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TERMS
AEA Atomic Energy Act of 1954
ALV Average linear velocity
CCuU Cold Creek unit
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
of 1980
DOE U.S. Department of Energy
DWMU Dangerous waste management unit
Ecology Washington State Department of Ecology
EPA U.S. Environmental Protection Agency
HEIS Hanford Environmental Information System
HSU Hydrostratigraphic unit
IDF Integrated Disposal Facility
KM Kaplan-Meier
MLLW Mixed low-level waste
QAPjP Quality assurance project plan
RCRA Resource Conservation and Recovery Act of 1976
RIm Ringold Formation member of Wooded Island — lower mud unit
Rwia Ringold Formation member of Wooded Island — unit A
Rwie Ringold Formation member of Wooded Island — unit E
TRIM Tikhonov Regularized Inverse Method

Tri-Party Agreement

Hanford Federal Facility Agreement and Consent Order

UPL

Upper prediction limit

WTP

Waste Treatment Plant
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D.1 INTRODUCTION

This groundwater monitoring plan (Addendum D) is for the Integrated Disposal Facility (IDF). This is a
revision to the final status groundwater monitoring plan for the regulated unit in accordance with
Washington Administrative Code (WAC) 173-303-645(9), Dangerous Waste Regulations, Releases from
regulated units, “Detection monitoring program,” and upon incorporation into Revision 8C of
WA7890008967, Hanford Facility Resource Conservation and Recovery Act (RCRA) Permit, Dangerous
Waste Portion for the Treatment, Storage, and Disposal of Dangerous Waste (hereinafter referred to as
the Hanford Site-wide Permit) will be the controlling document for Resource Conservation and Recovery
Act of 1976 (RCRA) groundwater monitoring at IDF.

An engineering evaluation report (SGW-62007, Engineering Evaluation Report for the Integrated
Disposal Facility Groundwater Monitoring) was prepared as supporting material for the final status
permit modification and contains the most comprehensive background information supporting
groundwater monitoring to date for this dangerous waste management unit (DWMU). SGW-62007
contains information not included in this groundwater monitoring plan; the locations of specific
information in the engineering evaluation report that is utilized for this plan are provided in Table D-1.

Table D-1 Supporting/Background Information Location in SGW-62007,
Engineering Evaluation Report for the IDF Groundwater Monitoring

Section Title/Topic
2.1 Background
211 Trench Design
2.1.2 Leachate Collection and Removal Systems
2.1.3 Leak Detection System
2.14 Surface Barrier
2.3 Waste Characteristics
2.4 Groundwater Monitoring Network and Sampling History
4 Contaminant Migration Conceptual Model
4.1 Vadose Zone
4.2 Soil Moisture Factors
4.3 Hydrogeologic Considerations
4.4 Groundwater Chemistry
7 Simulation Results and Conclusions
9.3 Proposed Groundwater Monitoring Network

The groundwater monitoring program at IDF is conducted in accordance with the objectives identified in
WAC 173-303-645 and this groundwater monitoring plan. Groundwater monitoring under

WAC 173-303-645(8)(g) requires the establishment and implementation of a groundwater monitoring
program with reasonable confidence that a contaminant release to groundwater from a facility will be
detected. This plan provides a detection groundwater monitoring program in accordance with

WAC 173-303-645(9) to determine whether statistically significant evidence of dangerous waste
constituents in groundwater that is the result of a release from the facility exists. The following
information is appended to this Addendum:

e Appendix DA provides the quality assurance project plan (QAPjP).
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e Appendix DB contains sampling protocols.
e Appendix DC contains well construction details.

D.1.1  Facility Description Summary

IDF is an expandable, double-lined landfill located in the southern portion of the 200 East Area of the
Hanford Site to the southwest of the Plutonium-Uranium Extraction Plant and Waste Treatment Plant
(WTP) (Figure D-1). The landfill is planned to be divided lengthwise into distinct east and west cells for
disposal of low-level waste and mixed low-level waste (MLLW). The disposal of low-level waste is
regulated under the Atomic Energy Act of 1954 (AEA), whereas the MLLW is regulated under AEA and
Revised Code of Washington (RCW) 70.105, Hazardous Waste Management, and its Washington State
implementing regulations (WAC 173-303). The MLLW planned for disposal at IDF is currently limited to
vitrified low-activity waste from WTP as well as MLLW generated from Hanford Site operations. The
vitrified waste form generated by the WTP facility is known as immobilized low-activity waste. In the
future, IDF expansions and operational changes may affect where specific types of waste are stored
within the facility. As changes to IDF occur, plans and operations will also change to comply with the
appropriate set of requirements.

D.1.2  Stratigraphy and Hydrogeology

The generalized stratigraphy of the Hanford Site is presented in Figure D-2. The stratigraphy beneath IDF
consists of approximately 137 to 167 m (450 to 550 ft) of unconsolidated to semiconsolidated sediments
overlying basalt bedrock of the Columbia River Basalt Group (Section 2.3.2.1 in RPP-6877, Integrated
Disposal Facility Preoperational Monitoring Plan). The sedimentary units present (in descending
sequence) below IDF are as follows:

e Sand and gravel backfill, surficial eolian deposits.

e Sand and gravel of the Hanford formation.

e Sand and gravel of the Ringold Formation member of Wooded Island — unit E (Rwie).

o Silt of the Ringold Formation member of Wooded Island — lower mud unit (RIm).

e Sand and gravel of the Ringold Formation member of Wooded Island — unit A (Rwia).

The Hanford formation silt-dominated sequence (Touchet beds); Cold Creek unit (CCU); Ringold
members of Taylor Flats and Savage Island; and Ringold Formation member of Wooded Island — units C,
B, and D (Figure D-2) are not present beneath IDF.

Addendum D.8
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The Hanford formation is the informal name for the glaciofluvial deposits from cataclysmic Ice Age
floodwaters sourced from glacial lakes, including Glacial Lake Missoula (Section 3.1.3.3 in
WHC-SD-EN-TI-012, Geologic Setting of the 200 East Area: An Update). The last Ice Age floods
occurred about 15,000 years ago; the earliest may have been 1 to 2 million years ago (Bjornstad, 2006,
On the Trail of the Ice Age Floods: A Geological Field Guide to the Mid-Columbia Basin). In general, the
Hanford formation consists of poorly sorted, pebble to boulder gravel and fine- to coarse-grained sand,
with lesser amounts of interstitial and interbedded silt and clay (Section 3.1.3.3 in WHC-SD-EN-TI-012
and Section 2.3.2.1 in RPP-6877). Sand to gravelly sand (H2) dominates the vadose zone sedimentary
sequence beneath and adjacent to IDF (Figure D-3). This portion of the formation consists of fine- to
coarse-grained sand with minor amounts of silt and clay and some gravelly sands. The lowermost 27 m
(89 ft) of the Hanford formation (H3) consists of clast-supported, pebble to cobble gravel of the
gravel-dominated facies (Section 2.3.2.1 in RPP-6877). In some boreholes in the vicinity of IDF, the
gravelly unit overlying the Ringold Formation is interpreted to be the CCU gravel rather than H3 gravels
(CP-60925, Model Package Report: Central Plateau Vadose Zone Geoframework, Version 1.0;

Section 3.1 in DOE/RL-2002-39, Standardized Stratigraphic Nomenclature for Post-Ringold-Formation
Sediments Within the Central Pasco Basin). However, the two gravel units are quite similar lithologically
and hydraulically, so differentiating between the H3 and CCU gravel is not necessary for hydrogeologic
understanding at IDF.

The Hanford formation is up to 116 m (380 ft) thick in and around IDF. It thickens in the erosional
paleochannel cut into the underlying Ringold Formation on the northeastern portion of the site and thins
to the southwest along the margin of the trough. The Hanford formation reaches its greatest thickness
along a northwest- to southeast-trending trough under the eastern part of IDF (Section 2.3.2.1 in
RPP-6877).

The Ringold Formation consists of Miocene-Pliocene fluvial and lacustrine clastic sediment deposited by
the ancestral Columbia River system and unconformably overlies the Miocene-age Columbia River Basalt
Group. The contact between the Ringold Formation and Hanford formation is irregular but relatively
sharp, based on borehole data. The Ringold Formation underlying the Hanford formation at IDF is the
member of Wooded Island, which consists of five separate informal units dominated by fluvial gravels.
These gravels are designated (from bottom to top) as units A, B/D, C, and E (Figure D-2). The gravel
units are separated by fine-grained deposits, typical of overbank and lacustrine environments, the
lowermost of which is designated as the RIm (Section 2.3.1.1 in RPP-6877).

Only three units of the Ringold Formation member of Wooded Island are present beneath IDF: the sandy
gravels of the Rwie, the RIm, and well-cemented sandy gravels of the Rwia. The Ringold Formation is up
to 87 m (285 ft) thick on the west side of IDF, and all three members of Wooded Island are interpreted to
have been removed by erosion and deposition of the overlying Hanford formation to the north and east,
where the paleochannel is present (Section 2.3.2.1 in RPP-6877). The following are brief descriptions of
each Ringold Formation unit present at IDF:

e The Rwie consists mostly of sandy gravel to gravelly sand, with large pebbles and cobbles up to
25 cm (10 in.) in size. The gravel consists of basaltic and felsic rocks, and cementation of this
unit ranges from slight to moderate. This unit is approximately 16 m (53 ft) thick, if present in the
southwest portion of IDF.

e The RIm, a thick lacustrine or overbank deposit, consists predominantly of silt with
approximately equal amounts of sand and clay. This unit is about 19 m (62 ft) thick, if present in
the southwest portion of IDF.

e The silty sandy gravel deposits of the Rwia represent the base of unconsolidated to
semiconsolidated sediments overlying basalt bedrock. Intercalated lenticular sand and silt of the
fluvial sand and overbank facies associations have been encountered locally in the middle part of
the Rwia in the southeastern portion of the 200 East Area (Section 4.2.1 in WHC-SD-EN-TI-

Addendum D.11



N

WA7890008967
Integrated Disposal Facility

012). This unit is 15.5 m (51 ft) thick in the northeastern portion of IDF and likely thickens to the

south and southwest. The thickness of the Rwia is uncertain in areas where there are no boreholes
drilled to the top of the basalt.
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A geologic cross section that includes selected wells in the southern portion of the 200 East Area presents
the approximate stratigraphy underlying and adjacent to IDF (Figure D-3). Geologic contacts associated
with the wells presented in the cross sections are based on the contacts defined in Table A-2 of
Attachment A within ECF-Hanford-13-0029, Development of the Hanford South Geologic Framework
Model, Hanford Site, Washington. Definition of the stratigraphic units and contacts shown in each cross
section is consistent with the most current, integrated understanding of the subsurface geologic
framework beneath the 200 East Area. In some cases, geologic contacts and stratigraphy from adjacent
areas where data are available are projected to surrounding areas where data are less complete, utilizing
ECF-Hanford-13-0029. As indicated in the figure legend, geologic information associated with a well is
projected to the cross section within a buffer zone extending 75 m (246 ft) from either side of the cross
section line, resulting in approximate depths for stratigraphic contacts.

