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Executive Summary

This document presents a revision to the Waste Management Area (WMA) A-AX 2006
groundwater monitoring plan'. This revised monitoring plan is based on the requirements
for interim status facilities, as defined by the Resource Conservation and Recovery Act
of 1976* (RCRA) and the implementing requirements in Washington Administrative Code
(WACQC) 173-303-400%, which in turn, specifies groundwater monitoring regulations under
40 Code of Federal Regulations (CFR) 265*. Addition 'y, WMA A-AX is subject to the
requirements of the Tri-Party Agreement®, with the Washington State Department of
Ecology (Ecology) identified as the lead regulatory agency for the WMA.

The U.S. Department of Energy (DOE) Richland Operations Office has undertaken
revision of this RCRA groundwater monitoring plan due to the age of the plan and to
ensure that the plan contains the most current Hanford groundwater monitoring
information for the WMA. This groundwater quality assessment monitoring plan is the

principal controlling document for conducting groundwater monitoring at WMA A-AX.

WMA A-AX, which contains two tank farms (241-A and 241-AX) with 10 single-shell
storage tanks, is within the 200-PO  Groundwater Operable Unit (OU). Other waste
sites located within WMA A-AX include French drains, catch tanks, diversions boxes,
valve pits, pipelines, and unplanned releases. WMA A-AX is located on the east side of
the 200 East Area within the Hanford Site. The tank farms were designed to manage tank
waste during operations at the Plutonium-Uranium Extraction Plant and, to a lesser
extent, B Plant from 1956 to 1980. Two of the tanks are known or suspected to have
leaked. In 1980, single-shell tanks (SSTs) at the 241-A and 241-AX Tank Farms were

1 PNNL-15315, 2006, RCRA Assessment Plan for Single-Shell Tank Waste Management Area A-AX at the Hanford
Site Parific Naorthwest National | aharatorv Richland. Washinaton. Availahle at-

< Resaurce Conservation and Recaverv Act of 1976. 42 USC 6901, et seq. Available at:

2 WAC 173-303-400, "Dangerous Waste Reaulations ” “Intenim Status Facilitv Standards ” Washinaton Administrative
Code, Olympia Washington. Available at

440 CFR 265, “Interim Status Standards for Owners and Operatars of Hazardnus Waste Treatment Starane and
Disposal Facilities.” Code of Federal Reaulations. Available at

leral Facility Agreement and Consent Order, 2 vols., as amended,
Washington State Department of Ecnlaav 11'S Fnvirnnmental Pratection Agency, and U.S. Department of Energy,
Olympia, Washington. Available at ’
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stabilized and isolated (pumped overlying liquid supernatant in the tanks and

disconnecte input pipes).

WMA A-AX was placed in groundwater quality assessment monitoring

(40 CFR 265.93[d]) in 2005 because the indicator parameter specific conductance
showed an exceedance relative to the statistical comparison value between upgradient
and downgradient wells (40 CFR 265.93[b]). The elevated specific conductance is caused
by elevated levels of groundwater constituents such as nitrate and sulfate, but these
constituents are not classified as dangerous waste®. However, the dangerous waste
constituent nickel has been found in samples from two downgradient wells (299-E25-40
and 299-E25-236) in the WMA A-AX network at higher concentrations than the
corresponding upgradient wells. The elevated nickel was determined to be the result of
stainless steel casing corrosion in Well 299-E25-236 and the well has been replaced.

Currently, corrosion appears to also be affecting Well 299-E25-40.

This document presents an updated groundwater quality assessment plan to determine
whether RCRA dangerous waste constituents associated with past releases from

WMA A-AX have affected the underlying groundwater. It is a continuation of the first
determination process of the previous plan (PNNL-15315) and includes a comprehensive
list of dangerous waste constituents for assessment. The constituents include those
potentially present single shell tank waste” in addition to dangerous waste constituents
listed in Appendix 5 of Ecology Publication No. 97-4078, which references 40 CFR 264,
Appendix IX9. Results from the first and second semiannual sampling events of the
dangerous waste constituents will be used to prepare a first determination report in

accordance with 40 CFR 265.93(d)(4). If it is determined that dangerous waste from

6 WAC 173-303-040, “Danaeroiis Waste Reaiilations ” “Definitions * Washinaton Adminjstrative Code, Olympia,
Washington. Available at

7 RPP-23403, 2006, Single-Shell Tank Component Closure Data Quality Objectives, Rev. 3, CH2M HILL Hanford
Group, Inc., Richland, Washington.

8 Ecology Publication 97-407, 2014, Chemical Test Methods For Designating Dangerous Waste WAC 173-303-090
& -100. Washinaton State Denartment of Ecology, Olympia, Washington. Available at:

9 40 CFR 264, “Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal
Facilities.” Anpendix IX “Ground-Water Monitorina | ist ” Code of Federal Reaiilatinns Availahle at
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WMA A-AX has entered groundwater, then the migration rate and extent, as well as the

concentration of the dangerous waste constituents, will be determined.

The previous plan (PNNL-15315) included sampling for technetium-99 as a supporting
constituent. Technetium-99 is a radioactive constituent that is regulated under the Atomic
Energy Act of 195410 and is not included for sampling in this RCRA monitoring plan.
However, monitoring for technetium-99 at the 200-PO-1 OU will continue under the

Comprehensive Environmental Response, Compensation, and Liability Act of 198011,

This revised RCRA groundwater monitoring plan presents a groundwater quality

assessment program that addresses the following:

e Number, locations, and depths of wells in the WMA A-AX groundwater

monitoring network

e Sampling and analysis methods for groundwater RCRA dangerous waste constituents

in WMA A-AX
e Analysis for knov or suspected dangerous waste constituents contained  SSTs
e Preparation of a first determination report for dangerous waste constituents
e Methods for evaluating groundwater quality information
e Schedule for groundwater monitoring at WMA A-AX

This revised plan uses the groundwater monitoring network identified in the previous
monitoring .n (PNNL-15315), except that Well 299-E25-236 was decommissioned due
to corrosion and has been replaced with a new well (299-E25-237). Groundwater flow
direction determinations in 2013 showed a southeast flow direction, with flow to the
south-southeast indicated in 2014 beneath WMA A-AX. Groundwater in the WMA
A-AX monitoring wells will be sampled and analyzed semiannually for supporting
constituents (anions and metals) used for determining water chemistry charge alance

and corrosion of the stainless steel well casings and screens. Field parameters

10 Atomic Fnerav Act of 1954 as amended, 42 USC 2011, Pub. L. 83-703, 68 Stat. 919. Avail. 2 at:

"' Comprehensive Environmental Response, Compensation. and [ iahilitv Act of 1380, 42 USC 9601, et seq.,
Pub. L. 107-377, December 31, 2002. Available at
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(pH, specific conductance, temperature, and turbidity) will be obtained each time a well

is sampled, along with a water level measurement.

Sampling for potential dangerous waste constituents from SST waste will be conducted
semiannually. After two sampling events, a first determination report will be prepared
and will determine whether dangerous waste constituents from WMA A-AX have entered
the groundwater. The report will identify 1) constituents attributable to previous releases
from WMA A-AX, 2) constituents that are not detected in the groundwater monitoring
network or that are not attributable to previous WMA A-AX releases, and 3) constituents
that require additional sampling to allow this determination. Based on the first
determination report, this groundwater quality assessment plan will then be revised.

In the revised plan, 1) constituents attributable to releases from WMA A-AX will be
included for routine sampling on a quarterly basis, 2) constituents that are not detected in
the groundwater monitoring network, detected below background, or are not attributable
to previous WMA A-AX releases will be eliminated from further sampling,

and 3) constituents that require additional sampling to allow this determination will

continue to be sampled semiannually.

Vi
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1 Introduction

This document presents the revised groundwater quality assessment plan for Waste Management Area
(WMA) A-AX and supersedes the previous plar >NNL-15315, RCRA Assessment Plan for Single-Shell
Tank Waste Management Area A-AX at the Hanford Site). The U.S. repartment of Energy (DOE)
Richland Operations Office has undertaken revision of this Resource Conservation and Recovery Act of
1976 (RCRA) groundwater monitoring lan due to the age of the plan and to ensure that the plan contains
the most current Hanford groundwater monitoring information for the WMA. This groundwater quality
assessment monitoring plan is the principal controlling document for conducting groundwater monitoring
at WMA A-AX.

The specific objective of this groundwater quality assessment plan is to fulfill the requirements specified
in WAC 173-303-400(3) (“Dangerous Waste Regulations,” ' iterim Status Facility Standards”),
incorporating by reference 40 CFR 265, “Interim Status Standards for Owners and Operators of
Hazardous Waste Treatment, Storage, and Disposal Facilities,” Subpart F, “Ground-Water Monitoring.”
These regulations require that a groundwater quality assessment monitoring plan be implemented and
allow for a determination (40 CFR 265.93[d 5], “Preparation, Evaluation, and Response”) of whether
dangerous waste constituents found in the underlying groundwater are associated with past releases at
WMA A-AX. If dangerous waste constituents from WMA A-AX are detected, the migration rate and
extent, as well as the concentration of the dangerous waste constituents in groundwater, must be
determined (40 CFR 265.93[d][4]). To meet these objectives, this plan defines a network of groundwater

onitoring wells; specifies the sampling frequency; identifies the potential dangerous waste constituents,
contaminant indicators, and supporting constituents to be monitored in groundwater; and requires the
preparation of a first determination report.

Closure of WMA A-AX will be coordinated with Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) as part of the single-shell tank (S! ) system.
Groundwater cleanup will be addressed under the 200-PO-1 Groundwater Operable Unit (OU).

WMA A-AX is located on the east side of the 200 East Area within the Hanford Site (Figure 1-1) and
contains two tank farms (241-A and 241-AX) with 10 single-shell storage tanks. The tank farms were
designed to manage tank waste during operations at the Plutonium-Uranium Extraction (PUREX) Plant,
and, to a lesser extent, th¢  Plant, from 1956 to 1980. 11980, SSTs at the 241-A and 241-AX Tank
Farms were stabilized and isolated. Two SSTs in WMA A-AX are known, or are suspected, to have
leaked. Other liquic andling structures associated with the tank farm operations and located within
WMA A-AX include French drains, catch tanks, diversions boxes, valve pits, and process pipelines.
Several unplanned release (UPR) waste sites are also within WMA A-AX.

Initial groundwater monitoring results for the WMA A-AX well network indicated that WMA A-AX
constituents have entered the groundwater based on comparison between upgradient and downgradient
wells (SGW-47538, Groundwater Quality Assessment Report for Waste Management Area A-AX: First
Determination). Nitrate and other WMA A-AX constituents are more concentrated in one downgradient
we  299-E25-93), an nickel is more concentrated in two downgradient wells (299-E25-40

and 299-E25-236) (Figure 1-2). With the exception of nickel, these are not dangerous wastes or
dangerous waste constituents as defined by WAC 173-303-040, “Definitions,” and listed in

WAC 173-303-9905, “Dangerous Waste Constituents List.” However, nickel is a potential product of
corrosion of stainless steel well casings such as are found in the southern part of WMA A-AX where three
wells (299-E24-19, 299-E25-46, and 299-E25-236) were decommissioned due to corrosion of their
casings. Wells 299-E24-19, 299-E25-46, and 299-E25-236 (when they were still in service) showed
elevated levels of nickel along with manganese, iron, and chromium. These constituents in groundwater
monitored by stainless steel wells are indicators of well corrosion. Currently, Well 299-E25-40 shows

1-1
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elevated levels of four metals indicative of stainless steel corrosion (nickel, chromium, iron, and
manganese); however, the cause of the corrosion is currently unknown.

At the three corroded and decommissioned wells, the corrosion occurred above the water table at

(or slightly above) a fine-grained geologic unit (the Cold Creek silt-dominated unit [CCU,]). This unit
either creates perching conditions for groundwater (percolating downward between the surface and the
water table) or retains a higher percentage of moisture due to its fine-grained nature. It is unlikely that
SSTs and other liquid waste facilities in WMA A-AX leaked or discharged a large enough volume that
contained the corrosive constituents necessary to corrode the three wells. The most likely source of the
corrosion is chloride-bearing effluent from the 200 East Area powerhouse (284-E Powerhouse) that was
discharged to an unlined ditch (200-E-286 Ditch) that traversed the southwest end of what later became
the 241-A Tank Farm (Figure 1-2). This ditch was active from 1946 to 1953.

