scenario 3. The relative detectability of contaminants is anticipated
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to be higher in these three wells based on a release in this scenario, but wells 299-W10-29 and C9626 will
also be sampled.
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Figure 6-11. Relative Detectability of Release for Scenario 3
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Breakthrough Curve at monitoring wells - Scenario3-A
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Figure 6-12. Scenario 3 Release Concentration Curves at Monitoring Wells 299-W10-30 and 299-W10-29

6.7 Conclusions

Table 6-3 provides a comparison of the percent inventory of each indicator parameter dangerous waste
constituent that would need to be released for detection above the MDL for each scenario. Except for
arsenic, a release of less than 0.5 percent of the total inventory will be detectable above the MDL for each
waste constituent. As discussed in Sections 6.2 and 6.4, under the most likely 200 West P&T operating
pumping rates, arsenic is detectable above the MDL for releases under 2.5 percent of the arsenic
inventory in the trenches for Subscenarios 1A and 2A. Table 6-3 shows that arsenic would be detectable
for release of less than 2 percent of the arsenic inventory under Scenario 3. The low percentage total
inventory of the indicator parameter dangerous waste constituents indicates that any significant release
where contamination were to reach groundwater below LLBG Trenches 31 and 34 would be detectable at
the monitoring network locations.
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Table 6-3. Comparison of Waste Constituent Percent Release for Detection

Percent of Waste
Constituent
Inventory to Detect
at 58% - 15%

Percent of Waste
Constituent
Inventory to Detect
at 60% - 16%

Percent of Waste
Constituent
Inventory to Detect
at 53% - 40%

Breakthrough — Breakthrough — Breakthrough —
MDL* Scenario 1 Scenario 2 Scenario 3
Waste Description (ng/L) (ng/L) (ng/L) (ng/L)
4-Methyl-2-Pentanone 0.12 0.02% - 0.06% 0.02% - 0.06% 0.02% - 0.02%
Toluene 1.1 0.11% - 0.43% 0.11% - 0.4% 0.12% - 0.16%
Benzene 0.064 0.07% - 0.27% 0.07% - 0.25% 0.08% - 0.1%
1,1,1-Trichloroethane 0.069 0.% - 0.02% 0.% - 0.02% 0.01% - 0.01%
Mercury 0.06 0.01% - 0.02% 0.01% - 0.02% 0.01% - 0.01%
Arsenic 1.2 1.16% - 4.47% 1.12% - 4.19% 1.26% - 1.68%
Cadmium 0.1 0.01% - 0.04% 0.01% - 0.04% 0.01% - 0.01%
Dichloromethane 0.21 0.02% - 0.06% 0.02% - 0.06% 0.02% - 0.02%

* As reported in laboratory analysis from Test America St. Louis.

MDL = method detection limit

The proposed groundwater monitoring network for LLBG Trenches 31and 34 is located based on the
simulation scenarios presented in this section and with consideration of the site infrastructure. The
simulations indicate that five downgradient groundwater monitoring wells (299-W10-29, 299-W10-30,
9625, C9626, and C9627) in conjunction with an upgradient well (299-W9-2), as shown in Figures 6-5,
6-10, and 6-11, should collectively be sufficient for detection of a LLBG release under the scenarios
presented. Placement of the wells takes into consideration physical constraints for well installation
locations. Locating wells closer to the boundary edge of LLBG Trenches 31 and 34 is not practical
because of the presence overhead power lines, equipment (i.e., leachate collection system), and roads. As
such, all wells proposed in the final status network are as close to LLBG Trenches 31 and 34 waste

management area boundary (200-W-254) source as practical. Additional discussion regarding each well is
provided in Section 7.2.
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7 Groundwater Monitoring Plan

WAC 173-303-806(4)(xx)(E) requires detailed plans and an engineering report describing the proposed
monitoring program to meet the requirements of WAC 173-303-645(8) general groundwater monitoring
requirements. This section describes the proposed final status detection-level groundwater monitoring
program and addresses the requirements of WAC 173-303-645(8). As such, this section includes a
description of the proposed groundwater monitoring network and identifies the constituents to be sampled
and analyzed (i.e., dangerous waste constituents, groundwater quality, and field parameters), the sample
frequency, and the sampling and analysis protocols. A detailed plan of monitoring will be specified in a
separate groundwater monitoring plan and included in the Part B application with this engineering report
as required by WAC 173-303-806(4)(xx)(E).

