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E.0 GROUNDWATER MONITORING

Section E, including associated appendices, is intended to provide a complete reference on the site
characteristics as required by IDAPA 58.01.05.012 (40 CFR 270.14), as well as data relevant to
developing and implementing the Groundwater Monitoring requirements of IDAPA 58.01.05.008 (40 CFR
Part 264.97) for the US Ecology Idaho, Inc.(USEI) facility.

E.O.a. General Background

The USEI Site B facility is a commercial hazardous waste treatment, storage, and disposal facility (TSDF)
in southwestern ldaho, 10.5 miles west of the town of Grand View in Owyhee County (Figure E-1). The
site was formerly a U.S. Air Force Titan Missile Complex constructed during the cold war in the early to
mid-1960s. The Air Force constructed three identical bases, sites A, B, and C, in southern Idaho during
this period. The Air Force site designations for these parcels have been retained even though the missile
bases were deactivated in the late 1960s and the sites were sold for salvage. In 1972, Site B was
purchased by Western Containment Corporation (WesCon), which used the underground missile silos,
ancillary structures, and shallow unlined trenches and pits for disposal of hazardous wastes. In 1981,
EnviroSource purchased the site and in 2001 USEI purchased the site and continued to operate the site
as a Resource Conservation and Recovery Act (RCRA) Subtitle C TSDF.

E.O.b. Permit History

In 1981, ESII submitted a Part A application to the U.S. Environmental Protection Agency (EPA),
providing the facility information required and indicating they intended to continue to operate the site and
would therefore be applying for a Part B permit under Subtitle C of RCRA.

Between 1983 and December 1985, ESII conducted extensive site investigations and hydrogeologic
characterization studies. Numerous borings and wells were installed and chemical and physical testing
was conducted to describe the subsurface conditions and to develop an effective groundwater monitoring
program for the site. The original Section E (Groundwater Monitoring) of the RCRA Part B permit
application for the site was submitted in 1983. In February 1986, the agencies accepted the site
characterization efforts and the last revision of the Site Characterization Report for Section E (Appendix
E.11) of the application was submitted (CH2M HILL, February 1986). Between 1986 and 1988 there were
several submittals and revisions to Section E.6 of the application that described in detail the proposed
Groundwater Monitoring System for the site. On December 15, 1988, the EPA and the Idaho Department
of Environmental Quality (IDEQ) of the Idaho Department of Health and Welfare granted a RCRA Part B
permit for USEI Site B. Permit Renewal Applications were submitted in 1998 and 2003 respectively. USEI
is currently operating under a RCRA Part B Permit issued November 12, 2004. The current Permit
Renewal Application was submitted on May 1, 2014.

E.O.c. Additional Information Not Included in the 1986 Site
Characterization Document

In support of the pending Part B permit, considerable work was completed from March 1986 to

December 1987 on characterizing the vadose zone (unsaturated interval from land surface to the
uppermost aquifer). This work culminated in computer simulations of potential waste migration through
the vadose zone and simulated potential groundwater plumes. This analysis was used by the EPA and
IDEQ to establish the location, spacing, and sampling frequency of monitoring wells included in the RCRA
Part B operating permit, effective December 15, 1988.

The Detection Monitoring section of the RCRA Part B operating permit required significant modifications

to the existing monitoring well network. In 1988, 1989, and 1990, 20 new monitoring wells were installed
to complete the Detection Monitoring System required by the December 15, 1988, permit. Many of the
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new wells were installed to replace existing wells that were either not strategically positioned or were not
constructed to the required monitoring well standards.

In 1993, additional characterization performed to support a proposed modification to the configuration of
Cell 14 resulted in the installation of seven additional wells. In 1999, USEI installed a test well south of the
existing facility for hydrogeologic characterization in support of siting Cell 15. This well was subsequently
abandoned in 2003. In 2000, ESII installed four (4) multi-port soil vapor wells on the west side of the site.
Several soil vapor investigations have been conducted (Appendix E.10). At present, of the 54 wells in the
Groundwater Monitoring Program, water chemistry and water level data are collected on a semiannual
basis from 40 monitoring wells, and 14 wells are used solely for the purpose of semiannual static water
level measurements.

E.O.d. Relationship to Previous Documents

All of the detailed site characterization information, well installation, well abandonment, water chemistry,
and water level data collected since the February 1986 Site Characterization Report has been submitted
to the regulatory agencies and/or is in the permanent Operating Record at USEI Site B. This section
combines this information with the pertinent data contained in the February 1986 report to provide a
consolidated and updated description of the physical and aqueous chemical characteristics of the site.
The information and analyses provide the technical basis for the proposed Groundwater Monitoring
Program for the permit renewal period. Although existing pertinent data are presented, in order to keep
this Section E document to a manageable size, extensive references have been made to the previous
documents and to information contained in the operating record, instead of including those supporting
documents in the appendices.

E.O.e. Facility Description

The USEI Site B facility occupies approximately 328 acres in the northern half of Section 19, Township 4
South, Range 2 East, as referenced to the Boise Baseline and Meridian (Figure E-2). USEI property
surrounds the Site B facility.

Figure E-3 provides a detailed topographic and facilities map of the site. Pertinent site facilities identified
in Figure E-3 consist of various active and closed waste disposal trenches and cells, waste receiving and
treatment facilities, and administrative offices. The surface expressions of the three missile silos are
identified in Figure E-3. Each of these silo complexes consists of a main missile silo about 40 ft. in
diameter and 160 ft. deep and three ancillary smaller silos connected by tunnels about 60 ft. below grade.
The three silo complexes are joined by a tunnel that extends to the southeast to two large subsurface
structures known as the powerhouse and control room, which housed the crew and the support
equipment for the missile base. A tunnel also extends to the southeast from the powerhouse to two
smaller silos that contained the radar and communications antenna. A detailed description of the current
and past waste disposal areas is provided in Section B.

E.1 GROUNDWATER WAIVER

USEI Site B is underlain by two low-yielding, water-bearing zones that are referred to as the Upper and
Lower Aquifers. Both water-bearing zones are comprised of thin, fine-grained sand beds within a
predominantly silty clay matrix. The Lower Aquifer is present beneath the entire facility and yields less
than 0.5 gallon per minute (gpm). The Upper Aquifer is only present across the northern two-thirds of the
site. Well yields in the Upper Aquifer range from five (5) gpm to less than 0.5 gpm. A detailed description
of the hydrogeology of USEI Site B is provided in Section E.3.

The southern 1/3 of USEI Site B is underlain by a thick, dry, stratified sand, silt and clay vadose zone
overlying the Lower Aquifer. For Cell 14 and future disposal areas with similar hydrogeology, a
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groundwater waiver demonstration meeting the requirements of IDAPA 58.01.05.008 (40 CFR 264.90(b))
could be presented, effectively demonstrating no contaminant migration within the active, closure, and
post-closure periods. However, a waiver demonstration for the northern two-thirds of the site, where
unlined pre-RCRA Units overlie the Upper Aquifer, could not be satisfactorily presented. Rather than
propose a groundwater waiver for only the southern portion of the site, USEI has elected not to pursue a
groundwater monitoring waiver demonstration for Site B in this Document.

E.2 HISTORICAL GROUNDWATER DATA

This portion of Section E contains the “Interim Status Data” required by IDAPA 58.01.05.012 (40 CFR
270.14). USEI Site B has been a permitted RCRA Part B facility since December 1988. Therefore, for the
purposes of this Document, pre-Permit RCRA “Interim Status Data” is groundwater monitoring data
collected prior to December 1988. This information is contained in USEI’s original Part B permit
application submitted in 1983 and in subsequent revisions and submittals made during the permit review
process. This information is incorporated in this Document by reference only, with the exception of
pertinent common-ion and aquifer test data, which help to describe site characteristics.

For historical reference, it is important to note that some of the interim status data presented in the 1983
application and subsequent revisions may be potentially misleading because of inappropriate well
construction on some wells. Several wells installed during the early stages of the characterization process
bridged the confining bed separating the two minor water-bearing zones that were subsequently
differentiated into the Upper and Lower Aquifers. This resulted in erroneous water levels and mixed water
quality samples.

The report entitled “ESII Site B Site Characterization and Groundwater Monitoring Program” CH2M HILL
(February 1986) was the last revision to the site characterization portions of Section E of the 1983 Part B
permit application. This report provided characterization of both aquifers and identified those wells that
spanned both water-bearing zones. Data from the invalid wells were not used in the characterization
presentation and those wells have been plugged and abandoned. The data acquired from the remaining
monitoring well system and new wells installed since 1986 are representative of the two-aquifer system.

This portion of Section E, while still entitled HistoricalGroundwater Data, briefly describes the
groundwater data collected from April 1989 through October 2013 in accordance with the Groundwater
Monitoring Program as described in Section IX of USEI's current Part B operating permit.

The USEI monitoring well network consists of 54 wells that are properly located for effective monitoring
and data collection as described in Section E.6.a. The wells were designed, constructed, documented
and maintained as described in Section E.7.b. The Groundwater Monitoring Program under which the
data were collected is described in Section E.6.b, which specifies overall responsibilities that USEI has in
collecting the data. Section E.6.d specifies the list of detection monitoring parameters, indicator
parameters, and field sampling parameters. , Section E.6.d also lists the sampling and analysis
requirements, including the sampling, preservation, and handling procedures, chain-of-custody control,
and quality assurance/quality control procedures. Sections E.7 and E.8 provide the data evaluation
requirements, including the statistical monitoring criteria for data evaluation and required responses to the
detection of statistically significant levels of the detection monitoring parameters in the groundwater at
Site B.

The data presented in this section were collected and accepted by IDEQ under the auspices of the
current RCRA Part B operating permit pursuant to IDAPA 58.01.05.008 (40 CFR 264.97 and 264.98).
Therefore, the information requirements of IDAPA 58.01.05.012 ( 40 CFR 270.14) regarding the
presentation of these data under the heading of “Interim Status Data” are assumed to be satisfied. With
this assumption, the section will present the water quality data collected from the USEI Site B monitoring
wells since the Part B RCRA Permit was issued. This data base represents nearly 13 years of semiannual
water levels, field water chemistry data, and analysis for 28 specific volatile organic compounds, and from
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previous (pre-1998) permit sampling and analysis requirements, total organic carbon, and total organic
halides. These data comprise the basis for much of the site characterization and for the groundwater
monitoring programs for this Document.

The 1986 revision to Section E of the initial Part B permit application (CH2M HILL, February 1986)
provides significant additional data on the geology, hydrogeology, and general water chemistry of Site B.
These data were collected from valid wells for the two-aquifer system and from several of the old wells
that were incorporated directly into the current Groundwater Monitoring System. Pertinent data contained
in the February 1986 report and prior permit issuance are also included in this Document. Since these
data help describe the general site characteristics, including geologic properties and general
(noncontaminant-related) water chemistry, they are not considered “Interim Status” data.

The hydrogeologic and general water chemistry data collected from the monitoring wells during this
period are discussed in Section E.3. Section E.5 presents the specific monitoring data collected pursuant
to IDAPA 58.01.05.008 (40 CFR 264.97 and 264.98). Sections E.6, E.7, and E.8 address the proposed
groundwater monitoring systems and programs based on the current monitoring data.

E.2.a. Description of Wells

Since the 1988 permit was issued, USEI collected water quality data from the permitted well network as
required in the permit. New monitoring wells installed in accordance with the requirement of the Part B
permit, and in response to subsequent data needs and supplemental site characterization efforts, have
been incorporated into the Groundwater Monitoring System. The present groundwater monitoring network
at USEI Site B consists of 54 wells that are further differentiated as follows: 40 monitoring wells (23 in the
Upper Aquifer and 17 in the Lower Aquifer) and 14 piezometers eight (8) in the Upper Aquifer and six (6)
in the Lower Aquifer). The locations of the monitoring wells and piezometers are shown in Figure E-4.
Well numbers beginning with the letter “U” are completed in the Upper Aquifer and those beginning with
the letter “L” are completed in the Lower Aquifer. Section E.3.b describes the existing monitoring well
network and provides details on the Upper or Lower Aquifer systems at Site B.

The piezometers (UP and LP designations) are used for water level measurement, although periodically
water samples may be collected from them for limited analyses of pertinent constituents, depending on
the purpose of the special sampling. Water levels are measured in piezometers on a semiannual basis in
the Spring and Fall.

In late 1999, a test boring (D-40) and adjacent lower aquifer piezometer LP-40 were installed south of
Cell 14 for the purposes of site characterization data on the geology and lower aquifer groundwater in
support of the permit modification to allow construction of new Cell 15. LP-40 was never formally included
in USEI's site B permit as it was installed offsite (prior to siting approval which expanded the site to
include this area). In March 2003, well LP-40 was abandoned as it was within the construction footprint of
Cell 15. Aside from periodic water levels collected from Spring 2000 through Fall 2002, and an initial
water quality sample for common ion data, there is no additional data from this well to incorporate into this
application.

E.2.b. Description of Sampling/Analysis Procedures

Sampling procedures and analytical requirements for monitoring from 1989 to 2013 are outlined in USEI's
current RCRA Part B operating permit. Section E.3.b. provides additional details on the sampling
methods used. Following the completion of the semiannual sampling events and receipt of the analytical
results, USEI submits a copy of the analytical results to IDEQ in accordance with the Sections E.6, E.7,
and E.8 of this document. The field sampling logs and laboratory results are maintained as part of the
operating record at Site B and are not included in this Document.
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E.2.c. Monitoring Data

E.2.c.(1) Summary of Groundwater Monitoring Activities

Table E-1 provides a summary of the water quality sampling events that have been conducted at each
monitoring well at Site B. The table presents data beginning with April 1989, the first semiannual sampling
event after the current Part B operating permit was issued, and includes all annual, semiannual,
confirmation, and Appendix IX samples collected under the Detection Monitoring and Compliance
Monitoring Programs through October 2013. As new wells were installed and completed, they were
included in the monitoring program in accordance with Part B permit requirements. Installation dates of
wells currently in the Groundwater Monitoring System range from October 1984 to June 2012.
Consequently, as shown in Table E-1, not all wells have data for the entire time period from April 1989 to
October 2013.

Table E-2 identifies the organic and inorganic analytes and field parameters collected from the network of
detection and compliance groundwater monitoring wells at Site B. To address site water quality
characteristics requirements in this Document, specific sampling results from April (Spring) 1989 to
October (Fall) 2013 data are used. The results of the specific VOC, and from pre-1999 data total organic
halides (TOX), and total organic carbon (TOC) analytical data are summarized in this section.

Section E.3, which describes the hydrogeology of Site B, provides a more rigorous examination of the
water levels, and general water chemistry parameters (temperature, pH, and specific conductance)
collected during the current Detection and Compliance Monitoring Programs at Site B. Section E.5
provides additional discussion and analysis of the VOCs and elevated TOX levels detected in the Upper
Aquifer at Site B.

E.2.c.(2) VOC Results

Between April 1989 and October 2002, 15 of the 27 VOCs for which samples were analyzed have been
detected in six monitoring wells at Site B. All of the impacted wells were in the Upper Aquifer in the
northwest portion of the site. The occurrence of VOCs in groundwater at Site B is discussed in detail in
Sections E.5 and E.7.

E.2.c.(3) TOX Results

TOX data was collected from most wells through Spring 1999. TOX was detected in all Site B monitoring
wells except L-32. TOX concentration ranged from 3.0 ug/L at U-3 (April 1990) to 2,953.3 ug/L at L-37
(April 1989). Routine sampling and analysis for TOX was discontinued in 1998. TOC and TOX was
replaced with superior measurement techniques that identify specific compounds per EPA approved
methods.

E.2.c.(4) TOC Results
TOC was detected in all monitoring wells at Site B. TOC concentrations range from 0.25 mg/L at U-5
(April 1991 and April 1992) to 15.5 mg/L at L-36 (September 1996). Sampling and analysis for TOC was

discontinued in 1998. TOC was replaced with superior analysis that identifies specific compounds per
EPA approved methods.

E.2.d. Statistical Methods

For monitoring events prior to 1998 the combined Shewhart-CUSUM control chart statistical methodology
(EPA, April 1989) was used to perform the analysis of the TOC and TOX data.
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The use of control charts provides a means to monitor a constituent within a single well for trends, drifts,
or abrupt changes in concentration level. To construct the control charts, the upper and lower control
limits for TOX and TOC at each well were established based upon up to the first three (3)years of data
collected from that specific well. Subsequent samples were then plotted and compared to the control
limits to determine if a significant change in groundwater chemistry had occurred.

A discussion of the results of the control charts is provided in Section E.5. The use of control charts to
monitor TOX and TOC levels in individual wells as required by the past permit is discussed in Section E.5.

E.2.e. Groundwater Assessment Plan

Computer modeling (CH2M HILL, April 1993) was conducted to simulate the fate and transport of
selected organic constituents (carbon tetrachloride, chloroform, and chloromethane) in the Upper Aquifer
at Site B. The analysis was conducted in response to the October 1991 detection of these compounds in
well U-21 at concentrations above the levels allowed in USEI's Part B permit. The source of the detected
volatile organic compounds (VOCs) was assumed to be vapor transfer to the groundwater in the vicinity
of Silo 2.

The analytical model MYGRT (Migration of Organic and Inorganic Chemicals in Groundwater) [Tetra
Tech, Inc., 1989]), was used to evaluate the fate and transport of the compounds from the source area to
the downgradient boundary. Although Silo 2 was the only pre-RCRA Unit where these compounds were
detected in 1993, the modeling effort used Silo 3 as the source. Silo 3 was chosen because groundwater
velocities are faster from Silo 3 to the boundary than they are from Silo 2 to Silo 3 and Silo 3 is closer to
the downgradient boundary of Site B. This combination of higher velocity and shorter migration pathway
added additional conservatism to the analysis.

The objective of the model was to calculate the concentration of each compound that would need to be
detected onsite (at U-21) to trigger the implementation of a corrective action plan. To determine
groundwater concentration levels at U-21 that would constitute a potential health concern at the facility
boundary, a risk assessment was conducted for each VOC. The risk assessment identified the
concentration of each VOC that would produce a 10 and 10°® cancer risk. The risk-based numbers were
independent of the MYGRT model results and represented typical risk assessment scenarios of lifetime
cancer risk using both an industrial and residential setting. Using the residential 10°° cancer risk scenario
at the site boundary as the maximum allowable concentration, attenuation factors developed from the
MYGRT model were used to “back calculate” what the maximum permissible concentration at Silo 3
should be to trigger implementation of any corrective action.

The fate and transport analysis, MYGRT model, and risk assessment conducted for USEI Site B indicated
that, based on the highest VOC concentration detected and the lowest reasonable attenuation factor,
groundwater leaving the site would not exceed the 10°® residential cancer risk level. Furthermore, the
modeled VOC concentrations at U-21 that would cause the VOC concentrations at the facility boundary to
exceed the risk-based boundary concentrations were several thousand times the maximum concentration
of each respective VOC detected at well U-21. Based on this study, an alternate concentration limit (ACL)
was established for U-21 and incorporated into USElI's RCRA Part B permit in April 1993.

In April 1999 a site wide ACL demonstration report was prepared to address the detection of VOC's in
several wells at Site B including well U-1, an upgradient background Upper Aquifer well (CH2M Hill,
1999). The ACL demonstrated that the low part per billion levels of VOC'’s being detected in this well and
others in the northwestern portion of the site were from vapor transport and not indicative of a liquid
release. Consistent with the fate and transport modeling completed in the 1993 ACL, the April 1999 ACL
assigned each of the monitoring wells to one of three different categories for purposes of allowable
concentrations if VOC'’s were detected. The categories of wells are based on risk and groundwater flow
paths and include upgradient background wells, Level 1 compliance wells and Level 2 compliance wells.
Level 1 wells included those wells interior to the site and have higher allowable concentrations than do
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the Level 2 wells which are the downgradient and northern facility boundary wells. Appendix E-14
provides the ACL which describes the well categories.

In response to DEQ concerns regarding the conclusions reached in the 1993 ACL and 1999 ACL that a
soil vapor transport mechanism was responsible for the detection of VOC's, a soil vapor work plan was
completed in 1999 and four (4) multi-port soil vapor wells were installed and tested by CH2M HILL in
early 2000. The results of CH2M HILL’s soil vapor investigation were subsequently submitted by Brown
and Caldwell, (Brown and Caldwell, 2001). This work confirmed the conclusion that soil vapor transfer to
the groundwater was responsible for the detections of VOCs in the impacted Upper Aquifer wells. In late
2002, USEI completed a follow-up soil vapor study in response to continued DEQ concerns regarding the
soil vapor mechanism. This study collected additional soil vapor samples from the vapor wells and head
space on existing monitoring wells. The results were reported in February 2003 (Brown and Caldwell,
2003) and the same conclusion was reached. The confirmation of the transfer mechanism supports the
concept and application of the 1999 ACL which acknowledges the presence of the vapors and sets
appropriate concentration limits for interior wells while establishing much lower concentration limits for the
perimeter downgradient wells.

E.3 GENERAL HYDROGEOLOGIC INFORMATION

Section E.3, including associated appendices, presents the regional setting, site characterization
methods, and site hydrogeologic characteristics for USEI Site B. This information has been assembled
pursuant to IDAPA 58.01.05.012 (40 CFR 270.14(c)).

E.3.a. Regional Setting

E.3.a.(1) Introduction

The following is a summary of the Physiographic Setting and Regional Hydrogeology of USEI Site B
presented in the 1986 Site Characterization Report (CH2M HILL, February 1986). This information has
been assembled pursuant to IDAPA 58.01.05.012 (40 CFR 270.14(c)(2)).