The groundwater quality assessment will continue the determination as to whether there are dangerous
wastes or dangerous waste constituents from WMA A-AX in groundwater beneath WMA A-AX.
Samples will be analyzed for dangerous waste constituents identified as potentially present in SST waste
(RPP-23403, Single-Shell Tank Component Closure Data Quality Objectives) along with dangerous waste
constituents listed in Appendix 5 of Ecology Publication No. 97-407, Chemical Test Methods For
Designating Dangerous Waste WAC 173-303-090 & -100, which references 40 CFR 264, “Standards for
Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities,” Appendix IX,
“Ground-Water Monitoring List”)'2. In addition, sampling for anions, metals, and field parameters
necessary to calculate charge balance'3, and metals indicative of corrosion of stainless steel wells'4 will
be conducted. Although included as a supporting constituent in PNNL-15315, technetium-99 is a
radioactive constituent that is regulated under the Afomic Energy Act of 1954 and is not included for
sampling in this RCRA monitoring plan.

This comprehensive sampling and analysis effort will complete the groundwater quality assessment
necessary to determine if SST wastes have contaminated groundwater at WMA A-AX with dangerous
waste constituents. A first determination report will be prepared and will evaluate the results of the
dangerous waste constituents to determine if any dangerous waste constituents detected in groundwater
samples are the result of previous WMA A-AX releases. Any constituents determined to originate from
previous WMA A-AX releases will be included as constituents for routine monitoring on a quarterly basis
in a revision to this monitoring plan.

This groundwater monitoring plan addresses the operational history, current hydrogeology, and
conceptual site model (CSM) for the site and incorporates knowledge about the potential for
contamination originating from the WMA A-AX. Chapter 2 summarizes background information and
describes WMA A-AX and the types of waste present, the regulatory basis and a brief history of the
groundwater monitoring program, and a description of the geology and hydrogeology of the area.

This information is incorporated into the CSM to aid in development of the groundwater monitoring
program. Chapter 3 describes the RCRA groundwater monitoring program, the wells monitored, sampling
frequency and protocols, and the constituents analyzed. Chapter 4 describes data evaluation and reporting.
A list of the references cited in this document is provided in Chapter 5. Appendix A provides the quality
assurance project plan (QAPjP). Sampling protocols are provided in Appendix B. Well construction
information is provided in Appendix C.

12 Although 40 CFR 265 contains final status requirements, constituents listed in Appendix IX will be used to
determine if dangerous waste from WMA A-AX have entered the groundwater.

13 Includes alkalinity, anions (chloride, nitrate, and sulfate), and metals (calcium, magnesium, potassium, and
sodium).

14 |ndicators of corrosion in stainless steel wells: nickel, chromium, manganese, and iron.
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2 Background

This chapter provides an overview of WMA A-AX, including a brief account of its operational history,
regulatory basis, and a general description of the tank wastes. Local subsurface geology and
hydrogeology is provided, along with a summary of the CSM of vadose zone contaminant migration.
This chapter also summarizes previous groundwater monitoring and describes the monitoring objectives
used to gather data of the appropriate quantity and quality for the groundwater quality assessment.

Thei >rmation contained in this chapter was obtained from several sources, including the Waste
Information Data System (WIDS) general summary reports, previous groundwater monitoring plans listed
in Table 2-2, and the following documents:

BHI-00184, Miocene- to Pliocene-Aged Suprabasalt Sediments of the Hanford Site, South-Central
Washington

Bjomstad, On the Trail of the Ice Age Floods: A Geological Field Guide to the Mid-Columbia Basin

DOE _ P-2008-01, RCRA Facility Investigation Report for Hanford Single-Shell Tank Waste
Management Areas

DOE/RL-89-28, 216-B-3 Expansion Ponds Closure Plan

DOE/RL-96-61, Hanford Site Background: Part 3, Groundwater Background
DOE/RL-2008-66, Hanford Site Groundwater Monitoring for Fiscal Year 2008
DOE/RL-2014-32, Hanford Site Groundwater Monitoring Report for 2013
DOE/RL-2015-07, Hanford Site Groundwater Monitoring Report for 2014
HNF-EP-0182, Rev. 329, Waste Tank Summary Report for Month Ending May 31, 2015
HW-28121, Release of Radioactive Wastes to Ground

PNL-8337, Summary and Evaluation of Available Hydraulic Property Data for the Hanford Site
Unconfined Aquifer System

PNNL-12261, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-East Area and
Vicinity, Hanford Site, Washington

PNNL-13023, RCRA Groundwater Monitoring Plan for Single Shell Tank Waste Management
Area A AX at the Hanford Site

PNNL-13788, Hanford Site Groundwater Monitoring for Fiscal Year 2001
PNNL-13895, Hanford Contaminant Distribution Coefficient Database and Users Guide
PNNL-14548, Hanford Site Groundwater Monitoring for Fiscal Year 2003
PNNL-15070, Hanford Site Groundwater Monitoring for Fiscal Year 2004

PNNL-15141, Investigation of Accelerated Casing Corrosion in Two Well at Waste Management
Area A-AX

2-1
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e PNNL-15955, Geology Data Package for the Single-Shell Tank Waste Management Areas at the
Hanford Site

e PNNL-19277, Conceptual Models for Migration of Key Groundwater Contaminants Through the
Vadose Zone and Into the Unconfined Aquifer Below the B-Complex

e RPP-7494, Historical Vadose Zone Contamination from A, AX, and C Tank Farm Operations
e RPP-14430, Subsurface Conditions Description of the C and A-AX Waste Management Area

o RPP-16608, Site-Specific Single-Shell Tank Phase 1 RCRA Facility Investigation/Corrective
Measures Study Work Plan Addendum for Waste Management Areas C, A-AX, and U

e RPP-23403, Single-Shell Tank Component Closure Data Quality Objectives

e RPP-23748, Geology, Hydrogeology, Geochemistry, and Mineralogy Data Package for the
Single-Shell Tank Waste Management Areas at the Hanford Site

e RPP-26744, Hanford Soil Inventory Model
° PP-35484, Field Investigation Report for Waste Management Areas C and A-AX

e RPP-ENV-37956, Hanford A and AX-Farm Leak Assessments Report: 241-A4-103, 241-A-104,
241-A4-105, 241-AX-102, 241-AX-104 and Unplanned Waste Releases

o  SGW-54165, Evaluation of the Unconfined Aquifer Hydraulic Gradient Beneath the 200 East Area,
Hanford Site

o  SGW-58828, Water Table Maps for the Hanford Site 200 East Area, 2013 and 2014
o WA7890008967, Hanford Facility Resource Conservation and Recovery Act Permit
e  WHC-MR-0132, 4 History of the 200 Area Tank Farms

o  WHC-SD-EN-AP-012, 40 CFR 265 Interim-Status Ground-Water Monitoring Plan for the
Single-Shell Tanks

e  WHC-SD-EN-TI-019, Hydrogeologic Model for the 200 East Groundwater Aggregate Area

2.1 Facility Description and Operational History

Section 2.1.1 describes the overall tank farm facility. Section 2.1.2 describes the operational history and
identifies releases from SSTs and related liquid handling structures, French drains, and other waste sites
within WMA A-AX. Section 2.1.2.3 summarizes the 200-E-286 Ditch operations and the related potential
impact to groundwater.

211 Facility Description

The fence line surrounding the 241-A and 241-AX Tank Farms constitutes the RCRA site boundary of
WMA A-AX (Figure 1-2). The WMA includes ten 100-series SSTs (Figure 2-1). Five French drains used
for liquid disposal and multiple liquid handling structures associated with the A and AX tank operations,
including catch tanks, diversions boxes, process pipelines, and valve pits, are within WMA A-AX.

The 241-A Tank Farm contains six SSTs constructed in 1954 to 1955. The 241-AX Tank Farm contains
four SSTs constructed in 1963 to 1964. The SSTs were constructed in place with carbon steel lining the
bottom and sides of a reinforced concrete shell (Figure 2-2). The tanks each had an operating capacity
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Leaks from Tanks 241-A-104 and 241-A-105 were reassessed in RPP-ENV-37956, however the revised
leak volumes have not yet been formally adopted as of Mav 2015 (HNF-EP-0182, Rev. 329). The leak
volumes provided below include estimates from both H.«. -EP-0182, Rev. 329 and RPP-ENV-37945.
The reported leak inventory and composition for Tanks 241-A-104 and 241-A-105 is obtained from the
revised (2014) leak inventory assessment report (RPP-ENV-37956). The following discussion refers to
the radiation activity and radioactive constituents and components of released material; however, these
constituents and components are not subject to RCRA regulations and are included here for the sole
purpose of identifying releases from tanks. Dangerous waste constituents potentially present in SST waste
are considered potential groundwater monitoring constituents for this plan.

Tank 241-A-104 was categorized as an assumed leaker in 1975 and has a total leak volume of 1,900

t0 9,500 L (500 to 2,500 gal) (HNF-EP-0182, Rev. 329). During sluicing operations in 1975, increased
radiation activity was detected in two laterals beneath the tank, although gross gamma scans of the
drywells did not indicated activity above background (RPP-ENV-37956). Reassessment of the

Tank 241-A-104 leak in RPP-ENV-37956 concludes that the estimated waste loss is approximately

7,600 L (2,000 gal) based on radioactivity in the laterals. The waste type released from tank 241-A-104 is
PUREX sludge supernate, containing approximately 0.56 Ci/gal of cesium-137 (activity as of May 2008).
The cesium-137 inventory for the release is approximately 1,100 Ci (RPP-ENV-37956). The solids
inventory for Tank 241-A-104 is 106,000 L (28,000 gal) of sludge (HNF-EP-0182, Rev. 329).

Tank 241-A-105 was categorized as an assumed leaker in 1963 and has a total leak volume of 38,000

to 1,022,000 L (10,000 to 270,000 gal) (HNF-EP-0182, Rev. 329). RPP-ENV-37956 reports the tank was
categorized as a confirmed leaker in 1975, based on increased radioactivity detected in laterals and
information resulting from the 1965 s1  en steam release incident (RPP-ENV-37956).

On January 28, 1965, tank 241-A-105 experienced a rapid pressurization event that resulted in the tank
liner bulging upward. In 1977, a topographical map produced of the tank bottom clearly showed the
bottom of the steel liner had ripped and separated from the sidewall along approximately three-fourths of
the tank bottom (RPP-ENV-37956). Reassessment of Tank 241-A-105 leaks in RPP-ENV-37956
concludes that the lateral data obtained from 1963 to 1986 showing elevated gamma activity an high
temperatures below tank 241-A-105 clearly indicates the presence of a tank liner leak. In-tank surface
level changes and video observation of a bulge and ripped liner confirm that the tank leaked.

The leak inventory estimate for Tank 241-A-105 in RPP-ENV-37956 is based on the extent of the ripped
liner, the dates when increased gamma activity was detected in the tank laterals, and the extent of
contamination in the laterals. The estimated leak volume in RPP-ENV-37956 is 7,600 to 151,000 L
(2,000 to 40,000 gal) depending on the waste type, based on an estimated 56,000 Ci of cesium-137 in the
soil. At least three leak events occurred at Tank 241-A-105. PUREX high-level waste supernate

(waste type P1) leaked from this tank in late 1963 and again in 1965. During sluicing operations in 1968
to 1970, 221-B Plant cesium ion exchange waste (waste type BIX) also leaked from this tank. In an effort
to better quantify the inventory of waste leaked from tank 241-A-105, a new conceptual model was
devised to describe the leak. Based on this conceptual model, the range of waste volume leaked from tank
241-A-105 was estimated to be between 7,600 L (2,000 gal) (if all P1waste) or 151,000 L (40,000 gal)
(if all BIX waste).