D.1.3 Groundwater Flow System

During the defense operational efforts at the Hanford Site (1943 to 1987), the groundwater elevation and
flow direction throughout much of the 200 East Area were influenced by the persistent hydraulic
mounding associated with planned discharges in the 200 West Area and with planned discharges within
and near the 200 East Area. These include large-volume discharges to the 216-B-3 Pond system

(located on the east side of the 200 East Area) and Gable Mountain Pond (i.e., 216-A-25 Pond, located to
the north of the 200 East Area). Groundwater mounding is evident in hydrographs and water table maps
up to, through, and in some locations beyond, the 1990s. Along the east and east-central part of the

200 East Area the mounding generated a local hydraulic gradient to the southwest (Figures 5 through

10 in SGW-60338, Historical Changes in Water Table Elevation and Groundwater Flow Direction at
Hanford: 1944 to 2014).

Water table elevations in the 200 East Area were at their highest during the Hanford Site’s peak operating
years (the 1960s through 1990s; Figure 2 in SGW-60338). The termination of discharges to the Gable
Mountain Pond system in 1985 and subsequent termination of discharges to the 216-B-3 Pond system in
1993 resulted in the gradual dissipation of the 200 East Area groundwater mound. As groundwater
elevations continued to decline, the water table became extremely flat throughout the 200 East Area.
Because of the flat water table, it became difficult to estimate the direction of groundwater flow by
measuring water levels and mapping the water table. Changes in groundwater elevations and associated
hydraulic gradients and flow directions have become increasingly difficult to discern from year to year
subsequent to the cessation of operational discharges. The changes in gradient magnitude have been
accompanied by changes in groundwater flow direction, with most of the 200 East Area presently
exhibiting a generally northwest-to-southeast flow direction. This flow direction suggests that the
groundwater elevations and hydraulic gradients are approaching pre-operational conditions at the Hanford
Site.

Efforts have been made to obtain more accurate well survey elevations and measurements of the deviation
of the well borings from vertical for key monitoring wells in the 200 East Area to support more reliable
estimation of hydraulic gradients. This network of monitoring wells is referred to as the low-gradient
monitoring network. As of 2018, there were 70 wells in the low-gradient monitoring network.
Water-level measurements obtained from the low-gradient monitoring network have been used in several
analyses of groundwater elevations, and hydraulic gradient and trend surface analyses, using a variety of
techniques.

As described in ECF-200E-18-0066, Groundwater Flow and Migration Calculations to Assess
Monitoring Networks in the 200 East Area Dangerous Waste Management Units, an analysis of
groundwater flow was performed to evaluate the efficacy of the groundwater monitoring network
(presented in Section D.3) for IDF. This analysis, which is described in Chapters 5 through 7 of
SGW-62007, evaluated groundwater elevation data obtained over four years (2013, 2014, 2015 and 2016)
using a flow-conserved regression method referred to as the Tikhonov Regularized Inverse Method
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(TRIM). The TRIM technique incorporates variations in hydraulic conductivity (i.e., heterogeneity)
associated with different aquifer materials in the estimation of groundwater flow paths. Since publication
of ECF-200E-18-0066 the TRIM technique has been used to evaluate patterns of groundwater flow in
subsequent years (e.g., 2017 and 2018).

Based on the 2018 groundwater contours produced using TRIM (ECF-200E-19-0003, Groundwater Flow
and Migration Calculations for Annual Assessment of the Final Status Monitoring Networks for the

200 East Area Dangerous Waste Management Units), general patterns of groundwater flow were
interpreted in the vicinity of IDF (ECF-200E-19-0079, Flow Direction and Average Linear Velocity
Calculations for IDF — 2018) as depicted in Figure D-4. The spacing of the arrows depicted on the
pathlines in Figure D-4 is constant and does not reflect likely differences in the rates of groundwater flow
velocities in the vicinity of IDF. The rates of groundwater flow in this area may range over orders of
magnitude because of the significant difference in hydraulic conductivity in two general regions of
hydrostratigraphy in the vicinity of IDF. Figure D-4 shows the interpreted extents of the major
hydrostratigraphic units (HSUSs) in the vicinity of IDF:

1. The region that underlies most of the footprint of IDF, and extending east-northeast of IDF is the
very high-conductivity Hanford formation and CCU, where groundwater flow occurs first within
the Hanford formation, and farther downgradient, within the CCU.

2. The smaller region that underlies the southeast corner of IDF, and extends south and southeast of
IDF, where groundwater flow occurs within the much lower conductivity Rwie.

In CP-47631, Model Package Report: Central Plateau Groundwater Model, Version 8.3.4, modeling of
the saturated zone near IDF assigned a homogeneous hydraulic conductivity of the Hanford formation of
17,000 m/day (d) (55,800 ft/d) and of the Rwie of 5 m/d (16 ft/d). The effect of the hydraulic conductivity
of these different HSUs can be seen to some extent in the spacing of contours in Figure D-4: wider
spacing occurs in the very high conductivity Hanford formation and CCU, while closer spacing in the
Rwie reflects the lower conductivity of this HSU.

As described in ECF-200E-19-0079, particle tracking based on the results of the 2018 TRIM groundwater
elevation analysis was conducted using the hydraulic conductivities noted to estimate average linear
velocities (ALVs) of groundwater in the area beneath and immediately surrounding IDF. To accomplish
this, 10 particles were released from evenly spaced locations upgradient of IDF and tracked through a
localized region around IDF. The release locations, pathlines, and calculation domain are shown on
Figure D-5. Along these particle pathlines, particle locations and travel times in the x- and y-directions
were used to calculate the ALV. The average ALV within the high-conductivity Hanford formation was
calculated to be about 2.0 m/d (7 ft/d), which is orders of magnitude higher than the average ALV
calculated within the Rwie (about 3.0 x 10 m/d [10 x 10 ft/d]). The resulting migration distances over
1 year in the Hanford formation and Rwie are about 530 m (1,740 ft) and about 0.12 m (0.4 ft),
respectively. Figure D-6 shows a histogram of the computed ALVs within the localized region of IDF.
The bi-modal distribution of ALVs corresponding to the two HSUs is evident in this plot.
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D.2 GENERAL DETECTION MONITORING PROGRAM

This Addendum describes the general components of the detection groundwater monitoring program
under WAC 173-303-645(9).

D.2.1 Point of Compliance

The point of compliance is defined in WAC 173-303-645(6)(a) as “...a vertical surface located at the
hydraulically downgradient limit of the waste management area that extends down into the uppermost
aquifer underlying the regulated units.” The point of compliance is the location in the uppermost aquifer
where groundwater monitoring must occur and the groundwater protection standard applies, and is
defined as the hydraulically downgradient wells identified in this monitoring plan.

The results of the scenarios described in SGW-62007 identify the locations of the point of compliance
wells for the DWMU (Section 9.3 of the SGW-62007). The well locations comply with the intent of
WAC 173-303-645(6), which is to delineate the vertical and horizontal limits of the facility in order to
detect dangerous waste constituents that might be caused by a release from the facility and could pose a
potential risk to ground and surface water.

D.2.2 Site-Specific Monitoring Dangerous Constituents

The dangerous constituents approved for disposal at IDF are identified in the Hanford Site-wide Permit
Application Part A Form for the IDF (WA7890008967, 2008, Hanford Facility Resource Conservation
and Recovery Act (RCRA) Permit, Dangerous Waste Portion for the Treatment, Storage, and Disposal of
Dangerous Waste (Dangerous Waste Permit Application Part A Form, IDF Operating Unit Group 11,
Rev. 3, September 22). Site-specific monitoring constituents were selected from the Rev. 3 Part A list
discussed in Chapter 3 in ECF-HANFORD-19-0068, Selection of Constituents for Detection Monitoring
at the Integrated Disposal Facility (IDF). The selection used a three-phase partitioning calculation to
identify constituents most likely to reach groundwater. The selected constituents identified for
site-specific monitoring may be found in Table D-7.

D.2.3 Monitoring Well Network

The groundwater monitoring network is designed to meet the intent of WAC 173-303-645(8)(a)(i), which
states that wells must be appropriately located to, “Represent the quality of background groundwater that
has not been affected by leakage from a regulated unit.” Groundwater at the regulated unit has been
affected by Hanford Site operations; therefore, to meet the intent of WAC 173-303-645(8)(a)(i),
background (upgradient) wells have been selected that are representative of ambient conditions at the
regulated unit, in addition to wells selected to represent groundwater conditions downgradient of the
regulated unit at the compliance point. Details of the selected monitoring well network are provided in
Section D.3.

The monitoring wells are cased in a manner that maintains the integrity of the monitoring well borehole
and allows collection of representative groundwater samples in accordance with WAC 173-303-645(8)(c),
which states that wells in the network must meet the requirements for resource protection wells and be
constructed according to WAC 173-160, Minimum standards for construction and maintenance of wells.
Each well in the network meets, or will be constructed to meet (i.e., proposed wells), the requirements of
WAC 173-160. Construction details and pertinent information for the wells are provided in

Appendix DC. Wells are screened in the upper unconfined aquifer in order to yield sufficient groundwater
for representative sampling.

For wells with relatively long screens, the concentrations of groundwater constituents may be affected by
dilution during sampling. Wells will be sampled to prevent possible dilution effects as provided in
Appendix DB.
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D.2.4 Addition of New Wells or Existing Wells to a Monitoring Network

Through the operating life of the facility, the monitoring network may be modified by adding new wells
(to be drilled) or existing wells.! If additional new wells are identified for the monitoring network,
installation of those wells will be negotiated under Ecology et al., 1989a, Hanford Federal Facility
Agreement and Consent Order (Tri-Party Agreement) Milestone M-24-00, which is contained in
Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order Action Plan, as revised.

Permit Modification

Any modification to the monitoring network identified in Section D.3 will necessitate an update to this
plan. An application for a permit modification will be submitted to the Washington State Department of
Ecology (Ecology) in accordance with WAC 173-303-645(9)(h); further details are provided in

Section D.2.13.

D.2.5 Sample Schedule Impacts

Sampling events are typically scheduled by month. Well maintenance (e.g., pump repairs, periodic well
cleaning, and redevelopment) and sampling logistics resulting from multiple factors including
environmental (e.g., inclement weather) and access restrictions (e.g., heightened fire danger, area access
restrictions) sometimes delay scheduled sampling events. If a well cannot be sampled according to the
monthly schedule, the U.S. Department of Energy (DOE) will determine how best to reschedule the
sampling event as close to the original sampling date as possible.

A sampling event for a DWMU includes the entire monitoring network (less any proposed wells that are
not yet installed). If it is observed during the pre-sampling walkdown that one or more network wells
cannot be sampled, then sampling of the well network does not begin, and actions are taken to rectify any
issues with the well(s). Depending on the situation, the network sampling is rescheduled as soon as
feasible to meet the schedule set forth in this plan. In some cases, it may not be obvious that sampling
cannot be performed until a well is accessed (e.g., an issue with a pump).

In the event that a sampling event is delayed or missed, the following will occur:
1. Missed sampling events that are not rescheduled within the same month are given top priority
when scheduling sampling for the following month.

2. Inthe event that a sampling delay has occurred and the representativeness of the samples is in
question, DOE and Ecology may agree to resampling wells.

e DOE will provide informal notification? to Ecology if sampling of the network is expected to
be delayed past the end of the sampling period (e.g., quarterly, semiannual). Notification will
be made within 4 weeks of the end of the sampling period.

¢ In the notification, DOE will include information regarding the delay and the planned path
forward.

e Ecology may provide input in a timely fashion to DOE on how to proceed.

Reporting
Sample data will be reported annually.