E.3.a.(2) Physiography

USEI Site B is situated in the western portion of a 20,000-square-mile physiographic unit known as the
Snake River Plain. The plain extends from the vicinity of Ashton, Idaho, to north of Ontario, Oregon. The
Snake River Plain is approximately 350 miles in length and varies in width from 25 to 75 miles. USEI
Site B lies within the lowland area of the Owyhee subunit of the Snake River Plain at an elevation of
between 2,525 ft. and 2,635 ft.

Figure E-5 shows the location of Site B relative to major surface water drainages in the area. The Snake
River, which flows to the northwest, lies approximately three (3)miles east of the site and is the most
prominent water resource of the area. The site is approximately 250 ft. higher than the Snake River flood
plain, which locally extends outward up to one mile along either side of the river. Castle Creek, a
perennial stream that flows northward to the Snake River, lies approximately one mile west of Site B.
Cloudburst Wash, a small ephemeral (intermittent) stream, lies about two (2) miles to the east of Site B
and also empties into the Snake River. The facility straddles the Castle Creek and Cloudburst Wash
drainage basins. However, since the facility contains all run-off from active areas, it does not contribute
run-off to either drainage.

Figure E-2 depicts the topographic setting of the Site B area. The area is characterized by badlands-type
topography and exhibits varied relief. Major topographic features of the area include several prominent
buttes, remnant basaltic cinder cones, and canyons cut by the Snake River.
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Vegetation in the area is typical of a semiarid environment. The lowland area within which the site is
located is inhabited by low brush and grasses, including sagebrush, rabbit brush, wheat grass, and cheat
grass. Land use in the area consists of undeveloped rangeland and some limited irrigated agriculture.
Irrigation water in the area is derived from the Snake River, Castle Creek, and from the deep, regionally
extensive, geothermal groundwater system. The area is sparsely populated with isolated farms and
ranches being the dominant habitation.

E.3.a.(3) Climate

The semiarid western portion of the Snake River Plain has one of the highest annual average
temperatures in the state. For a 64-year period (1933 to 1996) at the Grand View U.S. Weather Bureau
Station, located ten (10) miles east of the site, the average temperature was 52.2 degrees Fahrenheit
(Earthinfo, Inc., 1997). The range in temperature during the winter months of December through February
was -1 degree Fahrenheit to 58 degrees Fahrenheit. From March to November, the temperatures ranged
from 12 degrees Fahrenheit to 101 degrees Fahrenheit.

The site is influenced by prevailing westerly maritime winds via the Columbia River and Snake River
valleys; consequently, most precipitation falls during the winter. Over the same 64-year period at the
Grand View U.S. Weather Bureau Station, the average annual total precipitation was 7.1 inches. The
precipitation in this area is evenly distributed from November through June, with only a minor amount
falling during the summer, usually associated with isolated thunderstorms. The mean annual pan
evaporation for the Grand View area is approximately 53 inches (U.S. Weather Bureau, 1959).

E.3.a.(4) Regional Well Inventory

A records search of the well log files at the Idaho Department of Water Resources (IDWR) in spring 2014
turned up 54 logs for wells installed within a 3-mile radius of Section 19. There were 23 new wells drilled
in this search area between the 2003 and current submittals of this permit application document. Ten (10)
of these wells were monitoring wells associated with operations at the US Ecology facility.

Figure E-6 shows the approximate location of the wells based on the location information included on the
log. Included in Figure E-6 is a table showing the well depth, date drilled, and stated use. Eighteen (18) of
the well logs were for USEI monitoring wells and there were two duplicate logs filed for the same well
(well No. 13). The plugged and abandoned water well exploratory well drilled west of Site B by USEI to a
depth of 800 ft. is shown as well No. 18 and the plugged and abandoned deep artesian well drilled by the
U.S. Air Force in 1958 is shown as well No. 14. Appendix E.1 provides copies of the well logs as filed with
IDWR.

As shown in Figure E-6, there are five existing wells in the immediate vicinity of Site B that are of interest
because they may be hydraulically downgradient of the facility. Three (3) of these wells, Nos. 12, 21, and
22, are domestic wells that probably cannot be impacted by shallow groundwater at Site B because they
are deep artesian wells (greater than 600 ft. deep) and either flow at the surface or have very shallow
static water levels (less than 12 ft. bgs). Well No. 23, was drilled for stock watering and draws water from
sands and gravels with a reported yield of over 50 gallons per minute. The location provided on the Well
Drillers Report places this well about 1.5 miles west of the Snake River ( one mile east of Site B) in an
area where saturated gravel deposits are not expected. However, in a telephone interview with the owner
of the well, the actual location of the well is approximately %2 mile west of the Snake River and 50 ft.
northwest of the Grand View Irrigation Canal. This places the well approximately 2.0 miles east of Site B
in the NW ¥ NE % of Section 21 as shown in Figure E-6, not NW %2 NE % of Section 20 as stated on the
Well Driller's Report. Based on well No. 23’s proximity to the Snake River and the irrigation canal, and the
lithology provided in the Well Drillers Report, this well apparently draws water from saturated gravels that
are recharged by the Snake River and possibly the canal. Thus, well No. 23 will not likely be impacted by
shallow groundwater at Site B. Well No. 50 is a 450 foot deep well located in the NE % SE % of Section
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18. The well log indicates that this will is for domestic use and stock watering. The well is not likely to be
impacted by shallow groundwater at USEI due to its depth.

E.3.a.(5) Regional Geology

Several investigators have been active in the delineation of the geology of the area at the regional scale.
Malde and Powers (1962), Littleton and Crosthwaite (1957), Anderson (1965), and Ralston and Chapman
(1969) have all contributed to establishing the geology of southwestern Idaho, including the general area
of Site B. The information from these researchers is summarized and synthesized in this section to
provide an overview of the geologic setting. The intent of this section is not to provide a definitive and
detailed examination of the geology of the area, but only to place the site in the regional geologic
framework as a basis for the detailed site geology and hydrogeology presented in Section E.3.c.

E.3.a.(5)(a) Stratigraphy

The regional stratigraphy of the area is dominated by the Idaho Group of Miocene to Pleistocene Age.
This depositional sequence consists of up to 5,000 ft. of sedimentary and interspersed basaltic lava
deposits that accumulated in the Snake River Plain over a basement of thick, older silicic volcanic rocks,
primarily rhyolites.

The sedimentary deposits of the Idaho Group were laid down under three distinct episodes of lava
damming (and subsequent dam breaking) of the ancestral Snake River. These episodes resulted in the
formation of large lakes across the region. Fine-grained (silt and clay) lacustrine (lake bed) deposits are
frequently intertongued with coarser-grained (silt and sand) of fluvial (river) and flood plain deposits
throughout the area. These discontinuous and interbedded sand, silt, and clay beds form complex
stratigraphic relationships on a regional scale. As a general rule, the deposits are unconsolidated

except for some minor sandstone and freshwater limestone and localized, discontinuous, basaltic lava
beds. Generally, however, the lacustrine deposits predominate and form the most contiguous
sedimentary beds across the Snake River Plain and the Site B area. The lacustrine and fluvial sediments
of the Glenns Ferry Formation of the Idaho Group are the primary strata of concern at Site B.

The several-hundred-foot-thick Snake River Basalt forms a cap rock over the Idaho Group sediments
throughout much of the area and is the youngest formation in the regional sequence. Locally, the Snake
River has eroded through the Snake River Basalt and into the underlying Idaho Group sediments. The
Idaho Group sediments north of the Snake River, north of Site B, are capped by the resistant Snake River
Basalt that forms steep cliffs adjacent to the river. The Idaho Group sediments south of the river (and
within the vicinity of Site B) generally lack the protective basalt cap and have been eroded, forming the
badlands topography characteristic of the area.

E.3.a.(5)(b) Structure

The Snake River Plain appears to be a downdrop fault-block basin, or graben, bounded by normal faults
to the northeast and the southwest. Subsidence in the center of the basin was greatest and,
consequently, the Idaho Group sediments are thickest near the center. The regional dips (angle from
horizontal that the strata slopes) of the Idaho Group sediments range from near horizontal near the center
of the basin to a maximum of about ten (10) degrees toward the margins of the basin. In the vicinity of
Site B, regional dips of 2 to 4 degrees have been reported, with strike directions (perpendicular to
direction of dip) approximately north 70 degrees west.

As a result of the structural attitude (dip) of the Idaho Group strata, older units tend to be exposed at a
considerable distance south of the Snake River, with younger units exposed progressively nearer the
river. Faults are apparent throughout the region because of differential settlement of sedimentary beds
and movements along the principal regional faults that border the Snake River Plain. Minor faults locally
cut older units of the Idaho Group; the younger units, however, are generally unaffected since they were
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deposited after the faulting occurred. The faults typically parallel the plain; faulting transverse to the plain
iS not common.

E.3.a.(6) Local Geology

This section focuses on the characteristics of the Idaho Group sediments present in the vicinity of Site B.
This information is presented as background and support for the detailed site-scale findings and
observations that are discussed in Section E.3.c. of this report.

E.3.a.(6)(a) Local Stratigraphy

In ascending order (deepest and oldest first), the localized formations are the Poison Creek (600+ feet
thick); the Banbury Basalt (200+ feet thick); the Chalk Hills (200+ feet thick); the Glenns Ferry

(1,500+ feet thick); and the Bruneau (0 to 100+ feet thick). A detailed stratigraphic column prepared from
the driller’s log for the artesian well drilled in 1958 at Site B illustrates the stratigraphic sequence at

Site B.

The Chalk Hills and Poison Creek Formations represent two individual lacustrine periods affecting the
central and western portions, respectively, of the Snake River Plain. In some reports, particularly in many
of the older geologic reports concerning the area and on numerous deep-drilling logs, the Poison Creek
Formation is shown as occurring stratigraphically above the Banbury Basalt. This is due to lithologic
similarities between the Chalk Hills and Poison Creek Formations and the volcanism responsible for the
deposition of Banbury Basalt into the lacustrine environments present.

The Glenns Ferry and Bruneau Formations are of prime interest to the site; the Glenns Ferry is the unit
where groundwater is first encountered and the Bruneau forms the uppermost geologic unit beneath
Site B. Together, these two units form a composite thickness of about 1,600 ft.. The deeper Banbury
Basalt and Poison Creek Formations are of secondary importance to site-scale hydrogeology only
because of their depth. However, these formations provide a regional source of deep-flowing artesian
groundwater, generally obtained from depths in excess of 2,000 ft. to 3,000 ft. beneath Site B. The
artesian aquifer discussion is provided in Section E.3.a.(7) below. Because of the importance of the
Bruneau and Glenns Ferry Formations to the Site B characterization, these units are discussed in detail
below.

E.3.a.(6)(b) Glenns Ferry Formation

The Glenns Ferry Formation is of interest since the uppermost zone of saturation beneath Site B exists
within the upper portions of this formation. Although the Glenns Ferry Formation is approximately 1,500 ft.
thick in the site area, the following discussion focuses on roughly the upper 800 ft. The Glenns Ferry
Formation was deposited in the area under three ancestral depositional environments: lacustrine, fluvial,
and flood plain. The three stratigraphic facies, each representing a different energy of deposition that is
reflected in the typical grain size of the sediments, differ from one another in lithologic composition and
areal persistence and tend to grade vertically from one facies to the next. The overall sedimentary pattern
in the upper few hundred feet of the Glenns Ferry Formation is of upward coarsening, reflecting the
climate and drainage pattern changes that ultimately led to the complete disappearance of the Glenns
Ferry lake.

For discussion purposes, the Glenns Ferry Formation has been divided into two units. The lower unit of
the Glenns Ferry Formation consists of a lower lacustrine facies that upwardly becomes increasingly
interbedded with fine-grained fluvial sands. The upper unit of the Glenns Ferry Formation consists of
predominantly fluvial sands grading vertically into flood plain facies. The lacustrine facies is the most
extensive and areally persistent sedimentary body in the Glenns Ferry Formation. Because of the
structural dip of the beds in the Snake River Plain, all three facies are exposed at the land surface within
the general area.
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The extensive lacustrine facies consists of a thick-bedded, silty clay to clayey silt that grades with depth
into a massive clay. Within the lacustrine facies are discrete intervals of thin lenses of very fine,
tuffaceous sand interbedded with thicker, clayey, silt beds. These intervals represent periods of unstable
lake margins. As water levels fluctuated, lake margin and fluvial sands were deposited farther into the
lake. When the lake levels rose again, the sand lenses were covered with additional fine-grained
lacustrine sediments. Where these sand zones are saturated, they represent the water-bearing

portions of the lacustrine facies of the Glenns Ferry Formation. The water-bearing zones being monitored
at Site B consist of two groups of these thin sand beds sand beds interbedded in the lacustrine
sediments. At some exposures, the thick-bedded silt unit is overlain by several feet of very fine sand,
alternately interbedded with additional silt. In many exposures, the fine sands are cross-bedded and show
the presence of ripple marks. The fine sands generally denote the regional top of the lacustrine facies.

A less extensive fluvial facies overlies the lacustrine deposits, and generally consists of a fine- to
medium-grained sand reaching a thickness of about 60 ft. Frequently, a 1" thick, tuffaceous, fine-grained
sandstone is found at the top of the fluvial sand. Some cross-bedding is evident in the fluvial facies and,
on a local scale, the sand unit intertongues laterally with the lacustrine facies.

The flood plain facies, where present, overlies the fluvial facies and denotes the top of the Glenns Ferry
Formation; it consists of an interbedded sequence of clay, silt, and sand. sand beds. Individual beds vary
in thickness from about two (2) to four ft. (4") in the general area and laterally persist for several hundred
feet. The flood plain sediments are areally discontinuous, however, and range from being absent to about
200 ft. thick. Plant fragments and other detritus are evident in the flood plain facies. Texturally, the flood
plain deposits appear banded (that is, possessing thin, laminae-like alternating beds) compared to the
more homogeneous underlying fluvial and overlying Bruneau Formation sediments.

E.3.a.(6)(c) Bruneau Formation

The Bruneau Formation consists of a variety of lithologic types ranging from unconsolidated lake deposits
that contain basalt flows and tuff beds to high energy river gravels. In the vicinity of Site B, the formation
is approximately 100 ft. thick, but the thickness varies greatly and the formation is absent in some
locations. The Bruneau Formation is generally more coarse-grained than the underlying Glenns Ferry
Formation and has been divided regionally into a basal gravel unit (approximately 40 ft. thick), an
overlying lower unit (approximately 70 ft. thick), followed by an upper unit (approximately 20 ft. thick). A
10- to 15-foot tuff layer separates the upper and lower units.

The basal gravel unit is composed of rounded pebbles, cobbles, and coarse-grained, cross-bedded sand
lenses. The origin of the unit is interpreted as a river and beach deposits of ancestral Lake Bruneau. The
lower unit, which overlies the basal gravel, consists of a thin, basaltic, cinder bed, an intervening mottled
clay, and a fine-grained tuffaceous sand. The upper unit of the Bruneau is lithologically similar to the
lower unit, but regionally occurs above the 10- to 15-foot-thick tuff layer. Locally, the thicknesses and
lithologic characteristics of the Bruneau units can vary considerably. Only the basal gravel unit of the
Bruneau Formation is present at USEI Site B.

Minor recent and Pleistocene surficial deposits are also intermittently present in the local area and consist
of Snake River terrace gravels, colluvium, and stream alluvium. The stream alluvium exists along the
margins of permanent drainages, and the colluvium consists of random slope debris. These minor
deposits are difficult to distinguish from the unconsolidated coarse-grained Bruneau Formation deposits
on a local scale. For purposes of classification in this report, all surficial deposits in the vicinity of Site B
are considered to be part of the Bruneau Formation, even though they may be of more recent geologic
origin.

E.3.a.(7) Regional Hydrogeology

The groundwater resources of the area have been examined at the regional scale by several
investigators. Mundorff, Crosthwaite, and Kilburn (1964) prepared a report on the occurrence of
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groundwater within the entire Snake River Plain. Ralston and Chapman (1969) investigated the
groundwater resources of northern Owyhee County, and Young and Lewis (1982) examined the
hydrology of deep thermal groundwater in southwestern Idaho. Several other groundwater availability and
geothermal resource studies have been performed in the region, most notably by Brott, Blackwell, and
Mitchell (1978) and Young, Lewis, and Bracken (1979). On the basis of these principal research studies,
an overview of the groundwater resources of the region is presented in the following sections.

E.3.a.(7)(a) Principal Groundwater Systems

The regional studies indicate that three groundwater systems are present in the area of Site B. These
systems are as follows:

1. A deep groundwater system found primarily within the silicic volcanics, Banbury Basalt and the
Poison Creek Formation. Groundwater is found at depths ranging from 600 to more than 3,000 ft. in
this system. Water in this system is under considerable artesian pressure and geothermally heated.
Many wells tapping the aquifer are capable of flowing at the land surface. Several flowing geothermal
wells in the Castle Creek drainage are used for irrigation and contribute to the general water
resources available in that area. In the 3,000-foot-deep water supply well drilled by the U.S. Air Force
(USAF) at Site B, the first significant water was encountered at 2,980 ft. The USAF test well flowed at
over 300 gpm at a temperature of 170 degrees Fahrenheit. The USAF geothermal well was plugged
and abandoned in 1986 by USEI (CH2M HILL, June 1986). The geothermal aquifer system, herein
referred to as the deep artesian aquifer, is the most important groundwater resource in the area.
Recharge to the deep artesian system in the area is believed to originate in the Owyhee Mountains,
where precipitation exceeds 50" annually.

2. Alocal veneer of saturated alluvium exists along Castle Creek. The alluvium and the creek are
reported to be hydraulically connected. Some shallow domestic wells have been installed in the
alluvium, generally to depths not exceeding 50 ft. Most of this alluvial system development occurs
approximately eight (8) miles southwest and upstream of Site B (Ralston and Chapman, 1969). As
Castle Creek flows northeastward from this area to the Snake River, it passes to within one (1) mile of
Site B. It can reasonably be assumed that a veneer of saturated alluvium exists along Castle Creek in
this downstream area as well. Recharge to this system is primarily by surface water run-off derived
locally from precipitation and from the Owyhee Mountains.

3. Groundwater is found within the fine-grained sand beds and interbedded silts of the upper parts of the
Glenns Ferry Formation at depths on the order of 140 to 350 ft. below ground level. Well yields and
water quality in this system vary greatly. The Glenns Ferry Formation provides water to scattered low-
yielding stock watering and domestic wells in the general vicinity of the site. In the area of the town of
Oreana, seven (7) miles southwest of Site B, numerous wells provide groundwater for small irrigation
and domestic uses from the Glenns Ferry Formation (Ralston and Chapman, 1969). In this area, local
leakage from the Catherine Creek alluvial system probably contributes significantly to the recharge
and well yields from the Glenns Ferry Formation. Recharge to the shallow Glenns Ferry aquifer
comes from direct precipitation on exposed permeable beds, infiltration where the formation is
exposed to surface water sources, and by vertical leakage from underlying artesian zones on a broad
regional scale. The potential for recharge to the Glenns Ferry Formation from Site B is minimal
because all site run-off is directed to lined collection ponds.

The water-bearing intervals being monitored at USEI Site B are in the upper portion of the shallow Glenns
Ferry Formation. At Site B, however, the formation is not very permeable and most wells yield less than
0.5 gallon per minute. The shallow Glenns Ferry aquifer as it exists at Site B is not a true aquifer in the
context of water resources because of low yield. The detailed characterization of the water-bearing
properties and geochemical properties of the shallow Glenns Ferry system beneath Site B is provided in
Section E.3.c.
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E.3.a.(7)(b) Regional Flow Characteristics
Deep Artesian System

Groundwater in the deep artesian system generally moves from the mountains toward the Snake River,
which is the regional hydrologic base level and therefore the likely discharge point for at least a portion of
the groundwater in the deep artesian system. The observed northeast direction of flow in this system is
consistent with the generalized orientation of the landscape, the trend of regional surface water
drainages, and the regional trend of the Owyhee Mountains relative to the position of the Snake River.
Strong upward gradients exist between the deep artesian system and shallower systems over most of the
area. Where intervening confining strata are thin, more permeable, or breached by faults or wells, the
deep artesian system also has a vertical flow pattern and contributes water to shallower systems. This is
particularly noted to be occurring in the Castle Creek drainage area southwest of Site B where uncased
or uncontrolled artesian wells are contributing to the base flow of Castle Creek and therefore also to the
localized alluvial groundwater system in communication with the creek.

Shallow Glenns Ferry Groundwater

Because of the remoteness and sparsely populated nature of the area, coupled with the limited and
sporadic groundwater resource potential of the Glenns Ferry Formation, there is insufficient information
available to make definitive regional interpretation of flow directions and rates for the Shallow Glenns
Ferry system. In general, the shallow groundwater system flows toward, and probably discharges into, the
Snake River. However, smaller scale flow directions are expected to be highly variable because of
localized points of recharge from surface waters and vertical leakage from the deeper system, and from
localized discharge points such as wells and natural drainages. Locally, southeasterly, northeasterly, and
easterly flow directions have been identified in the shallow Glenns Ferry groundwater system at Site B. All
of these flow directions are generally toward the Snake River where it either discharges directly or enters
the local alluvial groundwater system along the Snake River.