In addition to the P1 and/or BIX supernate waste leaked, cooling water likely leaked from tank
241-A-105 (RPP-ENV-37956). An estimated 2,300,000 L (610,000 gal) of cooling water was added to
tank 241-A-105 during November 1970 through December 1978 and 760,000 to 880,000 L

(200,000 to 232,000 gal) of cooling water were unaccounted for by evaporation estimates and may have
leaked to the soil. The solids inventory for Tank 241-A-105 is 140,000 L (37,000 gal) of sludge
(HNF-EP-0182, Rev. 329).
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1 Information on the French drains was obtained from W JS. Five French drains located within
. 2 WMA A-AX were sed for liquid waste disposal (Figure 2-3). The 216-A-16 French drain is located in
3 the southeast comer of the 241-A Tank Farm. It received approximately 60,000 L (15,850 gal) of floor
4 drainage from the 241-A-431 Building and stack drainage from the 296-A-11 Stack. The 216-A-16
5 ench drain also received overflow from the 216-A-17 French drain and was taken out of service in
6  March 1969.
7 1e 216-A-17 French drain, located in the southeast of the 241-A Tank Farm, received approximately
8 122,000 L (32,230 gal) of floor drainage from the 241-A-431 Building and stack drainage from the
9  296-A-11 Stack. The 216-A-17 French drain was taken out of service in 1969.
10 1e 216-A-23A and 216-A-23B French drains, located in the southeast corner of the 241-A Tank Farm,
11 received approximately 6,000 L (1,585 gal) of tank condensate and the backflush from the 241-A-431
12 Building from 1975 through 1969. The total amount discharged by this waste stream, 6,000 L (1,585 gal),
13 iplies to both 216-A-23A and 216-A-23B French drains. The French drains were connected to each
14 other by an underground overflow pipe and were separated by 3 m (10 ft).
15  The 241-A-702-WS-1 French drain is located in the southern portion of the 241-AX Tank Farm and
16  received steam condensate from the 241-A-702 Ventilation Building beginning in 1968. Process steam
17 was used in the steam heaters to raise the temperature of vent gases from the 241-AY and 241-AZ tanks
18  to prevent wetting of the filters. The 241-A-702-WS-1 French drain was used in conjunction with a steam
19 trap for the system. The drain was permanently isolated in 1995.
20 Other liquid handling structures within WMA A-AX, including diversions boxes, valve pits, catch tanks,
21  and process pipelines were used to transport or contain liquid waste associated with the tank farms.
22 Information for these structures, which are identified as waste sites in WIDS, is provided below.
23 There are four diversion box waste sites in WMA A-AX. Diversion boxes are concrete structures
24 containing transfer piping and were designed to contain leaks from transfers and drainage of effluent from
25 « rations within the unit. The diversion boxes drained to catch tanks or double-shell tanks.
26 There are five valve pits in WMA A-AX. The valve pits are underground concrete structures designed to
27  contain leaks from transfers and drainage operations and then drain to catch tanks. Valve pits were
28  equipped with a leak detection system, which was designed to shut down operations if a leak in the pit
29  were detecte
30 tere aretl ecat tanks in WMA A-AX. The catch tanks are underground structures designed to
31 receive valve pit or diversion box aks during transfers and drainage operations. Catch tanks are
32 constructed of concrete and, in some cases, were lined with stainless steel. One catch tank (241-AX-152)
33 was declared leaking in March 2001 (Figure 2-3). All liquid within the 24 1-AX-152 catch tank was
34  removed and the tank isolated using administrative and engineering controls. The design capacity of the
35  241-AX-152 catch tank was 41,640 L (11,000 gal). In March 1980, a routine pressure test of the return
36  pipi ne from the 241-AX-501 valve pit to the 241-A-417 catch tank (Figure 2-3) indicated a flange
37  connection leak. An excavation at the pipeline leak was performed and two barrels of contaminated soil,
38  reading 10,000 counts per minute, were removed and a new gasket installed.
39  Fourteen pipeline structures in WMA A-AX transferred effluent or condensate waste from the tank farm
40  to French drains and surface liquid waste facilities. The pipelines were constructed of either carbon steel,
41  stainless steel, vitrified clay, or fiberglass reinforced epoxy. Pipelines were either direct buried or encased
42 in concrete. The pipelines delivered process fluids or condensate and were either gravity or pressurized
43 lines. There are no releases or losses of transfer fluids documented in WIDS from pipelines in
Wi wWMA A-AX.
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These liquid handling structures within WMA A-AX carried or contained waste effluent (e.g., mixed
waste solutions and decont  nation solutions) associated with the tanks. Therefore, any impacts to
groundwater from these structures will be assessed using the constituents identified from the tank waste.

2.1.2.2 Unplanned Releases

The following information about UPRs within WMA A-AX is from WIDS and RPP-ENV-37956.

With the information available about the volume of the releases and the corrosive nature of the liquids
released, it is unlikely that these UPRs contributed to corrosion of groundwater monitoring wells or that
they uniquely identify any potential dangerous waste constituents that would need to be added to this
groundwater monitoring plan. Contaminants from the higher volume UPRs (UPR-200-E-125 and
UPR-200-E-126) are associated with tank waste. Therefore, potential impacts to groundwater from these
contaminants will be assessed as part of the identified potential dangerous waste contaminants from SSTs.

UPR-200-E-47 occurred south of the 241-A-702 Building at the southern border of the AX Tank Farm.
This UPR was a 1974 surface contamination event consisting of white specks that covered a 30 m (98 ft)
by 76 m (250 ft) area near the building. The specks were assumed to have been windblown from the
702-A Vessel Ventilation Building stack. The parking area and vehicles were cleaned and returned to
normal operation the same day.

UPR-200-E-48 occ  d adjacent to Tank . -A-106. This UPR was a small liquid release during
installation of a new pump at the 241-A-106 pump pit in January of 1974.

UPR-200-E-115 occurred adiacent to Tank 241-AX-103. This UPR consisted of a spray leak in the
241-AX-103 Pump Pitin F  uary 1974 (RPP-7494). According to WIDS, during bleeding of air from a
line, air flowed up (instead of down) causing contaminated liquid to spray onto two employees and the
ground adjacent the 241-AX-103 Pump Pit.

UPR-200-E-119 occurred adjacent to Tank 241-AX-1(C  This UPR consisted of an employee mistakenly
pulling a contaminated electrode cable out of Tank 241-AX-104 and setting it on the ground.
The contamination was limited to a small area near the 241-AX-104 Tank.

UPR-200-E-125 is associated with a tank leak at 241-A-104 and occurred in the soil underneath the tank.
According to WIDS, approximately 9,463 L (2,500 gallons), containing 18,000 curies of cesium-137 were
released from the 241-A-104 tank.
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2.1.2.3 200-E-286 Ditch and Swamp

The 200-E-286 Ditch (Figure 2-3) was evaluated to determine if the associated waste could have
contributed corrosive liquids to the perched water horizon at the CCU, associated with accelerated
corrosion of Wells 299-E24-19, 299-E25-46, and 299-E25-236. From 1946 to 1953, the 200 East Area
powerhouse (284-E Powerhouse) discharged effluent to a swamp (known as “A-Swamp”) located east of
the 200 East Area fence via a man-made ditch. In 1954, the ditch was redirected in a northeast direction to
connect to 216-B-3 Pond and the eastern end of the ditch was abandoned. The abandoned portion of the
ditch is known as the 200-E-286 Ditch while the portion of the ditch originating at the 284-E Powerhouse
and rerouted to the 216-B-3 Pond is known as the 200-E PD Ditch. The liquid effluent stream from the
powerhouse contained boiler blowdown, cooling water, floor drain water, and water softener regeneration
solution (DOE/RL-89-28).

There is no longer any sign of the A-Swamp or the distal end of the ditch. The original ditch traversed the
area southeast of the powerhouse, cut across what is now the southwest corner of the 241-A Tank Farm,
and flowed into the A-Swamp, located at the east end of the ditch (Figure 2-3). The Grout Facility and
Waste Treatment Plant have been built over the former A-Swamp. During the 7 years the ditch was in
use, large volumes of effluent traveled down this unlined ditch. It is estimated that approximately

57,800 L/day (150,000 gal/day) was discharged to the swamp between 1945 and April 1953, with a total
discharge volume estimated at 1.7 x 10° L (4.5 x 10® gal) (HW-28121). Because it was unlined, an
unknown but large amount of effluent percolated into the ground along the extent of this ditch, which
passed by the southwest corner of 241-A Tank Farm (and approximately at the location of the three
corroded and decommissioned wells). Furthermore, the effluent contained a large amount of chloride ion
as a part of the water softener regeneration solution. During the water softening process at the
powerhouse, sanitary water passed throt  a water softener to remove calcium and magnesium prior to
heading to the boiler in order to minimize scaling on the tube bundles. When the resin in the ion-exchange
column became saturated with calcium and magnesium, ion exchange no longer occurred, and the resin
had to be regenerated. This was accomplished by passing a concentrated solution of sodium chloride
through the column. Sodium ions displaced the calcium and magnesium ions, which were flushed out of
the softener along with the concentrated chloride solution and routed to the A-Swamp via the ditch.

The 200-E-286 Ditch likely contributed to casing corrosion in the southern part of WMA A-AX.

The effluent conveyed via the ditch contained significant corrosive fluids (such as chloride content) that
would have accelerated the corrosion of stainless steel casing in the three wells in the southern part of
WMA A-AX at the depth of the CCU, (perched horizon). Therefore, the 200-E-286 Ditch is considered
the likely source of the corrosion.

2.2 Regulatory Basis

In May 1987, DOE issued a final rule (10 CFR 962, “Byproduct Material), stating that the hazardous
waste components of mixed waste are subject to RCRA regulations. In November 1987, the

U.S. Environmental Protection Agency (EPA) authorized the Washington State Department of Ecology
(Ecology) to regulate these hazardous waste components within the State of Washington (51 FR 24504,
“EPA Clarification of Regulatory Authority Over Radioactive Mixed Waste™). In 1996, the Washington
State Attorney General determined that the effective date for regulation of mixed waste in Washington
State was August 19, 1987.

In May 1989, DOE, EPA, and Ecology signed the Tri-Party Agreement (Ecology et al., 1989a, Hanford
Federal Facility Agreement and Consent Order). This agreement established the roles and responsibilities
of the agencies involved in regulating and controlling remedial restoration of the Hanford Site, which
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After 4 quarters of groundwater monitoring data were collected from Well 299-E25-236, the results along
with data from the other existing wells for the previous 5 years were used to determine if dangerous ‘
wastes or dangerous waste constituents from WMA A-AX had entered groundwater. Results showed that

nitrate was more concentrated at one downgradient well (299-E25-93) than at any other well at

WMA A-AX, and nitrate concentrations exceeded the drinking water standard (DWS)

(DOE/RL-2008-66). Nitrate is not a dangerous waste constituent as defined by WAC 173-303-040 and

listed in WAC 173-303-9905. The assessment report (SGW-47538) concluded that concentrations of

nickel, which is a dangerous waste, were higher at two downgradient wells (299-E25-40 and

299-E25-236) relative to concentrations at upgradient wells (299-E24-20, 299-E24-22, and 299-E24-33)

and that WMA A-AX may have contaminated the unconfined aquifer with a dangerous waste constituent.

However, the elevated levels of nickel in the wells are accompanied by corresponding increases in

concentrations of iron, manganese, and chromium.

In 2012, a sharp short term increase in the nickel concentrations in Well 299-E25-236 was definitively
associated with casing corrosion as supported by a visual inspection of the interior of the well using a
downhole video survey that showed significant corrosion. A video survey was also completed in 2012
inside the casing of Well 299-E25-40, but did not show distinct corrosion characteristics. Elevated metal
concentrations in these wells do not appear to be from waste associated with leaking SSTs. Similar
corrosion of stainless steel casings has occurred elsewhere at the Hanford Site with a corresponding
increase in nickel concentrations in groundwater. An example is the elevated concentrations of nickel,
iron, manganese, and chromium due to corrosion at Wells 299-W27-2 and 299-W14-71 at the

216-S-10 Pond and Ditch in the 200-UP-1 OU (DOE/RL-2014-32).