L“Existing well” refers to any well that is already installed and was not drilled specifically for this monitoring network.
2Informal notification may be an email, or a telephone call that is later documented via email.
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Facility Operating Record

Informal notification of missed sampling events by DOE to Ecology will be placed in the IDF portion of
the Hanford facility operating record.

Ecology responses to notification of missed sampling events will be placed in the IDF portion of the
Hanford facility operating record.

Permit Modification

If it becomes impossible to sample a network well (e.g., a well has gone dry, permanent access issue),
applicable updates to this groundwater monitoring plan will be made. An application for a permit
modification will be submitted to Ecology in accordance with WAC 173-303-645(9)(h), further details
provided in Section D.2.13.

D.2.6 Annual Determination of Groundwater Flow Rate and Direction
Water-level measurements are taken at a well each time it is sampled.

Per WAC 173-303-645(9)(e), an evaluation of groundwater flow direction and rate in the uppermost
aquifer will be conducted annually to interpret changes in the groundwater flow regime.

Reporting
The annual determination of groundwater flow rate and direction will be reported annually.

Permit Modification

If the results of the evaluation indicate that a significant change in the flow regime at the DWMU has
occurred [to the extent that the network no longer satisfies the requirements of WAC 173-303-645(9)],
applicable updates to this groundwater monitoring plan will be made. An application for a permit
modification will be submitted to Ecology in accordance with WAC 173-303-645(9)(h); further details
are provided in Section D.2.13.

D.2.7 Stainless Steel Corrosion Constituents

This section provides the constituents in groundwater that may indicate corrosion of stainless steel well
components as included in Attachment 8 to the Hanford Site-wide Permit.

Sampling for corrosion constituents may be performed by DOE in order to assess stainless steel wells for
casing corrosion. DOE will treat the resulting sample data in the following manner:

e Any of the corrosion constituents in Table D-2 that are not also identified as site-specific
constituents in Table D-7 are not subject to WAC 173-303-645 requirements. These constituents
will not be used to determine whether there has been a statistically significant release from the
facility impacting underlying groundwater.

e Any of the corrosion constituents in Table D-2 that are also identified as site-specific constituents
listed in Table D-7 are subject to WAC 173-303-645 requirements. These constituents will be
used as part of the evaluation to determine whether there has been a statistically significant
release from the facility impacting underlying groundwater, unless the constituent is not
representative of aquifer conditions (Section D.2.11).

o |f data and subsequent well assessment confirm the existence of well corrosion, then the
measurements of stainless steel alloy metals in affected samples will not be used for
contamination detection or compliance purposes at the affected well.
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The criteria for evaluating groundwater monitoring data to determine if there is stainless steel corrosion
occurring in a well are described in the Hanford Site-wide Permit Attachment 8. The intent in sampling
for corrosion constituents is to prevent scenarios where stainless steel corrosion products might be
mistaken for contaminants originating from the facility entering groundwater.

Table D-2 Stainless Steel Corrosion Constituents

CAS Number Constituent
7440-47-3 Chromium*
7439-89-6 Iron*
7439-96-5 Manganese*
7439-98-7 Molybdenum™*
7440-02-0 Nickel*

*Sampled as an indicator of corrosion, not subject to WAC 173-303-645, Dangerous Waste
Regulations, Releases from regulated units, requirements.

CAS = Chemical Abstracts Service

Facility Operating Record

Record of any camera survey results will be placed in the IDF portion of the Hanford facility operating
record.

Permit Modification

If it becomes impossible to sample a network well due to corrosion or it is decommissioned for any other
reason, applicable updates to this groundwater monitoring plan will be made. An application for a permit
modification will be submitted to Ecology in accordance with WAC 173-303-645(9)(h); further details
are provided in Section D.2.13.

D.2.8 lonic Charge Balancing Constituents

This section provides the constituents in groundwater that are used for ionic charge balancing. These are
common constituents present in solution in Hanford Site groundwater, and include calcium, magnesium,
potassium, and sodium (cations), and bicarbonate (typically calculated from total alkalinity results),
chloride, nitrate, and sulfate (anions). The data are used to compute ionic charge balance. If the sum of the
cations is not approximately equal to the sum of the anions, it is an indicator that one or both of the
analysis methods (metals or anions) had an issue. Sampling for ionic charge balancing constituents will
be performed by DOE in order to assess the general chemistry of groundwater.

None of the ionic charge balancing constituents in Table D-3 are identified as site-specific constituents in
Table D-7 and are not subject to WAC 173-303-645 requirements. These constituents will not be used to
determine whether there has been a statistically significant release from the facility impacting underlying
groundwater.
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Table D-3 lonic Charge Balancing Constituents

CAS Number Constituent
Anions
ALKALINITY Alkalinity
16887-00-6 Chloride
14797-55-8 Nitrate
14808-79-8 Sulfate
Cations
7440-70-2 Calcium
7439-95-4 Magnesium
7440-09-7 Potassium
7440-23-5 Sodium

Note: These constituents are sampled for ionic charge balancing and are not subject to
WAC 173-303-645, Dangerous Waste Regulations, Releases from regulated units, requirements.

CAS = Chemical Abstracts Service

D.2.9 Sampling and Analysis Protocol

The QAP]jP outlining the project management structure, data generation and acquisition, analytical
procedures, and quality control is provided in Appendix DA. Appendix DB provides the sampling
protocols (e.g., sampling methods, sample handling and custody).

D.2.10 Data Submittals to Ecology

WAC 173-303-645(8)(j) states, “Groundwater monitoring data collected in accordance with (g) of this
subsection including actual levels of constituents must be maintained in the facility operating record. The
department will specify in the permit when the data must be submitted for review.”

Data review and verification tasks are discussed in the QAPjP (Appendix DA) and will be completed
prior to submittal of data to Ecology.

Sample data will be available to Ecology through an electronic interface provided by DOE
(e.g., Environmental Dashboard Application).

Reporting
Sample data will be summarized and reported annually.
Facility Operating Record

Sample data will be maintained in the IDF portion of the Hanford facility operating record.
D.2.11 Statistical Evaluation

Statistical analysis of groundwater sampling data obtained from the monitoring network will be
conducted in accordance with WAC 173-303-645(8) and EPA 530/R-09-007, Statistical Analysis of
Groundwater Monitoring Data at RCRA Facilities Unified Guidance.

Detection monitoring relies on a statistical comparison of current data to an established background
condition (or “baseline” dataset). Baseline/background can be established either using designated
upgradient (or background) wells (for an inter-well comparison), or with an historical dataset collected
from within the same well (which then leads to an intra-well comparison). WAC 173-303-645(8)(h),
General groundwater monitoring requirements, establishes accepted statistical methodologies for final
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status groundwater monitoring programs and allows for flexibility in selecting either an inter-well or
intra-well approach.

Statistical evaluations are limited to site-specific constituents (Table D-7), and each constituent will be
evaluated for each well identified in the monitoring network (Table D-6) [WAC 173-303-645(8)(9)].

A baseline/background® dataset will be established for each network well using the groundwater
monitoring sample data collected under Section D.4.1 or, if a new well is added, under Section D.4.3.
Samples collected under routine detection monitoring (Section D.4.2) will be evaluated using a prediction
interval statistical approach, as described in WAC 713-303-645(8)(h)(iii).

As detailed in Section D.1.3, groundwater flow and constituent migration rates are variable in the vicinity
of IDF due to a combination of very low hydraulic gradients and contrasting hydraulic properties of the
HSUs encountered at the facility. A result of these widely varying migration rates and the large size of
IDF is that the time required for groundwater to travel from an upgradient well to a downgradient well
could range from several years to tens or hundreds of years depending on the HSU within which travel
takes place. For this reason, an intra-well data evaluation method was selected

[WAC 173-303-645(8)(h)(v)] as the preferred method.

Inter-well statistical evaluations rely on appropriately designated upgradient (or background) and
downgradient (or compliance) wells and assume that selected background wells adequately characterize
the upgradient groundwater, including spatial variance (i.e., heterogeneity) and changes in hydraulic
gradient, flow rate, direction, and magnitude. Dangerous waste facilities overlying highly heterogeneous
aquifers may display large spatial variance in measured monitoring parameter concentrations. A network
may require more than one upgradient well to account for large spatial variance.

Intra-well statistical evaluations remove the limitation of fully characterizing aquifer spatial variance, as
the baseline/background dataset is derived from the very same well in which the detection monitoring will
occur. However, intra-well tests require a designated time period over which the baseline/background
conditions for site-specific monitoring constituents that are used for detection monitoring are to be
established and this timeframe must encompass a time period when the site-specific monitoring
constituents are not known to have impacted groundwater at the well. In addition, there can be no
temporal trends present in the monitoring parameters.

The advantages and disadvantages of both inter-well and intra-well methods are summarized in

Table D-4. In general, while inter-well testing methods are the most intuitive (i.e., comparing clean
groundwater upgradient of the facility to groundwater downgradient of the facility), subsurface
heterogeneity (spatial variance) often makes simple upgradient/downgradient comparisons difficult and
ineffective (Davis and McNichols, 1994, Ground Water Monitoring Statistics Update Part I: Progress
Since 1988). Therefore, intra-well testing methods are preferred for detection monitoring programs at new
waste facilities.

3The term “background” generally refers to sample data collected under conditions where there have been no impacts to
groundwater. The conditions at IDF represent groundwater that has been affected by Hanford Site operations; therefore, the term
“baseline” is added in the description.
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Table D-4 Advantages and Disadvantage of Inter-Well and Intra-Well Methods

Advantages Disadvantages
Inter-Well
e Simple and intuitive approach. ¢ Needs to account for spatial variability
« Upgradient and downgradient water quality (i.e., heterogeneity).
monitored together. e Needs to account for changes in hydraulic

gradients (direction and magnitude).

e Assumes that all upgradient and downgradient
wells draw from the same hydrostratigraphic
unit in the aquifer.

Intra-Well
¢ Eliminates need to fully characterize spatial e Typically uses a smaller dataset than
variance. inter-well testing methods.”
e Background conditions are established for e Temporal trends in baseline/background are
each well in the detection monitoring difficult to incorporate.

network.

e Reasonable baseline can be established even
for wells with elevated concentrations (due to
natural or pre-existing conditions) to
determine if facility releases have occurred.

o Useful for evaluating temporal trends at both
upgradient and downgradient monitoring
wells.

*When developing baseline/background data statistics, larger datasets are advantageous as they provide a better statistical
description of the underlying baseline/background population.

Though not a statistical comparison, additional evaluation should be conducted comparing point of
compliance (downgradient) sample results to concentrations in leachate and the background (upgradient)
upper prediction limit (UPL) (Section D.2.11.6).

In the event that the intra-well comparison is not the appropriate statistical approach, as soon as
practicable after the sample data are reviewed and UPLs are calculated, an application for a permit
modification (Section D.2.13) will be submitted selecting the most appropriate statistical approach.
Evaluation of the baseline/background data to identify constituents of interest for continued monitoring is
described in Section D.2.11.3.

Permit Modification

In the event that the intra-well comparison approach is not the appropriate statistical approach, an
application for a permit modification will be submitted to Ecology in accordance with

WAC 173-303-645(9)(h) providing a revision to the statistical approach; further details are provided in
Section D.2.13.