E.3.a.(7)c Relationship of the Deep Artesian System to Site B

A deep artesian well was drilled on Site B by the USAF in 1958 as a water supply well (Shannon and
Wilson, 1959). The artesian well was plugged and abandoned by USEI in 1986 (CH2M HILL, June 1986).
The well abandonment was completed methodically and thoroughly using oil-field cementing techniques
and cementing service contractors. There have been no data suggesting any vertical leakage from the
deep artesian well, either before or after plugging. Although the well was abandoned, because of the
location of the artesian well in the center of Site B and because much of the understanding of the deeper
geologic formations beneath Site B came from the artesian well records, it is appropriate to preserve the
documentation of the well in this application. Pertinent information regarding the deep artesian well is
summarized below. Appendix E.2 provides narrative information from the original report by Shannon and
Wilson, the USAF construction contractor, regarding the construction of the deep artesian well as well as
the well construction report filed with the State Engineer’s Office in 1959. In addition, important
information on the nature of the deep regional flow system can be gained by a review of the
characteristics of this well. Figure E-7 provides a detailed stratigraphic column prepared from the drillers
log recorded when the artesian well was drilled in 1958. As shown in this figure, the geologic section
beneath Site B is dominated by blue clays and shales. The aquifers of interest at Site B occupy a very
small portion of the uppermost geologic formation shown in this figure. Selected details regarding the
deep artesian well are presented in Table E-3.

The shut-in pressure of 70 psi at the wellhead reported in 1958 was confirmed in 1986 prior to well
abandonment. This value represents a head approximately 160 ft. above the land surface at Site B and
approximately 335 ft. above the heads observed in the shallow Glenns Ferry Formation at Site B. These
data confirm that a strong upward hydraulic gradient exists between the deep artesian system and the
shallow Glenns Ferry system immediately beneath Site B. The drillers log of the artesian well did not
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report any major aquifer zones between the shallow Glenns Ferry system and the deep artesian zone,
spanning an interval of several thousand feet. This was confirmed at the 800-foot-deep exploratory
borehole that was drilled by USEI as an exploratory water well west of the site in 1984 (well 18 in

Figure E-6). Drilling logs from this well indicate that strata below 300 ft. are predominantly blue clay and
shale, which is consistent with the drillers log recorded for the artesian well (Figure E-7). This
hydrogeologic setting and head relationship indicates it is not possible for waste constituents from the site
to migrate downward to the deep artesian aquifer. Therefore, the shallow water-bearing zones within the
Glenns Ferry Formation are the primary “aquifers” of interest in this Document, and the remainder of this
section is devoted to describing, in detail, the characteristics of these two groundwater systems.

E.3.b. Site Characterization Methods

E.3.b.(1) Introduction

The data necessary to describe the hydrogeologic framework and to identify and characterize the Upper
and Lower Aquifers at USEI's Site B were obtained by numerous iterative investigations. This section
describes the scope and methods used in the investigations at the site conducted to meet the
requirements of IDAPA 58.01.05.012 (40 CFR 270.14(c)(2)).

The first subsurface geologic investigation of the site was conducted in 1958 by Shannon and Wilson for
the U.S. Air Force before Lemley Road was built. Most of the drilling conducted during this
preconstruction period focused on the geotechnical properties of the shallow (less than 150 ft.)
sediments. Hollow-stem auger and fluid rotary drilling techniques were used. Although four (4) of the ten
(10) Shannon and Wilson borings were extended to 200 ft., no groundwater was reported.

In 1981 and 1982, Northern Testing and Engineering drilled seven shallow geotechnical borings, 17 ft. to
152 ft. deep, using hollow-stem augers. The purpose of these boreholes was to identify the shallow
stratigraphy and obtain geotechnical foundation information for USEI. Additional shallow (41 ft. to 140 ft.)
geotechnical information was obtained at seven hollow-stem auger borings drilled by CH2M HILL in
September and October 1983.

Shallow groundwater was first reported in boring D-2, drilled by CH2M HILL in 1983 in the northeast
corner of the site. The original purpose of this boring was to provide additional information for preparation
of a groundwater monitoring waiver demonstration since groundwater had not been reported above 1,600
ft. at this site. Following the discovery of groundwater at 183 ft., numerous borings, test wells, and
monitoring wells were installed between 1983 and 1985 to characterize the hydrogeology of the site.
These activities were reported in the Site Characterization Report (CH2M HILL, February 1986) prepared
in support of USEI's Part B permit application.

Between 1985 and 1993, 26 additional wells were installed at the site by CH2M HILL as part of the Site
Characterization and RCRA Detection Monitoring Programs pursuant to USEI’s Part B

Permit No. IDD 073114654. In September and October 1986, two boreholes, D-33 and D-34, were also
drilled to obtain detailed information on the stratigraphy and hydraulic properties of the vadose zone soils
at the site. The information was used to perform predictive numerical modeling of hypothetical
contaminant transport through the vadose zone.

In late 1999, a test boring (D-40) and adjacent lower aquifer piezometer LP-40 were installed south of
Cell 14 for the purposes of site characterization data on the geology and lower aquifer groundwater in
support of the permit modification to allow construction of new Cell 15. LP-40 was never formally included
in the USEI's site B permit as it was installed offsite (prior to siting approval which expanded the site to
include this area). In March 2003, well LP-40 was abandoned as it was within the construction footprint of
Cell 15.
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A total of 123 test borings, test wells, monitoring wells, and piezometers are known to have been drilled at
and around Site B, beginning with Shannon and Wilson’s work. Table E-4 provides the coordinate
location, dates drilled, depths, and current disposition of all wells and borings drilled in the study area.
Figures E-8 and E-8a show the well and boring locations.

Forty of these wells are presently used as monitoring wells and 14 are used as piezometers. As shown in
Table E-4, some of the original site characterization wells that remain in use as monitoring wells or
piezometers have been renamed pursuant to USEI's Part B permit. The remaining 69 wells and
boreholes have been plugged and abandoned.

Table E-4 identifies the wells and boreholes that were drilled after submittal of the 1986 Site
Characterization Report (CH2M HILL, February 1986). Detailed descriptions of borehole drilling, well
completion and development, sampling, and testing techniques for these wells and borings have
previously been reported in numerous specific well construction and geologic reports. Table E-4 identifies
the applicable reports.

Drilling, well completion and development, sampling, and testing techniques used to obtain hydrogeologic
data on the site are described in the following sections. For boreholes and wells that were installed prior
to 1986 and were included in the 1986 Site Characterization Report (CH2M HILL, February 1986),
relevant drilling and well completion information is summarized in Table E-5. Detailed information on the
drilling, well completion and development, sampling, and testing techniques at the pre-1986 wells and
boreholes is provided in CH2M HILL, February 1986. For boreholes and wells installed after 1985,
detailed descriptions of the techniques are provided below. Investigative methods used on this site
include standard field and laboratory procedures and new drilling techniques that were developed for this
project in response to formation and depth limitations of the conventional methods.

E.3.b.(2) Well Construction
E.3.b.(2)(a) Drilling Methods
Air Rotary

Most of the monitoring wells installed since USEI's Part B permit was issued in 1988 were drilled using
conventional air rotary drilling methods. An auxiliary air compressor was used to ensure enough air
circulation in the borehole to remove drill cuttings. The boreholes were drilled using a 7-7/8” in.-diameter
drag bit from ground surface to the total depth drilled, except at UP-26, LP-27, and L-31. At UP-26 and
LP-27, a 5-7/8" bit was used to drill the borehole from ground surface to the total depth drilled. At L-31, a
9-7/8" in. bit was used to drill the borehole from ground surface to 101.2 ft. below top of the steel casing
(btsc) and a 7-7/8” in.-diameter bit was used to drill the remaining section of borehole. At most wells, well
cuttings and split spoon soil samples were routinely screened for VOCs using an HNu organic vapor
detector.

In some wells, it was necessary to use water and Quik Foam or straight water injection to clear cuttings
from the borehole. Quik Foam is a non-ionic, foaming surfactant used in the drilling industry to clear drill
cuttings from wells. It is approved for use in potable wells by the National Safety Foundation. Quik Foam
has been used sparingly at USEI Site B since 1983 and no spurious chemical effects have ever been
noted in subsequent water samples.

Welded steel surface casing was driven downward as each hole was advanced. A tophead drive air
rotary drill rig with pneumatic casing driver was used to drill and drive the steel surface casing. The
surface casings were 8-1/8" in. inside-diameter (ID) 0.250” in. wall steel casing fitted with a nine
in.(9”)-long, 9-3/4” in. outside-diameter (OD) drive shoe except at UP-26, LP-27, and L-31. At UP-26 and
LP-27, six in. (6”) ID steel casing fitted with a 7-3/4” ID drive shoe was used and at L-31 a ten in. (10”) ID
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steel casing with 11-3/4” in. OD drive shoe was used. The annulus outside of the steel casing was filled
with dry granulated bentonite as the casing was driven.

When the surface casing was set, the inside of the casing was scrubbed using an eight in. (8”) steel wire
brush and blown clean with air, except at L-28, L-29, L-30, L-35, and L-39 where the inside of the casing
was scrubbed using a steel wire brush, Quik Foam, and water. After scrubbing, the casings at L-28, L-29,
L-30, L-35, and L-39 were rinsed with water and blown dry. The tops of the steel casings are about two
(2) ft. above the ground surface and are the permanent reference datum for all measurements presented
in Table E-5. The surface casing depths are also shown in Table E-5.

At Upper Aquifer boreholes, an open borehole was drilled from the bottom of the steel casing to the
anticipated depth of the top of saturation in the Upper Aquifer. One or more split spoon samples were
then obtained to confirm the presence of water-saturated sand seams. When water was encountered, the
borehole was allowed to equilibrate for an extended period of time (up to several days). After allowing the
well to equilibrate, the borehole was advanced to the top of the confining bed that separates the Upper
and Lower Aquifers, with the exception of UP-28, where the borehole was advanced through the Lower
Aquifer to obtain detailed stratigraphic information in this portion of the site. At the Lower Aquifer
boreholes, the boreholes were advanced to the total depth of the borehole. The drilling depths for each
well are shown in Table E-5.

Special Drilling Methods

At UP-6 (SW-3-2) and UP-8 (SW-1-2), special drilling methods were used because these wells are
proximal to a silo or a silo access tunnel, which were suspected sources of organic and potentially
explosive vapors. At both wells, conventional air rotary techniques were used in combination with a
modified bucket auger technique. The bucket auger method was primarily used to minimize worker
exposure to potentially hazardous vapors and cuttings discharged out the borehole during air rotary
drilling.

At UP-8, the well is of telescopic construction, having butt-welded steel casing diameters of ten in.(10"),
eightin. (8"), and six in. (6”) ID. Initially, a 9-7/8" tricone bit was used to drill the borehole from ground
surface to 39.9 ft. btsc. A ten in.(10”) -diameter bucket auger was then used to advance the hole from
39.9 ft. btsc to 81.9 ft. btsc. A 7-7/8"-in. diameter drag bit was then used to drill the remaining portion of
the borehole to the total depth drilled. Welded steel surface casing was driven downward as the hole was
advanced. At the bottom of each section of ten in (10”), eight in. (8”), and six in. (6”) steel casing, the hole
was underreamed to widen the borehole, neat cement was tremied into the bottom of the borehole, and
the bottom of the steel casing was driven and seated in the cement grout plug.

At UP-6, the drilling method from ground surface to 172.4 ft. btsc was conventional air rotary using a
7-7/8"-diameter drag bit. Welded steel surface casing was driven downward as each hole was advanced.
A bucket auger was used to drill the borehole from 172.4 ft. to the total depth drilled.

Two (2) boreholes, D-33 and D-34, were drilled to obtain detailed information on the stratigraphy and
hydraulic properties of the vadose zone soils at the site. The boreholes were located 100 ft. west from
USEI's eastern property boundary as shown in Figures E-8 and E-8.a. The boreholes are located in the
downgradient direction of saturated groundwater flow beneath disposal trenches. Boreholes D-33 and D-
34 were drilled with eight in. (8”) -diameter hollow-stem augers to depths of 155 ft. and 153.5 ft. bgs,
respectively. At both boreholes, split spoon and cutting samples were routinely screened for VOCs using
an HNu organic vapor detector.

In March and April 2000, four soil vapor wells were installed in the northwest portion of the site. These
wells were drilled using eight (8) in. nominal diameter hollow stem augers. The bore holes were advanced
until auger refusal halted progress.(137.5 to 165.3 feet). The soil vapor wells were completed using an
emerging technique (FLUTe) where an inverted flexible liner was installed into the auger and inflated as

Attachment 11 23



US Ecology Idaho, Inc.
EPA ID No.: IDD073114654
Effective Date: July 28, 2016

the auger was removed. Each well has five (5) discrete porous sections connected by tubing to the
surface.

E.3.b.(2)(b) Well Construction

Table E-5 summarizes the well construction details for all existing monitoring wells, piezometers and soil
vapor monitoring wells at the site. All boreholes drilled after 1985, with the exception of D-33 and D-34,
were completed as monitoring wells or piezometers. All monitoring wells constructed since USEI's Part B
permit was issued in 1988 consist of threaded, flush-jointed, 4" ID, Schedule 40 PVC casing joined with a
four in. (4”) stainless steel riser and four in. (4”) stainless steel, continuous wire-wound well screen. At the
piezometers, threaded, flush-jointed, two in. (2”) or four in. (4”) ID, Schedule 40 PVC casing is joined with
two in.(2") — or four in. (4”) Schedule 40 PVC slotted well screen. Screen slots are 0.010 inch.

In the Upper Aquifer wells, the entire saturated thickness was screened and the screens were placed to
extend approximately ten ft. (10) above the static water level. For Lower Aquifer wells, a fixed screen
length of 30 ft. was used. Site characterization efforts prior to 1986 established that the Lower Aquifer
consists of a number of discrete, thin, very fine sand beds with a typical cumulative thickness of only two
ft. (2") to four ft. (4'). These sand beds occur over an interval of silty clay that ranges from approximately
20 ft. to 40 ft. and that the bottom of the Lower Aquifer is difficult to identify as it grades into the
underlying basal confining bed. As a result, a fixed screen length of 30 ft. was established in the 1988
permit to allow screening (plus sand pack) across all sand beds in the Lower Aquifer to maximize the
potential for detection of contaminants in any individual sand bed and to obtain enough water for effective
groundwater sampling.

At all wells constructed since USEI's permit was issued in 1988, a sump ranging in length from 0.8 ft. to
2.0 ft. was placed on the bottom of the screen in all wells. The final well screen and casing were installed
in the open hole and extended up through the steel casing to the surface. Stainless steel centralizers
were used to center the well screen and casing inside the borehole. In 1988, the four in. (4”) -diameter
PVC screen in well L-35 failed and the well was reconstructed using threaded, flush-jointed, two in. (2")
ID, Schedule 40 PVC, a two in.(2") stainless steel riser, and two in. (2") stainless steel, continuous wire-
wound well screen.

All wells were installed with a filter pack extending from two ft. (2) to five ft. (5) above the top of

the screen and consisting of 20-40 mesh clean silica sand that was pumped with water around the well
screen using a one in. (1”)-diameter tremie pipe. A bentonite plug was placed in the annulus between the
borehole and well casing immediately above the filter pack. In Upper Aquifer wells, the bentonite plug
consists of granulated bentonite or pellets that was tremied dry on top of the filter pack and hydrated in
place. In Lower Aquifer wells, the bentonite plug consists of bentonite pellets or a Benseal high solids
bentonite grout slurry that was tremied on top of the filter pack. At some Lower Aquifer boreholes, a neat
cement grout plug was placed immediately above the bentonite plug. The remaining annulus between the
borehole and well casing and the well casing and the steel surface casing were sealed with a bentonite
and cement grout that was tremied into place, with the exception of UP-6 and UP-8, where dry granulated
bentonite was used as the annular seal. The amount of annular fill was determined by periodically
sounding the annulus as the seal material was being placed.

Table E-5 provides a summary of the pertinent well construction information on all wells at Site B. Well
completion diagrams and geologic logs for all currently active wells are provided in Appendix E.3.

E.3.b.(2)(c) Well Surveying

Each existing well was surveyed for north and east coordinates to within 0.1 ft. and recorded using the
Idaho State Plane Coordinate system. The top of the steel surface casing and the water level measuring
point were surveyed to within 0.01 ft. and the top of the concrete pad was measured to within 0.1 ft.
based on the site vertical elevation datum.
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E.3.b.(3) Testing, Sampling, and Analysis
E.3.b.(3)(a) Soil Sampling Methods

Soil samples at boreholes drilled since USEI's Part B permit was issued in 1988 were collected using
several methods. The methods were chosen based on practical applicability and on the objectives of the
sampling. These methods are described below.

E.3.b.(3)(b) Soil Sampling at Monitoring Wells and Piezometers

Grab samples of the cuttings were taken for lithologic descriptions. These samples were disturbed and
represent a homogenized sample over several feet. Bulk lithology changes were detected, but thinly
bedded sequences may not have been distinguishable. Grab samples were retained as composites of 5-
foot intervals.

Standard two in. (2") OD steel split spoons were used to obtain soil samples at particular horizons at most
borings. At most Upper Aquifer monitoring wells and piezometers, one or more split spoon samples were
obtained to confirm the presence of water-saturated sand seams. At UP-6, nine split spoon samples were
collected for geotechnical analysis and laboratory analysis of potential contaminants. At UP-8, numerous
split spoon samples were collected to obtain better geologic logs. Split spoon samples were collected
from some portions of some Lower Aquifer boreholes to identify water-bearing zones and obtain detailed
stratigraphic information. Each split spoon sample was also screened for VOCs using an HNu organic
vapor detector. The HNu logs, soil analysis, and geotechnical results are presented in the respective
individual well reports referenced in Table E-4.

E.3.b.(3)(c) Soil Sampling for Hydraulic Properties

Soil samples collected from D-21, D-22, and D-23 were laboratory tested for their hydraulic properties.
The results were originally presented in CH2M HILL (February 1986). Samples were collected from each
borehole representing the vadose zone, Upper and Lower Aquifers, the inner confining beds, and the
lower confining beds. The data are used in this report to evaluate the degree of containment afforded by
the clays and other sediments found above, below, and between the aquifers and to supplement in situ
hydraulic conductivity values provided by aquifer testing. Standard two (2”) OD and three in. (3") OD steel
split spoons samples were collected at five (5)-foot intervals. A total of 79 samples were tested for dry unit
weight, moisture content, specific gravity, percent saturation, vertical coefficient of permeability, and
porosity.

E.3.b.(3)(d) Soil Sampling at Vadose Zone Boreholes

Soil samples were obtained during the drilling of D-33 and D-34 by split spoon sampling and continuous
sampling. The purpose of the soil sampling was to obtain detailed information on the stratigraphy and
hydraulic properties of the vadose zone soils at the site. Split spoon samples were obtained with a
standard two in. (2") OD steel split spoon sampler driven with a 140-pound hammer. Continuous core
sampling was accomplished with a three in. (3") OD x five (5)-foot-long sampler that was advanced with
the auger. In both methods, soil samples were collected inside clear plastic liners. Standard laboratory
procedures were used to determine grain size distribution, moisture content, moisture retention relation,
unsaturated hydraulic conductivity, bulk density, and porosity of the vadose zone samples.

Each of the five, multi-port vadose wells were continuously cored as the boreholes were advanced. The
cores were retrieved in clear plastic liners which were sealed and labeled. These cores are stored at
USEI's off-site storage facility.

E.3.b.(3)(e) Water Sampling
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Three different groundwater chemistry sampling programs have been conducted at the USEI site. These
include a RCRA Detection Monitoring Program, a RCRA Compliance Monitoring Program, and a Site
Characterization Program. Data collected under the RCRA Detection Monitoring Program have been
collected on a semiannual basis since USEI's Part B permit was issued in 1988. Section E.2 ¢ and Table
E-1 describe the various samples collected under the groundwater monitoring requirements of USEI's
Part B permit from 1989 through 2013 . Data collected under the site characterization program include
common-ion data collected at several monitoring wells and piezometers between the years 1984 and
1997.

RCRA Detection and Compliance Monitoring Program

The methods and procedures used to sample the RCRA detection and compliance monitoring wells are
summarized below.

On arrival at each wellhead, a photoionization organic vapor detector (PID) was used to determine if
organic vapors are present in the breathing zone or in the wellhead. Immediately after monitoring for
organic vapors at a well, the depth to groundwater from an established measurement point was
measured using an electronic water-level measuring tape.

Each well was equipped with a dedicated stainless steel piston pump (Hydrostar™) and dedicated
discharge fittings and sampling tube, eliminating the potential for cross-contamination. Each monitoring
well was checked for the presence of immiscibles by collecting the initial purge water into a glass
container and allowing any immiscibles to separate from the water. Four field parameters—temperature,
visual turbidity, pH, and specific conductance—are recorded during purging. The wells were purged of
standing water in the casing with the dedicated, permanently installed sampling pumps. Each well was
purged of three casing volumes (including the sand pack volume) or until dry. Wells purged to dryness
were sampled as soon as they had sufficiently recovered to pump enough water to purge the pump
column and collect all samples and field parameters. A determination of the sustainable yield of each well
was made when the wells were drilled, reworked, or incorporated into the monitoring well network.

Groundwater sampling and analysis conformed to the protocols of EPA SW-846 Test Methods for
Evaluating Solid Waste, Physical/Chemical Methods (EPA, 1986). Dedicated pumps and discharge
fittings and sampling tubes were used to collect the groundwater samples. Samples were collected in the
following order: VOCs, TOX, TOC (TOX and TOC analysis was discontinued in 1999), and inorganics
(pH, specific conductivity). The samples were placed in sample shuttles with frozen packets of blue ice
and shipped via overnight delivery to a qualified laboratory with chain-of-custody paperwork.