This plan continues the groundwater quality assessment to determine if waste from WMA A-AX has
enter¢ the groundwater. This plan includes a comprehensive list of constituents including dangerous
waste constituents identified as potentially present in SST waste along with constituents indicative of
corrosion of stainless steel wells.

2.3 Waste Characteristics

During the period of Hanford Site operations, wastes routed to tanks in the A and AX Tank Farms were
alkaline slurries of mixed waste, containing dangerous constituents and radioactive fission products.
Appendix A of PNNL-13023 lists the chemic: constituent inventories in each of the 241-A and
241-AX tanks.

WHC-MR-0132 provides the approximate chemical compositions for the major waste types sent to the
SSTs and RPP-26744, includes detailed estimates for chemical and radioisotope concentrations for each
tank leak in WMA A-AX. These sources were used to prepare the Dangerous Waste Permit Application
Part A Form (WA7890008967) for the SST system (treatment, storage, and disposal unit number S-2-4)
(Table 2-3). RPP-ENV-37956 provides a detailed waste history of SSTs in WMA A-AX that were known
or assumed to have leaked, including Tanks 241-A-104 and 241-A-105 (Appendix B, Sections B2.1 and
B3.1).Elevated concentrations of nickel and other metals related to stainless steel corrosion

(iron, chromium, and manganese) have been measured in downgradient wells. Nickel is not identified as a
dangerous waste associated with SSTs on the Dangerous Waste Permit Application Part A Form
(WA7890008967). However, nickel is identified as an underlying hazardous constituent (as identified in
40 CFR 268.48, “Land Disposal Restrictions,” “Universal Treatment Standards™) for SSTs in RPP-23403,
issued in 2013.
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The SSTs were placed in the upper portions of the Hanford formation. The vadose zone consists

(in descending order) of the Hanford formation (gravel in the upper portions but predominantly the \ B
sand-dominated facies), CCU,, and the Cold Creek unconsolidated coarse-grained gravel unit

(CCUg)/Ringold Formation unit A (RPP-14430) (Figure 2-5). Beneath the CCUy is unit A of the Ringold

Formation at approximately 94.5 m (310 ft) elevation (above mean sea level [amsl]), followed by

Columbia River Basalt (PNNL-12261).

The Hanford formation is the informal name for the glacio-fluvial deposits from cataclysmic Ice Age
floods. Sources for floodwaters included Glacial Lake Missoula, pluvial Lake Bonneville, and ice-margin
lakes that formed around the margins of the Columbia Plateau (Baker et al., 1991, “Quaternary Geology
of the Columbia Plateau™). The last Ice Age floods occurred about 15,000 years ago; the earliest may
have been 1 to 2 million years ago (Bjornstad, 2006). The Hanford formation consists of mostly
unconsolidated sediments that cover a wide range in grain size (from silt to boulders). Hanford formation
sediments beneath and adjacent the 241-A and 241-AX Tank Farms range from gravel to silt. Gravel and
sandy gravel (H1) generally occur in the upper 22.9 m (75 ft), while sand and gravelly sand (H2)
predominate below this depth. The lower gravel-dominated facies (H3) found elsewhere in the 200 Areas
is missing beneath WMA A-AX.

Hanford fori1  ion sand-dominated sequence (H2) o lies the CCU, beneath the -A anc " 11-AX
Tank Farms. This sequence is the dominate facies within the vadose zone as evidenced in geologist and
driller descriptions provided in borehole summary logs. The summary logs for the wells drilled on the
boundaries of the tank farms described sand of some variation extending from the CCU, to within

6.1 m (20 ft) of ground surface. Drywells within the tank farm and adjacent to the tanks described gravels
to 22.9 m (75 ft) below ground surface (bgs) and then sand. Most of the descriptions for this facies are
sand or sand with some associated variation of silt. Most of the silt percentages were between 1 to

3 percent; however, there were silt lens and beds of 15 to 30 percent silt in a couple wells within

this facies.

The Cold Creek unit is important to the understanding of the geology at WMA A-AX because its upper
portion, the CCU,, is the aquitard responsible for groundwater that is perched (or retained in the
fine-grained sediments) above the water table. Corrosive liquid (containing elevated chloride ion
concentration) in this perched zone appears to be responsible for corrosion of the three decommissioned
wells. At WMA A-AX, the CCU, is approximately 1 to 6 m (3 to 20 ft) thick and ranges from slightly
muddy sand to clay. The CCU, is associated with fluvial overbank to eolian deposits, which can have
variable thickness (PNNL-19277).

Underlying the CCU, is the CCUy,, an unconsolidated coarse-grained gravel that varies from a sandy
gravel with cobbles to a silty gravelly sand. It overlies the Ringold Formation unit A or basalt and
contains the water table beneath WMA A-AX. The unit thickness, which is interpreted at approximately
27.4 m (90 ft), constitutes the majority of the unconfined aquifer saturated thickness.

Ringold Formation unit A lies beneath the CCU. In the vicinity of WMA A-AX, it ranges from zero

to 10 m (33 ft) thick, although the contact between the CCU, and Ringold Formation unit A is difficult to
determine because of the similarities in lithology and compaction. Where not eroded away, it consists of
multilithic, clast-supported to matrix-supported, variably cemented sandy gravel. The gravel sequences
are occasionally separated by thinner sequences of horizontally laminated sand or silt. Sands are generally
well sorted and predomii  ‘ly qu  zofeldspathic (light in color). The gravels represent fluvial channel
fill and braided stream deposits while intervening, fine-grained deposits are interpreted as lacustrine
and/or fluvial overbank-paleosol deposits (BHI-00184).
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242 Hydrogeology

The vadose zone beneath WMA A-AX is approximately 82 to 88 m (270 to 290 f1) thick (PN} -15955).
e water table occurs within the CCU, at approximately 122 m (400 ft) amsl. The uppermost aquifer

beneath WMA A-AX is unconfined and occurs mainly v hin the CCU, and Ringold ormation unit A,

where present. ¢ base of the unconfined aquifer is defined as the top of the Elephant Mountain Member

of the Saddle Mountains Bas:  (Columbia River Basalt Group). The top of the basalt ranges between

91.4 and 97.5 m (300 and 320 ft) amsl. The unconfined aquifer thickness ranges from 24.4 to 30.5 m

(80 to 100 ft) with the thickest toward the south. The well screen intervals across the aquifer for

WMA A-AX are presented in Section 3.2 (Table 3-3).

The CCU, lies above the water table across the entire WMA A-AX. It varies in thickness from over 6 m
(20 ft) beneath the 241-A Tank Farm and pinches out to the northwest, west, and southwest and thins in
all other directions (Figure 2-6). It is a partial obstruction to vertical flow of groundwater due to its high
coi itofs andclay. T finer grain size also causes it to retain more moisture, thereby having higher
moisture content than the coarser sediments above and immediately below. T jughout its extent in the
200 East Area, it may actually cause perching of groundwater in places where the amount of vertically
percolating fluids exceeds the unit’s ability to transmit groundwater. However, it is more likely that the
CCU, is more of an aquitard rather than an aquiclude, thereby vertically transmitting groundwater but at a
reduced rate compared to the more coarse Hanford formation sediments above. In either case, the
increased residual moisture of the CCU, provided the retaining stratum for the corrosive fluids that
corroded the three decommissioned wells.

During the defense operational efforts at Hanford (1943 to 1995), the groundwater flow direction in most
of the 200 East Area was influenced by the hydraulic mounding associated with discharges to the
216-B-3 Pond system, which is located to the northeast of WMA A-AX. This groundwater mound is
evident in water table maps through the 1990s and generated a hydraulic gradient to the southwest
beneath WMA A-AX.

Water table elevations at WMA A-AX were at their maximum during peak operation years
(1960s through the early 1980s). Figure 2-7 shows the effect of these rge discharges at 216-B-3 Pond on
e water table near WMA A-AX in Wells 299-E25-2, 299-E26-1, and 299-E27-7 (Figure 1-2). Based on
correlations between Wells 299-E26-1 and 299-E25-2, the maximum groundwater elevation beneath
WMA A-AX was in December of 1985, when the estimated peak groundwater elevation was 124.7 m
(409 ft) amsl. At this elevation, groundwater would have reached the bottom of the CCU, facies beneath
e 241-A Tank Farm. This may have contributed to the increased moisture levels observed in CCU,
sediments. wever, to reach the upper portion of the CCU,, the moisture would have had to migrate up
several meters. The more probable contributor to the moisture in the CCU, facies is the unlined
200-E-286 ditch from the 284-E Powerhouse.

The termination of discharges to the 216-B-3 ponds resulted in the groundwater mound dissipation with
time. As groundwater elevation continued to decline, determining groundwater flow directions from the
water table gradient beneath WMA A-AX became difficult because of the extremely flat water table.

By 20( a determination was made that the flow direction was southeast, based on local hydrographs and
“colloidal borescope” measurements (PNNL-13788).
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Recently, efforts have been made to obtain more accurate well elevation surveys and measurements of
we deviation from vertical on 56 wells in the 200 East Area. These 56 wells constitute the “low gradient
evaluation network.” The water level measurements of the low gradient evaluation network were
analyzed by generating digital grids of the water table and performing trend surface analyses.
_ minimize error, data were averaged for each well over yearly periods. Results of site-specific trend
surface analyses were described in SGW-541635, and this included an estimate of the residual error
remaining in the water level measurements. Water table contours representing the average water table
in 2013 and 2014 across the low gradient evaluation network are shown in Figure 2-8 (SGW-58828).

he map generally indicates flow across the 200 East Area and WMA A-AX toward the southeast in 2013
and to the south-southeast in 2014. The southeastern flow direction is more consistent with historical
plume movement in the area (DOE/RL-2015-07). The contours are more distantly spaced in the south,
indicating the magnitude of the hydraulic gradient is lower in the south part of the 200 East Area
compared to the northwest part. The aquifer thic™ :ss is largest in the southeast causing the transmissivity
to be higher, and higher transmissivities equate to lower hydraulic gradient magnitudes (when all other
factors are equal).

Estimates of average groundwater flow rate using hydraulic gradient from Figure 2-7 and the
Darcy equation.

V =KI/ne
are 0.03 to 0.10 m/d, where:

V = average flow velocity (m/d),

K =Hydraulic conductivity (m/d) = 1,981 m/d (1,981 m/d from PNL-8337;
WHC-SD-EN-TI-019),

[ = Hydraulic gradient (m/m) = 0.000005 (from 2014 in Figure 2-8), and

n. = Effective porosity = ranges from 0.1 to 0.3 (an estimated range for the unconfined aquifer)

2.5 Summary of Previous Groundwater Monitoring and Results

This section discusses the general groundwater monitoring results at WMA A-AX, as well as
groundwater and vadose zone conditions that are believed to have caused well casing corrosion.

2.5.1 Groundwater Contamination

Site-specific (or primary) groundwater constituents required by the previous groundwater monitoring plan
(PNNL-15315) included nitrate, sulfate, sodium, chromium, lead, and total organic carbon (TOC).
he results showed that only nitrate exceeded its DWS (45 mg/L). Chromium and lead were detected, but
chromium was detected only at low levels with a maximum result of 14.3 pg/L, as reported in SGW-47538.
1e detections for lead were all below Hanford Site background levels at the 95th percentile
(DOE/RL-96-61). Sodium and sulfate, naturally occurring constituents in Hanford Site groundwater, were
detected in all WMA A-AX samples. Detected sodium was at or below background levels. Sulfate
concentrations were well above Hanford Site background levels, but upgradient wells had concentrations
similar to downgradient wells. Concentrations of TOC were detected as high as 1,400 pg/L in
Well 299-E24-22, but this is an upgradient well.
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Figure 2-7. Historical Groundwater Elevations at Wells 299-E25-2, 299-E26-1, and 299-E27-7

Figure 2-10 shows nickel concentrations at two downgradient wells (299-E25-40 and 299-E25-236) and
the corresponding upgradient well (299-E24-33). The highest nickel concentration at Well 299-E25-236
during this period was 186 pg/L for a sample collected in December 2012. The cause for the elevated
nickel is associated with corrosion of the stainless steel screens and casings. This corrosion is discussed
further in Section 2.5.2.