D.2.11.1 Statistical Methods

Detection monitoring at IDF will evaluate potential releases of dangerous waste based on a prediction
interval test, consistent with WAC 173-303-645(8)(h), using an intra-well comparison approach and a
baseline/background dataset containing a minimum of eight independent samples.
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A prediction interval (as a UPL) will be calculated for each site-specific constituent at each well, as
appropriate. Future observations will then be compared to these well-constituent-specific prediction
intervals. For the intra-well approach, the calculated prediction interval is considered representative of
baseline/background conditions prior to operation of the facility, and future sample results for each well
will be compared to the well-specific UPL.

Prediction intervals will only be determined for constituents with a detection frequency of at least 50%* in
the baseline/background dataset (five or more detections out of eight samples). The Kaplan-Meier (KM)
estimator will be used to account for nondetects® in the baseline/background dataset. The KM method is a
nonparametric approach® that uses a ranked ordering method to estimate the proportion of concentrations
below each reporting limit. EPA 530/R-09-007, Statistical Analysis of Groundwater Monitoring Data at
RCRA Facilities Unified Guidance (p. 15-7), provides a detailed description of the KM method.

Prior to calculating a prediction interval, the baseline/background dataset will be evaluated for outliers,’
statistical (sample) distribution, temporal trends, and spatial variance. Outliers will be determined through
a combination of statistical tests (e.g., Grubbs, Dixon, or Rosner tests) together with visual inspection of
the data using, for example, time-series plots, probability plots, and boxplots. As part of this evaluation,
any data determined to be the result of well corrosion will be considered an outlier. Identified outliers will
be removed from the baseline/background dataset prior to calculating prediction intervals and the outliers
and methods used to identify outliers will be reported with the results. The site-wide false positive rate
will be minimized by balancing the number of individual tests, the individual test false positive rate and
the size of the background dataset. Effective power curves will be compared to Environmental Protection
Agency (EPA) reference power curves to determine the appropriate parameters needed to obtain
acceptable to good statistical power.

Initially, UPLs will be calculated for each constituent at each well (as appropriate), based on the
baseline/background dataset. Statistical distribution testing, such as the Shapiro-Wilk test, will be used to
determine if a parametric or nonparametric method is appropriate for calculating UPLs for a specific
well-analyte pair, consistent with Chapters 18 and 19 of EPA 530/R-09-007. A 1-of-2 retesting strategy
will be used for detection monitoring. The 1-of-2 retesting strategy requires a resample be collected if the
regularly scheduled sample exceeds the UPL. If both the regularly schedule sample and its resample
exceed the UPL, then there is statistically significant evidence of a release from the facility. If the
resample does not exceed the UPL, then there is no statistically significant evidence of a release and the
site will remain in detection monitoring. UPLs may be updated after it has been determined that the data
are representative of the baseline/background condition; however, UPLs are not updated at each sampling
event. Prediction intervals will be recalculated either (a) every 5 years or (b) if there is evidence that
groundwater flow conditions have changed substantially at IDF. Per EPA 530/R-09-007 (pp. 5-12 and
5-13):

Updating [background] should generally not occur more frequently, since adding a new
observation to background every one or two sampling rounds does not allow a statistical
evaluation of whether the background mean is stationary over time. Enough new data
needs to be collected to ensure that a test of means (or medians in the case of non-normal
data) can be conducted. Adding individual observations to background can introduce
subtle trends that might go undetected and ultimately reduce the statistical power of

“The KM method becomes less reliable as the proportion of nondetects increases and it is recommended for use only when there
are fewer than 50% nondetects in the dataset (Helsel, 2012, Statistics for Censored Environmental Data Using Minitab® and R).

SNondetects for this purpose are values reported as below the practical quantitation limit.

5The KM method was selected because it does not require a priori assumptions about the statistical distribution of the data.

"An outlier, as defined in Section 3.2.3 of EPA 530/R-09-007, is an extreme or unusual measurement that is inconsistent with the
distribution of the remaining measurements. A statistical outlier, as defined in Section 6.3.3 of EPA 530/R-09-007 is, “a value
originating from a different statistical population than the rest of the sample. Outliers or observations not derived from the same
population as the rest of the sample violate the basic statistical assumption of identically-distributed measurements.”
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formal monitoring tests. [...] With intrawell tests using prediction limits or control charts,
updating is performed both to enlarge initially small well-specific background samples
and to ensure that more recent compliance measurements are not already impacted by a
potential release (even if not triggered by the formal detection monitoring tests). [...]
Updating intrawell background should also not occur until at least 4 to 8 new compliance
observations have been collected. Further, a potential update is predicated on there being
no statistically significant increase [SSI] recorded for that well constituent, including
since the last update. Then a t-test or Wilcoxon rank-sum comparison can be conducted at
each compliance well between existing intrawell background and the potential set of
newer background. A non-significant result implies that the newer compliance data can
be re-classified as background measurements and added to the existing intrawell
background sample.

After calculation of UPLs, these values will be used in comparison with future sample results. If a sample
result is below the UPL, the test is complete, no resample is needed, and the well is considered in
compliance® for that constituent. In cases where a constituent concentration is found to be above a UPL
during routine monitoring (Section D.4.2), a resampling strategy will be employed as follows.

e If the sample result exceeds the UPL, one additional sample (i.e., resample) (Section D.4.4) may
be collected.

o Resampling is specific to the well and analyte where the exceedance was observed and does
not require the full well network and analyte list to be sampled.

e Each resample must be an independent sample and cannot be auto-correlated with the original
sample. To prevent autocorrelation, temporal variability and groundwater flow rates will be
evaluated to determine an appropriate temporal spacing between regularly scheduled samples
and any resamples (Chapter 14 in EPA 530/R-09-007).

o If the data from the resample do not exceed the UPL, the well is considered in compliance for that
constituent.

o If the original sample concentration and the concentration from the resample both exceed the
UPL, the well is considered to have failed the prediction interval test for that constituent. Failing
the prediction interval test indicates that there is statistically significant increase in constituent
concentration; actions to be taken are described in Section D.5. The condition should be further
assessed as described in Section D.2.11.6 to confirm whether the condition is evidence of a
release from the facility.

For monitoring constituents that are not detected in the baseline/background dataset, a variation of the
Double Quantification rule from EPA 530/R-09-007 will be applied. The Double Quantification rule
states that “[a] confirmed exceedance is registered if any well-constituent pair in the ‘100% non-detect’
group exhibits quantified measurements [...] in two consecutive sample and resample events” (p. 6-11 in
EPA 530/R-09-007). For IDF, detection in two consecutive samples each of which is followed by a
resample (detection in four data points) is required to show that a constituent is present in groundwater.
A sample result is identified as detected if the concentration is above the practical quantitation limit.

If a constituent, which was not previously detected in groundwater, is determined to be present in
groundwater through detection in each of the four sample and resample events, the well is considered to
have failed the Double Quantification test for that constituent. If the constituent is not detected in the
sample or resample, the test is complete and no resample or other action is needed. The sampling
sequence is as follows:

8“In compliance” means that there is no evidence of a release, and no additional action to be taken.

Addendum D.29


http://www.epa.gov/osw/hazard/correctiveaction/resources/guidance/sitechar/gwstats/unified-guid.pdf
http://www.epa.gov/osw/hazard/correctiveaction/resources/guidance/sitechar/gwstats/unified-guid.pdf

o~N OO0 AW NP

11
12
13
14
15
16
17

18
19
20
21
22
23
24

25

26
27

28
29
30

31
32
33
34
35
36
37

38

39
40
41
42
43

WA7890008967
Integrated Disposal Facility

e Sample 1 — if constituent is detected; collect Resample 1. If constituent is not detected, the test is
complete and end sampling (no further action).

o Resample 1 — if constituent is detected, collect Sample 2. If constituent is not detected, the test is
complete and end sampling (no further action).

e Sample 2 — if constituent is detected, collect Resample 2. If constituent is not detected, the test is
complete and end sampling (no further action).

e Resample 2 —end of sampling. If detected, the constituent has failed the Double Quantification
test for that well. If constituent is not detected, the test is complete (no further action).

Monitoring constituents that exhibit fewer than 50% detections in the baseline/background dataset
(detected in at least one but less than five out of eight samples) will require further evaluation to
determine how to proceed. In consideration of the relative time scales of the period of
baseline/background data collection versus travel time through the vadose zone from the base of IDF to
the water table, sporadic detections at IDF during the baseline/background period may be an indication
that the constituents are not good indicators of a release from the facility. Monitoring constituents found
only in background (upgradient) wells in the baseline/background dataset will require further evaluation
to determine how to proceed. Constituents found only in background (upgradient) wells may be indicative
of a release originating upgradient of the facility and not be a good indicator of a release from the facility.

Using either a comparison to a UPL or the variation of the Double Quantification rule under an intra-well
approach, if it is found that there is statistically significant evidence of a constituent identified in

Table D-7 either (a) exceeding its well-constituent-specific UPL (for constituents detected in the
baseline/background dataset) or (b) being present in groundwater (for constituents not detected in the
baseline/background dataset), subsequent actions are required (Section D.5). Consideration will be given
to whether the statistically significant evidence of a constituent identified in Table D-7 is found in a
background well, point of compliance well, or both.

D.2.11.2 Assumptions for the Application of Statistics

The application of prediction interval statistical evaluations for detection monitoring assumes the
following:

e The baseline/background dataset does not contain any outliers.
e The baseline/background dataset does not exhibit temporal trends.
e The baseline/background dataset has a minimum of eight independent measurements.

These assumptions will be tested prior to application of a prediction interval statistical evaluation. Sample
data identified as outliers will be removed from the baseline/background dataset prior to calculating
prediction intervals. If the removal of outliers reduces the baseline/background dataset to fewer than eight
samples, additional baseline/background data will be collected. Sample data that display statistically
significant temporal trends will prompt reevaluation of the use of the prediction interval approach and
may require either (a) incorporation of the trend in the prediction interval or (b) implementation of a
different statistical evaluation for detection monitoring.

Permit Modification

If the initial statistical evaluation indicates that the prediction interval procedure is not appropriate to
determine whether there has been a release from the facility, applicable updates to the sampling frequency
and statistical methods will be made to this groundwater monitoring plan (e.g., Section D.2.11,

Section D.4). An application for a permit modification will be submitted to Ecology in accordance with
WAC 173-303-645(9)(h); further details are provided in Section D.2.13.
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D.2.11.3 Evaluation of Baseline/Background Sample Data

After collection of eight samples for the baseline/background dataset, statistical evaluation will be
performed. A UPL will be calculated on a well-by-well basis for those constituents that have detections
above the practical quantitation limit in more than 50% of the samples (five or more detections out of
eight samples).

During the baseline/background sample collection phase, no releases are anticipated from IDF. Some
potential waste constituents are naturally occurring (e.g., metals) and can reasonably be expected to have
a high frequency of detection (>50%) in the baseline/background dataset. Other potential waste
constituents do not occur naturally (e.g., chlorinated organic compounds) and are, therefore, not expected
to be detected in the baseline/background dataset.