In conjunction with each monitoring event, water levels at all site piezometers were also measured. At
each piezometer, the depth to groundwater from an established measurement point was determined
using an electronic water-level measuring tape. The water levels in all monitoring wells and piezometers
were measured on the same day at the beginning of a sampling event.

Prior to use, the PID and field parameter meters were calibrated by personnel following the
manufacturer’s instructions. Each device was calibrated daily or when conditions indicate that re-
calibration is necessary. Calibration results were recorded in the sampling event field log. Sample field
books are maintained in the Operating Record at Site B.

Site Characterization Program

Site hydrochemical data was collected to characterize the hydrochemistry of the USEI site. The
hydrochemical data are used to describe the Upper and Lower Aquifers, to describe the differences
between the two aquifers, and to evaluate any potential impacts on the aquifer’s general chemistry by
facility operations. The data include temperature, specific conductance, pH, common-ions, and TOC.
Groundwater temperature, specific conductance, and pH data were collected as described above for the
Detection and Compliance Monitoring Programs.
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Common-ion data were collected at several monitoring wells and piezometers between the years 1984
and 2000. The methods used to collect the common-ion data before 1986 were previously reported in
CH2M HILL (February 1986). After 1986, common-ion data were collected at selected wells, including
U-4, U-7, U-10, U-17, U-21, U-26, UP-26, UP-28, UP-29, L-29, L-32, L-33, L-38, and , LP-40. At wells
U-4, U-7, U-10, U-21, L-29, L-32, L-33, and L-38 the common-ion samples were collected in conjunction
with the April 1992, April 1993, or October 1993 detection monitoring events. The methods used to collect
groundwater samples are described in Section E.3.b.(3). At wells U-17, U-26, UP-26, UP-28, UP-29, and
LP-40, the groundwater samples were collected separately from a detection monitoring event. These
wells are very low-yielding wells and are easily dewatered by bailing or pumping. Piezometers U-26, UP-
26, UP-28, and UP-29 were bailed to collect the water samples. The water samples were collected from
the middle of the screened interval. At U-17, the well was pumped to dryness with a dedicated pump and
then allowed to recover prior to sampling.

After the required samples were collected at a well, the sample bottles were placed in the sample shuttle
with frozen packets of blue ice with the chain-of-custody paperwork and shipped to a qualified laboratory.
All Laboratory Analytical Reports for common-ion data collected between 1984 and 2000 are provided in
Appendix E.4.

E.3.b.(3)(f) Geophysical Logging

Most of the boreholes drilled prior to the 1988 permit issuance and all wells installed since the permit was
issued were logged using downhole geophysical methods to aid in formation identification and geologic
correlation. The typical suite of geophysical logs consisted of natural gamma radiation, single-point
resistivity, spontaneous potential, and three-arm caliper. Prior to geophysical logging, most wells were
partially filled with clean water to facilitate the single-point resistivity logging. Standard truck-mounted
geophysical wire-line methods were used. All logs were recorded by a geophysical logging contractor.
The geophysical logs are shown along with the lithology logs in Appendix E.3. Single-point resistivity logs
are the most useful in identifying the significant water-bearing sand beds and for providing a stratigraphic
signature of the Upper Aquifer, Lower Aquifer, and intermediate confining bed that separates the two
water-bearing zones.

E.3.b.(3)(g) Aquifer Testing

Site permeability data were collected to characterize the groundwater hydraulics of the USEI site. The
data are used to describe the Upper and Lower Aquifers, to describe the differences between the two
aquifers, and to evaluate the potential for contaminant migration beneath the site. Slug tests, pumping
recovery, and specific capacity tests were performed at 45 locations. The methods used to collect and
analyze the various types of hydraulic property data are described below.

Definition of Terms

There are three basic properties of water-bearing materials that affect the movement of groundwater
through and between aquifers: hydraulic conductivity (K), hydraulic gradient (1), and the area (A) across
which flow occurs. In addition to these fundamental properties, three other characteristics are used to
describe the hydraulic properties of aquifers: transmissivity (T), storativity (S), and specific capacity (Q/s).
These terms are further defined as follows:

e Hydraulic conductivity (K) is defined as the volume of water that a one square unit area of the
aquifer will transmit under a unit (1:1) hydraulic gradient per unit of time. Hydraulic conductivity is
essentially the same term and concept as permeability. Throughout this report K is expressed
and primarily reported in terms of feet per day (ft/d).

e Hydraulic gradient (1) is the relative water level difference or hydraulic head (pressure) difference
between points in an aquifer, or between aquifers, divided by the distance between the two water
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level measurement points. Gradient measurements in this report are provided in terms of feet per
foot (ft/ft), which reduces to a unitless number. Horizontal gradients used in the description of
groundwater flow at Site B were determined from potentiometric maps (maps showing the water
surface elevation) across the site. Vertical gradients were determined from specific locations
where Upper and Lower Aquifer water levels can be measured in adjacent wells.

e Area (A) is the cross-sectional area across which flow occurs. In this report, flow areas in square
feet (ft?) are used.

e Transmissivity (T) is a measure of the ability of an aquifer to transmit a volume of water with time.
It is defined as the amount of water transmitted through a unit width of the complete saturated
thickness of the aquifer under a unit gradient. Transmissivity is further defined as the hydraulic
conductivity (K) times the saturated thickness (b): T=K*b. In this report, transmissivity is reported
in ft’/day.

e Storativity (S) or storage coefficient is the amount of water released from storage in an aquifer per
unit drop in head or water level. Storage is a unitless term since it is measured in volume per
volume. In unconfined water table aquifers, S is essentially the specific yield of the formation
materials, which typically ranges from 0.01 to 0.2. In confined aquifers, storativity values typically
range from 0.001 to 0.00001.

e Specific Capacity (Q/s) is a measured value indicating the ability of a well to produce a volume of
water (Q) per unit time, i.e., gallons per minute (gpm) per feet of drawdown (s) in the well.
Specific capacity data are typically obtained on existing wells equipped with pumps that can be
pumped at sustained pumping rates. As will be discussed under the Methods section below,
specific capacities can be used to estimate the aquifer transmissivity.

The hydraulic properties and groundwater flow descriptions for Site B presented in this report all use the
feet-day units. Where necessary, those calculations and procedures providing characteristics in other
typical units such as gallons per day per foot (gpd/ft) or centimeters per second (cm/sec) have been
converted to the feet per day system using the following conversions:

o ft’/day = gpd/ft + 7.48 gallons/ft®
o ft/day = cm/sec x 2834.6

Scope of Available Aquifer Properties Data

The available data used to characterize the hydrologic properties of the groundwater system at USEI
Site B consist of the following:

e 18 single-well constant discharge pumping tests in which both water level drawdown and
recovery were measured

10 slug tests

58 specific capacity determinations of individual wells

29 grain-size analyses of aquifer materials

23 packer testing of selected drill holes during initial well installation

33 laboratory permeability tests on cores representing Upper and Lower Aquifer sand seams and
confining silt and clay zones

¢ Routine water-level monitoring and subsequent construction of potentiometric surface maps

e Geologic strata distribution from geologic and geophysical logs

The packer tests, grain-size analyses, laboratory permeability tests, and 14 single-well tests were
previously reported in CH2M HILL (February 1986). The new data were collected over the past ten (10)
years as new wells were installed and on new and existing wells in response to specific permit conditions
or data needs.

The slug recovery, pumping recovery, and specific capacity tests provided the most meaningful data from
which to estimate T. An estimated T, based on slug tests, pumping recovery, and specific capacity tests,
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was determined at 43 locations. A total of ten (10) pumping tests, four (4) slug tests, and 36 specific
capacity tests conducted on the Upper Aquifer, and five (5) pumping tests, six (6) slug tests, and

22 specific capacity tests conducted on the Lower Aquifer were determined to be valid. Ten (10) of the
single-well tests (MW-1[UP-7], MW-3, MW-5, MW-6, MW-10[UP-5], MW-11, MW-12, D-17, D-18, and
D-27[L-36]) that were previously reported in CH2M HILL (February 1986) are included as part of the
current groundwater characterization. The well numbers in brackets [ ] are existing wells that were
retained and renumbered from the pre-permit site characterization efforts. Wells without a new number
have been plugged and abandoned.

The methods used to collect and analyze the various types of hydraulic property data are described
below. The aquifer testing data included in the current groundwater characterization are summarized in
Table E-6. Field data, graphic plots, and calculation sheets for the aquifer tests conducted at Site B are
provided in Appendix E.5.

Slug Test Procedures

Slug injection and withdrawal test methods as described by Cooper et al. (1967) and Bouwer and

Rice (1976) were used at Site B. In these methods, the pressure recovery in a well was monitored
following the instantaneous injection or removal of a known volume of water (slug). In concept, the slug
test can be viewed as a drawdown/recovery test in which the pumping duration is zero and the only
aquifer discharge occurring during the test is after-flow to the well bore during recovery.

In general, the slug removal test is considered to be the most accurate slug test method because of the
ease with which a slug can be removed from the well. In addition, for unconfined conditions where the
borehole is screened above the water table, the slug withdrawal method is required. Therefore, only the
slug removal results are reported for this study.

Slug tests were conducted by recording the time-recovery curve as water levels rose following the
removal of a solid slug or a bailer of water of known volume. Water level recovery was monitored at
regular intervals with an electric water level probe or a Hermit 1000B data logger and pressure
transducer. The time required to monitor water level recovery varied from 0.9 to 4.2 days, depending on
permeability of the aquifer.

Curve-matching procedures and generation of a value for T were accomplished using the aquifer test
analysis program AQTESOLYV, Version 2.0, by Geraghty and Miller Environmental Services. The Cooper
et al. curve-matching method was applied to the confined wells of the Lower Aquifer, and the Bouwer and
Rice method was applied to unconfined/semiconfined wells of the Upper Aquifer. The curve-matching
analyses and a summary sheet of the reference and solution methodology are contained in Appendix E.5.

Pump Test Procedures

The pump tests were conducted as single-well constant discharge tests in which the water level recovery
was monitored following the cessation of pumping. Because of the general low-yield characteristics of
both the Upper and Lower Aquifers, eight (8) of the 15 wells pumped were readily dewatered during the
tests. The pumping or bailing of these eight wells was performed until the well bore was fully evacuated,
at which point water-level recovery measurements were initiated. Typical times to evacuate these wells
ranged from 1.7 to 8.0 minutes.

The remaining wells with sustainable yields were pumped at constant rates until sufficient drawdowns
from which to measure well recoveries were achieved. Table E-6 denotes the eight wells that were
dewatered and the seven wells for which pumping rates could be maintained.

The drawdown and recovery of water levels in the wells were measured at regular intervals using an
electric probe or a pressure transducer. The pumping or bailing rate was measured using a calibrated
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bucket and stopwatch. Average discharge rates were calculated based on total volume evacuated over
the total time period of pumping or bailing. Appendix E.5 contains the discharge and recovery field data
generated during the tests.

Methods for analyzing single-well pumping and recovery test data presented by Cooper and Jacob (1946)
and McWhorter (1981) were used. At wells that were able to maintain a constant pumping rate for an
adequate period of time, Cooper and Jacob’s adaptation of the Theis (1935) Standard Recovery Test
method was used. The Cooper-Jacob method uses a semi-log plot of residual drawdown versus a time
function. This method assumes that the effects of well bore storage can be neglected during pumping and
recovery.

McWhorter found that the Theis recovery test has limited application in situations where water-bearing
strata exhibit low permeabilities and associated transmissivities (McWhorter, 1981). The Standard
Recovery Test inherently assumes that the effects of well bore storage can be neglected during pumping
and recovery. McWhorter demonstrated that well bore storage effects are important in the investigation of
low permeability materials and that the assumptions present in the Theis recovery test are no longer
valid. He presents an analytic solution to the Theis flow equation that gives full consideration to the
complicating effects of well bore storage during pumping and aquifer after-flow to the well bore during well
recovery.

The McWhorter method is also applicable to situations where instantaneous drawdown conditions are
approximated by rapidly evacuating the water in the well using either a pump or a bailer. McWhorter
considers the slug test (where pumping duration equals zero) as a limiting case to his family of solutions.
McWhorter's method was used for analyzing data from those “hybrid” tests conducted on low-yielding
wells at Site B for which the limiting assumptions of instantaneous drawdown and casing storage effects
fall between true slug tests and pumping-recovery tests.

Specific Capacity Test Procedures

Specific capacity of a well is its yield per unit of drawdown. The specific capacities of several monitoring
wells and piezometers in the Upper and Lower Aquifers were measured using drawdown and discharge
data collected during well development and groundwater sampling events. The specific capacities of the
tested wells are shown in Table E-6. For several wells, multiple specific capacity measurements have
been recorded over time. In higher yielding wells, pumping rates were held constant until water levels in
the well stabilized. If the well was not pumped long enough to obtain a stable water level, the specific
capacity test was determined to be invalid and is not included in the analysis or in Table E-6. In lower-
yielding wells, the well bore was rapidly evacuated and a constant pumping rate was established by
determining the sustained pumping rate with the water level at the level of the pump.

The transmissivity of the aquifer at each well where a specific capacity was measured was estimated
using the empirical equation relating transmissivity and specific capacity developed from Jacob’s modified
non-equilibrium equation. This procedure is presented in several groundwater texts, including Driscoll
(1986). When the following typical aquifer properties and test parameters of T=30,000 gpd/ft, S = .001,
time (t) =1 day, and well radius (r) = 0.5 ft. are used, this method results in the following widely
published “rules of thumb”:

e T (gpd/ft) = 1,500 * Q/s for unconfined aquifers
o T (gpd/ft) = 2,000*Q/s for confined aquifers (Driscoll, 1986)

However, the typical aquifer properties and test parameters for the Upper and Lower Aquifers at Site B do
not compare with the values used to generate the above relationships. Therefore, to estimate the
transmissivity from the specific capacity data for Site B, two new empirical relationships were developed
by substituting typical Site B aquifer and test properties into the Jacob equation. The values used are
provided in Table E-7.
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The T values shown in Table E-7 are the average T derived from the pumping and slug tests for each
aquifer. The unconfined and confined storage coefficient values shown in Table E-7 are typical values for
S, as discussed below. From this exercise, two equations were developed, one for the Upper Aquifer and
one for the Lower Aquifer. In the feet-day system of units, these equations are as follows:

e T(f*/day) = Q/s * 58 (unconfined Upper Aquifer)
T(ft*/day) = Q/s * 106 (confined Lower Aquifer)

Appendix E.5 provides the calculations and equations used to generate the empirical relationships that
were used to estimate transmissivity from the specific capacity data at Site B.

As discussed above, typical values for S were used to calculate the transmissivity based on the specific
capacity of a well. Single-well aquifer tests do not allow for a reliable calculation of the aquifer storage
coefficient, as stated by Cooper et al. (1967) and Kruseman and deRidder (1970). Therefore, the aquifer
storage coefficients for the Upper and Lower Aquifers were estimated from published information. The
unconfined storage value is known as specific yield and is defined as the volume of water that an
unconfined aquifer releases from storage per unit surface area of aquifer per unit decline in the water
table. The usual range of specific yield is 0.01 to 0.30 (Freeze and Cherry, 1979). Fetter (1980) reports
specific yield values of 4 x 10 to 3 x 10™ for aquifers composed of clayey silts to silty sands. Domenico
and Schwartz (1990) reports specific yield values of 3.0 x 10%t0 2.3 x 10" for aquifers composed of fine
sands, silt, and clay. Driscoll (1986) reports the typical value for specific yield is 7.2 x 10 For the Upper
Aquifer, Driscoll’s reported value for S was used to calculate transmissivity from the specific capacity of a
well.

The confined storage value is known as specific storage and is defined as the volume of water that a
confined aquifer releases from storage per unit surface area of aquifer per unit decline in the hydraulic
head. Freeze and Cherry (1979) and Todd (1980) report specific storage values of 10° to 10°°.
McWhorter (1981) bases his single-hole method for confined aquifers on a storage coefficient of 10™.

The specific storage of the lower confined aquifer can be estimated using Equation E.3-1 (Domenico and
Schwartz, 1990):

Eq. E.3-1

S= pgb(a+np)

where:

pg=specific weight of water at 25 degrees Celsius, in Ib/ft?
b=average thickness of the sand bed portion of the aquifer, in ft
a=compressibility of the aquifer matrix, in ft*/Ib

n=porosity of the aquifer

p=compressibility of water at 25 degrees Celsius, in ft/b

Estimated values for each variable in Equation 5 are o = 1E-6 ft/lb and g = 2.3E-8 ft’/Ib (Domenico and
Schwartz, 1990), n = 0.43 (CH2M HILL, February 1986), og = 62.4 Ib/ft’, and b = 4.0 ft. (the average
sandbed thickness of the Lower Aquifer wells). The estimated value for specific storage in the lower
confined aquifer is 2.5 x 10 and was used above to calculate T based on a confined well's specific
capacity.

E.3.b.(3)(h) Gyroscopic Directional Survey

Gyroscopic directional surveys were performed on piezometers U-26, UP-28, and UP-29 on July 26,
1993, and monitoring well L-28 on December 4, 1990, to determine the plumbness of the boreholes at
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these locations. The gyroscopic surveys were performed because anomalies in the water surface
elevations in the Upper Aquifer and Lower Aquifer in the vicinities of UP-28 and L-28, respectively, were
indicated on potentiometric surface maps prepared for the site. The gyroscopic surveys were performed
by Strata Data, Inc. of Casper, Wyoming.

E.3.b.(4) Borehole and Well Abandonment

All wells and boreholes that have been plugged and abandoned at the site are identified in Table E-4. A
total of 69 wells and boreholes have been plugged and abandoned at the site. For wells and boreholes
plugged and abandoned prior to 1986, a brief description of the plugging and abandonment procedures is
included in Table E-4. For wells and boreholes plugged and abandoned after 1985, the abandonment
procedures described below were followed.

Twenty-six wells were plugged and abandoned in 1986 or thereafter. In general, the wells were reentered
and drilled out using conventional air rotary methods with water injection and plugged with Benseal and
dry bentonite. Quik-Foam was used in some boreholes to help lift the cuttings from the borehole. Each
well was drilled to the original borehole depth or the bottom of the sand pack interval, then subsequently
filled with Benseal and dry bentonite up to the ground surface. At most wells, the steel surface casing was
cut off at or below the ground surface and welded shut with the well number and the date of
abandonment inscribed on the top plate of the well. At D-31, the steel casing was cut off approximately 60
ft. bgs and pulled out to avoid any interference with the future expansion of Cell 14.

In March 2003, well LP-40 was plugged and abandoned. The well was filled with cement grout to full
depth to fill the screen and sand pack. After the initial cement had set, the PVC casing was drilled out to a
depth of 134 feet, approximately 14 feet below the 8” steel surface casing. The surface casing was then
filled with 4% bentonite-cement grout and pulled out allowing the cement to flow into the exposed
borehole. All surface casing was removed and the upper part of the borehole was filled with granulated
bentonite.

Specific plugging procedures for each well abandoned in 1986 or thereafter are described in the
abandonment reports referenced in Table E-4.

The two uncased boreholes, D-33 and D-34, were also abandoned. After obtaining hydraulic
characterization samples of the vadose zone, the boreholes were plugged with a bentonite-cement slurry
pumped down the inside of the augers as the augers were retracted.

In addition to the abandonment of the wells and boreholes discussed above, the 3,080-foot-deep artesian
well at the site was plugged. Because the well was very deep and was under artesian pressure, a variety
of oil field services, equipment, and techni%ues were required to successfully plug the well. The well and
annulus were filled with 2,806 cubic feet (ft”) of cement and grout mixes, which is equal to 2.9 times the
calculated volume of the well. A detailed description of the abandonment procedures for the artesian well
is presented in CH2M HILL (June 1986).

E.3.b.(5) Decontamination Procedures

To minimize the potential of cross-contamination between drill holes and samples, common equipment
used between holes or wells was decontaminated before and after each use. High-pressure hot water
and steam were used to clean the drilling and testing equipment. All down-hole tools, drill pipes,
geophysical logging equipment, development pumps, and well construction materials were steam-
cleaned rigorously between holes. Any petroleum products visible after rig maintenance or seepage
during operations were removed. Leaking hydraulic lines were repaired or replaced as soon as they were
noticed.
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Because all wells are fitted with dedicated sample pumps and tubing, decontamination of these materials
is not required. Before using the electronic water-level tape for the first time each day, the probe and the
first 100 ft. of tape are decontaminated. After measuring each well, the probe is washed with isopropanol,
then rinsed with distilled water.

E.3.c. Site Hydrogeologic Characteristics

E.3.c.(1) Introduction

The regional and local hydrogeologic setting for the Site B area was presented in Section E.3.a. In this
section, the results of the site-specific hydrogeologic investigations conducted at Site B are presented in
detail. The goal of the hydrogeologic investigations to date has been to characterize the geologic and
hydrogeologic properties of the uppermost aquifer and any aquifer hydraulically connected to it. At Site B
this involved a detailed investigation of the upper 400 ft. of unconsolidated sediments beneath the site.
This information has been assembled pursuant to IDAPA 58.01.05.012 (40 CFR 270.14(c)(2)).