The elevated nickel at Well 299-E25-40 is also most likely due to corrosion of the well casing, but the
reason for the corrosion there is unknown. A downhole camera survey was conducted in November

of 2012 to evaluate the condition of the inner casing. Definitive signs of casing corrosion, as noted in
Well 299-E25-236 were not identified, but portions of the well screen above the water table had attributes
of breakdown. Nickel concentrations in this well continue to be elevated with respect to upgradient

Well 299-E24-33, but have been showing a stable trend since mid-2007. Nickel has low mobility under
conditions observed in Hanford Site groundwater, making it unlikely that nickel detected at

Wells "19-E25-236 and 299-E25-40 is from SSTs or any liquid waste facility within WMA A-AX.
Nickel (nickel II, the most soluble state for Ni) has a retardation factor (distributic  oefficient [K4]) in
the range of 300 to over 4,000 mL/g (PNNL-13895). In contrast, the highly mobile nitrate and
technetium-99 have Ky values near zero. The higher Ky values for nickel are associated with pH values
greater than 7. With the high alkalinity and ubiquitous carbonates typical of Hanford Site groundwater,
groundwater pH remains above 7. In a groundwater environment with pH greater th: 7, it is unlikely that
nickel would be transported through the vadose zone beneath WMA A-AX and encounter the water table.
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Figure 2-10. Nickel Concentrations Downgradient Wells 299-E25-40 and 299-E25-236 Compared to
Upgradient Well 299-E24-33 at WMA A-AX

Groundwater samples from 2011 and 2012 at Well 299-E25-236 revealed elevated levels of chromium,
iron, manganese, and nickel. Between May and June of 2011, the unfiltered chromium increased from
non-detect to 23 ng/L (Figure 2-12). In December 2011, filtered chromium levels began to be detected.
Filtered manganese detections lagged behind the chromium results, but made a significant increase in
September 2012. Nickel increased significantly in September 2012 (Figure 2-13), even though it had been
present since the well was installed, suggesting that the elevated nickel is related to casing corrosion
rather than leaking tanks as suggested in SGW-47538. Concentrations of manganese and iron also
increased in 2012 (Figure 2-14).

Well 299-E25-236 is not the first well in this area to experience casing degradation. Prior to entering into
assessment monitoring in 2005, two WMA A-AX RCRA monitoring wells (299-E24-19 and 299-E25-46)
failed due to rapid corrosion of the stainless steel casing. Well 299-E24-19 failed between 84.3 and

84.6 m (276.6 and 277.7 ft) bgs, and Well 299-E25-46 failed between 83.6 and 84.9 m (274.4 and

278.6 ft) bgs. The depths of failure in these other wells were at the same horizon as Well 299-E25-236
was near the level of the CCU,. Well 299-E25-236 was decommissioned in 2013 and replaced by

Well 299-E25-237 in 2015. New Well 299-E25-237 was constructed using polyvinyl chloride (PVC) to
address corrosion of stainless steel casing experienced by wells in this area. During drilling, vadose zone
soil porewater vertical profile characterization samples were collected through the vadose zone interval
where Well 299-E25-236 had shown casing corrosion. These characterization sampling results will be
included with other data collected as part of this plan and presented in the first determination report.

An investigation of the accelerated well corrosion at Wells 299-E24-19 and 299-E25-46 analyzed
sidewall core samples collected from those wells and bentonite material typically used to provide annular
seals for inford Site wells (PNNL-15141). Special emphasis was placed in determining the chloride
content because of the rapid casing corrosion.
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was found that chloride pore water concentrations in the sidewall cores ranged considerably depending
on the location sampled. Results from the casing corrosion zone at Well 299-E25-46 indicated decreasing
chloride concentration with distance from the casing (PNNL-15141, Table 3-11). The sample result
closest to the degraded casing had a dissolved chloride concentration in excess of 10,000 mg/L, while the
farthest from the casing was 1,221 mg/L. Sidewall cores also showed the presence of technetium-99
and nitrate.

Resi s of the bentonite study showed that the bentonite h: high water extractable concentrations of
chloride and would be capable of generating localized vadose zone pore water with chloride
concentrations in excess of 700 mg/L. The study concluded that the vadose zone near 299-E24-19

1d 299-E25-46 had soils capable of generating pore water with sufficient chloride concentrations to
cause corrosion of the stainless steel well casing, and showed a clear relationship between the chloride
concentration and w  casing corrosion. The study recommer :d using Portland cement as an annulus
se nt for  oundwater monito ~ ; wells in zones with high moisture content or that have the
potential to accumulate perched water.

In response to the recommendation in PNNL-15141, the well annulus of the replacement well
(299-E25-236) was sealed with Portland cement through the CCU, horizon. However, the well was
decommissioned due to corrosion in 2013 after only five years of active service. Clea -, the replacement
of bentonite with Portland cement in the well through the CCU, zone did not provide a remedy for well
corrosion. 1¢ corrosive fluids remaining in the CCU, zone appear to have had sufficient chloride to
corrode the well casing without the presence of bentonite.

25.3 Resulting angerous Waste Contaminants

he groundwater assessment results to date do not indicate that there are dangerous wastes attributable to
WMA A-AX impacting groundwater. The strategy of this plan is to monitor for a comprehensive list of
dangerous waste constituents, including those that may be present in SST waste, and determine which, if

ly, are impacting groundwater and are attributable to WMA A-AX. To identify these analytes, the list of
dangerous waste constituents identified as potentially present in SST waste (RPP-23403) was combined w
those constituents listed in Appendix 5 of Ecology Publication No. 97-407 (which references 40 CFR 264,
Appendix IX). The resulting combined dangerous waste constituent list is provided in Section 3.1,
Table 3-1.

Groundwater monitoring has shown that facilities within WMA A-AX have discharged effluent
(intentionally or not) that has affected groundwater. Comparisons of upgradient and downgradient wells
indicate that levels of specific conductance, nitrate, nickel, and technetium-99 are higher in concentration
in downgradient wells. However, nitrate is not a dangerous waste constituent listed in Appendix 5 of
Ecology Publication No. 97-407, which references 40 CFR 264, Appendix [X, but it is an indicator of
groundwater impact from WMA A-AX. Technetium-99 is detected above the DWS in wells that are
upgradient and downgradient of WMA A-AX (DOE/RL-2015-07). Technetium-99 is a radioactive
constituent regulated under AEA and is not a dangerous waste. Nickel is a dangerous waste constituent
listed in Appendix 5 of Ecology Publication No. 97-407, but its occurrence in groundwater at WMA A-AX
can be correlated with other metals (e.g., chromium, iron, and manganese) typically associated with
corrosion of stainless steel casings. Therefore, nickel is not a good indicator of groundwater impact from
WMA A-AX.

Three wells have been decommissioned due to corrosion since 2004. In all three wells, the corrosion
occurred approximately at the elevation of CCU,, which either can cause groundwater perching or simply
has a higher moisture content than overlying or underlying strata. As a result, the CCU, either supports or
contains corrosive flu  locally that are responsible for causing rapid casing corrosion and well loss.
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An evaluation of the 200-E-286 Ditch that carried 284-E-Powerhouse effluent indicates that this site
could supply sufficient volume of chloride-bearing solution through the vadose zone and eventually to the
CCU, that, in turn, could cause the corrosion at the three corroded and decommissioned wells.

Therefore, groundwater constituents such as chromium, iron, and manganese, as well as nickel, remain as
constituents of interest to identify well corrosion that may be caused by corrosive effluent.

2.6 Conceptual Site Model

A CSM of tank leak pathways to the groundwater is summarized in DOE/ORP-2008-01, and Appendix A
of that document presents the CSM in detail. The following summary is from DOE/ORP-2008-01,
PNNL-13023, PNNL-15315, and interpretation of more recently collected groundwater monitoring data
at WMA A-AX.

2.6.1 Contaminant Sources

The contaminant sources at WMA A-AX are the SSTs, associated liquid handling structures, and French
drains (Section 2.1.2.1), UPRs associated with SST waste (Section 2.1.2.2), and  : 200-E-286 Ditch
(Section 2.1.2.3). Contaminants from the SST and related structures, French drains, and UPRs are related
to SST waste. Contaminants associated with the unlined, 200-E-286 Ditch are corrosive liquids

(high ionic strer  h chloride solution from the water softener regeneration process at thc =34
Powerhouse) that percolated into the soil during discharge to the A-Swamp from 1945 to 1953.

Of the 10 SSTs within WMA A-AX, 2 are confirmed or assumed to have leaked. A maximum leak
volume of approximately 1,032,000 L (272,500 gal) has been reported for WMA A-AX SSTs. Based on
the findings presented in Chapters 1.0 and 2.0, a CSM (Figure 2-15) suggests the most probable sources
associated with significant concentrations of nitr  :and technetium-99 at Well 299-E25-93 are the
leaking tanks. The source of elevated nickel concentrations at Wells 299-E25-40 and 299-E25-236 are
most likely from corrosion of stainless steel well casings.

A potential source of groundwater contamination from outside WMA A-AX is effluent discharges from
the 284-E Powerhouse through the 200-E-286 Ditch (Figure 2-3). This ditch ran across the southwestern
end of the 241-A Tank Farm and conveyed concentrated chloride solutions to the A-Swamp

(a predecessor to the 216-B-3 Pond system). The wastewater was of sufficient volume to migrate down
through the vadose zone to the CCU, where it was retained by the fine-grained sediments.

This concentrated chloride held in the CCU, appears to have caused rapid corrosion of the three wells at
the WMA A-AX well network that were corroded and decommissioned (299-E24-19, 299-E25-46,

and 299-E25-236). This corrosion, in turn, released metals such as nickel, chromium, iron, and
manganese from the casing into the groundwater being sampled within the wells. Elevated levels of nickel
and the other metals (chromium, iron, and manganese) also indicate corrosion in a downgradient well
(299-E25-40).

2.6~ Driving Forces

Downward migration of groundwater contaminants through the vadose zone may also have been aided by

leaking waste transfer piping systems, dust suppression water, UPRs, spills, ruptured fresh water lines,

and nearby cribs and ditches. Potential tank leak events and releases from transfer piping systems may

have discharged waste fluid volume into the subsurface from a point of entry likely having a small spatial

extent (on the order of a few meters). Such a discharge would temporarily increase the moisture content

of the unsaturated soil, particularly at the point of entry, and increase the unsaturated hydraulic

conductivity and downward migration. As waste fluids are migrating within the vadose zone, numerous

contaminants are potentially react chemically with the vadose zone soil/water system to varying degrees.

Water extracts of contaminants from sediments collected from sidewall core samples (Wells 299-E24-29 ‘
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and 299-E25-46) suggest that wastewater from Hanford Site waste streams (contaminated with nitrate and
technetium-99) have entered the vadose zone and migrated to depths nearly as deep as the water table at
WI A A-AX. The detected groundwater contamination beneath WMA A-AX thus far includes only the
nondangerous waste constituent nitrate and well casing corrosion prc icts such as nickel and chromium.

1¢ possibility of other contaminants (including dangerous waste constituents) remaining in the vadose
zone will be evaluated in this revise assessment plan.

2.6.3 Migration

Upon reaching the groundwater, the contaminants generally migrate toward the southeast with the
groundwater flow. The groundwater flow velocity has been estimated at 0.03 to 0.10 m/d
(0.10 to 0.33 ft/d) (Section 2.4.2).