When non-naturally occurring constituents are detected in the baseline/background dataset this is
indicative of pre-existing contamination in groundwater underlying the facility. Constituents in Table D-7
that appear to have pre-existing contamination will be considered for removal from detection monitoring
as they may not provide a good indication of potential releases from the facility. Monitoring constituents
with fewer than 50% detections in the baseline/background dataset will require further evaluation to
determine how to proceed. As noted previously, in consideration of the relative time scales of the period
of baseline/background data collection versus travel time through the vadose zone from the base of IDF to
the water table, sporadic detections at IDF during the baseline/background period may be an indication
that the constituents are not good indicators of a release from the facility. In agreement with Ecology,
DOE may collect additional baseline/background monitoring data until a determination on the usability of
a sporadically detected constituent for detection monitoring is made. In this case, monitoring would
continue under Section D.4.1, and the constituent would be omitted from any statistical evaluation under
Section D.2.11.4. Site-specific constituents from Table D-7 that require additional baseline/background
sampling will be monitored under Section D.4.1 until a decision is made, after which a UPL will be
calculated and sampling will proceed for the constituent under Section D.4.2 or sampling will continue
under Section D.4.1 until a permit modification is completed under Section D.2.13 to remove the
constituent from Table D-7.

Reporting

A summary of the baseline/background sample data, including the results of the statistical analysis, will
be provided to Ecology. Any constituents from Table D-7 with 50% or fewer detections (four or fewer
detections out of eight samples), where additional baseline/background sample collection will be
completed prior to removing the constituent as a site-specific monitoring constituent or calculation of a
UPL, will be noted. Additional discussion may be included in the summary if well casing corrosion or
other issues (e.g., quality or representativeness of the data) that impact sample results are suspected.

Facility Operating Record

The summary/report of the statistical analysis of the baseline/background sample data, including
calculation of UPLs, will be placed in the IDF portion of the Hanford facility operating record.

Permit Modification

The following conditions would require permit modification:

o Site-specific monitoring constituents in Table D-7 that appear to have pre-existing contamination
and are identified for removal as monitoring constituents as they may not provide a good
indication of potential releases from the facility. An application for a permit modification will be
submitted to Ecology in accordance with WAC 173-303-645(9)(h); further details are provided in
Section D.2.13.
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e Site-specific monitoring constituents in Table D-7 that have 50% or fewer detections (four or
fewer detections out of eight samples) and are determined to not be good indicators of a potential
release from the facility will be identified for removal as monitoring constituents. An application
for a permit modification will be submitted to Ecology in accordance with
WAC 173-303-645(9)(h); further details are provided in Section D.2.13.

D.2.11.4 Evaluation of Routine Monitoring Sample Data

Routine monitoring samples (Section D.4.2) will be collected and analyzed for the monitoring
constituents in Table D-7; the resulting data for the site-specific constituents will be compared to the
well-specific UPLs, calculated according to Section D.2.11.3. The comparison results will be used to
determine whether there is statistically significant evidence of contamination.

Measured concentrations collected during the routine monitoring phase will be compared to the
well-specific UPL for that constituent (intra-well) using the following methodology:

If the sample measurement is below its respective comparison UPL, the constituent is considered in
compliance for that well.

a. If the sample measurement exceeds its respective comparison UPL, a resample for the constituent
exceeding the UPL may be collected (Section D.4.4).

i.  If the resample result is below its respective comparison UPL, the constituent is considered in
compliance for that well.

ii.  If the initial sample and the resample results exceed its respective comparison UPL, the well
is considered to have failed the prediction interval test.

b. For constituents where a UPL could not be determined during the baseline/background phase
because the constituent was not detected in more than 50% of the samples (detected in at least
one but less than five out of eight samples), routine sampling will be performed and any future
detections will be evaluated. If a constituent becomes consistently detected during routine
monitoring, a UPL will be determined if it is detected in the most recent five of eight samples.

c. For constituents that were not detected in samples collected during the baseline/background
monitoring, sample data collected during routine monitoring will be evaluated using the variation
of the Double Quantification rule (EPA 530/R-09-007) described in Section D.2.11.1. If two
consecutive sample and resample events (four data points) show detection of a constituent
(above-a practical quantitation limit), that constituent will be considered to be present in
groundwater.

D.2.11.5 Evaluation of New or Existing Wells Added to the Network

When new or existing wells are added to the network, they will be sampled according to Section D.4.3.
Following collection of eight quarterly samples of the site-specific constituents (Table D-7), well-specific
UPLs will be determined for each constituent using the approach outlined in Section D.2.11.3 for
baseline/background sample data. After the UPLs are established, these wells will be evaluated using the
approach outlined in Section D.2.11.4 (e.g., comparisons of the constituent results collected during
routine detection monitoring [Section D.4.2] to the UPL or the variation of the Double Quantification rule
[EPA 530/R-09-007] will be used if a UPL is not available).

Reporting

A summary of the baseline/background sample data for new or existing well(s) that are added to the
network, including the results of the statistical analysis, will be provided to Ecology. Additional
discussion may be included in the summary if the well is potentially compromised, there are anomalous
constituent detection, or other issues with sample results are suspected.
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Facility Operating Record

The summary/report of the statistical analysis of the baseline/background sample data, including
calculation of UPLs, will be placed in the IDF portion of the Hanford facility operating record.

D.2.11.6 Evaluation of Additional Data

Leachate samples are collected as part of the routine operation of the facility. As available, leachate data
may be used to support the determination of a release from the facility. During the initial data collection
phase at IDF it is not plausible for a release to groundwater to have occurred, which makes it possible to
conclude that any concentration of dangerous waste in groundwater monitoring data does not originate
from IDF. An exceedance of an intra-well comparison value to its UPL in a point of compliance well
should trigger evaluation against concentrations in leachate; these data should be considered when writing
a demonstration report (Section D.5).

D.2.12 Reporting

Formal reporting will be performed annually and will be placed in the Hanford facility operating record.
DOE will include the following in the report:

e Groundwater monitoring results, including analyte concentrations.

e Completed or pending changes to the Hanford Site-wide Permit that modify this plan.

e Missed or cancelled sampling events (Section D.2.5).

e The annual determination of groundwater flow rate and direction (Section D.2.6).

e Stainless steel corrosion issues (Section D.2.7).

Additional informal reporting® will occur per this permit, including the following:

e Baseline/background sample data results for every quarter will be provided informally to Ecology
after the complete dataset is entered into the Hanford Environmental Information System (HEIS)
database'® (Section D.4.1).

e A summary of the baseline/background monitoring sample data including the results of the
statistical analysis will be provided informally to Ecology after the baseline/background
monitoring period is complete. Additional discussion may be included in the summary if
corrosion or other issues with sample results are suspected (Section D.2.11.3 and Section D.4.1).

Facility Operating Record

A copy of the annual groundwater monitoring report will be placed into the Hanford facility operating
record.

A copy of the sample data results provided to Ecology will be placed into the IDF portion of the Hanford
facility operating record.

The summary/report of the statistical analysis of the baseline/background sample data identifying the
UPLs derived from this dataset will be placed in the IDF portion of the Hanford facility operating record.

%Informal reporting refers to a document shared with Ecology via an informal transmittal (e.g., an email or meeting).

10Sample data in the HEIS database that are “F” flagged (under review) are not yet ready for use. Timeframes and actions in this
groundwater monitoring plan require complete results being loaded into the HEIS database and will commence once there are no
“F” flags on the data.
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D.2.13 Permit Modification to Update the Groundwater Monitoring Plan

If it is determined that changes to this groundwater monitoring plan are required, an application for a
permit modification will be submitted to Ecology within 90 days of making this determination in
accordance with WAC 173-303-645(9)(h); if needed, an extension to the permit modification submittal
times will be requested.

Classes of permit modifications for different conditions are identified in WAC 173-303-830, Appendix I,
Permit changes, “Modifications.” Where an existing situation does not precisely meet the categories
outlined, DOE may petition Ecology by letter for the change to be a particular class of modification.

D.3 MONITORING WELL NETWORK

The results of the groundwater calculations performed for IDF, described in Chapter 7 of SGW-62007,
provide locations for the monitoring well network. The monitoring well network consists of two
background (upgradient) wells (299-E17-57 and 299-E24-24) and five point of compliance
(downgradient) wells (299-E17-22, 299-E17-56, 299-E24-18, 299-E24-21, and 299-E24-164)

(Figure D-7). The point of compliance wells span the range of particle distribution as released from IDF.
If a release from the regulated unit were to occur, the wells are located in the groundwater flow path and
will detect a release under the evaluated range of conditions. The locations of point of compliance wells
comply with the intent of WAC 173-303-645(6), defining the point of compliance, by delineating the
vertical and horizontal limits of the facility in order to detect dangerous waste constituents that might be
caused by a release from the facility and could pose a potential risk to ground and surface water.

Each network well location is discussed in Sections 9.3.1 through 9.3.7 of SGW-62007.1

Well attributes are summarized in Table D-5. Construction details and pertinent information for the wells
are provided in Appendix DC.

UWell 299-E24-18 is an existing well that is located near IDF_PW-2 (identified in SGW-62007) and will be used in its place.
Section 9.3.6 in SGW-62007 provides the rationale for selection of the location of IDF_PW-2, and the same rationale applies for
the inclusion of well 299 E24 18.
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Table D-5 Attributes for Wells in the Integrated Disposal Facility Groundwater Monitoring Network

Well Name Completion Easting® Northing? |Top of Casing | Water Table Depth of Water-Level
Date (m) (m) Elevation Elevation Water in Date
(m [ft]) (m [ft]) Screen
(NAVDS8S) (NAVD88 (m [ft])
amsl)

299-E17-22 4/16/2002 574841.09 135195.54 221.45 (726.55) |121.53 (398.71) |9.1(31.7) 9/28/2020
299-E17-56° 9/12/2019 574649.83 135370.57 220.75 (724.26) | 121.54 (398.74) |5.5(18.2) 8/14/2020
299-E17-57° 7/26/2019 574169.76 135314.80 221.55 (726.88) |121.89 (396.63) |5.9 (19.4) 8/14/2020
299-E24-18 9/19/1988 574647.09 135469.76 220.35(722.93) | 121.52 (398.68) | 1.9 (6.2) 9/28/2020
299-E24-21 3/28/2001 574635.76 135698.20 218.65 (717.34) | 121.53 (398.72) | 4.9 (16.2) 9/28/2020
299-E24-24 5/26/2005 574179.85 135459.79 221.22 (725.79) |121.53 (398.71) |9.7 (31.7) 9/28/2020
299-E24-164° | 9/24/2019 574637.27 135534.90 219.83 (721.23) |121.43 (398.40) |7.3(24.0) 8/14/2020

Reference: NAVD88, North American Vertical Datum of 1988.

aCoordinates are in Washington State Plane (south zone), NAD83, North American Datum of 1983; 1991 adjustment.
b\ater-table elevation in this well has not been corrected for deviation of boreholes from vertical, which may cause the reported head to be less than the actual head.
amsl = above mean sea level
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D.4 SAMPLING CONSTITUENTS AND FREQUENCY

There are two sequential sampling phases under this monitoring plan. The first phase comprises the
baseline/background monitoring period, during which sampling to determine initial baseline/background
conditions will be performed per Section D.4.1. After completion of the baseline/background monitoring,
sampling for routine detection monitoring will commence per Section D.4.2.

During either of these two monitoring phases, new or existing wells may be added to the network.
Sampling at such wells is presented in Section D.4.3.

The site-specific constituents that are included for detection monitoring are based on the dangerous waste
constituents identified in ECF-HANFORD-19-0068. Field measurements for detection monitoring are
identified in Section 9.4 of SGW-62007. In addition to the site-specific constituents, baseline/background
monitoring for the constituents identified in Appendix 5 of Ecology Publication 97-407, Chemical Testing
Methods For Designating Dangerous Waste (WAC 173-303-090 & -100), will also be performed during
the first year of sampling at network wells.