The uppermost water-bearing zone beneath Site B actually consists of two discrete, low-yielding, finely
bedded sand zones that are separated by a 20- to 30-foot-thick confining clay bed. Under the
nomenclature used in this report, these two zones are called the Upper and Lower Aquifers, respectively.
Both zones occur in the Glenns Ferry Formation.

An unsaturated zone, ranging from 140 ft. to 200 ft. in thickness, overlies the uppermost aquifer and
consists of silts and clays of the Glenns Ferry Formation overlain by coarser-grained sands, silty sands,
dense clay beds, and sandy gravels of the Bruneau Formation.

The following sections develop in detail the generalized concepts presented above. A description of the
site-specific subsurface geology is provided, followed by a detailed examination of the hydraulic and
hydrochemical aspects of the uppermost aquifer system. The system is complex as a result of subtle
stratigraphic differences within the Glenns Ferry Formation and the effect of dipping strata. To orient the
reader, an overview of the uppermost aquifer concept is presented in Section E.3.c.(3), following the site-
specific geology discussion below.

E.3.c.(2) Site Geology
E.3.c.(2)(a) Formation Identification

Quaternary and Tertiary sediments of the Bruneau and Glenns Ferry Formations directly underlie the site.
The veneer of surficial gravels present over much of the site is interpreted as basal conglomerate of the
Pleistocene-Age Bruneau Formation (Benfer, 1984). Fine-grained sediments of the Pliocene- to
Pleistocene-Age Glenns Ferry Formation underlie the Bruneau Formation gravels. The Glenns Ferry then
persists throughout the remaining depth of the investigation.

E.3.c.(2)(b) Stratigraphy

Throughout the remainder of this section, references will be made to the observed thicknesses of various
geologic strata penetrated. Qualitative descriptive terms have been numerically classified according to
Krumbein and Sloss (1963), and are shown in Table E-8. Unless an actual numeric thickness is reported
in the text, the reader should use Table E-8 to identify the thickness ranges represented by the qualitative
descriptive terms.

Geologic and geophysical logs have been used to construct several geologic cross sections depicting the

stratigraphy at USEI Site B. Previous reports and submittals on file with DEQ contain these large cross
section plates which are not reproduced in this application.
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Cross section A-A', located in Figure E-9 and shown in Figure E-10, is a stratigraphic section based on
continuous rotary coring at coreholes D-21, D-22, D-23, and D-32. Cross section A-A’ provides detailed
stratigraphic characterization of the upper Glenns Ferry Formation beneath Site B. The reader should
examine Figure E-10 to become familiar with the stratigraphy and lithology at Site B. The line A-A’ is
drawn along the predominant structural attitude.

With two minor exceptions, the basal gravels of the Bruneau overlie the entire site. The exceptions are
where the basal gravels are thinly covered by recent soil or ash layers, or where they have been removed
by site construction activities. Typically, the gravels are present only to about 50 ft. bgs but were found to
extend to approximately 100 ft. in the southeast and northeast corners of the site.

The Glenns Ferry is present beneath the Bruneau gravels and represents sedimentary deposition in a
large lake system with peripheral and capping fluvial and flood plain facies (Smith et al., 1982). As such,
the Glenns Ferry consists of lake-margin deposits containing fluvial deposits (stream and beach shoreline
sands and near-shore silts). Underlying the fluvial deposits are the lacustrine facies (lake deposits) of the
Glenns Ferry. The entire sequence exhibits upward coarsening (finer grained with depth). As such, this
represents a period of lake regression (a lowering of the water level in the ancient lake [Selley, 1972]).
Lithologic and facies contacts are gradual and are controlled by the predominance of grain size and
bedding.

The upper (fluvial) sequence of the Glenns Ferry Formation contains very thick-bedded (greater than ten
(10) ft.) fine sands and silts containing a few clay seams. Typically, the sands are well sorted, moderately
indurated, and thickly bedded. Calcite cementing predominates. The clay seams distributed within the
sand are generally thin-bedded (several inches to one (1) ft. thick) and are plastic (soft and moldable).
Near the base of the sequence, thin-bedded carbonates (limestone) occur. These sedimentary
sequences are representative of lake margin environments (Selley, 1972). This section persists to
approximately 130 ft. in depth at the center of the site, where the finer grain size and thinner bedding
exists. Where the predominance of finer grain size and thinner bedding exists, this facies change is
interpreted as the bottom contact of the fluvial facies overlying lacustrine sediments of the Glenns Ferry
Formation.

The lacustrine facies consists of thick-bedded clays and silts containing very thin beds of silt, sand
(generally less than one ft. (1) thick), and sand-silt lamina. The sequence expresses cyclic sedimentation
for the depth investigated. The formation transcends through thick-bedded sequences of clay and silts
containing discrete, thinly bedded sands (one ft. (1) thick or less) and reflects deposition representative of
a lacustrine environment as the lake waters rose and fell. The sands and silts (linear and lense-like in
form) represent near-shore and shoreline deposits. Portions of this sequence are deltaic in nature and
contain abundant plant debris. Sheet-like clay and finer silts are representative of offshore and deeper
lacustrine deposition.

The first sequence of shoreline and near-shore deposits underlying the fluvial facies occurs at an
approximate depth of 160 ft. at the center of the site. In the northwest portion of the site, the sequence
contains numerous thin-bedded silty sands and lamina that are separated by thin- to thick-bedded silts
and clays. These sand beds appear to pinch and thin toward the south and east, forming thickly bedded
clay and silt in those directions. Although a continuous zone exists, individual sand beds appear
discontinuous across the site. This may indicate that the source of the sands was from the northwest,
where increased bedding and coarser grain sizes would be expected. This may also be a result of a
lateral facies change, such as a transition to a flood plain or deltaic sequence, occurring within the
northern portion of the site, or may represent younger deposition upon paleo-erosional surfaces. It is this
zone of thin, discontinuous, and laterally variable sands and silts that represents the Upper Aquifer.
Within the upper portion of the sequence, the unit changes color from brown to gray, which may represent
a change from oxidizing to reducing conditions at the time of deposition.

These near-shore deposits transcend downward into offshore (deep lake) deposits consisting of thickly
bedded clay containing silt. This clay unit is approximately 20 ft. thick at the center of the site, extending
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to a depth of approximately 230 ft. This zone thickens from approximately 20 ft. thick in the northwest
portion of the site to more than 30 ft. thick in the southeast portion of the site. This unit is the confining
bed separating the Upper and Lower Aquifers.

This offshore deposit transcends into another shoreline and near-shore sequence, generally comprising
thick-bedded silt and thin-bedded clay that contains thin-bedded sands and sand lamina. This zone (the
Lower Aquifer) is continuous across the site, although individual sand beds gradually thin and pinch out.
This unit extends to a depth of approximately 250 ft., where again, deposition transcends into deeper
offshore deposits of thick-bedded clay and fine silt, which provide the basal confinement of the Lower
Aquifer. It appears from the limited information and from the deep borings that this facies again
transcends into another sequence of near-shore sands and silts at approximately 290 ft. in depth. These
sands are very thin-bedded and have not been investigated.

The drilling logs of the deep artesian well onsite and the 800-foot-deep exploratory water well (WW1) west
of the site indicate that the strata below 300 ft. are predominantly blue clay and shale to at least 1,770 ft.
A stratigraphic column for the artesian well showing the deep strata beneath Site B is provided in

Figure E-7.

E.3.c.(2)(c) Structure

Units of the Glenns Ferry Formation at the site strike north 69 degrees west, and dip approximately

3.5 degrees to the northeast. Gradual differences have been noted within the formation and reflect
changes in depositional environment reflective of lacustrine sedimentation and Snake River Plain
downwarping. The upper near-shore sequence (i.e., the Upper Aquifer measured at its base) strikes north
70 degrees west and dips 1.8 degrees northeast. The next near-shore sequence (i.e., the Lower Aquifer
measured at its center) strikes north 70 degrees west and dips 2.4 degrees northeast, as measured from
Coreholes D-32, D-22, and D-21.

No evidence of faulting exists within the depths of the investigation at the site as determined by surface
mapping of existing trenches and analysis of geologic cores. Units can be traced across the site using
geophysical logs and direct core logs, all of which conform to measured strike and dips. No indications of
faulting (such as displacement, associated fracturing, or alteration) have been witnessed throughout the
entire geologic section investigated.

E.3.c.(3) Site Hydrostratigraphy

Section E.3.a. of this report described the geologic framework of the upper 3,000 ft. of sediments. This
section, E.3.c.(3), will describe in detail the hydrologic and hydrochemical properties of two interbedded
sand zones that have been defined as uppermost aquifer(s) beneath the site pursuant to IDAPA
58.01.05.012 (40 CFR 270.14(c)(2)).

E.3.c.(3)(a) Overview

Two low-yielding, water-bearing zones denoted as the Upper and Lower Aquifers have been identified
within the shallow Glenns Ferry Formation beneath Site B. Although neither zone would be classified as
an aquifer for water resources development because of the definition of the uppermost aquifer in the
regulatory context, they represent the uppermost aquifer(s) of concern for groundwater monitoring
purposes. The Upper Aquifer at Site B consists of finely bedded, fine, silty sand in 80 ft. to 90 ft. of silt and
clay. The top of the Upper Aquifer sequence is a gradational contact with the overlying fluvial facies of the
Glenns Ferry Formation. The top of the Upper Aquifer section is 120 to 160 ft. below ground level. A
massive clay, 20’ to 30 ft. thick, hydraulically separates the Upper Aquifer from another group of fine, silty,
and clayey sands referred to as the Lower Aquifer. The top of the Lower Aquifer is 220 ft. to 275 ft. below
ground level and the aquifer section is 30 ft. to 40 ft. thick. Because of structural dip, both aquifers slope
to the northeast at approximately 2 to 4 degrees.

Attachment 11 35



US Ecology Idaho, Inc.
EPA ID No.: IDD073114654
Effective Date: July 28, 2016

As a result of the northeasterly structural dip, the Upper Aquifer sands gradually emerge out of the water
from north to south across the site. The entire Upper Aquifer becomes unsaturated along a general east-
west trend that crosses the south-central portion of the site. South of this emergence, the sands
comprising the Upper Aquifer are present but they are above the potentiometric surface and are not
saturated. Conversely, the saturated thickness of the Upper Aquifer increases from south to north as
more sands become saturated.

The potentiometric surface of the Upper Aquifer varies from 140 ft. to about 200 ft. below ground level.

Groundwater in the Upper Aquifer flows into the site all along the northern border, but most enters from
the northwest corner. Flow in the Upper Aquifer is to the east and southeast. The permeabilities of the

Upper Aquifer are low, and sustained well yields are generally less than 1.0 gpm.

The Lower Aquifer consists of two (2') ft. to nine (9’) ft. of thinly bedded, very fine sand and silty sand
seams in a 30- to 40-foot-thick section of silts and clays. Most sand beds are found within a 15-foot-thick
interval. The Lower Aquifer is saturated beneath the entire site. The permeabilities of the Lower Aquifer
are low, and well yields are generally less than 0.5 gpm. Water in the Lower Aquifer is under moderate
artesian pressure. Along the northern edge of the site, water levels rise 60 ft. to 80 ft. above the top of the
aquifer. Groundwater in the Lower Aquifer flows to the northeast.

Figure E-11 is a diagrammatic cross section showing the Upper and Lower Aquifers at the site. The two
aquifers are described and characterized in detail in the following sections.

E.3.c.(3)(b) Upper Aquifer

The Upper Aquifer sequence consists of thinly bedded sands and sand lamina separated by thin- to thick-
bedded silts and clays. The individual sand seams range from less than 1.5 ft. thick to partings less than
1/16 of an inch thick. Most are between 0.5ft. and 0.1 ft. thick and consist of very fine-grained, silty sand.
Lateral continuity of individual sands is difficult to demonstrate, but the aquifer sequence is present
across the entire site. The total cumulative thickness of the sand beds changes laterally east and west
because of depositional variations.

In the northwest portion of the site, the cumulative thickness of saturated sand beds in the Upper Aquifer
ranges from about eight ft. (8) ft. to 36 ft., occurring over approximately 70 ft. of fine- to thick-bedded silts
and clays. The individual sand beds thin and pinch-out toward the east and south. Therefore, the Upper
Aquifer contains less sands and does not yield as much water to the east and south. The cumulative
thickness of bedded sands underlying the water table in the eastern portion of the site is approximately
two (2') ft. to 12 ft., occurring over approximately 20 ft. to 50 ft. of fine- to thick-bedded silts and clays.

The bottom of the aquifer sequence is represented by a relatively rapid gradational change from bedded
silts and silty clay to the massive silty clay and clay of the underlying confining bed. The bottom of the
Upper Aquifer section ranges from 185 ft. to 250 ft. below ground level.

The top of the Upper Aquifer is also a gradational contact. As discussed earlier, the Upper Aquifer is
developed in the lacustrine facies of the Glenns Ferry Formation. The contact between the lacustrine and
overlying fluvial sediments is a gradational facies change represented by a thinning of beds and
dominance of silts and clays from fluvial to lacustrine. The top of the lacustrine facies (top of the Upper
Aquifer sequence) ranges from 120 ft. below ground level in the northwest corner to about 160 ft. below
ground level in the northeast corner; across the central portion and eastern sides it is 120 ft. to 140 ft.
below ground level. Thickness of the sequence ranges from 80 ft. to 90 ft.

The top of the saturated water-bearing portion of the Upper Aquifer is a function of the intersection of the
dipping stratigraphic sequence and the potentiometric surface. Because of the dip, the section rises

above the potentiometric surface and becomes unsaturated across the southern portion of the site. From
south to north, the dip causes progressively more sand seams to intercept the potentiometric surface and
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become saturated. Consequently, the saturated thickness of the aquifer increases to the north and the
top of saturation is found progressively higher in the geologic section comprising the Upper Aquifer.

Each individual saturated sand seam is probably under confined conditions as a result of the adjacent silt
and clay beds. Given the scale of the bedding, it is impossible to isolate individual sand seams to verify
this assumption. Taken as a whole, however, there appears to be little evidence of vertical gradient within
the Upper Aquifer section, and, therefore, the aquifer is considered to be unconfined.

E.3.c.(3)(c) Intermediate Clay Bed

The inner confining clay between the Upper and Lower Aquifers ranges from 20 ft. to 30 ft. thick across
the site. As discussed in the previous section, the top of the inner confining clay is gradational with the
silts of the bottom of the Upper Aquifer. A similar transitional contact exists between the bottom of the
confining clay and the top of the Lower Aquifer. In both cases, the gradational contact occurs within about
five ft. (5). This clay consists of blue-gray, massive to thickly bedded clay. In Corehole D-23, in the
northwest corner, there are seven (7) to ten (10) silty sand lamina (less than 1/8” thick) within the 20 ft.
thick clay, while along the east side, no sand lamina are found in the entire 20 ft. thick section.

This clay unit is persistent and consistent across the site and hydraulically separates the Upper and
Lower Aquifers. This hydraulic separation is evidenced by differences in water level, flow directions, and
water chemistry between the Upper and Lower Aquifers. These indicators of hydraulic separation are
discussed in more detail in subsequent sections.

E.3.c.(3)(d) Lower Aquifer

The Lower Aquifer is a sand sequence within silts and clays of the Glenns Ferry Formation. Although the
persistence and thickness of individual thinly bedded sands varies laterally, the aquifer is present and
saturated everywhere beneath the site.

The bedded sands occur within a 30 ft. to 40 ft. thick sequence of thick-bedded silts and clays. The
majority of sands occur within a 10 ft. to 15 ft. interval. Coreholes and geophysical logs of borings indicate
that the bedded sands pinch and thin toward the west and south, forming very thin-bedded sands and
sand lamina less than ¥4” thick. Some sands are discontinuous and pinch out. The total cumulative
thickness of bedded sands in the western portion of the site is less than four (4) ft.

Along the east side of the site, the individual beds range from sand lamina (less than ¥ inch thick) to one
ft. (1) thick bedded sands, the latter consisting of fine- to very fine-grained silty sand. Most of the water is
probably being carried in the upper portion of the sequence, where greater sand thickness and
persistence exist. The total cumulative thickness of bedded sands in the Lower Aquifer along the eastern
side is less than nine (9) ft. The top of the Lower Aquifer section is 205 ft to 275 ft. below ground level,
and the bottom is 305 ft. to 250 ft. below ground level. The Lower Aquifer section generally ranges from
30 ft. to 40 ft. thick.

E.3.c.(3)(e) Basal Confining Clay
Underlying the Lower Aquifer is a massive to thickly bedded clay at least 25 ft. thick. This clay was
penetrated in only a few borings, and it has not been tested extensively. Visual descriptions indicate it to

be massive (does not contain sand lamina) and “fat,” having high plasticity. Properties of this clay are
expected to be similar to the inner confining clay.
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E.3.c.(4) Hydraulic Properties
E.3.c.(4)(a) Introduction

Pursuant to IDAPA 58.01.05.012 (40 CFR 270.14(c)(2)), the hydrogeologic regime at USEI Site B was
characterized as part of the initial permit application process (CH2M HILL, February 1986). Subsequent
to the issuance of the permit, considerable additional information has been developed on the hydraulic
properties of the Upper and Lower Aquifers at Site B. This portion presents a complete reexamination of
the hydrologic properties of Site B, using both previously presented information and new information. The
objectives of the hydrologic characterization program were to 1) examine the factors that influence the
rate and direction of groundwater movement; 2) evaluate overall groundwater availability; 3) evaluate the
degree of hydraulic separation of the Upper and Lower Aquifers; and 4) estimate the degree of
containment afforded by the clays and other sediments found above, below, and between the aquifers.

Information from the available data were used individually and conjunctively to determine the hydraulic
characteristics that define the groundwater flow properties at USEI Site B. The aquifers at Site B consist
of finely bedded, fine sand and silt beds in a predominantly silty clay matrix. Because most groundwater
flow, and therefore most of the potential contaminant migration, would occur in the sand beds, the
ultimate aquifer property being sought from the aquifer test data was the hydraulic conductivity (K) of the
sand beds, as opposed to a composite hydraulic conductivity of the entire saturated thickness. Most of
the test data available, however, provided either an estimate of the composite K or the transmissivity (T)
of the entire saturated thickness of the aquifer.

To estimate the K of the sand beds, the T and/or K values from the aquifer tests described in

Section E.3.b. were adjusted to reflect only the cumulative thickness of sand beds identified in the wells
as estimated from review of the geologic and geophysical logs for each well. Once a K was determined,
an estimated groundwater velocity was calculated. Aquifer transmissivities were also used to compare the
relative water flux across the site through and between aquifers.

To evaluate the degree of containment afforded by the clays and other sediments found above, below,
and between the aquifers, laboratory testing was performed on soils collected from the Upper and Lower
Aquifers and the inner and lower confining units. Grain-size analyses and permeability testing were
performed on 79 samples of materials from three (3)borings, D-21, D-22, and D-23, at the USEI site.
These data were previously reported in CH2M HILL (February 1986) as part of USEl's 1985 Part B permit
application. The locations of D-21, D-22, and D-23 are shown in Figure E-8.

E.3.c.(4)(b) Results

Table E-9 summarizes the results of all available testing data used to estimate the hydraulic properties for
the Upper and Lower Aquifer at USEI Site B. Usable data are not available on all wells but the large
amount of data that was available provides valuable information on both aquifers beneath all portions of
the site. Table E-10 summarizes the results of all laboratory hydraulic testing for site soils. The complete
data sets and results of the single-well and specific capacity tests and selected grain-size analyses are
presented in Appendix E.5. Soil hydraulics testing data are presented in CH2M HILL (February 1986).

In Section E.3.b., a transmissivity value was estimated for each pumping and recovery test, slug test, and
specific capacity test (Table E-9). Based on the individual tests, an average T value for each well was
calculated as shown in Table E-9. The average T value is the average of all aquifer tests performed over
the lifespan of the well. Additionally, if an individual test was analyzed by more than one analytical
technique and more than one analytical technique provided a valid solution, then all valid solutions are
included in the calculation of the average T value.

Table E-9 also summarizes the hydraulic conductivity (K) values obtained from the aquifer tests. K values

were calculated from the average transmissivity data through the relationship K = T/b where b = the
saturated aquifer thickness. Representative thickness values were obtained for 22 of 28 test wells in the

Attachment 11 38



US Ecology Idaho, Inc.
EPA ID No.: IDD073114654
Effective Date: July 28, 2016

Upper Aquifer and 14 of 15 test wells in the Lower Aquifer where successful transmissivity values were
obtained. Representative thickness values were determined via an interpretation of subsurface conditions
at each respective test site. Information from all geologic and geophysical logs were used to estimate the
actual thickness of sandbeds present within each test interval. This was done to adjust the aquifer test
results under the premise that most of the aquifer response during the tests occurs from the sandier
aquifer zones, and not the adjacent confining zones, a portion of which is generally included in the test
interval. This resulted in a conservative reduction in the thickness values and an associated conservative
increase in hydraulic conductivities.

As a supplement to the in situ determination of hydraulic conductivity provided by the aquifer tests,
hydraulic conductivity values were also calculated from grain-size distribution information by the Hazen
Method. Thirteen (13) of the 79 samples shown in Table E-10 had grain-size analysis performed on the
most permeable beds in the Upper and Lower Aquifers. Table E-11 summarizes the calculated hydraulic
conductivity estimates for these 13 soil samples based on the Hazen Method. The Hazen Method is one
of several predictive equations that relate hydraulic conductivity values to the grain-size distribution of
representative aquifer materials. The techniques are approximation methods, but generally provide useful
estimates of hydraulic conductivity (Freeze and Cherry, 1979). Todd (1980) cautions that the empirical
formulas may not give reliable results because of the difficulty of including all possible variables in porous
media. Therefore, field and laboratory methods are preferable as a general rule.