2.7 Monitorin Objectives

1€ objective of groundwater monitoring at WMA A-AX is to determine whether dangerous waste or
dangerous waste constituents associated with past releases at WMA A-AX have reached groundwater,
and if so, to determine the migration rate, extent, and concentration of the dangerous waste constituents.
The regulatory requirements applicable to this groundwater monitoring plan are found in 40 CFR 265.90,
“Applicability,” through 265.94, “Recordkeeping and Reporting” and promulgated in
WAC 173-303-400(3). Table 2-4 identifies where each groundwater quality assessment monitoring
element of the pertinent applicable regulations is addressed within this plan.
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promulgated by WAC 173-303-400(3)(b) and modified by -
400(3)(c)(v) when indicated.

(d)(3) The plan to be submitted under 40 CFR 265.90(d)(1) or
paragraph (d)(2) of this section must specify:

(1) The number, location, and depth of the wells;

(i11) Sampling and analytical methods for those hazardous wastes or
hazardous waste constituents in the facility;

(111) Evaluation procedures, including any use of previously gathered
groundwater quality information; and

(iv) A schedule of implementation.

(d)(4) The owner or operator must implement the ground-water
quality assessment plan which satisfies the requirements of paragraph
(d)(3) of this section, and, at a minimum, determine:

(1) The rate and extent of migration of the hazardous waste or
hazardous waste constituents in the groundwater; and

(it) The concentrations of the hazardous waste or hazardous waste
constituents in the groundwater.

(d)(5) The owner or operator must make his first determination under
paragraph (d)(4) of this section, as soon as technically feasible, and
prepare a report containing an assessment of ground-water quality.
This report must be placed in the facility operating record and be
maintained until closure of the facility.

(d)(7) If the owner or operator determines that hazardous waste or
hazardous waste constituents from the facility have entered the
ground-water, then the owner or operator:

(1) Must continue to make the determinations required under
paragraph (d)(4) of this section.

SEPTEMBER

Table 3-3, Chapter 4,
and Appendix A and B

Number and
Location of
Wells

40 CFR 265.91, “Ground-water Monitoring System,” as
promulgated by WAC 173-303-400(3)(b) and modified by -
400(3)(c)(v) when indicated.

(a) A ground-water monitoring system must be capable of yielding
ground-water samples for analysis and must consist of’

(1) Monitoring wells (at least one) inst  2d hydraulically upgradient
(i.e., in the direction of increasing static head) from the limit of the
waste management area. Their number, locations, and depths must be
sufficient to yield ground-water samples that are:

(1) Representative of background ground-water quality in the
uppermost aquifer near the facility; and

(i1) Not affected by the facility; and

(2) Monitoring wells (at least three) installed hydraulically
downgradient (i.e., in the direction of decreasing static head) at the
limit of the waste management area. Their number, locations, and
depths must ensure that they immediately detect any statistically
significant amounts of hazardous waste or hazardous waste
constituents that migrate from the waste management area to the
uppermost aquifer.

40 CFR 265.93, “Preparation, Evaluation, and Response,” as
promulgated by WAC 173-303-400(3)(b) and modified by -
400(3)(c)(v) when indicated.

Section 3.2 and
Table 3-3
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3 Groundv er Monitoring

This chapter desc ses the groundwater quality assessment program for WMA A-AX, including the
constituents analyzed, sampling frequency, monitoring well network, and sampling and analysis
protocols, and summ.  es the differences between this plan and the previous groundwater monitoring
plan NNL-15315).

3.1 ConstituentL and Sampling Frequency

Constituents that are to be sampled for this assessment are discussed in Section 2.5.3 and listed in
Tables 3-1 and 3-2. An analysis of a combination of the dangerous waste constituents identified as
potentially present in SST waste (RPP-23403) and dangerous waste constituents listed in Appendix 5 of
Ecology Publication No. 97-407, which in turn references 40 CFR 264, Appendix [X, is used

determine if dangerous waste constituents from WMA A-AX have impacted the groundwater
(Section 2.5.3). The combined list of dangerous waste constituents is provided in T le 3-1.

The constituents listed it ble 3-1 will be sampled semiannually for at least two sampling events.
Following the second sampling event, an evaluation of the data results will be performed and a first

termination report wil ¢ prepared as described in Section 4.2. The first determination report will
identify detected constituents listed in Table 3-1 that have affected groundwater quality and are
determined to be attributable to previous releases from WMA A-AX. These constituents will be retained
for routine monitoring on a quarterly sampling frequency.

As described in Section 4.2, constituents from Table 3-1 that are not detected (designated with a “U”
qualifier), detected below background concentrations, or attributed to contamination from another facility
(e.g., detected at ¢t parable concentrations in upgradient wells) will be eliminated from future sampling.

For some constituents in Table 3-1, the first two sampling results may be insufficient to determine if they
are attributable to previous WMA A-AX r ases. Such constituents will continue to be sampled at a
semiannual equency until sufficient results are available to support a determination. Furthermore, the
ten most prominent tentatively identified compounds (TICs) will alsc  : evaluated to determine if they
are attributable to WMA A-AX.

Changes to the constituent list and sample frequency based on the first determination report will be
implemented through a revision of this plan. For those constituents requiring additional sampling as
described above, the first determination report w  be revised on an annual basis, as necessary, as
determinations for such constituents are established. Subsequent changes to the constituent list and
sampling frequency based on revisions to the first determination report will be implemented through
revisions to this monitoring plan.

In addition to the Table 3-1 constituents, other supporting constituents (major cations [metals], major
anions), alkalinity, and field measured parameters will be monitored on a semiannual basis in the network
monitoring wells | able 3-2). These supporting constituents and field parameters provide information on
general water chemistry and allow charge-balance computations to assess laboratory performance.

The supporting constituents nickel, chromium, manganese, and iron provide information about corrosion
of the stainless steel well screens and casings. If constituents from Table 3-1 are determined to be
attributable to previous releases from WMA A-AX, monitoring of supporting constituents and field
parameters will be increased to a quarterly basis through a revision of this plan.

Maintenance problems and sampling logistics sometime delay scheduled sampling events. Sampling
events are scheduled by month. The Field Work Supervisor (FWS) determines the specific times within a
given month that a well is sampled. If a well cannot be sampled at the times determined by the FWS, then

3-1
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3.2 Well Network

Table 3-2 includes the list of monitoring wells for WMA A-AX, and Figure 2-1 shows the well locations.
Wells were selected based on the following criteria:

e Location — A sufficient number of wells are needed to sample groundwater upgradient and unaffected
by potential waste emplaced at the site. Other wells are needed to sample groundwater on the
downgradient side of the site. Wells need to be spaced around the downgradient site to reasonably
sample contaminated groundwater coming from anywhere in the site. Three upgradient (northwest)
and six downgradient (south) wells are identified for the monitoring network.

e Level or stratigraphic interval open to the well screen — Wells intended for RCRA compliance need to
be screened in the hydrostratigraphic unit(s), which have been identified as the earliest potential
contaminant flow path. At WMA A-AX, that is the unconfined aquifer at and below the water table in
the CCU,.

o  Well construction — It is preferable for wells to be compliant with 40 CFR 265.91 (implemented as
WAC 173-160, “Minimum Standards for Construction and Maintenance of Wells,” groundwater
monitoring element “well configuration” of Table 3-3 of this document). Eight of the nine wells
chosen for WMA A-AX meet the construction requirements of WAC 173-160; Well 299-E25-2 does
not meet the requirements of WAC 173-160. Per agreement between DOE and Ecology,
non-compliant wells are identified and placed on the prioritized drilling schedule for replacement
consistent with sitewide cleanup priorities as described in Milestone M-024-58, which is contained in
the Tri-Party Agreement Action Plan (Ecology et al., 1989b, Hanford Federal Facility Agreement
and Consent Order Action Plan), as revised. This well has been included in this milestone for future
replacement.

If a well is within approximately 2 years of going dry, a replacement well will be proposed. As indicated
by previous evaluations, WMA A-AX wells are subject to casing corrosion. Wells with definitive
indications of well casing corrosion, based on both visual downhole surveys and analytical results, will
also be candidates for replacement. To address corrosion of stainless steel casing, Well 299-E25-237 was
constructed using PVC. Utilization of PVC may be appropriate for well construction of other

WMA A-AX wells that are identified for replacement as the result of casing corrosion. All new RCRA
wells proposed for installation at the Hanford Site are negotiated annually by Ecology, DOE, and EPA
under Tri-Party Agreement Action Plan (Ecology et al., 1989b) Milestone M-24-00.

The network wells are co-sampled for the 200-PO-1 OU under CERCLA monitoring, although the
CERCLA sampling is performed at a lower frequency (annually). Sampling is coordinated to avoid
duplication of analyses and additional well trips.

able 3-3 summarizes well information, including the elevation of the water table in each monitoring
well. Well 299-E25-237 was constructed with a polyvinyl chloride casing to prevent corrosion. All wells
are equipped with dedicated sampling pumps. As-built diagrams showing details of construction for each
well are provided in Appendix C.
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Table 3-4. Main Differences between This Plan and Previous Plan

Lonsuruents ANIons, maucuvely rlminates lead, UL, ana Leaa was aetected In
coupled plasma metals, technetium-99 as concentrations below
field parameters, lead, site-specific constituents. background. Lead is
TOC, and technetium-99 ) climinated as a site-specific
analyzed in groundwater Inclu(.ies supporting . constituent but will be
samples. f:onstltue'nts (to provide evaluated as a constituent in
information on water Table 3-1.
chemistry and well
corrosion) and field TOC was detected in
parameters. concentrations below
upgradient wells. Due to the
Added analyses for i comprehensive list of
d'angerous waste constituents organic constituents to be
listed mn Ta.ble 1A ﬁ.rSt evaluated, TOC is no longer
determination report will be required.
prepared after the first two
semiannual samples are Technetium-99 is a
collected. Annual revisions radioactive constituent
to the first determination regulated under the Atomic
report will be prepared, as Energy Act of 1954.
necessary, as determinations ) )
are completed for the Analyses for cgnstltuents n
constituents. In addition to Table 3 -1 c.ontmue the
the constituents in Table 3-1, | determination as to whether
the 10 most prominent TICs dangerous waste constituents
will also be evaluated. from WMA A-AX have
entered groundwater.
Changes to the constituents
that require monitoring will
be based on the first
determination report (and
revisions). These changes
will be included in a revision
to this monitoring plan.
Sampling Quarterly Semiannual No dangerous wastes
Frequency attributable to WMA A-AX

Monitoring frequency for
Table 3-1 constituents may
increase to quarterly based
on the first determination
report for dangerous waste
constituents attributed to
WMA A-AX. Constituents
requiring additional results
to support a first
determination will continue
at a semiannual frequency.
Constituents not detected or
not attributed to WM A

have been identified. Well
corrosion has led to elevated
concentrations of nickel in
some downgradient wells.

This assessment continues
the first determination with a
comprehensive list of
dangerous waste
constituents.
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Tahle 3.4. Main Diffarencas hetween This Plan and Pravintig Plan

A-AX W1 nOt require
further monitoring.

Changes to the sampling
frequency will be included
in a revision to this plan.

w e Network

3 upgradient wells and 5
downgradient wells

Same wells, except
Well 299-E25-236 is

Well 299-E25-236 had
corroded casing and was

replaced with 299-E25-237 decommissioned
Same No change
Type of Interim status, groundwater | Same No cnange
Groundwater quality assessment plan,
Monitoring first determination
Program
TIC = tentatively identified compound

TOC = total organic carbon
WMA= waste management area

3.4 Sampling and Analysis Protocols

The QAPjP outlining the project management structure, data generation and acquisition, analytical

procedures, and quality control is provided in A

:ndix A. Appendix B provides the samp

2 protocols

(e.g., sampling methods, sample handling and custody, management of waste, and health and
safety considerations).
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monitoring at a quarterly frequency. If dangerous waste constituents are determined to be attributable to
WMA A-AX, then the sampling frequency for supporting constituents and field parameters identified in
Table 3-2 will also change to quarterly. Dangerous waste constituents that are not detected or not
attributable to WMA A-AX (category 2) will be removed from the monitoring plan. Dangerous waste
constituents requiring additional sampling (category 3) will be included for semiannual sampling.

The first determination report will continue to be revised on an annual basis, as necessary, as
determinations for constituents in category 3 are completed.