According to WAC 173-303-645(8)(a) general groundwater monitoring requirements, the groundwater
monitoring system must consist of a sufficient number of wells installed at appropriate locations and
depths to yield groundwater samples from the uppermost aquifer that:

e Represents the quality of background groundwater that has not been affected by leakage from a
regulated unit

e Represents the quality of groundwater passing the point of compliance and

e Allow for the detection of contamination when dangerous waste or dangerous constituents have
migrated from the waste management area to the uppermost aquifer

7.1 Point of Compliance Monitoring

Collection of samples representing the quality of groundwater passing the point of compliance beneath
LLBG Trenches 31 and 34 is an essential element of the final status program. The point of compliance is
defined in WAC 173-303-645(6) as “...a vertical surface located at the hydraulically downgradient limit
of the waste management area that extends down into the uppermost aquifer underlying the regulated
units.” This is the location as near to the source as technically, hydrogeologically, and geographically
feasible in the uppermost aquifer (WAC 173-200-060, “Water Quality Standards for Groundwaters of the
State of Washington” “Point of Compliance”; WAC 173-218-030, “Underground Injection Control
Program” “Definitions”) where groundwater monitoring occurs and the groundwater protection standard
applies. In detection monitoring, sample data from the point-of-compliance wells are evaluated against
background data to determine if there is statistically significant evidence of contamination.

The 2015 groundwater map, in part, and various map simulations in Chapter 6 show that

wells 299-W10-29, 299-W10-30, C9625, and C9627 are located hydraulically downgradient of LLBG
Trenches 31 and 34. Well C9626 is also hydraulically downgradient of the LLBG when groundwater flow
direction is to the southeast based on the model simulations. When constructed, the screen intervals in
each well shall intersect the uppermost aquifer underlying the regulated units and well construction shall
comply with the WAC. These features of the network satisfy most of the requirements for monitoring at
the point of compliance, except the proposed well locations are not at a vertical surface located at the
waste management area boundary. The wells proposed in this report for point of compliance monitoring
are up to 50 m (164 ft) from the waste management area boundary.

Selection of monitoring well locations near the waste management area boundary is necessary because of
the site configuration adjacent to the east side of the LLBG. Along the east and downgradient side of the
LLBG, the proposed downgradient wells cannot be positioned at “a vertical surface at the limits of the
waste management area” because of the presence overhead power lines, equipment (i.e., leachate
collection system), and roads. In this area of limited space along the east boundary of the waste
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management area, drilling is restricted mainly because of the combination of drill rig mast height

(over 12 m [40 ft]) and limited approach boundary to overhead power lines and roads. This same logic
and safety consideration was reflected in the selection of existing wells 299-W10-29 and 299-W10-30 in
the current LLBG Trench 31 and 34 interim status network.

Along the downgradient boundary of the LLBG, the waste management area is estimated to be

14 m (45 ft) from power lines and up to 27 m (90 ft) from roads. For drilling and well construction, the
combined limited approach boundary to power lines and roads precludes conduct of safe operations at the
waste management area boundary. As such, the proposed well locations are as near the waste
management area boundary as practical to comply with the intent of WAC 173-218-030 (i.e., technically,
hydrogeologically, and geographically feasible as guided by the WAC). Additional details regarding
selection of these wells are presented in Section 7.2.

7.2 Proposed Groundwater Monitoring Network

The proposed groundwater monitoring network for LLBG Trenches 31 and 34 consists of one upgradient
and five downgradient wells to monitor for evidence of a potential release. The six-well groundwater
monitoring network is designed to monitor groundwater under the scenarios presented in Table 4-1.

The various scenarios describe baseline groundwater conditions, impacts on groundwater due to P&T
operations, and conditions after shutdown of P&T. Simulations of the various scenarios are presented in
Chapter 6.

Information of wells proposed in the network is summarized in Table 7-1. All network wells have or will
be constructed according to WAC 173-160, “Minimum Standards for Construction and Maintenance of
Wells” (i.e., RCRA compliant). Each well is screened or will be screened when constructed in the upper
unconfined aquifer and yields sufficient groundwater for representative sampling. Sections 7.2.1 through
7.2.6 provide the rational for each well selected for use in the proposed groundwater monitoring network.
To date, there has not been a release from LLBG Trenches 31 and 34. As such, the groundwater and soils
beneath LLBG Trenches 31 and 34 have not been impacted.