Statistical evaluation is performed only on the site-specific constituents. Field measurements, stainless
steel corrosion constituents, and the constituents identified in Appendix 5 of Ecology Publication 97-407
are not subject to statistical evaluation under this detection monitoring program.

Field measurements, stainless steel corrosion constituents (that are not also identified as site-specific
constituents in Table D-7), and the constituents identified in Appendix 5 of Ecology

Publication 97-407 are not subject to reporting requirements per Section D.2.12 and will not be used to
satisfy any WAC 173-303-645 requirements.

WAC 173-303-645(8)(g) states, “In detection monitoring...data on each dangerous constituent
specified in the permit will be collected from background wells and wells at the compliance point(s).
The number and kinds of samples collected to establish background must be appropriate for the form
of statistical test employed, following generally accepted statistical principles. The sample size must be
as large as necessary to ensure with reasonable confidence that a contaminant release to groundwater
from a facility will be detected...”

The sampling procedure identified in WAC 173-303-645(8)(g)(i) prescribes a sequence of at least four
samples taken at an interval that ensures to the greatest extent technically feasible that an independent
sample is obtained, by reference to the uppermost aquifer’s effective porosity, hydraulic conductivity
and hydraulic gradient, and the fate and transport characteristics of the potential contaminants.

WAC 173-303-645(8)(g)(ii) allows that, “An alternate sampling procedure proposed by the owner or
operator and approved by the department,” may be allowed and used in place of the sequence of four
samples required by WAC 173-303-645(8)(g)(i). For this groundwater monitoring plan, Sections D.4.1
through D.4.3 outline the alternate sampling procedure.

D.4.1 Sampling During Baseline/Background Monitoring

The term “background” generally refers to sample data collected under conditions where there have
been no impacts to groundwater. The conditions at IDF represent groundwater that has been affected
by Hanford Site operations; therefore, the term “baseline” is added in the monitoring phase description.

In November 2019, DOE requested Ecology concurrence to initiate pre-operational groundwater
monitoring at IDF under a previous version of this monitoring plan (DOE/RL-2019-29 Groundwater
Monitoring Plan for the Integrated Disposal Facility) (20-PFD-0006, “Approval Request for Integrated
Disposal Facility Groundwater Monitoring Sampling Activities”). The intent was to collect the necessary
baseline/background samples prior to any disposal of vitrified low-activity waste from WTP.
Pre-operational monitoring was approved in December 2019 (19-NWP-197, “Approval of Request for
Integrated Disposal Facility Groundwater Monitoring Sampling Activities”) and baseline/background
sampling at IDF wells began in early 2020.
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It is anticipated that most (if not all) of the quarterly baseline/background samples will be collected under
the pre-operational sampling approval. However, DOE/RL-2019-29 included a modified list of
constituents in Appendix 5 of Ecology Publication 97-407 for baseline/background sampling (Section 4.1
in DOE/RL-2019-29). The modified list of Appendix 5 constituents excluded polychlorinated biphenyls,
herbicides, pesticides, dioxins, and furans. At the discretion of Ecology, the full list of Appendix 5
constituents will be sampled quarterly at each of the network wells for first 1 year of sampling under this
plan. Sampling results of Appendix 5 constituents will be used for information only.

Because of the pre-operational sampling, it is anticipated that baseline/background sampling of the
site-specific monitoring constituents will be completed prior to completing the first 1 year of quarterly
samples of Appendix 5 constituents under this plan.

During the baseline/background monitoring phase, wells will be monitored quarterly for the following
constituents as identified in Table D-6:

e Site-specific dangerous waste constituents (Table D-7) (wells will complete any remaining
sampling needed for the required 2 years of quarterly monitoring).

Wells will be monitored quarterly for 1 year for the following constituents as identified in Table D-6:
e Constituents identified in Appendix 5 of Ecology Publication 97-407 (Table D-8).
¢ Field measurements (Table D-6, footnote).

Stainless steel corrosion products (Table D-2).
lonic charge balancing constituents (Table D-3).

The analytical methods associated with the monitoring constituents are provided in Appendix DA.

A total of eight samples are expected to be collected at each network well during the
baseline/background monitoring to support statistical evaluation (Section D.2.11.3). In the event that
fewer than eight samples are obtained (e.g., a sample is not collected or analytical results from a
sample are not useable), additional samples may be required to support statistical evaluation

(Section D.2.11.3). The decision to collect additional samples will be made by agreement between
DOE and Ecology. In the event that Ecology does not respond to DOE’s request to continue sampling
prior to the first additional quarterly sampling event, DOE will notify Ecology and continue to sample
until an agreement is reached.

Reporting

Sample data results for every quarter will be provided informally to Ecology after the complete dataset is
entered into the HEIS database.*?

After 2 years, a report summarizing the baseline/background monitoring sample data will be provided
informally including the results of the statistical analysis. Additional discussion may be included in the
summary if corrosion or other issues with sample results are suspected.

12Sample data in the HEIS database that are “F” flagged (under review) are not yet ready for use. Timeframes and actions in this
groundwater monitoring plan require complete results being loaded into HEIS and will commence once there are no “F” flags on
the data.
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D.4.2 Sampling During Routine Detection Monitoring

This sampling period will begin immediately after the baseline/background sampling phase for
site-specific monitoring constituents is complete (Section D.4.1).

Monitoring during this period includes semiannual*® sampling for the following constituents identified in
Table D-6 at each of the network wells:

e Site-specific dangerous waste constituents (Table D-7).

e Field measurements (Table D-6, footnote).

e Stainless steel corrosion products (Table D-2).

e lonic charge balancing constituents (Table D-3).

The analytical methods associated with these constituents are provided in Appendix DA.

Evaluation of sample results that are collected under routine detection monitoring is discussed in
Section D.2.11.4.

3Field measurements, stainless steel corrosion products, and ion charge balancing constituents will undergo quarterly sampling
to align with collection of Appendix 5 of Ecology Publication 97 407 constituents for the first 1-year of sampling as described in
Section D.4.1, after which the sampling frequency will be semiannual.
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Table D-6 Monitoring Wells and Sample Schedule for Integrated Disposal Facility

Well Name Purpose WAC Water | Site-Specific Constituents | Dangerous Field Corrosion | lonic Charge
Compliant | Level to Detect Release from Wastes® | Parameters® | Products®® | Balancing®f
Regulated Unit?
Table D-6° Table D-7¢
299-E24-24 Upgradient Y E Q/s Q Q/s Q/s QIS
299-E17-57F | Upgradient Y E QIS Q QIS QIS QIS
299-E17-22 Downgradient |Y E QIS Q Q/s Q/s QIS
299-E17-56 Downgradient | Y E QIS Q QIS QIS QIS
299-E24-18 Downgradient |Y E QIS Q Q/s Q/s QIS
299-E24-21 Downgradient | Y E QIS Q QIS QIS QIS
299-E24-164" | Downgradient |Y E Q/s Q QIS QIS Q/s

Note: Complete reference citations are provided in Section D.6.

aThe site-specific monitoring constituents are listed in Table D-7 and will be sampled quarterly for the first 2 years (eight samples) of monitoring to determine
baseline/background concentrations. After eight samples are collected, then the sampling frequency will change to semiannually. In the event that laboratory analytical
capability for a constituent becomes unavailable, any new laboratory used to regain capacity will be required to have Ecology accreditations and maintain a current U.S. Nuclear
Regulatory Commission or U.S. Nuclear Regulatory Commission Agreement State radiological license.

bQuarterly sampling for the constituents identified in Appendix 5 of Ecology Publication No. 97-407, Chemical Test Methods For Designating Dangerous Waste WAC 173-303-
090 & -100 (Table D-8), will be performed during baseline background monitoring for the first 1-year of monitoring. After the first year of sampling at any network well (added
to the monitoring network after the baseline/background period), these constituents will no longer be monitored.

°For metals, both filtered and nonfiltered samples will be collected.

dField measurements include pH, dissolved oxygen, specific conductance, temperature, and turbidity. Field measurements will be taken at each sample event (quarterly for the
first 2 years of monitoring and semiannually thereafter). Field measurements are not subject to statistical evaluations per Section D.2.11 or reporting requirements in
Section D.2.12.

eStainless steel corrosion constituents include chromium, iron, manganese, molybdenum, and nickel. These constituents will be analyzed on the same schedule as the site-specific
monitoring constituents listed in Table D-7.

fConstituents for ionic charge balancing include alkalinity (total), anions (chloride, nitrate, and sulfate), and metals (calcium, magnesium, potassium, and sodium).
E = Each time the well is sampled

Q = Quarterly

S = Semiannually

WAC = Washington Administrative Code

Y = Well is (or will be) constructed as a resource protection well (WAC 173-160, Minimum standard for construction and maintenance of wells)
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Table D-7 Site-Specific Groundwater Monitoring Constituents for

Integrated Disposal Facility

Waste Constituent CAS Number
1,1,2-Trichloroethane 79-00-5
1,2-Dichloroethane 107-06-2
2,4-Dinitrotoluene 121-14-2
Arsenic 7440-38-2
Barium 7440-39-3
Cadmium 7440-43-9
Carbon disulfide 75-15-0
Chloroform 67-66-3
Cresols* 1319-77-3
Ethyl acetate 141-78-6
Ethyl ether (Diethyl ether) 60-29-7
4-Methyl-2-pentanone (Methyl isobutyl ketone [MIBK]) 108-10-1
n-Butyl alcohol (1-Butanol) 71-36-3
Nitrobenzene 98-95-3
Pyridine 110-86-1
Selenium 7782-49-2
Silver 7440-22-4
Trichloroethylene (Trichloroethene [TCE]) 79-01-6
Vinyl chloride (Chloroethene) 75-01-4

*Cresols will be monitored by its isomers: 2-methylphenol (cresol, o-), CAS number 95-48-7, and

3&4 methylphenol (cresol, m+p-) CAS number 65794-96-9.
CAS = Chemical Abstracts Service

Sampling of New Wells or Existing Wells Added to the Network

The monitoring network will change over the life of the facility. This may include the need for new well
drilling or the addition or removal of existing wells from the network. This section is applicable to any
new wells or existing wells that are added to the network after this plan is implemented under the Hanford
Site-wide Permit. Such wells that are added to the network will be monitored quarterly for 2 years for the
following constituents:

Site-specific dangerous waste constituents (Table D-7).
Field measurements (Table D-6, footnote).

Stainless steel corrosion products (Table D-2).

lonic charge balancing constituents (Table D-3).
Constituents identified in Appendix 5 of Ecology Publication 97-407 (Table D-8).

The analytical methods associated with these constituents are provided in Appendix DA. Evaluation of
sample results that are collected in the first 2 years of a new well being added to the network will be
conducted per Section D.2.11.5.
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After collection of the baseline/background samples, routine detection monitoring per Section D.4.2 will

commence.

If DOE determines that additional monitoring of a new well is necessary (e.g., there are anomalous
sample results from well construction), additional sampling of the constituents identified in Appendix 5 of
Ecology Publication 97-407 will continue until DOE determines that sufficient sample data have been
collected. Monitoring will continue for the site-specific constituents identified in Table D-7 on the same

schedule as the rest of the network.