If it is determined that dangerous waste or dangerous waste constituents have entered the groundwater
from WMA A-AX, the rate and extent of contaminant migration and concentration of the constituents in
groundwater will be determined. Further determinations will be made on a quarterly basis until facility
closure. The results will be discussed in annual reports that will provide the basis for the extent

of contamination.

If the first determination results find that no dangerous waste or dangerous waste constituents in Table 3-1
attributable to WMA A-AX have contaminated the groundwater, then WMA A-AX monitoring will
return to an indicator evaluation program under WAC 173-303-400 and 40 CFR 265.92, “Sampling

and Analysis.”

4.3 Interpretation

After sampling and water level data are validated and verified, acceptable data are used to interpret
groundwater conditions at WMA A-AX. Interpretive techniques include the following:

Hydrographs: Graph water levels versus time to determine decreases, increases, seasonal, or
manmade fluctuations in groundwater levels.

e  Water table maps: Use water table elevations from multiple wells to construct contour maps and to
estimate flow directions. Groundwater flow is assumed to be perpendicular to lines of equal potential.

e Trend plots: Graph concentrations of constituents versus time to determine increases, decreases, and
fluctuations. May be used in tandem with hydrographs and/or water table maps to determine if
concentrations relate to changes in water level or groundwater flow directions.

¢ Plume maps: Map distributions of chemical constituent concentrations in the aquifer to determine the
extent of contamination. Changes in plume distribution over time assist in determining plume
movement and direction of groundwater flow.

e Contaminant ratios: Can sometimes be used to distinguish among different sources of
contamination.

4.4 Annual Determination of Monitoring Network

The RCRA groundwater monitoring requirements include an annual evaluation of the monitoring well

network to determine if it remains adequate to monitor the WMA. The network must include

upgradient and downgradient wells in the uppermost aquifer (40 CFR 265.91(a)(1) and (2)). |
The current well network (as shown in Figure 1-2) is considered adequate to monitor for dangerous

waste constituents originating from WMA A-AX.

The current groundwater monitoring network will continue to be re-evaluated annually to ensure that it
is adequate to monitor any changing hydrogeologic conditions beneath the site. [f flow changes are
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observed, the WMA A-AX CSM and groundwater constituents will be re-evaluated to determine
twork efficiency and any necessary modificationr  iirements for the network.

Water level measurements will continue to e ct  zcted before each sampling event. An additional and
more comprehensive set of water level measurements is made annually for selected wells on the
nford Site, and the data are presented in the annual groundwater monitoring reports.

5 Reporting

1e results of assessment monitoring are reported annually in accordance with the requirements of
I CFR 265.94. Reporting will be made in the annual Hanford Site groundwater monitoring reports.

ised on the results of the rate and extent of migration and concentrations of dangerous waste, as
termined by this plan (40 CFR 265.93(d)(5)), a report will be prepared containing an assessment
of groundwater quality.

Assessr 1t monitoring results are reported annually, in accordance with the requirements of
40 CFR 265.94(b), in annual Hanford Site groundwater Hnitoring reports.
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A1 Intrc iction

A quality assurance project plan (QAPjP) establishes the quality requirements for environmental data
collection. It includes planning, implementation, and assessment of sampling tasks, field measurements,
laboratory analysis, and data review. This chapter describes the applicable environmental data collection
requirements and contrc  based on the quality assurance (QA) elements found in EPA/240/B-( 003, EPA
Requirements for Quality Assurance Project Plans (EPA QA/R-5) and DOE/RL-96-68, Hanford Analvtic.
Services Quality Assurance Requirements Document (HASQARD). Sections 6.5 and 7.8 of the Tri-Party
Agreement Action Plan (Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order
Action Plan) require the QA/quality control (QC) and sampling and analysis activities to specify QA
requirements for treatment, storage, and disposal (TSD) units, as well as for past practice processes.

This QAPjP also describes the applicable requirements and controls based on guidance found in Washington
State Department ol  cology (Ecology) Publication No. 04-03-030, Guidelines for Preparing Quality
Assurc. e Project Plans for Environmental Studies, and EPA/240/R-02/009, Guidance for Quality Assurance
Project Plans (EPA QA -5). s QAPjP is intended to supplement the contractor’s environmental QA
program plan.

This Q4 P is divided into the following four sections, which describe the 1ality requirements and contre ;
applicable to Waste Management Area (WMA) A-AX groundwater monitoring activities: Project

]

inagement, Data Generation and Acquisition, Assessment and Oversight, and Data Review and Usability.
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other entities. The SMR group is responsible for informing the S&GRP RCRA groundwater manager of
any issues reported by the analytical laboratories.

A2.1.6 Field San ling Organization

The Field Sampling Organization is responsible for planning and coordinating field sampling resources
and provides the Field Work Supervisor (FWS) for routine groundwater sampling operations. The FWS
directs the nuclear ch iical operators (samplers), who collect groundwater samples in accordance with
this groundwater monitoring plan and in accordance with corresponding standard procedures and work
packages. The FWS ensures that samplers are appropriately trained and available. The samplers collect all
salient samples in accordance with sampling documentation. The samplers also complete field logbooks
and chain-of-custody forms, including any shipping paperwork, and ensure delivery of the samples to the
analytical laboratory.

In addition, pre-job briefings are conducted by the Field Sampling Organization, in accordance with work
management and work release requirements, to evaluate activities and associated hazards by considering
various factors including the following:

Objective of the activities
e Individual tasks to be performed
Hazards associated with the planned tasks
e Controls applied to mitigate the hazards
Environment in which the job will be performed
e Facility where the job will be performed
e Equipment and material required

A2.1.7 Quality Assurance

The QA point of contact is responsible for addressing QA issues on the project and overseeing
implementation of the project QA requirements. Responsibilities include reviewing project documents,
including the QAP]jP, and participating in QA assessments on sample collection and analysis activities,
as appropriate.

'.1.8 Environmental Compliance Officer

he ECO provides technical oversight, direction, and acceptance of project and subcontracted
environmental work and also develops appropriate mitigation measures with the goal of minimizing
adverse environmental impacts.

1.1.9 Health ar Safety

1e Health a1 Safety organization is responsible for coordinating industrial safety and health support
within the project as carried out through health and safety plans, job hazard analyses, and other pertinent
safety documents required by fc ral regulations or by internal primary contractor work requirements.

A2.1.10 Waste Management

Waste Management is responsible for identifying waste management sampling/characterization
requirements, to ensure regulatory compliance, and interpreting data to determine waste designations and
profiles. Waste Management communicates policies and procedures and ensures project compliance for
storage, transportation, disposal, and waste tracking in a safe and cost effective manner.

A-5
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A2.1.11 Analytical Laboratories

The analytical laboratories analyze samples, in accordance with established procedures and the
requirements «  this plan, and provide necessary * a packages containing analytical and QC results.

The laboratories provide explanations of results to support data review and in response to resolution of
analytical issues. The laboratories are evaluated under the DOE Consolidated Audit Program and must be
accredited by Ecology for the analyses performed for S&GRP.

A2.2 Problem Definition/Background

The purpose of this groundwater monitoring plan is to satisfy the requirements of Washington

Administrative Code (WAC) 173-303-400, “Dangerous Waste Regulations,” “Interim Status Facility

Standards,” and Title 40 Code of Federal Regulations (CFR) 265, “Interim Status Standards for Owners and

Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities,” Subpart F, “Ground-Water

Monitoring.” Specifics on the activities to satisfy the requirements are provided in the main text of the

monitoring plan in Chapter 1.0 and Sections 2.7, 3.1, 3.2, and 4.2. Background information on monitoring is
o provided in the main text of this plan in Sections 2.2, 2.5, and 3.3.

A2.3 Project/Task Description

The project description is provided in Chapters 2, 3, and 4 of this monitoring plan and includes the
groundwater constituents or parameters representing the dangerous wastes or dangerous waste
constituents that may have entered the groundwater at WMA A-AX, the groundwater constituents or
parameters to be monitored, the monitoring wells, and the frequency of sampling. Information on the
collection and analyses of groundwater from the monitoring network is provided in this appendix and in
Appendix B.

The following tasks are required by 40 CFR 265.93, “Preparation, Evaluation, and Response,” as
promulgated by WAC 173-303-400(3)(b) and modified by (3)(c)(v) when indicated:

¢ Determination whether dangerous wastes or dangerous waste constituents have entered groundwater,
and if so, the rate and extent of migration and concentration of the dangerous wastes or dangerous
waste constituents

e Evaluation of the monitoring network

¢ Interpretation of analytical results

Reporting
A2.4 Quality Assurance Objectives and Criteria

The QA objective of this plan is to ensure that the generation of analytical data of known and appropriate
quality is acceptable and useful in order to meet the evaluation requirements stated in the monitoring plan.
In support of this objective, statistics and data descriptors known as data quality indicators (DQIs) are
used to help determine the acceptability and utility of data to the user. The principal DQIs are precision,
accuracy, representativeness, comparability, completeness, bias, and sensitivity. These DQIs are defined
for the purposes of this document in Table A-1.

Data quality is defined by the degree of rigor in the acceptance criteria assigned to the DQIs.

The applicable QC guidelines, DQI acceptance criteria, and levels of effort for assessing data quality are
dictated by the intended use of the data and the requirements of the analytical method. DQIs are evaluated
during the data quality assessment (DQA) process (Section A5.3).




Table A-1. Data Qualitv Indicators
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Precision Precision measures the Use the same analytical  If duplicate data do not meet
agreement among a set of instrument to make objective:
repll'cz.ite measurements. Field repeated analyses onthe Evaluate apparent cause
precision is assessed through  same sample. (e.g., sample heterogeneity)
;llel((i:(:ille(;portl Zniigiﬂy_il;l()f Use the same method to Request reanalysis or
ield duplicates. 1
precisio}r)1 is estimatedytt)y make repeated re-measurement
measurements of the .
. . o o Qualify the data before use
duplicate/replicate analyses,l same sample within a Qualify
usually on lgboratory control . gle laboratory.
samples, spiked samples, i .
and/or field samples. The Acquire replicate field
most commonly used samples for information
estimates of precision are the 0 sample acquisition,
relative standard deviation handling, shipping,
and, when only two samples ~ Storage, preparation, and
are available, the relative analytical processes and
percent difference. measurements.
Accuracy Accuracy is the closeness of  Analyze a reference Ifrecovery does not meet
a measured result to an material or reanalyzea  objective:
accepted reference value. sample to which a « Qualify the data before use
Accuracy is usually measured material of known .
. . ¢ Request reanalysis or
as a percent recovery. Quality concentration or amount
re-measurement
control analyses used to of pollutant has been
measure accuracy include added (a spiked sample).
standard recoveries,
laboratory control samples,
spiked samples, and
surrogates.
Representativeness ~ Sample representativeness Evaluate whether If results are not representative of

expresses the degree to which
data accurately and precisely
represent a characteristic of a
population, parameter
variations at a sampling
point, a process condition, or
an environmental condition.
It is dependent on the proper

and physical samples
collected in such a

the environment or
condition being
measured or studied.

design of the sampling
program and will be satisfied
by ensuring the approved
plans were followed during
sampling and analysis.

measurements are made

manner that the resulting
data appropriately reflect

the system sampled:

¢ Identify the reason for them not
being representative

e Flag for further review

¢ Review data for usability

e If data are usable, qualify the
data for limited use and define
the portion of the system that the
data represent

o If data are not usable, flag as
appropriate

¢ Redefine sampling and
measurement requirements and
protocols

e Resample and reanalyze, as
annronriate
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Agreement (Ecology et al., 1989a) will be managed in accordance with the requirements therein.
Convenience copies of laboratory analytical results are kept in the HEIS database. ‘

The results of groundwater monitoring are reported annually in accordance with the requireme;  of
40 CFR 265.94, “Recordkeeping and Reporting.” Reporting will be made in the annual Hanford Site
groundwater monitoring report.
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Table A-5. Laboratorv Qualitv Contral and Accentance Criteria

Analyte J Quality Control | Acceptance Criteria | Corrective Action |

e. Sce Table A-3 for constitueut list.