Table 7-1. Attributes for Wells in the LLBG Trenches 31 and 34 Groundwater Monitoring Network

Water Table
Elevation | Water Depth | Depth of
Top of Casing | (m) (above | (m [ft] below | Water in
Completion | Easting® | Northing” | Elevation (m) | mean sea ground Screen Water-
Well Name Date (m) (m) (NAVDSS) level) surface) (m [ft]) | Level Date
299-W9-2 9/22/2011 | 565742.21 | 136872.84 223.77 137.0 87.6 (287.4) (392'82) 03/13/2015
299-W10-29 | 3/13/2006 | 566082.98 | 136828.74 212.37 136.8 75.6 (248.0) (392'82) 03/13/2015
299-W10-30 | 4/3/2006 566082.78 | 136739.33 211.65 136.8 74.9 (245.6) (39178) 03/13/2015
C9625 TBD 566082* 1369512 TBD TBD TBD 10.7 (35) TBD
C9626 TBD 566084* 1366542 TBD TBD TBD 10.7 (35) TBD
C9627 TBD 566083 136893 TBD TBD TBD 10.7 (35) TBD

Reference: NAVDS8S8, North American Vertical Datum of 1988.

a. Coordinates are approximate pending approval of proposed locations.

b. Coordinates are in Washington State Plane (south zone), NADS83, North American Datum of 1983; 1991 adjustment.
TBD = To be determined. Information will be obtained after well construction.
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7.21 Groundwater Monitoring Well 299-W9-2

Groundwater monitoring well 299-W9-2 is located approximately 105 m (345 ft) upgradient of LLBG
Trenches 31 and 34 at its closest approach and 5 m (17 ft) from the waste management area boundary.
Constructed in 2011, this RCRA-compliant well is screened across the upper 9.8 m (32.2 ft) of the
unconfined aquifer and currently yields sufficient groundwater for representative sampling. Groundwater
flow direction in 2015 was to the east-northeast towards LLBG Trenches 31 and 34 (Figure 2-7) at this
well. Future groundwater flow direction may be impacted by ongoing 200 West P&T operations.
Simulation scenarios of groundwater flow based on various rates of pumping and injection and post-P&T
operations were considered in the selection of this well for upgradient monitoring. The simulations show
that potential releases from LLBG Trenches 31 and 34 will not affect groundwater quality at

well 299-W-9-2. Composite maps of the simulation scenarios are shown in Figures 6-5, 6-10, and 6-11.
Groundwater monitoring well 299-W9-2 is proposed to represent the quality of background groundwater
quality that will not be affected by potential release from LLBG Trenches 31 and 34. Use of this well
addresses WAC 173-303-645(8)(a) and (i).

7.2.2 Groundwater Monitoring Well 299-W10-29

Downgradient groundwater monitoring well 299-W10-29 was constructed in 2006 and is a
RCRA-compliant well. The well is located approximately 40 m (131 ft) downgradient of the waste
management area boundary. This well is screened across the upper 9.8 m (32.2 ft) of the unconfined
aquifer and yields sufficient groundwater for representative sampling. To date, groundwater samples
collected from this existing well and leachate data indicate no releases from LLBG Trenches 31 and 34 to
groundwater. Groundwater flow direction in 2015 was predominantly to the east at this downgradient
well. However, future groundwater flow direction may be impacted by ongoing 200 West P&T
operations. The simulation scenarios of groundwater flow based on various rates of pumping and
injection and post-P&T operations were considered in the selection of this downgradient well for
monitoring. The simulations show that the well is in the flow path of the hypothetical releases. Composite
plume maps of the simulations are shown in Figures 6-5, 6-10, and 6-11. Groundwater samples from this
location are proposed to represent the groundwater quality at a point of compliance. This well will also
allow for the detection of contamination when dangerous waste or dangerous constituents have migrated
from the waste management area to the uppermost aquifer. Use of this well addresses

WAC 173-303-645(8)(a) and (ii) and (iii).

7.2.3 Groundwater Monitoring Well 299-W10-30

Groundwater monitoring well 299-W10-30 was constructed in 2006 and is a RCRA-compliant well.