Table D-8 Appendix 5 of Ecology Publication No. 97-407 Constituents

Constituent CAS Constituent CAS
Number Number
Inorganics
Antimony 7440-36-0 | Mercury 7439-97-6
Arsenic 7440-38-2 | Nickel 7440-02-0
Barium 7440-39-3 | Selenium 7782-49-2
Beryllium 7440-41-7 | Silver 7440-22-4
Cadmium 7440-43-9 | Sulfide 18496-25-8
Chromium 7440-47-3 | Thallium 7440-28-0
Cobalt 7440-48-4 | Tin 7440-31-5
Copper 7440-50-8 | Vanadium 7440-62-2
Cyanide (total and free) 57-12-5 Zinc 7440-66-6
Lead 7439-92-1 | -- --
Volatile Organic Compounds
1,1-Dichloroethane 75-34-3 Carbon tetrachloride 56-23-5
1,1-Dichloroethene 75-35-4 Chlorobenzene 108-90-7
(1,1-Dichloroethylene)
1,1,1-Trichloroethane 71-55-6 Chloroethane 75-00-3
1,1,1,2-Tetrachloroethane 630-20-6 Chloroform 67-66-3
1,1,2-Trichloroethane 79-00-5 Chloroprene 126-99-8
1,1,2,2-Tetrachloroethane 79-34-5 Dibromochloromethane 124-48-1
1,2-Dibromo-3-chloropropane 96-12-8 p-Dichlorobenzene 106-46-7
(1,4-Dichlorobenzene)

1,2-Dibromoethane 106-93-4 Dichlorodifluoromethane 75-71-8
1,2-Dichloroethane 107-06-2 Ethylbenzene 100-41-4
1,2-Dichloropropane 78-87-5 Ethyl methacrylate 97-63-2
trans-1,2-Dichloroethylene 156-60-5 Isobutanol (Isobutyl alcohol) 78-83-1
1,2,3-Trichloropropane 96-18-4 Methacrylonitrile 126-98-7
cis-1,3-Dichloropropene 10061-01-5 | Methyl bromide (Bromomethane) 74-83-9
trans-1,3-Dichloropropene 10061-02-6 | Methyl chloride (Chloromethane) 74-87-3
trans-1,4-Dichloro-2-butene 110-57-6 Methyl iodide (lodomethane) 74-88-4
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Table D-8 Appendix 5 of Ecology Publication No. 97-407 Constituents

Constituent CAS Constituent CAS
Number Number
2-Butanone (Methyl ethyl ketone; 78-93-3 Methyl methacrylate 80-62-6
MEK)
2-Propanone (Acetone) 67-64-1 Methylene bromide 74-95-3
(Dibromomethane)
2-Hexanone (Methyl butyl ketone) 591-78-6 Methylene chloride 75-09-2
4-Methyl-2-pentanone (Methyl 108-10-1 Propionitrile (Ethyl cyanide) 107-12-0
isobutyl ketone [MIBK])
Acetonitrile (Methyl cyanide) 75-05-8 Styrene 100-42-5
Acrolein 107-02-8 Tetrachloroethene 127-18-4
Acrylonitrile 107-13-1 Toluene 108-88-3
Allyl chloride 107-05-1 Trichloroethylene (Trichloroethene | 79-01-6
[TCE])
Benzene 71-43-2 Trichlorofluoromethane 75-69-4
Bromodichloromethane 75-27-4 Vinyl acetate 108-05-4
Bromoform 75-25-2 Vinyl chloride (Chloroethene) 75-01-4
Carbon disulfide 75-15-0 Xylenes (total) 1330-20-7
Semivolatile Organic Compounds
1-Naphthylamine 134-32-7 Dibenzofuran 132-64-9
1,2-Dichlorobenzene 95-50-1 m-Dichlorobenzene 541-73-1
(o-Dichlorobenzene) (1,3-Dichlorobenzene)
1,2,4-Trichlorobenzene 120-82-1 Diethyl phthalate 84-66-2
1,2,4,5-Tetrachlorobenzene 95-94-3 0,0-Diethyl O-2-pyrazinyl 297-97-2
phosphorothioate
1,4-Dioxane 123-91-1 p-(Dimethylamino)azobenzene 60-11-7
1,4-Naphthoquinone 130-15-4 alpha, alpha- 122-09-8
Dimethylphenethylamine
2-Acetylaminofluorene 53-96-3 Dimethyl phthalate 131-11-3
2-Chloronaphthalene 91-58-7 Di-n-butyl phthalate 84-74-2
2-Chlorophenol 95-57-8 m-Dinitrobenzene 99-65-0
2-Methylphenol (o-Cresol) 95-48-7 Di-n-octylphthalate 117-84-0
2-Methylnaphthalene 91-57-6 Diphenylamine 122-39-4
2-Naphthylamine 91-59-8 Ethyl methanesulfonate 62-50-0
2-Nitrophenol (o-Nitrophenol) 88-75-5 Fluoranthene 206-44-0
2-Picoline 109-06-8 9H-Fluorene (Fluorene) 86-73-7
2,3,4,6-Tetrachlorophenol 58-90-2 Hexachlorobenzene 118-74-1
2,4-Dichlorophenol 120-83-2 Hexachlorobutadiene 87-68-3
2,4-Dimethylphenol 105-67-9 Hexachlorocyclopentadiene T77-47-4
2,4-Dinitrophenol 51-28-5 Hexachloroethane 67-72-1
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Table D-8 Appendix 5 of Ecology Publication No. 97-407 Constituents

Constituent CAS Constituent CAS
Number Number
2,4-Dinitrotoluene 121-14-2 Hexachlorophene 70-30-4
2,4,5-Trichlorophenol 95-95-4 Hexachloropropene 1888-71-7
2,4,6-Trichlorophenol 88-06-2 Indeno(1,2,3-cd)pyrene 193-39-5
2,6-Dichlorophenol 87-65-0 Isophorone 78-59-1
2,6-Dinitrotoluene 606-20-2 Isosafrole 120-58-1
3-Methylcholanthrene 56-49-5 Methapyrilene 91-80-5
3-Methylphenol (m-Cresol) 108-39-4 Methyl methanesulfonate 66-27-3
4-Methylphenol (p-Cresol) 106-44-5 Naphthalene 91-20-3
3,3'-Dichlorobenzidine 91-94-1 Nitrobenzene 98-95-3
3,3'-Dimethylbenzidine 119-93-7 o-Nitroaniline (2-Nitroaniline) 88-74-4
4-Aminobiphenyl 92-67-1 m-Nitroaniline (3-Nitroaniline) 99-09-2
4-Bromophenyl phenyl ether 101-55-3 p-Nitroaniline (4-Nitroaniline) 100-01-6
4-Chloro-3-methylphenol 59-50-7 p-Nitrophenol (4-Nitrophenol) 100-02-7
(p-Chloro-m-cresol)
4-Chlorophenyl phenyl ether 7005-72-3 | n-Nitrosodi-n-butylamine 924-16-3
4-Nitroquinoline 1-oxide 56-57-5 n-Nitrosodiethylamine 55-18-5
4,6-Dinitro-o-cresol (4,6-Dinitro-2- 534-52-1 n-Nitrosodimethylamine 62-75-9
methyl phenol)
5-Nitro-o-toluidine 99-55-8 n-Nitrosodiphenylamine 86-30-6
7,12-Dimethylbenz[a]anthracene 57-97-6 n-Nitroso-di-n-dipropylamine 621-64-7
(n-Nitrosodipropylamine;
Di-n-propylnitrosamine)

Acenaphthene 83-32-9 n-Nitrosomethylethalamine 10595-95-6
Acenaphthylene 208-96-8 n-Nitrosomorpholine 59-89-2
Acetophenone 98-86-2 n-Nitrosopiperidine 100-75-4
Aniline 62-53-3 n-Nitrosopyrrolidine 930-55-2
Anthracene 120-12-7 Pentachlorobenzene 608-93-5
Aramite 140-57-8 Pentachloroethane 76-01-7
Benz[a]anthracene 56-55-3 Pentachloronitrobenzene 82-68-8
(Benzo[a]anthracene)
Benz[e]acephenanthrylene 205-99-2 Pentachlorophenol 87-86-5
(Benzo[b]fluoranthene)
Benzo[k]fluoranthene 207-08-9 Phenacetin 62-44-2
Benzo[ghi]perylene 191-24-2 Phenanthrene 85-01-8
Benzo[a]pyrene 50-32-8 Phenol 108-95-2
Benzyl alcohol 100-51-6 p-Phenylenediamine 106-50-3
Bis(2-chloroethoxy)methane 111-91-1 Pyrene 129-00-0
Bis(2-chloroethyl)ether 111-44-4 Pyridine 110-86-1
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Table D-8 Appendix 5 of Ecology Publication No. 97-407 Constituents

Constituent CAS Constituent CAS
Number Number
Bis(2-chloro-1-methylethyl) ether 108-60-1 Safrole 94-59-7
(2,2'-Oxybis(1-chloropropane))
Bis(2-ethylhexyl)phthalate 117-81-7 Tetraethyl dithiopyrophosphate 3689-24-5
Butylbenzylphthalate 85-68-7 o-Toluidine 95-53-4
p-Chloroaniline (4-Chloroaniline) 106-47-8 0,0,0-Triethyl phosphorothioate 126-68-1
Chrysene 218-01-9 sym-Trinitrobenzene 99-35-4
Dibenz[a,h]anthracene 53-70-3 -- --
Polychlorinated Biphenyls
Aroclor 1016 12674-11-2 | Aroclor 1248 12672-29-6
Aroclor 1221 11104-28-2 | Aroclor 1254 11097-69-1
Aroclor 1232 11141-16-5 | Aroclor 1260 11096-82-5
Aroclor 1242 53469-21-9 | -- --
Herbicides
2,4-D (2,4-Dichlorophenoxyacetic 94-75-7 Dinoseb (2-sec-Butyl-4,6- 88-85-7
acid; Dichlorophenoxyacetic acid) dinitrophenol)
2,4,5-T (2,4,5-Trichlorophenoxyacetic | 93-76-5 Pronamide 23950-58-5
acid)
Diallate 2303-16-4 | Silvex (2,4,5-TP) 93-72-1
Pesticides
4,4-DDD 72-54-8 Endosulfan Il 33213-65-9
4,4-DDE 72-55-9 Endosulfan sulfate 1031-07-8
4,4-DDT 50-29-3 Endrin 72-20-8
Aldrin 309-00-2 Endrin aldehyde 7421-93-4
alpha-BHC 319-84-6 Famphur 52-85-7
beta-BHC 319-85-7 Heptachlor 76-44-8
delta-BHC 319-86-8 Heptachlor epoxide 1024-57-3
gamma-BHC (Lindane) 58-89-9 Isodrin 465-73-6
Chlordane 57-74-9 Kepone 143-50-0
Chlorobenzilate 510-15-6 Methoxychlor 72-43-5
Dieldrin 60-57-1 Methyl parathion (O,0-diemethyl 298-00-0
O-P-nitrophenyl; phosphorothioate)
Dimethoate 60-51-5 Parathion 56-38-2
Disulfoton 298-04-4 Phorate (Phosphorodithioic acid,; 298-02-2
O,0-Diethyl S-(Ethylthio) methyl
ester)
Endosulfan | 959-98-8 Toxaphene 8001-35-2
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Table D-8 Appendix 5 of Ecology Publication No. 97-407 Constituents

Constituent CAS Constituent CAS
Number Number

Polychlorinated Dibenzodioxins and Polychlorinated Dibenzofurans

2,3,7,8-TCDD 1746-01-6 | Tetrachlordibenzofurans 55722-27-5
(2,3,7,8-Tetrachlorodibenzo-p-dioxin)

Tetrachlorodibenzo-p-dioxins 41903-57-5 | Pentachlorodibenzofurans 30402-15-4
Pentachlorodibenzo-p-dioxins 36088-22-9 | Hexachlorodibenzofuruans 55684-94-1
Hexachlorodibenzo-p-dioxins 34465-46-8 | -- --

Note: This table identifies the 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. This appendix is incorporated at
WAC 173-303-110(3)(c) and (7), Dangerous Waste Regulations, Sampling, testing methods, and analyses.