The Hazen Method estimates K through the following relationship (Equation E.3-2):

K=A( 10)2
where:

K is the hydraulic conductivity, A is a conversion factor (equal to 1.0 when K is reported in cm/sec and
grain size in millimeters [mm]), and d, is the grain-size diameter at which ten (10) percent by weight of
the particles are finer.

Upper Aquifer

For the Upper Aquifer, transmissivity values were obtained from 28 test wells. Average T values ranged
from a low of 0.1 ft*/day for U-26 to a high of 51.1 ft*/day for D-18 (abandoned). The mean transmissivity
for the Upper Aquifer is 7.0 ft®/day, based on an average of the average T values. Figure E-12 denotes
the average transmissivity values obtained for each Upper Aquifer test site. Figure E-12 also shows the
distribution of T values in the Upper Aquifer. The highest T values of the Upper Aquifer occur beneath the
north/northwest portions of the facility and generally decrease toward the south and east.

To understand the significance of these transmissivity values, they can be compared to minimum values
required for a domestic water supply. The U.S. Bureau of Reclamation (USBR) has investigated and
published the transmissivity values necessary for water supply development purposes (USBR, 1977).
Transmissivity values below one (1) ft*/day are considered infeasible for domestic well purposes, while
transmissivity values between one (1) ft®/day and 10 ft°/day are considered poor. Fair well potential can
be achieved with transmissivity values between 10 and 100 ft*/day. Thus, the transmissivity values
obtained for the test sites are generally in the infeasible to poor well potential range, with only five (5)
average T values of the Upper Aquifer test locations falling in the fair range. As shown in Figure E-12, the
five higher-yielding wells are located in the north/northwest portion of the Upper Aquifer.

Table E-9 shows that the calculated hydraulic conductivity values derived from the average T for the
Upper Aquifer materials range from a minimum of 4.0 x 107 ft/day (1.4 x 10° cm/sec) at U-26 to a
maximum of 4.2 ft/day (1.5 x 10° cm/sec) at UP-7. These values are representative of very fine sands
and mixtures of sand, silt, and clay, which are reported to have conductivity values ranging from 10°

% cm/sec to 10 cm/sec (Todd, 1980). Consistent results were observed between the geologic
classification of subsurface materials and their calculated conductivity values. From Table E-11 it can be
seen that the range of empirically derived hydraulic conductivity values (Hazen Method) in the Upper
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Aquifer is significantly lower than the range determined with the pump tests (Table E-9). For the Upper
Aquifer, empirically derlved hydraulic conductivity values ranged from 2.6 x 10° ft/day (9.0 x 10 cm/sec)
to 0.5 ft/day (1.69 x 10° cm/sec) The hydraulic conductivity values obtained from the grain-size analyses
may include finer-grained materials from the confining zones that are adjacent to the sandier aquifer
zones. This could account for the somewhat lower values observed. It is important to note that the
hydraulic conductivity values obtained from the grain-size analyses were not used in the computation of
groundwater velocities. Rather, they have been included for exemplary purposes and as an additional
check on pumping test-derived hydraulic conductivities.

Lower Aquifer

For the Lower Aqun‘er transmissivity values were obtained from 22 test wells. Average T values ranged
from a low of 0.03 ft*/day for L 45 to a high of 3.3 ft*/day for MW-5 (abandoned). The mean transmissivity
for the Lower Aquifer is 1.0 ft* /day, based on an average of the average T values. Figure E-13 denotes
the average transmissivity values obtained for each Lower Aquifer test site. T values in the Lower Aquifer
are low and do not appear to follow a discernible distribution pattern. Based on the USBR criteria
discussed above, the transmissivity values obtained from the Lower Aquifer test sites are in the infeasible
to poor well potential range for a domestic water supply.

The calculated hydraulic conductivity of the Lower Upper Aquifer materials range from a minimum of 6.9 x
107 ft/day (2.4 x 10”° cm/sec) at L-38 to a maximum of 8.3 x 10" ft/day (2.9 x 10 cm/sec) at MW-5
(abandoned). Similar to the Upper Aquifer, these values are representative of very fine sands and
mixtures of sand, silt, and clay, which are reported to have conductivity values ranging from 10 cm/sec
to 10° cm/sec.

From Table E-11, it can be seen that the range of empirically derived hydraulic conductivity values
(Hazen Method) in the Lower Aquifer is lower than the range determined with the pump tests gTabIe E-9).
For the Lower Aquifer, empirically derlved hydraulic conductivity values ranged from 2.8 x 10™ ft/day (1.0
x 10° cm/sec) to 0.6 ft/day (1.96 x 10" cm/sec). As noted above, the hydraulic conductivity values
obtained from the grain-size analyses may include materials from the confining zones that are adjacent to
the sandier aquifer zones. This could account for the somewhat lower values observed. It is important to
note that the hydraulic conductivity values obtained from the grain-size analyses were not used in the
computation of groundwater velocities. Rather, they have been included for exemplary purposes and as
an additional check on pumping test-derived hydraulic conductivities.

Intermediate (Inner) and Basal Confining Layers

Soil samples collected from D-21, D-22, and D-23 that represent the inner and basal confining zones are
identified in Table E-10. The vertical coefficient of permeability was determined for ten (10) of the
confining matenal samples The range in vertical permeabilities for the two confining zones was 1.1 x 10
to 1.4 x 10 ft/day (4 x 10®t0 5.0 x 10° cm/sec). The single sample (boring D-22, sample S-31) with the
5.0 x 10® cm/sec value is probably due to bedding fractures within the clay as noted on the well log
(CH2M HILL, February 1986) or may represent a silty or sandy seam in the confining bed. Without
including this sample, the vertical conductivity of the confining beds ranges from 5.7 x 10 ft/day (2 x 10
®cm/sec) to 1.1 x 10™ ft/day (4 x 10 cm/sec) and the mean value is 2.8 x 10™ ft/day (1 x 10 cm/sec).

As shown in Table E-10, the moisture content for the soil samples collected from the inner and lower
confining zones ranged from 23.0 % to 31.0 % and averaged 28.1 %, and the degree saturation ranged
from 89.4 % to 98.7 % and averaged 93.7 %. These data indicate that moisture was present in the
confining zones at near-saturated field conditions. According to the field drilling logs, the moisture content
within the inner and upper confining zones ranged from dry to moist, supporting the presence of some
moisture in the soils in the confining zones. However, the moisture content in soils below 100 ft. may
have been affected by water used in rotary drilling.
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E.3.c.(5) Groundwater Flow Properties
E.3.c.(5)(a) Water Level and Hydraulic Gradient
Depth to Water Level Measurement Corrections

The results of gyroscopic surveys at piezometers U-26, UP-28, and UP-29 and monitoring well L-28
indicate that UP-28, UP-29, and L-28 significantly deviate from vertical, and U-26 does not significantly
deviate from vertical. As a result, the depth to water measurements at UP-28, UP-29, and L-28 have been
corrected based on regression analysis. The equations used to correct the depth to water measurements
at UP-28, UP-29, and L-28 are shown in Table E-12. The regression analysis and the uncorrected and
corrected depth to water measurements are provided in Appendix E.6.

Based on the corrected depth to water measurements, the water level elevation anomaly indicated on
potentiometric surface maps of the Upper Aquifer in the vicinity of UP-28 does not appear to be directly
associated with the inclination of the piezometer off of vertical. However, the water level elevation
anomaly indicated on potentiometric surface maps of the Lower Aquifer in the vicinity of UP-28 does not
appear to be directly associated with the inclination of the piezometer off of vertical.

Potentiometric Data

Groundwater levels at USEI Site B are measured semiannually in the monitoring wells and piezometers
included in the permitted Detection and Compliance Monitoring Systems. The period of record for each
well varies according to when the individual well was installed. Some of the wells in the groundwater
monitoring system were installed as test wells for site characterization prior to USEI receiving the permit.
Consequently, they have periods of record extending back to 1984. Most of the active monitoring wells
were installed after the Part B permit was issued and, therefore, the effective period of record begins

in 1989

The pre-1989 data sets tend to have more scatter than the post-1989 wells for several reasons:

1) insufficient water level re-equilibration time between frequent sampling and testing activities;

2) variable wellhead configurations and therefore various measure points between wells and over time for
the same well; and 3) non-standardized equipment. As the new and existing wells were brought into the
permitted Groundwater Monitoring System, wellheads and measuring points were standardized,
dedicated water level probes were used and written field procedures and data recording formats were
adopted. These measures significantly reduced the data scatter in these records.

Water level data and hydrographs for the pre-1989 period are presented in CH2M HILL (February 1986).
As discussed in the next section, water levels have been rising at Site B. In 1999 a Rising Groundwater
Study was completed (CH2M HILL,1999b). As required by the permit, the rising groundwater was re-
evaluated every two years until 2005. In 2006, DEQ approved a request by the Permittee to change to a
five (5) -year interval for evaluation of the rising groundwater.. The 2010 re-evaluation report is provided
as Appendix E.6. Appendix A of the 2010 re-evaluation report provides updated data and hydrographs
for the on-site wells through October 2010. The next scheduled re-evaluation of the rising groundwater at
Site B will be completed in 2015. The rising groundwater study is further discussed in the next section.

From April 1989 through the October 1996 sampling event, all water levels were measured with the same
water-level probe. Prior to the October 1997 water-level measurements, however, the original probe failed
and could not be repaired. Consequently, a new water meter was used for the October 1997 water-level
data set. Calibrating the new probe or establishing a measurement offset by collecting comparison water
levels from several wells using both probes could not be completed before the old probe failed.

In comparing the October 1996 to October 1997 water levels, many wells exhibited a significant decline in
recorded water-level elevations between the two events. Because a correlation could not be established
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between the two probes, the observed declines in water levels between the successive October water
levels are not considered reliable.

Water levels are tabulated after each sampling event and included in the sampling reports contained in
the operating record. These reports document the water level data collected between April 2001 and
October 2013. The October 2013 water levels are included on Table E-13 and the period of water level
record from October 1989 to October 2013 is used in this section to describe the water level trends,
potentiometric surfaces, hydraulic gradients, groundwater velocities, and the groundwater flux and water
balance for the Upper and Lower Aquifers at Site B.

Water Level Trends

Water levels in the monitoring wells and piezometers at Site B have been generally rising over the period
of record. The rate of rise for each well is variable and not consistent between wells or over the period of
record for any individual well as illustrated by the hydrographs provided in Appendix E.6

In 1999 a rising groundwater study was completed (CH2M HILL, 1999b). This study examined flow paths,
water chemistry and age dating in an effort to determine the source of the rising groundwater. The rising
groundwater study determined that the water in the Lower Aquifer water and eastern portions of the
Upper Aquifer were of similar ages but that the water in the Upper Aquifer in the extreme northwest
corner of the site was much younger. This suggests that the water coming into the site in the Upper
Aquifer was being recharged by Castle Creek about one (1) mile to the west. This incoming water is
displacing the older water in the Upper Aquifer. The rising hydraulic head in the Upper Aquifer is also
affecting the pressure head in the Lower Aquifer, especially where the two aquifers overlap. Because of
the potential impacts of rising water levels on groundwater flow rates and directions, monitoring well
screen placement and concerns over possible impacts to water quality as the rising groundwater
encounters vapors or the missile silos, DEQ required the rising groundwater trends to be re-evaluated
every two years. In 2006, DEQ approved a request by the Permittee to change to a five (5) -year interval
for evaluation of the rising groundwater

The 2001 re-evaluation report, used regression analysis to predict future water level elevations based on
the assumption that the rising water level trends continue at current rates. In summary, these projections
indicate the Upper Aquifer water levels will contact the bottom of the missile

silos in 36 to 53 years (year 2039 to 2056), again, assuming past trends continue unchanged into the
future. In many wells the hydrographs show an initial steeper trend followed by a distinct flattening trend
beginning in about 1993 so these predictions must be used with caution. The re-evaluation report also
concluded that rising water would not seriously impact well construction or placement as the groundwater
flow directions have not changed.

Table E-13 summarizes the water level differences for those wells with 1989 and 2013 data. As shown on
this table, the average rise in the Upper Aquifer wells is 7.4 ft. for the period from October 1989 to
October 2013. The maximum change has been an increase of 12.41 ft. in piezometer UP-4 and the
minimum rise is 4.11 ft. in piezometer UP-6. In general, water levels in the Upper Aquifer on the east side
of the site have risen faster than those on the west side. This has resulted in a gradual decrease in the
west-to-east gradients across the site, although groundwater flow paths have not significantly changed. A
contour map showing the change in water levels in the Upper Aquifer between October 1989 and
October 2013 is provided in Figure E-14.

Water levels in the Lower Aquifer wells have also risen over this same period. The average rise in the
Lower Aquifer is 10.1 ft. and the range is from 1.52 ft. in well L-38 to 15.62 ft. in well LP-29. In general the
wells with the highest water level change, are overlain by the Upper Aquifer. Since the Lower Aquifer is
confined, the water levels in these wells are believed to be responding primarily to the increase in loading
from the water level rise in the Upper Aquifer. A contour map showing the change in water levels in the
Lower Aquifer between October 1989 and October 2013 is provided in Figure E-15.
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Well L-38 in the extreme southwest part of the study area experienced a sudden water level increase of
approximately ten ft. (10) in 1993 that is believed to be caused by surface loading of earth materials
stockpiled in the vicinity during the excavation of Cell 14. Since 1993, the water level has been gradually
declining back to the trend line that existed prior to the “spike.” Similar, but smaller, spikes occurred in
wells L-35 and LP-14 during this same time. These wells are also near the soil stockpile area. Well L-36,
in contrast, experienced a drop of approximately three ft. (3) in the water level during this same time,
apparently in response to the decrease in loading as the nearby Cell 14 trench was excavated.

Since 1993, the water level in L-36 has been gradually rising back to the trend line that existed before the
sudden drop in water levels. Water level changes in the Lower Aquifer have not significantly affected the
groundwater flow paths.

Potentiometric Surface

Lower Aquifer. Potentiometric surface maps for the Upper and Lower Aquifers for October 1989 and
October 2013 are provided as Figures E-16 through E-19. Flow lines showing the horizontal direction of
flow across the site are also shown pursuant to IDAPA 58.01.05.012 (40 CFR 270.14(c)(2)).

Comparing Figures E-16 and E-17 for the Lower Aquifer, October 1989 and October 2013, respectively,
indicates little change in the direction of groundwater flow over this period. Groundwater in the Lower
Aquifer moves into the site from the southwest and flows northeasterly across the southern end of the
site. The equipotential lines on the figures are equally spaced and trend uniformly northwest-southeast.
The consistency of the equipotential lines is also another indication that geologic matrix and hydraulic
properties of the Lower Aquifer of the site are uniform across the southern and southwestern portions of
the site. This uniform flow field characteristic is consistent with the geologic descriptions and hydraulic
property characterization data presented earlier in this section.

The potentiometric surface in the Lower Aquifer changes character radically northeast of Cell 14.
Because the piezometers in this area are linearly aligned along the northeastern side of the site (LP-12,
LP-13 and LP-15), it is difficult to determine true flow patterns. However, the data suggest that
groundwater flow in the Lower Aquifer changes to an easterly direction and that the gradients flatten out
in this area.

Geologic coring, hydraulic property testing, and geophysical logging of the Lower Aquifer sediments in
this area do not indicate any changes in the geologic framework or hydrogeologic properties that would
account for these flow direction changes. The apparent distortion of the consistent northeasterly flow
pattern exhibited by the Lower Aquifer to the southwest appears to be coincidental with the southern limit
of saturation in the overlying Upper Aquifer. These data indicate the potentiometric head in the Lower
Aquifer is influenced by the overlying Upper Aquifer. This influence is believed to be primarily related to
hydraulic pressure, as opposed to leakage. The hydraulic communication between the Upper and Lower
Aquifer is discussed in more detail in Section E.3.c. below.

Based on the October 2013 potentiometric map in Figure E-17, horizontal gradients in the southern part
of the Lower Aquifer (that portion not overlain by the Upper Aquifer) range from 0.0110 to 0.0440 ft/ft and
average 0.0261. It is not possible to establish a gradient for the Lower Aquifer north of the Cell 14
monitoring wells (where it is overlain by the Upper Aquifer) because of insufficient data points.

Upper Aquifer
Water table maps for the Upper Aquifer for the October 1989 and October 2013 periods are provided in
Figures E-18 and E-19. Although, as discussed previously, water levels in the Upper Aquifer wells have

risen 5.0 ft. to 12.4 ft. over the 1989 to 2013 time period, the overall pattern of groundwater flow has not
changed. Water in the Upper Aquifer flows across the site from northwest to southeast. As can be seen in
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Figure E-19 (2013 Water Level map), water also flows into the site all along the northern boundary. This
water flows diagonally across the northeastern corner and exits the site along the eastern boundary.

The additional water level data provided by wells UP-28 and UP-29, installed in 1993 along the west
central side of the site, suggests a radical and unexplained gradient change in this area as shown on the
October 2013 potentiometric map, Figure E-19. The data from these wells indicate that along the west
central side of the site, water in the Upper Aquifer is flowing from southwest to northeast, which is almost
perpendicular to the predominant flow direction in the Upper Aquifer. However, as shown in Figure E-19,
the groundwater flowing from the area of UP-28 and UP-29 eventually converges upon and joins the rest
of the system. Detailed site characterization efforts in this area, including a discussion of the high water
levels in wells UP-28 and UP-29, are reported in CH2M HILL (June 1993).

Well UP-28 was drilled into the Lower Aquifer to verify the stratigraphy prior to well construction. Although
the Lower part of the borehole was plugged with bentonite grout prior to installing the well, upward
leakage of Lower Aquifer water cannot be ruled out. It is unlikely, however, that the high water level at
UP-28 represents a mounding effect since the Upper Aquifer sediments should be able to accommodate
any minimal leakage past the bentonite seal that could be occurring. There are insignificant chemistry
differences between the Lower part of the Upper Aquifer and the Lower Aquifer; therefore, there is not a
distinctive chemistry profile that can be used to determine if the high water levels represent leakage up
the borehole (see Section E.3.c.(6)). Well UP-29 was not drilled into the Lower Aquifer, yet water levels in
this well are also higher than expected. This suggests a natural cause for the elevated heads that cannot
be explained by the existing data. At this point, the water levels in well UP-28, and to a lesser extent in
UP-29, represent the only deviation in the overall northwest-southeast flow direction in the Upper Aquifer.

The irregular spacing and curved equipotential lines for the Upper Aquifer are an indication of the variable
Aquifer hydraulic properties of the Upper Aquifer as described previously in Section E.3.c.(4). There are
two hydrologic gradient regimes in the Upper Aquifer, illustrated by the distinct spacing of the
equipotential lines in Figure E-19. The western 1/2 of the aquifer displays gradients in the range of 0.0049
to 0.0089 ft/ft. The eastern 1/2 has much steeper gradients that range from 0.0140 to 0.0235 ft/ft. The
demarcation between the two gradient regimes appears to extend from slightly west of U-26 on the
southern extent of the aquifer to between U-5 and UP-7 on the northern site boundary. The area of low
gradients in the north and northwest parts of the site coincides with the areas of high hydraulic
conductivity and transmissivity described in Section E.3.c.(4) and shown in Figure E-12. Aquifer
properties and well yields are Lower along the eastern side and southern extent of the aquifer. The
pattern of hydraulic gradients illustrated in Figure E-19 mirrors and supports the distribution of aquifer
properties.

E.3.c.(5)(b) Groundwater Flux and Velocities
Lower Aquifer

The cluster of sand and silty sand seams comprising the Lower Aquifer occurs over an interval 20 ft. to 40
ft. thick. Recalling that aquifer transmissivity, T, is defined as the hydraulic conductivity times saturated
thickness, groundwater flux, or the volume of groundwater moving with time through the Lower Aquifer
beneath the southern portion of the site, can be estimated by Q = T x | x width, where T = the average
aquifer transmissivity, | = the average horizontal gradient, and width is the width of the aquifer parallel to
the equipotential lines. The average T for the Lower Aquifer determined in wells around Cell 14 is 1.0 ft/d
(Table E-9). The average gradient for the southern portion of the site using the October 2013 water level
data is 0.0261 ft/ft as discussed previously. The cross-sectional width of the aquifer beneath Cell 14 is
approximately 2,000 ft.. Based on these variables, there is about 57 cubic feet (ft°) per day or

20,958 ft3/year of water moving through the entire width and thickness of the Lower Aquifer. To put this
flow rate in perspective, a typical household uses 400 gallons per day or 19,600 ft3/year. Because the
cross-sectional area, hydraulic conductivity, and hydraulic gradient in the Lower Aquifer do not change
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significantly across the site, flux into the site from the west side and flux leaving the site on the east side
are approximately equal.

Most groundwater movement and, therefore, contaminant transport, will occur through the sand seams
making up the aquifer. Groundwater velocities for the sand seams can be estimated by Velocity = (K x
I)/ne where K is the hydraulic conductivity, | is the gradient, and n. is the effective porosity. Effective
porosity is defined as that portion of the total porosity through which flow occurs. Effective porosity is
almost impossible to determine because of the difficulty in obtaining undisturbed samples. As presented
in the 1986 Section E document (CH2M HILL, February 1986), the average porosity of the fine sands in
the Upper and Lower Aquifers at Site B was 0.43. Also, as discussed in the 1986 Section E, researchers
have concluded that for groundwater flow through granular media, the total porosity can be used in the
velocity calculation with little effect. Therefore, velocity calculations for Site B made since 1986 have used
the porosity value of 0.43. The K and porosity of the sand beds, as discussed in the Aquifer Properties
section, were used in the velocity calculations. Calculated seepage velocities for the Lower Aquifer range
from 2.6 ft. to 11.2 ft. per year and average 5.2 ft. per year. Calculated velocities vary with the K and | at
each well. Table E-9 provides the calculated velocity at each Lower Aquifer well for which a K and | value
have been determined.