The well is located approximately 40 m (131 ft) downgradient of the waste management area boundary.
The well is screened across the upper 9.7 m (31.8 ft) of the unconfined aquifer and yields sufficient
groundwater for representative sampling. To date, groundwater samples collected from this existing well
and leachate data indicate no releases from LLBG Trenches 31 and 34 to groundwater.

Groundwater flow direction in 2015 was predominantly to the east at this downgradient well. However,
future groundwater flow direction may be impacted by ongoing 200 West P&T operations. The
simulation scenarios of groundwater flow based on various rates of pumping and injection and post-P&T
were considered in the selection of this downgradient well for monitoring. The simulations show that the
well is in the flow path of the hypothetical releases. Composite plume maps of the simulation

(Scenarios 1, 2, and 3) are shown in Figures 6-5, 6-10, and 6-11. Groundwater samples from this location
are proposed to represent the groundwater quality at a point of compliance. This well will also allow for
the detection of contamination when dangerous waste or dangerous constituents have migrated from the
waste management area to the uppermost aquifer. Use of this well addresses WAC 173-303-645(8)(a) and
(ii) and (iii).
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7.24 Groundwater Monitoring Well C9625

Groundwater monitoring well C9625 is a planned well and shall be constructed according to

WAC 173-160. The well shall be located approximately 40 m (131 ft) downgradient of the waste
management area boundary. The well shall be screened across the upper 10.7 m (35 ft) of the unconfined
aquifer and yield sufficient groundwater for representative sampling when constructed.

Groundwater flow direction is predominantly to the east at this planned downgradient location. However,
future groundwater flow direction may be impacted by ongoing 200 West P&T operations. The
simulation scenarios of groundwater flow based on various rates of pumping and injection and post-P&T
operations were considered in the selection of this downgradient well for monitoring. The simulations
show that the location is in the flow path of the hypothetical releases. The simulations show that the well
is in the flow path of the hypothetical releases when groundwater flow direction is to the east-northeast.
A plume map representing this simulation (Scenarios 3) is shown in Figure 6-11 for the post-P&T period.
Groundwater samples from this location are proposed to represent the groundwater quality at a point of
compliance. This well will also allow for the detection of contamination when dangerous waste or
dangerous constituents have migrated from the waste management area to the uppermost aquifer. Use of
this well addresses WAC 173-303-645(8)(a) and (ii) and (iii).

7.2.5 Groundwater Monitoring Well C9626

Groundwater monitoring well C9626 is a planned well and shall be constructed according to

WAC 173-160. The well will be screened across the upper 10.7 m (35 ft) of the unconfined aquifer and
yield sufficient groundwater for representative sampling when constructed. The well will be located
approximately 50 m (164 ft) southeast of the waste management area boundary.

Groundwater flow direction is predominantly to the east at this location. However, future groundwater
flow direction may be impacted by ongoing 200 West P&T operations. The simulation scenarios of
groundwater flow based on various rates of pumping and injection and post-P&T operation were
considered in the selection of this downgradient well for monitoring. The simulations show that the
location is in the flow path of the hypothetical releases. Composite plume maps of the major simulation
(Scenarios 1, 2, and 3) are shown in Figures 6-5, 6-10, and 6-11. Groundwater samples from this location
are proposed to represent the groundwater quality at a point of compliance when groundwater flow
direction is to the southeast. This well will also allow for the detection of contamination when dangerous
waste or dangerous constituents have migrated from the waste management area to the uppermost aquifer.
Use of this well addresses WAC 173-303-645(8)(a) and (ii) and (iii).

7.2.6 Groundwater Monitoring Well C9627

Groundwater monitoring well C9627 is a planned well and shall be constructed according to

WAC 173-160. The well shall be located approximately 40 m (131 ft) downgradient of the waste
management area boundary. The well shall be screened across the upper 10.7 m (35 ft) of the unconfined
aquifer and yield sufficient groundwater for representative sampling when constructed.

Groundwater flow direction in 2015 was predominantly to the east at this planned downgradient location.
However, future groundwater flow direction may be impacted by ongoing 200 West P&T operations.
The simulation scenarios of groundwater flow based on various rates of pumping and injection and
post-P&T operations were considered in the selection of this downgradient well for monitoring.

The simulations show that the location is in the flow path of the hypothetical releases. Composite plume
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