EB = equipment blank LCS laboratory control samplc
EPA = U.S. Environmental Protection Agency MB method blank
FEAD = format for electronic analytical data MDL method detection limit
FTB = full trip blank MS matrix spike
FXR = field transfer blank MSD matrix spike duplicate
GC = gas chromatography PS post-digestion spike
GC/MS = gas chromatography/mass spectromctry PSD post-digestion spike duplicate
IC = 1on chromatography QC quality control
ICP AES = inductively coupled plasma-atomic RPD relative percent difference

emission spectroscopy SUR surrogatc

Data Flags:

B (organics) = analyte was detected in both the associated QC blank and the sample

C (inorganics/wetchem) = The analyte was detected in both the sample and the associated QC blank and the blank value exceeds
5% of the measured concentration present in the associated sample

N = all except GC/MS — matrix spike outlier
T = volatile organic analysis and semivolatile organic analysis GC/MS — matrix spike outlier
0 = associated QC sample is out of limits

A3.3.1 Field Quality Control Samples

Field QC samples are collected to evaluate the potential for cross-contamination and provide information
pertinent to field sampling variability and laboratory performance to help ensure that reliable data are
obtained. Field QC samples include field duplicates, field split (SPLIT) samples, and two types of field
blanks (full trip blanks [FTBs] and equipment blanks [EBs]). Field blanks are typically prepared using
high-purity reagent water. QC sample definitions and their required fr uency for collection are described

in this section:

ield Duplicates: independent samples collccted as close as possible to the same time and same location
as the scheduled sample, and are intended to be identical. Field duplicates are placed in separate sample
containers and an. zed independently. Field duplicates arc used to determine precision for both sampling

and laboratory measurements.

Field Splits: two samples collected as close as possible to the same time and same location and are
intended to be identical. SPLITs will be stored in separate containers and analyzed by different
laboratories for the same analytes. SPLITs are interlaboratory comparison samples used to evaluate

comparability between laboratories.

Full T ) Blanks: bottles prepared by the sampling team prior to traveling to the sampling site.

The preserved bottle set is either for volatile organic analysis only or identical to the set that will be
collected in the field. [t is filled with high-purity reagent water, and the bottles are sealed and transported
(unopened) to the field in the same storage containers used for samples collected that day. Collected FTBs
are typically analyzed for the same constituents as the samples from the associated sampling event. FTBs
are used to evaluate potential contamination of the samples attributable to the sample bottles,
preservative, handling, storage, and transportation.

Field Transfer Blanks: preserved volatile organic analysis sample vials filled with high-purity reagent
water at the sample collection site where volatile organic compounds are collected. The samples will be

A-28




N S R S

S O 00 -1 N i

11

13
14
15
16
17
18
19
20
21

22
23

24
25
26

28
29

30
31

32
33

34
35

36
37
38
39

40
41
42

DOE/RL-2015-49. AFT REV. 0
SEPTEMBER 2015

prepared during sampling to evaluate potential contamination attributable to field conditions.

After collection, field transfer | ik (FXR) sample vials will be sealed and placed in the same storage
containers with the samples collected the same day for the associated sampling event. FXR samples will
be analyzed for volatile organic compounds only.

Equipment Blanks: reagent water passed through or poured over the decontaminated sampling
equipment identical to the sample set collected and placed in sample containers, as identified on the S/
EB sample bottles are placed in the same storage containers with the samples from the associated
sampling event. EB samples will be analyzed for the same constituents as the samples from the associated
sampling event. EBs are used to evaluate the effectiveness of the decontamination process. EBs are not
required for disposable sampling equipment.

A3.3.2 Labor ry Quality Control Samples

Internal QA/QC programs are maintained by the laboratories utilized by the project. Laboratory QA
includes comprehensive QC program that inclue  the use of matrix spikes ( 3s), matrix duplicates,
matrix spike duplicates (MSDs), laboratory control samples (LCSs), surrogates (SURs), post-digestion
spikes (PSs), post- gestion spike duplicates (PSDs), and method blanks (MBs). These QC analyses are
required by EPA methods (e.g., those in SW-846, Test Methods for Evaluating Solid Waste:
Physical/Chemical Methods, Third Edition; Final Update IV-B, as amended), and will be run at the
frequency specific  in the respective references unless superseded by agreement. QC checks outside of
control limits are documented in analytical laboratory reports during DQAs, if performed. Laboratory QC
and their typical frequencies are listed in Table A-4. Acceptance criteria are shown in Table A-5.

The fc »wing text describes the various laboratory QC samples:

Laboratory Duplicate: an intralaboratory replicate sample that is used to evaluate the precision of a
method in a given sample matrix.

Matrix Spike: an aliquot of a sample spiked with a known concentration of target analyte(s). MS is used
to assess the bias of a method in a given sample matrix. Spiking occurs prior to sample preparation
and analysis.

Matrix Spike Duplicate: a replicate spiked aliquot of a sample that is subjected to the entire sample
preparation and analytical process. MSD results are used to determine the bias and precision of a methc
in a given sample matrix.

Post-Digestion Spike: the same as ] 3; however, the spiking occurs after sample preparation and
before analysis.

Post-Digestion Spike Duplicate: the same as MSD; however the spiking occurs after sample preparation
and before analysis.

Laboratory Control Sample: a control matrix (e.g., reagent water) spiked with analytes representative of
the target analytes or a certified reference material that is used to evaluate laboratory accuracy.

Method Blank: an analyte-free matrix to which all reagents are added in the same volumes or
proportions as used in the sample processing. The MB is carried through the complete sample
preparations and analytical procedure and is used to quantify contamination resulting from the
analytical process.

Surrogate: a compound added to all samples in the analysis batch (field samples and QC samples) prior
to preparation. SURSs are typically similar in chemical composition to the analyte being determined, yet
are not normally encountered. SURs are expected to respond to the preparation and measurement systems
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Table A-6. Preservation, Container, and Holding Time Guidelines for Laboratory Analyses

Constituent/

Minimum
Parameter Volume Container Type? Preservation® Holding Time
45 days after
extraction

Notes: Teflon is a registered trademark of E.I. du Pont de Nemours and Company, Wilmington, Delaware.
The information in this table does not represent EPA requirements but is intended solely as guidance.

This table only applies to laboratory analyses. Specific conductance, pH, temperature, and turbidity are not listed as they are
measured in the field.

a. Under the Container heading, the term poly stands for EPA clean polyethylene bottles.

b. For preservation identified as stored at < 6°C, the sample should be protected against freezing unless it is known that
freezing will not impact the sample integrity.

c. See Table A-3 for constituent list.

EPA = U.S. Environmental Protection Agency
GC = gas chromatography

GC/MS = gas chromatography/mass spectrometry
H2SO4 = sulfuric acid

HCI = hydrochloric acid

IC = ion chromatography

ICP = inductively coupled plasma
VOA = volatile organic analysis

A3.4 Measurement Equipment

Each user of the measuring equipment is responsible to ensure that equipment is functioning as expected,
properly handled, and properly calibrated at required frequencies in accordance with methods governing
control of the measuring equipment. Onsite environmental instrument testing, inspection, calibration, and
maintenance will be recorded in accordance with approved methods. Field screening instruments will be
used, maintained, and calibrated in accordance with manufacturer specifications and other approved
methods.

A3.5 Instrument and Equipment Testing, Inspection, and Maintenance

Collection, measurement, and testing equipment should meet applicable standards (e.g., ASTM
International, formerly the American Society for Testing and Materials) or should have been evaluated as
acceptable and valid in accordance with instrument-specific methods, requirements, and specifications.
Software applications will be acceptance tested prior to use in the field.

Measurement and testing equipment used in the field or in the laboratory will be subject to preventive
maintenance measures to ensure minimization of downtime. Laboratories must maintain and calibrate
their equipment. Maintenance requirements (e.g., documentation of routine maintenance) will be included
in the individual laboratory and onsite organization’s QA plan or operating protocols, as appropriate.
Maintenance of laboratory instruments will be performed in a manner consistent with applicable

Hanford Site requirements.
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Appendix B

Sampling Protocol
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B1 Introduction

Resource Conservation and Recovery Act of 1976 (RCRA) groundwater monitoring at the Hanford Site
has been conducted since the mid 1980°s. Hanford Site groundwater sampling methods contain extensive
requirements for sampling precautions to be taken, equipment and its use, cleaning and decontamination,
records and documentation, and sample collection, management, and control activities. Appendices A and
B, together, provide the sampling and analysis essentials (sample collection, sample preservation, chain of
custody control, analytical procedures, and field and laboratory quality assurance/quality control
[QA/QC]) necessary for the groundwater monitoring plan.

This appendix provides more specific elements of the sampling protocols and techniques used for the
RCRA groundwater monitoring plan. Chapter 3 of the groundwater monitoring plan identifies the
monitoring wells that will be sampled, the constituents to be analyzed for, and the sampling frequency for
the groundw  r monitoring at the Waste Management Area A-AX.
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B2 Sampling Methods
Sampling methods may include, but are not limited to, the following:

e Field screening measurements
e Groundwater sampling
e  Water level measurements

Groundwater samples will be collected according to the current revision of applicable operating methods.
Groundwater samples are collected after field measurements of purged groundwater have stabilized:

e pH - two consecutive measurements agree within 0.2 pH units
e Temperature — two consecutive measurements agree within 0.2°C
e Conductivity — two consecutive measurements agree within 10 percent of each other

e Turbidity — less than 5 nephelometric turbidity units (NTUSs) prior to sampling (or project scientist’s
recommendation)

Absent any special requirements from project scientists, wells are purged utilizing the three borehole

volume method. Stable field readings are also required as specified above. The default pumping rate is |
7.6 to 45.4 L/min (2 to 12 gal/min) depending on the pump, althou  this is not practical at every well. |
On occasions when the purge volume is extraordinarily large, wells are purged a minimum of 1 hour and
then sampled once stable field readings are obtained.

Field measurements (except for turbidity) are obtained through the use of a flow through cell.

Groundwater is pumped directly from the well and to the flow through cell. At the beginning of the

sample event, field crews attach a clean stainless steel sampling manifold to the riser discharge.

The manifold has two valves and two ports: one port is used only for purgewater, and the other is used to

supply water to the flow through cell. Probes are inserted into the flow through cell for measurement of

pH, temperature, and conductivity. Turbidity is measured by inserting a sample vial into a turbidimeter. }

The purgewater is then discharged to the purgewater truck. 1
|

Once field measurements have stabilized, the hose supplying water to the flow through cell is
disconnected and a clean stainless steel drop leg is attached for sampling. The flow rate is reduced during
sampling to minimize loss of volatiles, if any, and prevent over filling of bottles. Sample bottles are filled
in a sequence designed to minimize loss of volatiles, if any. Filtered samples are collected after the
unfiltered samples. For some constituents, like metals, both filtered and unfiltered samples are analyzed.
If additional samples require filtration (e.g., at turbidity greater than 5 NTUs), an inline disposable

0.45 um filter is used.

Typically, three types (i.e., Grundfos, Hydrostar, and submersible electrical pumps) of environmental
grade sampling pumps are used for groundwater sampling at Hanford Site monitoring wells. Individual
pumps are selected based on the unique characteristics of the well and the sampling requirements. A smalil
number of wells will not support a pumped sample because of yield or the physical characteristics of the
well. In these cases, a grab sample may be obtained.

For certain types of samples, preservatives are required. While the preservative may be added to the
collection bottles before their use in the field, it is allowable to add the preservative at the sampling
vehicle immediately after collection. Samples may require filtering in the field, as noted on the
chain-of-custody form.
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As appropriate, such deviations or problems will be documented (e.g., in the field logbook) in accordance
with internal corrective action methods. The S&GRP RCRA groundwater manager, FWS, field crew
supervisors, or SMR personnel will be responsible for communicating field corrective action
requirements and ensuring that immediate corrective actions are applied to field activities.

Changes in sample activities that require notification, approval, and documentation will be performed as
specified in Appendix A (Table A-2).
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Appendix C

Well Construction
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