Upper Aquifer

Flux calculations for the Upper Aquifer are more complicated than for the Lower Aquifer because the
Upper Aquifer is unconfined, the gradients across the site are highly variable, and the saturated thickness
varies from about 70 ft. along the north facility boundary to zero feet across the northern edge of Cell 14
where the last of the aquifer sediments emerge. Consequently, a wedge-shaped, cross-sectional area
was used to compute the flux, and separate fluxes were calculated for the west and east sides.

From this exercise, the estimated flux into the site from the west is about 43,122 cubic feet (ft3) per year
and the flux leaving the east side of the site is 5,193 cubic feet (ft3) per year. The difference between the
two values is a net inflow of 37,929 cubic feet (ft3) per year that must be accounted for. These issues are
presented in the Water Balance section (Section E.3.c.(5)(d)), which follows the Upper Aquifer
groundwater velocity discussion.

The same approach and assumptions presented earlier for the Lower Aquifer were also used to estimate
velocities in the Upper Aquifer sand beds. Calculated seepage velocities for the Upper Aquifer range from
0.2 ft. per year at well U-2 to 81.6 ft. per year at well UP-7. The average for all Upper Aquifer wells is 8.3
ft. per year.

Calculated velocities vary with the K and | at each well. Table E-9 provides the calculated velocity at each
Upper Aquifer well for which a K and | value have been determined. Although the composite hydraulic
conductivities on the east side of the site are lower than those for the northwest corner, the gradients are
higher. Therefore, there are no large and consistent east-west differences in the calculated groundwater
velocities in the Upper Aquifer across the site. However, as shown in Table E-9, the three wells with the
highest velocities (UP-7, UP-5 and U-6) are all located in the northeast corner of the site.

E.3.c.(5)(c) Vertical Gradients and Flux

Separating the two aquifers is the inner confining bed, a strata of clay and silty clay 20 ft. to 40 ft. thick.
The hydraulic head relationship between the Upper and Lower Aquifers across the inner confining bed
varies across the site. Near the southern limit of saturation in the Upper Aquifer north of Cell 14, the
hydraulic head in the Lower Aquifer is higher than the water table in the overlying Upper Aquifer. Across a
narrow band in the middle of the site there is no significant head difference between the two aquifers, and
across the northern 1/2 of the site water levels in the Upper Aquifer are higher than the head in the Lower
Aquifer.
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Using the October 2013 water level data, there are five Upper Aquifer-Lower Aquifer well pairs available
to quantify the gradient across the inner confining bed. The upward gradient, as measured in two well
pairs (U-26/L-33 and UP-26/LP-27) averages 0.0378 ft/ft with .77 ft. to 1.5. ft. of actual water level
difference. There are much greater water level differences between the Upper and Lower Aquifers across
the northeast side of the site. Downward gradients in the three well pairs in this area (U-7/LP-13,
UP-4/LP-12, and U-12/LP-15) average 0.1231, with actual water level differences ranging from 1.63 ft. at
U-12/LP-15 to 6.77 ft. at U-7/LP-13.

Laboratory tests conducted on geologic cores of the inner confining bed and from similar formations
within and beneath the Lower Aquifer provided estimates of vertical hydraulic conductivities of 1x10” to
1x10°® cm/sec. (CH2M HILL, February 1986). Vertical flow occurs across strata, as opposed to along
strata for horizontal flow. Therefore, it is appropriate to assume that in a bedded sedimentary sequence,
vertical movement will be controlled by the material having the lowest hydraulic conductivity. To evaluate
leakage between the Upper and Lower Aquifers, a vertical conductivity of 10°® cm/sec was used.

Applying Darcy’s law and using an average vertical hydraulic conductivity of 10°® cm/sec, the gradients
discussed previously, and an upward gradient zone 500 ft. wide by the width of the site (2,000 ft.) results
in a flux of 391 cubic feet (ft°) of water per year moving from the Lower to the Upper Aquifer in the
southern part of the site. Doing the same calculation for the area with downward gradients across the
northern part of the site indicates a downward flux of 3,822 cubic feet (ft°) per year moving from the Upper
Aquifer to the Lower Aquifer.

Comparing the calculated vertical flux into the Lower Aquifer beneath the northern part of the site to the
horizontal flux in the Lower Aquifer south of the area overlain by the Upper Aquifer indicates that about
1/4 as much water is moving vertically into the Lower Aquifer as is coming in horizontally from the
southwest. As discussed previously, the horizontal gradients in the Lower Aquifer beneath the northern
part of the site appear to flatten and change directions to roughly parallel that in the Upper Aquifer. This
gradient change is probably due to a combination of the flux of water coming vertically into the Lower
Aquifer and the effect of the hydraulic head imposed by the overlying Upper Aquifer.

As discussed in Section E.3.c.(6), there are distinct water chemistry differences between the Upper
Aquifer and the Lower Aquifer wells in the northern parts of the site. In addition, data presented in
Section E.3.c.(6) also indicates the water chemistry in all Lower Aquifer wells is similar. If leakage from
the Upper Aquifer is a significant source of water for the Lower Aquifer as the Darcy flux indicates, then
the Lower Aquifer water chemistry beneath the northern part of the site should also reflect the influx of
Upper Aquifer water.

In summary, although there are strong downward gradients and therefore by Darcy’s law a calculable net
flux of water from the Upper Aquifer into the Lower Aquifer, water chemistry data suggest that the actual
flow is much less than the calculations indicate.

E.3.c.(5)(d) Water Balance Calculation

To synthesize the elements affecting the movement of water though the Upper Aquifer at USEI Site B, a
water balance was prepared. One of the most significant benefits of conducting a water balance analysis
is to check the validity of the estimated physical and hydrogeologic characteristics of the aquifer and the
overall conceptual model of the system. If it is impossible to achieve an approximate level of water
balance by applying the site characterization data, then either the characteristics are not correct or the
conceptual model is not correct. As will be presented in the following section, the water balance for the
Upper Aquifer at Site B indicates that the site characterization data are both correct and reasonable and
that the overall conceptual model is correct.

The elements of a water balance for the Upper Aquifer are: lateral inflow, lateral outflow, vertical inflow
from the Lower Aquifer, vertical outflow to the Lower Aquifer, infiltration of precipitation, groundwater
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pumpage, and change in storage. To examine the water balance at Site B, the 13-year period from
October 1989 to October 2013 was used. Table E-14 summarizes the results from each element and
Appendix E.7 contains the complete water balance calculation sheet. Each of the elements of the water
balance discussed independently in the preceding sections is briefly presented below.

Lateral Inflow and Outflow in the Upper Aquifer

As mentioned previously, in the Upper Aquifer there is approximately 43,122 cubic feet (ft°) per year
coming into the site from the northwest and 5,193 cubic feet (ft°) per year leaving along the eastern side.
This results in a net influx of 37,929 cubic feet (ft°) per year or a total net gain of approximately

498,265 cubic feet (ft*) over the 1989 to 2013 period.

Vertical Inflow from the Lower Aquifer

The vertical flux calculations provided above account for an influx of 391 cubic feet (ft3) per year from the
Lower Aquifer to the Upper Aquifer over the southern portion of the Upper Aquifer. From 1989 to 2013,
this added approximately 5,089 cubic feet (ft3) of water to the Upper Aquifer.

Vertical Outflow to the Lower Aquifer

Over the northern portion of the Upper Aquifer, the calculated flux from the Upper Aquifer to the Lower
Aquifer was about 3,822 cubic feet (ft°) per year, or 49,683 cubic feet (ft°) over the 1989-2013 period.

Precipitation Infiltration

There is no direct evidence of the infiltration of precipitation at Site B. In fact, the only hard evidence, very
dry moisture contents in the vadose zone determined during the vadose zone characterization, suggests
no infiltration is occurring. However, infiltration of precipitation occurs under very arid conditions given the
right set of circumstances. Therefore, an infiltration component was included. The percentage of annual
precipitation that actually infiltrates and reaches the groundwater is highly speculative and in arid ranges
may range from essentially zero to about two percent (2 %) of annual precipitation. An infiltration rate of
0.05 inches per year (0.7 % of annual precipitation) was applied to the total square footage of the Upper
Aquifer (about 4,000,000) and equates to about 16,667 cubic feet (ft®) per year, or 216,967 cubic feet (ft%)
from 1989 to 2013. This calculated amount is intuitively much too large for Site B, especially given the dry
vadose sediments present. At Site B where compacted clayey surface soils are prevalent and surface
water run-off is channeled into lined ponds, infiltration rates are expected to be very low. The rising
groundwater study conducted in 1999 (CH2M HILL, 1999) found no evidence of recent precipitation water
in the Upper Aquifer through either water chemistry or tritium age dating and it is probable that the
effective recharge from precipitation is essentially zero at this site. However, for the purposes of the water
balance, a low infiltration rate was used. The conclusions of the water balance evaluation are not affected
by the inclusion, or exclusion, of precipitation.

Pumpage

The Upper Aquifer wells are sampled twice per year and pre-sample purging removes 15 to 200 gallons
from each well. Approximately 1,800 gallons is removed during each sampling event, resulting in the net
removal of approximately 11,551 cubic feet (ft*) of water from 1989 to 2013.

Change in Storage

As shown in Table E-13, the average water level increase in the Upper Aquifer from 1989 to 1996 was

5.7 ft. Based on the aquifer properties discussed in Section E.3.b.(3), the specific yield of the Upper
Aquifer was estimated to range from 0.01 to 0.07. Specific yield is defined as the amount of water
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released from or taken into storage in one cubic foot (1 fts) of aquifer material for every one ft. (1) rise in
water level. The specific yield of the Upper Aquifer is used to equate the observed change in storage to
the calculated net volume of water added to the Upper Aquifer from 1989 to 2013.

Water Balance Summary

A water balance calculation is the culmination of all the individual hydrogeologic and hydraulic
characteristics presented in Section E.3. It is a final check that the site characteristics can be combined to
form a comprehensive model of the hydrodynamics of the site.

The water balance summary is shown in Table E-14. As can be seen, there was a net inflow of
approximately 1,100,000 cubic feet (ft°) between 1989 and 2013. This amount of water must be
accounted for as a net increase in storage. To accommodate the observed 7.4 ft. average water level rise
in the Upper Aquifer over this period, the calculated specific yield of the Upper Aquifer is 0.029, which is
essentially a direct match with the estimated specific yield presented in Section E.3.b.(3).

The two parameters with the most uncertainty, vertical flow from the Upper Aquifer to the Lower Aquifer
and infiltration of precipitation, have canceling effects on each other. If a threshold hydraulic conductivity
prevents the exchange of water between aquifers and infiltration of precipitation is essentially nil, both of
which are quite possible given the data, the net result is still the same. The lateral influx minus the lateral
outflux results in approximately the same volume of water to be accounted for with the same resultant
specific yield.

Thus, the water balance calculation presented in this section confirms that the hydrogeologic conceptual
model developed for Site B is correct and reasonable and that the overall hydraulic properties of the site
are well understood and adequately characterized.

E.3.c.(6) Hydrochemistry
E.3.c.(6)(a) Introduction

The purpose of this section is to present available site hydrochemical data and to characterize the
hydrochemistry of the USEI site. The hydrochemical data are used to describe the Upper and Lower
Aquifers, to describe the differences between the two aquifers, and to evaluate any potential impacts on
the aquifer's general chemistry by facility operations.

Three different groundwater chemistry sampling programs have been conducted at the USEI site. These
include a RCRA Detection Monitoring Program, the RCRA Compliance Monitoring Program, and a Site
Characterization Program. Data collected under the RCRA Detection and Compliance Monitoring
Programs include the field parameters (Ph, temperature, and specific conductance), total organic carbon
(TOC), total organic halides (TOX), and analysis for 28 specific volatile organic compounds (VOCs).
These data were collected on a semiannual basis between April 1989 and October 2013 (except for TOC
and TOX which were discontinued in 1999) for background wells and wells monitoring Regulated Units.
Wells monitoring pre-RCRA Units were sampled annually. Compliance monitoring wells are sampled
semiannually. Data collected under the Site Characterization Program includes common-ion data
collected at a number of monitoring wells and piezometers between the years 1984 and 1997. The VOC
and TOX data are discussed in Section E.5. Hydrochemical data collected under both programs were
used for the hydrochemical characterization presented in this report. This section only addresses the field
parameters, common-ions, and TOC characteristics.
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E.3.c.(6)(b) Field Parameters.

Groundwater temperature, specific conductance, and pH were measured in the Upper and Lower Aquifer
monitoring wells as part of the RCRA Detection Monitoring Program. Between April 1989 and

October 2002, 21 Upper Aquifer monitoring wells and 11 Lower Aquifer monitoring wells were sampled on
a semiannual basis. In addition to the semiannual samples, follow-up confirmation samples were also
collected at specified monitoring wells when RCRA statistical monitoring criteria were exceeded. Graphs
showing the temperature and field and laboratory measurements of pH and specific conductance for each
sample event for each well between April 1989 and October 2013 are also presented in Appendices E-
8.a. and E-8.b

A summary of the temperature, specific conductance, and pH data is presented in Table E-15. The
temperature and pH data summaries in Table E-15 are based on data collected in the field at the time the
sample was collected. The specific conductance summary in Table E-15 is based on the laboratory
measurement of specific conductance of the groundwater samples. Laboratory conductivity values were
used because the field-generated specific conductance measurements appeared to contain significantly
more data scatter because of variable field conditions, equipment, personnel and field procedures.

Table E-15 includes the minimum, maximum, and mean values for temperature, pH, and specific
conductance.

Beginning in 1999 USEI began collecting dissolved oxygen (DO), oxygen reduction potential (ORP) and
turbidity measurements during the pre-sample purging process as a means of evaluating these
parameters for use in determining when adequate purge volumes had been removed. The data and
evaluation of these field parameters are presented in Appendices E.-8.a and E-8.b. USEI has found
through this study that DO, ORP and turbidity are not reliable indicators of groundwater equilibrium prior
to sampling.

Temperature-Upper Aquifer

Between April 1989 and October 2013, the mean temperature in the Upper Aquifer was 18.2 degrees
Celsius and temperatures ranged from a minimum of 15.7 °C at U-49 to a maximum of 21 °C at U-3 and
U-4 (Table E-15). Background temperatures at upgradient wells U-1, U-2, U-3, and U-4 ranged from
15.9 °C to 21.0 °C. Regression analysis of the temperature trend graphs of Appendix E.8 indicates no
Upper Aquifer well had a statistically significant (r* > 0.6) temperature change during the study period.
However, the temperature trendlines shown in Appendix E.8.a indicate all Upper Aquifer wells, except
wells U-20, U-21, and U-22, generally exhibited a downward trend in groundwater temperature between
April 1989 and October 1997. At wells U-20, U-21, and U-22, which are adjacent to the missile silos, a
general upward trend in groundwater temperature during the same period is indicated.

Temperature—Lower Aquifer

Between April 1989 and October 2013 (Table E-15), the mean temperature in the Lower Aquifer was 18.0
°C and temperatures ranged from a minimum of 15.7 degrees Celsius at L-29 to a maximum of 21.0 °C at
L-35. Temperatures at upgradient wells L-38 and L-35 ranged from 16.8 degrees Celsius to 21.0 °C.
Regression analysis of the temperature trend graphs of Appendix E.8.b indicates none of the Lower
Aquifer wells had a statistically significant trend (r>>0.6) change during the study period. However, the
temperature trendlines indicate all Lower Aquifer wells, except for L-35 and L-33, exhibited a general
downward trend in groundwater temperature between April 1989 and October 2013. At L-35, the
groundwater temperatures exhibited an upward trend and at L-33 no trend in temperature change with
time was evident.
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pH-Upper Aquifer

Between April 1989 and October 2013, the mean pH in the Upper Aquifer was 7.1 and the pH ranged
from a minimum of 5.5 at U-5 to a maximum of 8.7 at U-20 (Table E-15). Background pH at upgradient
wells U-1, U-2, U-3, and U-4 ranged from 6.5 to 7.8. Regression analysis of the groundwater pH data
provided in Appendix E.8.a indicates that no Upper Aquifer well had a statistically significant trend (r2>0.6)
in pH over time. However, the pH trendlines shown in Appendix E.8.a indicate that the pH in the Upper
Aquifer wells increased slightly over time, except at U-3, U-7, U-10, U-20, U-21, and U-23 where the pH
decreased slightly.

pH-Lower Aquifer

Between April 1989 and October 2013, the mean pH in the Lower Aquifer was 7.2 and pH ranged from a
minimum of 6.3 at L-29 to a maximum of 8.0 in L-32 (Table E-15). Background pH at upgradient wells
L-38 and L-35 ranged from 6.6 to 7.8. Regression analysis of the groundwater pH data provided in
Appendix E.8.b indicates that no Lower Aquifer well had a statistically significant trend (r2>0.6) in pH over
time. However, the pH trendlines shown in Appendix E.8.b indicate that most Lower Aquifer wells had a
slight increase in groundwater pH over time.

Specific Conductivity—Upper Aquifer

Between April 1989 and October 2013 (Table E-15), the mean specific conductance in the Upper Aquifer
was 1,472 umhos/cm and specific conductance ranged from a minimum of 480 umhos/cm at U-4 to a
maximum of 2,790 umhos/cm at U-23 (Table E-15). Background specific conductance at upgradient wells
U-1, U-2, U-3, and U-4 ranged from 480 to 1,580 umhos/cm.

Regression analysis of the specific conductance trend graphs of Appendix E.8.a indicates statistically
significant (r2>0.6) changes in specific conductance occurred at two Upper Aquifer wells, U-7 and U-22,
between April 1986 and October 2013. The trendlines shown in Appendix E.8.a indicate the specific
conductance also increased at several other wells, including background wellU-4, and downgradient wells
U-10, U-17, U-18, U-19, U-20, U-23, and U-25, though these increases were determined to not be
statistically significant. Wells exhibiting a downward trend included U-5, U-8, U-12, and U-21, and wells
exhibiting little or no trend included U-3, U-6, U-9, U-11, U-21, and U-24. A zone of higher specific
conductance is located within the central portion of the facility and extends west to east from about wells
U-23/U-25 to well U-12.

Specific Conductivity—Lower Aquifer

Between April 1989 and October 2013 , the mean specific conductance in the Lower Aquifer was 1,410
and specific conductance ranged from a minimum of 620 umhos/cm at L-38 to a maximum of 1,740
umhos/cm at L-29 (Table E-15).

Background specific conductance at upgradient wells L-38 and L-35 ranged from 620 to 1520 umhos/cm.
Regression analysis of the specific conductance trend graphs of Appendix E.8.b indicates no Lower
Aquifer wells had a statistically significant (r2>0.6) change during the study period. However, all Lower
Aquifer wells, except for L-31, exhibited a general upward trend in specific conductance between

April 1989 and October 2013. At L-31, specific conductance decreased slightly during the study period.
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E.3.c.(6)(c) Common-lon Hydrochemistry

The site characterization sampling program included the analysis of site common-ion hydrochemistry. The
sample results for the Upper and Lower Aquifers are summarized in Tables E-16 and E-17, respectively.
These tables contain chemistry data of all water samples obtained from existing wells and piezometers
and selected samples from previously abandoned wells and piezometers. The laboratory data sheets for
the common-ion data from April 1989 to June 2000 (last common ion sample collected during this period)
are provided in Appendix E.4. Laboratory data sheets for the pre-1989 period are provided in CH2M HILL
(February 1986). The common-ion data shown in Tables E-16 and E-17 have been separated into Upper
and Lower Aquifer designations, based on the zone of well completion. These tables include the
chemistry data for water samples obtained from existing small-diameter piezometers and do not include
data from abandoned, small-diameter piezometers. Common-ion data from the latter group of
piezometers are provided in CH2M HILL (February 1986). Although the piezometers were not designed
for water quality sampling purposes, samples were obtained from them in an attempt to provide a more
complete data base. However, normal aquifer development and proper resampling purging could not be
accomplished in the piezometers because of their depth and small diameter. For this reason, sample data
from the following stations may not be representative of aquifer conditions and will not be used for water
chemistry interpretation: D-4s, D-4d, D-8s, D-9s, D-10s, D-10d, UP-26, and LP-12 (D-21).

Interpretation of the common-ion data began with data quality verification. Data were checked for
anion/cation imbalances, and ion imbalances of greater than ten (10) % were considered unacceptable.
Only the U-23 imbalance of 11.8 % exceeded the ten (10) % imbalance criteria. Thus, the common-ion
data from U-23 are also not included in the following analysis.

Differences and similarities between water chemistry of samples from different aquifers are shown
graphically by Piper diagram in Figure E-20. The Piper diagram uses the percentage of the major cation
and anion milliequivalents per liter on a trilinear diagram to graphically show the differences in water type.
Only the most recent samples collected from each well were used to construct the Piper diagram.