CAS = Chemical Abstracts Service

D.4.4 Resampling a Well if There is an Exceedance of the Upper Prediction Limit

If a site-specific constituent concentration exceeds its respective UPL when the sample data are evaluated
during the routine monitoring phase (Section D.2.11.4), a resample may be collected. Only the constituent
that exceeded the UPL, and only at the well with the exceedance, will be resampled.

As described in Section D.2.11.4, if the concentration in the resample is below the UPL, the constituent is
considered in compliance for that well, and no further sampling is required. However, if the initial sample
and the resample exceed the UPL, the well is considered to have statistically significant evidence of
contamination and additional steps are required (see Section D.5).

The analytical methods for site-specific constituents are provided in Appendix DA.
D.4.5 Resampling a Well With Evidence of Contamination

As described in Section D.2.11.4, site-specific constituents that were not detected in samples collected
during the baseline/background monitoring are evaluated using a variation of the Double Quantification
rule, which includes resampling if a detection occurs. If such a site-specific constituent is detected above
the practical quantitation limit when the wells are sampled under routine detection monitoring

(Section D.4.2), a resample will be collected. Only the constituent that was detected above the practical
guantitation limit, and only at the well with the detection, will be resampled.

Sample and resample results are used to determine if there is statistically significant evidence that a
site-specific constituent is present in groundwater at a given point of compliance well in accordance with
application of the Double Quantification rule as described in Section D.2.11.4. If it is determined that
such a constituent is present in groundwater, additional steps are required (see Section D.5).

The analytical methods for site-specific constituents are provided in Appendix DA.

D.5 STATISTICALLY SIGNIFICANT EVIDENCE OF CONTAMINATION AT THE POINT OF
COMPLIANCE

This section provides the actions to be taken if there is statistically significant evidence of contamination
at the point of compliance during routine detection monitoring. The sections provide the following
information:

Section D.5.1 — Notification to Ecology of the contamination (required) and intent to provide a
demonstration report (optional).
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Section D.5.2 — Clarification of the sampling required for the routine detection monitoring program after
contamination is identified. ldentifies the additional sampling for Appendix 5 of Ecology
Publication 97-407 constituents that is required by WAC 173-303-645(9)(g)(ii).

Section D.5.3 — Actions required to either establish a compliance monitoring program or provide a
demonstration report.

These sections provide different types of required actions; they are not sequential. Figure D-8 shows an
outline of the progression of the actions.

Given the timing of the baseline/background data collection at IDF (which will commence prior to waste
disposal operations) and the travel time required for a constituent to reach groundwater, any constituents
that are detected in groundwater during the baseline/background phase of monitoring will not be
attributable to dangerous waste disposal at the facility.

D.5.1 Notification to Ecology

If statistically significant evidence of contamination is determined at the point of compliance during
routine detection monitoring, the following notification(s) must be made:

Notification A: DOE will notify Ecology in writing within 7 days of determining that there was
statistically significant evidence of contamination at the point of compliance for the facility
[WAC 173-303-645(9)(9)(i)].

The notification must include chemical parameters or dangerous constituents that have shown statistically
significant evidence of contamination.

However, if DOE determines that the statistically significant evidence of contamination came from a
source other than the regulated unit or the detection is due to another facility; error in sampling, analysis,
statistical evaluation; or natural variation in the groundwater, then DOE may submit a demonstration
report in accordance with WAC 173-303-645(9)(g)(vi). Information to consider in the demonstration
report is discussed in Section D.2.11.6. In addition to the notification in Notification A, DOE must also
provide the notification in Notification B.

Notification B: DOE must provide written notification to Ecology in writing within 7 days of
determining statistically significant evidence of contamination at the compliance point that a
demonstration will be made [WAC 173-303-645(9)(g)(vi)(A)].
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Figure D-8 Flowchart of Actions After Statistically Significant Evidence of
Contamination is Identified

Note: Blue highlighting indicates a non-optional process.
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Facility Operating Record

Notification of statistically significant evidence of contamination by DOE to Ecology will be placed in
the IDF portion of the Hanford facility operating record.

Notification of intent to write a demonstration report by DOE to Ecology will be placed in the IDF
portion of the Hanford facility operating record.

D.5.2 Sampling When Statistically Significant Evidence of Contamination is Identified

If statistically significant evidence of contamination is determined, then one or more submittal to Ecology
is required (Section D.5.1). During the time period when DOE is preparing submittals to Ecology,
sampling will continue under routine detection monitoring (Section D.4.2). Sampling of new wells under
Section D.4.3 will continue until the wells can be sampled under Section D.4.2. Sampling under either
Section D.4.2 or D.4.3 will continue until the permit is modified.

If statistically significant evidence of contamination is determined, then:

1. DOE will immediately sample the groundwater at each of the network wells for the constituents
identified in Appendix 5 of Ecology Publication 97-407 (Table D-8) to determine whether they
are present and, if so, at what concentration [WAC 173-303-645(9)(g)(ii)].

2. For any Appendix 5 of Ecology Publication 97-407 constituents detected in the sample, DOE has
two options:

a. Option 1A: DOE may resample within a month or an alternative site-specific schedule
approved by Ecology for constituents from the constituents identified in Appendix 5 of
Ecology Publication 97-407 that were detected [WAC 173-303-645(9)(g)(iii)].

i.  If the results of this second analysis (resample) confirm the initial findings, these
constituents will form the basis for compliance monitoring.

b. Option 1B: DOE may choose not to resample, in which case, the dangerous waste(s)
identified during the sampling for the constituents identified in Appendix 5 of Ecology
Publication 97-407 will form the basis for compliance monitoring [WAC 173-303-

645(9)(g)(iii)].
D.5.3 Actions When Contamination is Observed

Once statistically significant evidence of contamination is identified (Section D.4.4 and Section D.4.5),
DOE has two options for how to proceed:

1. Option 2A: DOE determines that the contamination originated from the facility and a compliance
monitoring program is established. (Note: The sampling required in Section D.5.2 must be
completed prior to establishment of the compliance monitoring program.)

2. Option 2B: DOE determines that the contamination came from a source other than the regulated
unit (e.g., another facility; an error in sampling, analysis, or statistical evaluation; or natural
variation in the groundwater). DOE then proceeds to prepare a demonstration report.

(Note: The sampling required in Section D.5.2 must be conducted even if a demonstration report
is in preparation.) In the case that Option 2B is not accepted, the timeframes of Option 2A are not
waived.

A demonstration report may also address confirmed Appendix 5 of Ecology Publication 97-407
constituents (from Option 1A.i in Section D.5.2) that are considered not attributable to the facility. In this
case, any confirmed Appendix 5 of Ecology Publication 97-407 constituents would not be included with
the identified statistically significant contamination for compliance monitoring. Therefore, a
demonstration report can be used under both Option 2B in this section and Option 1A.i in Section D.5.2.
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Prior to proceeding with Option 2B, DOE may request advance Ecology concurrence that the basis of a
demonstration report in accordance with WAC 173-303-645(9)(g) should be pursued. If Ecology does not
concur, then proceed with Option 2A. In the case that there is no response from Ecology, DOE may
proceed with either Option 2A or Option 2B.

Facility Operating Record

A copy of the demonstration report will be placed in the IDF portion of the Hanford facility operating
record.

Any concurrence by Ecology that the basis of a demonstration report in accordance with
WAC 173-303-645(9)(g) should be pursued will be placed in the IDF portion of the Hanford facility
operating record.

Permit Modification

Permit modifications identified in this section will be made according to Section D.2.13.
D.5.3.1 Establish Compliance Monitoring Program (Option 2A)

If DOE determines that the statistically significant evidence of contamination originated from the facility
subsequent to completing the actions in Section D.5.1:

1. DOE will within 90 days from the determination of the constituents for compliance monitoring
(Section D.5.2) submit an application for a permit modification (Section D.2.13) to establish a
compliance monitoring program meeting WAC 173-303-645(10) [(WAC 173-303-645(9)(g)(iv)],
including:

a. ldentification of the concentration of any Appendix 5 of Ecology Publication No 97-407
constituent detected and a concentration limit [WAC 173-303-645(9)(g)(iv)(D)]. There are
two options for identifying a concentration limit:

i.  Option 3A: A proposed concentration limit for the identified dangerous waste,

ii.  Option 3B: A notice of intent to seek an alternative concentration limit for the identified
dangerous waste, if this is selected then DOE will within 180 days submit all data
necessary to justify an alternate concentration limit.

b. Any proposed changes to the groundwater monitoring system [WAC 173-303-
645(9)(9)(iv)(B)]-

c. Any proposed additions or changes to the monitoring frequency, sampling and analysis
procedures or methods, or statistical methods that are necessary to meet a compliance
monitoring program [WAC 173-303-645(9)(g)(iv)(C)].

2. DOE will within 180 days from the determination of the constituents for compliance monitoring

(Section D.5.2) write an engineering feasibility study [WAC 173-303-645(9)(g)(v)(B)], unless

a. Option 3C: The only detected constituents are listed in WAC 173-303-645(5) Table 1 AND
their concentrations are below the values in WAC 173-303-645(5) Table 1.

b. Option 3D: Alternate concentration limits are being sought under WAC 173-303-645(5)(b)
[this may include constituents in WAC 173-303-645(5) Table 1].

3. Any time alternate concentrations are sought, DOE will within 180 days from the determination
of the constituents for compliance monitoring (Section D.5.2) provide the data necessary to
justify the alternate concentration limit [WAC 173-303-645(9)(9)(v)(A)].
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D.5.3.2 Optional: Provide Demonstration Report (Option 2B)

A demonstration report [WAC 173-303-645(9)(g)(vi)] may be submitted in addition to, or in lieu of,
submitting the application for a permit modification within 90 days from the notification (Notification B
in Section D.5.1). However, if the demonstration is not successful, submittal of the demonstration report
does not waive the requirement to submit the application for a permit modification within 90 days from
the determination of the constituents for compliance monitoring (Section D.5.2). A demonstration report
may also be prepared if some/all of the Appendix 5 of Ecology Publication 97-407 constituents are
detected (Section D.5.2).

1. DOE will provide a demonstration that includes:

a.  Within 90 days from the notification (Notification B in Section D.5.1), DOE must submit a
report that demonstrates that a source other than a regulated unit caused the contamination or
that the contamination resulted from error in sampling, analysis, or evaluation
[WAC 173-303-645(9)(9)(vi)(B)].

b. Within 90 days from Notification B, DOE must submit to Ecology an application for a permit
modification (Section D.2.13 to make any appropriate changes to the detection monitoring
facility [WAC 173-303-645(9)(g)(vi)(C)]), and if needed, an extension to the permit
modification submittal times will be requested.

If the demonstration is successful, continue routine detection monitoring
[WAC 173-303-645(9)(g)(vi)(D)].
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