E.3.c.(6)(d) Lower Aquifer

The data plotted on Figure E-20 are divided into two water types. The Lower group, which contains the
Lower Aquifer wells, indicates a sodium-bicarbonate to sodium-calcium-magnesium-bicarbonate-type
water. Groundwater in wells in the upgradient (western) portion of the Lower Aquifer are typically sodium-
bicarbonate type waters and groundwater in wells in the downgradient portion of the aquifer tend toward a
sodium-calcium-magnesium-bicarbonate-type water. Along the flow path, calcium and magnesium
increased and sodium decreased without exhibiting a significant change in total dissolved ion or
bicarbonate concentrations. These trends suggest that cation-exchange, where sodium is exchanged for
calcium and magnesium, may be occurring along the groundwater flow path.

E.3.c.(6)(e) Upper Aquifer

The upper grouping in Figure E-20 contains most of the Upper Aquifer wells and indicates a calcium-
magnesium-bicarbonate- to a calcium-magnesium-bicarbonate-sulfate-type water. However, samples
collected from the Upper Aquifer at wells U-26, UP-28, and UP-29 were sodium-bicarbonate-type waters,
thus more closely resembling the water chemistry of the Lower Aquifer. Each of these three wells is
located along the southwestern portion of the property and generally coincides with the southern limit of
the Upper Aquifer. The limit of saturation generally extends east-west along the southern edge of
expansion Cell 14 (CH2M HILL, June 1, 1993). Other wells that are close to the Upper Aquifer’'s southern
limit of saturation, U-17 and U-22, also plot toward the Lower portion of the diamond of the Piper diagram,
indicating they are also sodium-bicarbonate-type waters. However, groundwater in U-17 and U-22 are
characteristically higher in magnesium and calcium and appear to be intermediate between the sodium-
bicarbonate-type waters of U-26, UP-28, and UP-29 and the calcium-magnesium-bicarbonate\calcium-
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magnesium-bicarbonate-sulfate-type water of the northern portion of the Upper Aquifer. This suggests
that groundwater within the Upper Aquifer is generally a sodium-bicarbonate-type water along the south-
southwestern portion of the aquifer and grades to a calcium-magnesium-bicarbonate or calcium-
magnesium-bicarbonate-sulfate-type water toward the north.

E.3.c.(6)(f) Major lon Distribution

The following discussion is based on the available common-ion analysis shown in Tables E-16 and E-17
for all existing and abandoned wells for samples collected between 1984 and 2000.

Upper Aquifer

The sodium, chloride, and bicarbonate ion distribution in the Upper Aquifer all have a similar character,
each forming a ridge of increased concentrations beneath the south-central portion of the facility. This
ridge generally extends west to east from the western boundary of the facility at upgradient wells U-1, UP-
28 and UP-29 to the eastern border of the facility between Cell 14 and the northern edge of the
Evaporation Pond. North and south of the ridge, the chemical gradients are perpendicular to the
groundwater flow path. The chemical gradient along the ridge varies for the different common ions; for
sodium and bicarbonate, the highest concentrations on the ridge occur upgradient toward the western
side of the facility and decrease toward the east, whereas for chloride, the highest concentrations on the
ridge occur downgradient toward the eastern side of the facility.

The calcium, magnesium, and sulfate ion contour maps of the Upper Aquifer all have a similar character,
each forming a ridge of increased concentrations beneath the north-central portion of the facility. This
ridge generally extends west to east from the northwestern side of Cell 5 in the vicinity of wells UP-3 and
UP-24 to the southern border of the facility between the Evaporation Pond. West of wells UP-3 and
UP-24, the chemical gradient away from the ridge appears to quickly decline in the upgradient direction.
North and south of the ridge, chemical gradients away from the ridge are perpendicular to the
groundwater flow path.

The common-ion distribution of the Upper Aquifer is probably controlled by a combination of factors,
including: 1) the bedding attitude; 2) the geochemical composition of the aquifer materials; 3) the
availability of oxygen; and 4) the hydraulic properties of the aquifer. A south-to-north change in the Upper
Aquifer’s hydrochemistry is caused, to some degree, by the bedding attitude and the variable
geochemical composition of the Lower part of the aquifer. The shallow north-northeast dip of the beds of
the Upper Aquifer causes the Upper Aquifer to become unsaturated as the individual sand seams cross
the potentiometric surface. The Lower part of the Upper Aquifer is in the lacustrine deposits while the
upper part is present in fluvial sands. The combination of the aquifer's bedding attitude and geochemical
variability causes monitoring wells in the southern portion of the Upper Aquifer to generally represent the
lacustrine depositional environment of the bottom of the Upper Aquifer and monitoring wells to the north
to generally represent a combination of lacustrine and fluvial depositional environments. Thus, a south-to-
north shift in hydrochemistry that is perpendicular to the direction groundwater flow is consistent with the
structure and geochemistry of the Upper Aquifer.

The hydrochemistry of the Upper Aquifer is also believed to be affected by active oxidation-reduction
(redox) cells within the Upper Aquifer. A detailed description of a redox cell and the formation of redox
zones or cells beneath the site was presented in USEI's 1985 Part B permit application (CH2M HILL,
February 1986). The general premise of the redox cell model is that oxygen comes in contact with
disseminated pyrite within the sand seams and forms redox cells at various locations. As a result of the
dip of the sand seams, there are many places beneath the facility where oxygen can contact and enter
the aquifer and produce redox cells. In the redox cells, the oxidation of pyrite produces acids that liberate
calcite and sulfate and decreases alkalinity.
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Several factors can affect the redox cells in both the lateral and vertical directions. One factor is that
oxygen can migrate down under osmotic pressure from the unconfined areas into more confined areas.
Another factor is the placement of wells within the aquifer. Wells in the southernmost portion of the Upper
Aquifer are generally screened against sand seams that are probably unconfined and under oxidizing
conditions, whereas wells to the north probably include semi-confined to confined sand seams that are
more reduced. Another factor is the influence of the aquifer’s hydraulic properties on the highly variable
flow velocities within the individual sand seams that affect the spread of redox products in the direction of
groundwater flow. Another influence is the ongoing rising groundwater situation beneath USEI. Water-
level fluctuations associated with the rising groundwater combined with the dip of the sand seams
probably affects the lateral movement of groundwater within redox zones.

Finally, some consideration must be given to the possibility that elevated levels of sodium, magnesium,
sulfate, or chloride beneath portions of the site are possible indicators of a subsurface release. The
absence of VOCs at several wells where common-ion concentrations appear to be elevated within the
Upper Aquifer indicates that the common-ion distributions are not related to a release at the facility. For
instance, sulfate is apparently high in the vicinity of wells U-9, U-10, U-11, U-12, and U-19 magnesium is
apparently high in the vicinity of wells U-8, U-9, U-10, U-11, U-12, U-18, and U-19 chloride is apparently
high in the vicinity of wells U-11, U-12, U-17, U-18, and U-19 and sodium is apparently high in the vicinity
of wells U-9, U-10, U-11, U-12, U-18, and U-19 (Plate E-10) however, VOCs are absent in all of these
wells.

Lower Aquifer

The common-ion data for the Lower Aquifer are limited to the southern and eastern portions of the site.
Basic ionic water chemistry in the Lower Aquifer is variable and shows no consistent spatial pattern.

Aquifer Comparisons

Based on comparisons along the northeastern section of the site where maps overlap, there is little
correlation between Upper and Lower Aquifer chemical contours and ion concentrations. This indicates
there is probably no mixing of water between the aquifers in this area. Magnesium and sulfate
concentrations are higher in the Upper Aquifer, chloride and calcium concentrations are lower in the
Upper Aquifer, and bicarbonate and sodium concentrations are similar in both aquifers. It is also apparent
that all common ions in the Upper Aquifer are spatially related, probably as a result of the structural,
geochemical, hydrochemical, and hydraulic properties of the Upper Aquifer. Common-ion distributions
within the Lower Aquifer do not appear to be spatially related.

E.3.c.(6)(g) TOC

TOC Data

TOC samples were collected from April 1989 to October 1997 on most wells. From October 1997 until
June 1999, when the TOC and TOX samples were phased out, only partial sets of data are available.
Therefore the discussion of the aerial distribution of the TOC in the Upper and Lower Aquifers and
between the aquifers uses the data through 1997 because it provides a more consistent data set. .

Upper Aquifer
Between April 1989 and ending in October 1997, the mean TOC in the Upper Aquifer was 1.67 mg/L and
TOC ranged from a minimum of 0.25 mg/L at U-4 and U-5 to a maximum of 5.98 mg/L at U-11.

Background concentrations at upgradient wells, U-1, U-2, U-3, and U-4, ranged between 0.25 mg/L to
2.65 mg/L. A significant trend in TOC over time in the Upper Aquifer is not indicated except at silo well
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U-20. Between April 1989 and October 1997, TOC concentrations at U-20 remained relatively low at
1.80 mg/L or less. However, in October 1997, TOC concentrations increased to 4.7 mg/L at U-20.

TOC concentration gradients are generally perpendicular to the direction of groundwater flow with TOC
increasing toward the south. As discussed in the previous section, monitoring wells in the southern
portion of the Upper Aquifer represent saturated conditions along the bottom of the Upper Aquifer.
Drillers’ logs indicate that the organic matter content in the Upper Aquifer increases in the lacustrine beds
at the bottom of the aquifer and is abundant within the completion zone of wells located on the south side
of the facility. Therefore, monitoring wells toward the southern portion of the facility are likely to have
higher TOC concentrations.

Lower Aquifer

Between April 1989 and October 1997, the mean TOC in the Lower Aquifer was 5.45 mg/L and TOC
ranged from a minimum of 0.72 mg/L at L-29 to a maximum of 15.50 mg/L at L-36 Background TOC at
upgradient wells L-38 and L-35 ranged from 4.05 mg/L to 7.86 mg/L.

No significant trend in TOC over time in the Lower Aquifer is indicated with the exceptions of wells L-32
and L-36. At L-32, TOC concentrations decreased from 10.83 mg/L in October 1993 to 6.3 mg/L in
October 1997. At L-36, TOC concentrations have generally increased since April 1989, increasing from
4.5 mg/L in April 1989 to 8.5 mg/L in June 1997.

No VOCs have been detected in any Lower Aquifer monitoring wells, indicating that these comparatively
high TOC concentrations are not related to releases of organic materials from USEI. The absence of
VOCs in the Lower Aquifer also indicates that the steady rise in TOC levels in L-36 is probably the result
of some process other than the introduction of VOCs into groundwater. The most probable source of the
high TOC in L-36 is the continued growth of bacteria in the well (TOC includes particulate organic matter
which includes bacteria). The probable source of the comparatively high concentrations of TOC
throughout the rest of the Lower Aquifer is the organic-rich lacustrine sediments of the Lower Aquifer.

Aquifer Comparison

Based on the comparison, the TOC of the Lower Aquifer appears to be significantly higher than the Upper
Aquifer TOC. A comparison of the TOC contour maps for the Upper and Lower Aquifers is not possible
because the contoured areas do not overlap.

E.3.c.(7) Vadose Zone
E.3.c.(7)(a) Introduction

A vadose zone investigation was conducted in support of the 1985 Part B permit application. Drilling,
sampling, and laboratory testing of the vadose zone were performed to obtain detailed information on the
stratigraphy and hydraulic properties of unsaturated soils at Site B. The information gained from this
effort, in conjunction with existing well logs and previous soils analysis, was used to perform predictive
numerical modeling of hypothetical contaminant transport through the vadose zone at Site B. In 2000 a
soil vapor investigation was conducted involving the installation and testing of four (4), multi-port soil
vapor wells installed west of the site near well U-1 and along the east side of Cell 5. In 2003, a focused
examination of soil vapor in the vadose zone was completed on these vadose wells and other existing
wells along the west side of the site. The drilling, sampling, testing, analysis and computer modeling
investigations of the vadose zone at Site B are summarized below. For more detailed information on
these investigations, the reader is referred to the following reports:
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e Vadose Zone Characteristics at USEI Site B Grand View, Idaho (CH2M HILL, December 1986)

e Computer Modeling Results for the Part B Permit Application, USEI Site B Grand View, Idaho
(CH2M HILL, December 1987)

e Simulation of Hypothetical Leachate Plumes from Disposal Trenches at USEI Site B: A
Preliminary Report (CH2M HILL, October 31, 1986)

o A Diffusion/Dispersion Analysis for the Vadose Zone and uppermost aquifer at USEI Site B
(CH2M HILL, 1986)

e Draft Soil Vapor Study (CH2M HILL, 2000)

e Soil Vapor Report (Brown and Caldwell, 2001)

e Soil Vapor Report (Brown and Caldwell, 2003)

The 2003 (Brown and Caldwell) report is included as Appendix E.10.
E.3.c.(7)(b) Vadose Zone Drilling and Sampling

Two boreholes, D-33 and D-34, were drilled as part of the vadose zone drilling and sampling program.
The locations, depths, and drilling and sampling techniques for these two boreholes are described in
Sections E.3.b.(2) and E.3.b.(3). The geologic logs for the two boreholes are shown in Appendix E.3.

Table E.10 summarizes the results of the laboratory analyses performed on 40 vadose zone soil samples
from D-33 and D-34. The laboratory data were also grouped by geologic formation to determine the
average properties of the different soil types encountered in the two boreholes; Table E.10 indicates
which samples were assigned to each geologic formation and soil type, and summarize the average
properties calculated for each soil type. A total of seven soil types are identified: the Bruneau Formation
soils, Glenns Ferry fluvial facies sand/silty sand soils, Glenns Ferry fluvial facies clayey silt soils, Glenns
Ferry sandy silt soils, Glenns Ferry lacustrine sand/silty sand soils, Glenns Ferry lacustrine clayey silt
soils, and Glenns Ferry blue-gray clayey silt soils.

Two geologic cross sections of the vadose zone at Site B were prepared from available soil boring logs.
Figure E-21 shows the location of the two cross sections relative to the site. Cross section K-K’, shown in
Figure E-22, runs north to south along the eastern edge of the site. Cross section L-L’, shown in Figure E-
23, cuts diagonally across the site from the northeast to the southwest corner. Both cross sections show
the interpreted locations of geologic formations and facies beneath the site. It should be noted that these
cross sections have a large vertical exaggeration and the actual dip of the various geologic units if drawn
to scale would appear almost horizontal.

The following is a summary of the results of the vadose zone drilling and sampling program.

1. Auger drilling and continuous sampling provide effective methods for obtaining detailed
stratigraphic information on the vadose zone at Site B to depths of approximately 150 ft.
2. Laboratory data indicate the presence of four distinct soil types: 1) sands and gravels of the

Bruneau Formation; 2) sands/silty sands of the fluvial and lacustrine facies of the Glenns Ferry
Formation; 3) sandy silts of the fluvial and lacustrine facies of the Glenns Ferry; and 4) clayey
silts of the fluvial and lacustrine facies of the Glenns Ferry Formation.

3. Saturated hydraulic conductivities of Bruneau Formation soils show the largest variation and
range from 10° to 10 cm/sec. Saturated hydraulic conductivities of the Glenns Ferry fluvial and
lacustrine sand/silty sand soils are on the order of 10 cm/sec. Saturated hydraulic conductivities
of the Glenns Ferry clayey silt soils are on the order of 10° cm/sec. Saturated hydraulic
conductivities of Glenns Ferry soils at the site differ by three to four orders of magnitude between
the sand/silty sand and the clayey silt soils.

4, Cross sections prepared with existing soil boring logs and correlations with grain-size distribution
data from Shannon and Wilson indicate that the geologic facies described in D-33 and D-34 are
horizontally continuous beneath the site. The ranges of hydraulic conductivity found for soil types
in D-33 and D-34 describe the range of hydraulic conductivity for similar soil types at the site.
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5. Vadose zone strata dip to the north-northeast between 1.5 and 3.4 degrees. The north-northeast
dip direction is consistent with the dip of deeper formations in the area that are known to dip
toward the Snake River.

6. The most prominent stratigraphic marker in the vadose zone at Site B is the blue-gray clayey silt
layer shown in the cross sections in Figures E-22 and E-23. The change from a light brown to
blue-gray color is interpreted as a transition from oxidizing to reducing conditions within the soils.
The blue-gray color contact does not parallel the present day potentiometric surface in the
uppermost aquifer. Instead, the blue gray contact is located between 11 ft. and 75 ft. above the
potentiometric surface and appears to parallel the strata in the vadose zone. This indicates the
contact may be due to a change in the depositional environment as, or soon after, the sediments
were deposited or is related to a paleo-potentiometric surface in the area.

7. Based on soil boring logs from D-33 and D-34, clayey silt layers comprise 8.6 to 11.0 % (6.5 ft. to
9.4 ft.) of the Glenns Ferry fluvial facies section. Clayey silt layers comprise 67.5 to 75.6 % (28.7
ft. to 36.9 ft.) of the Glenns Ferry lacustrine facies section. The total accumulated thickness of
clayey silt layers in D-33 was 43.4 ft. over 155 ft. of borehole. The total thickness of clayey silt
layers in D-34 was 38.2 ft. over 153.5 ft.

In situ moisture contents for Site B soils at depths less than 30 ft. are very low and are probably close to
the residual value. At these moisture contents, the unsaturated hydraulic conductivity of these soils is also
very low, indicating there is a low potential for infiltration and moisture recharge via precipitation at the
site.

E.3.c.(7)(c) Computer Modeling

Computer modeling (CH2M HILL, December 1987) was conducted to simulate a release from the bottom
of a disposal unit and the movement of a hypothetical leachate plume through the unsaturated zone at
Site B. The emphasis was on examining the amount of vertical and lateral movement of leachate through
the unsaturated zone. The modeling effort also provided insight into the question of potential leachate
plume widths and therefore appropriate monitoring well spacing.

The model SUTRA (Saturated and Unsaturated Transport), developed by the U.S. Geological Survey
(Voss, 1984), was used to simulate quasi-3D vertical plume migration in the unsaturated zone. Hydraulic
properties of the unsaturated strata underlying Site B used in these simulations were determined in the
laboratory on samples collected by continuous coring during the vadose zone drilling and sampling
investigation, as described above. The model included 43 separate layers consisting of nine (9) different
lithologies based on the cores and vadose zone hydraulic properties analysis.

Simulations were conducted to analyze the effect of both “falling head” (catastrophic release) and
“continuous leak for two (2) years” (slow leak based on infiltrating precipitation). The effect on plume
spreading of variable leachate source depths and dimensions was also examined. The following
represent the relevant conclusions that can be drawn from the simulation results:

1. The results from both simulated scenarios indicate that the unsaturated subsurface beneath Site
B acts to completely halt the downward migration of large volumes of source fluid before it can
reach the water table. This occurs primarily because the unsaturated zone is thick, relatively dry,
and comprised of many low-permeability stratigraphic units that tend to retard and spread out the
infiltrating liquids.

2. Simulated dissolved-solute contaminant releases from trenches at Site B, as large as
300,000 gallons and released over a period of two (2) years at a depth of 40 ft., did not reach the
water table. A steady-state distribution of concentration for this particular scenario was reached in
15,000 years. At that point in elapsed time, the maximum depth of infiltration was about 130 ft.,
roughly 50 ft. above the water table.

3. The scale of the leak discussed in item 2 above is the largest leak considered likely to occur
through the particular source-area diameter selected (10 ft.). However, should this scale of leak
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underestimate the size of potential contaminant sources, the results imply that for contamination
to reach the water table, and to do so in less than 100 years, it would have to originate from a
substantially larger source than the volume of the largest scenario simulated in this investigation.

4. Monitoring well spacing cannot be based solely on the simulation results because the
hypothetical plume did not reach the depth of the Upper Aquifer at Site B. Therefore, other criteria
must be used to establish appropriate monitoring well spacing and locations. These include
location of waste disposal units and aquifer flow rates and flow directions.

E.3.c(7)(d) Soil Vapor Investigation

At four locations on the west side of the site multi-port soil vapor borings were installed to investigate the
migration of soil vapors to the groundwater. These borings were installed by hollow stem auger.
Continuous cores were collected from near ground surface to auger refusal which varied from 140 to 165
feet. This investigation provided details on the vadose zone stratigraphy of this part of the site and on the
distribution of soil vapors at depth and laterally between the test wells. The dry, fine sand which underlies
the entire site is present to a depth of approximately 100 ft. below ground surface and the highly stratified
sands and clays of the lacustrine section extend to depth. No vadose zone hydraulic properties were
obtained from this investigation.

E.4 TOPOGRAPHIC MAP REQUIREMENTS

The required topographic map at the prescribed scale and showing site features as required by IDAPA
58.01.05.012 (40 CFR 270.14(b)) is provided as Drawing PRMI-TO1. A smaller scale topographic map is
also provided as Figure E-3. In addition, the general topography around Site B, as depicted on the U.S.
Geological Survey (USGS) 7.5” topographic quadrangle maps, is shown in Figure E-2.

E.5 CONTAMINANT PLUME DESCRIPTION

E.5.a. VOC Detections

Synthetic organic compounds have been detected in five Upper Aquifer monitoring wells, U-1, U-20,
U-21, U-22, U-23, and U-24 at Site B. A total of 14 volatile organic compounds (VOCs) have been
identified in the groundwater from these wells. The dates and concentrations for all VOC detections are
listed in Table E-18.

The apparent source of the VOCs is soil vapors, which, because of variable concentration gradients and
vadose zone properties, have come in contact with the Upper Aquifer. The conceptual model for the
contaminant transfer mechanism does not suggest that groundwater contamination in any specific well is
part of a contiguous plume but, rather, each well represents localized areas where the vapors have
contacted the groundwater. Therefore, no attempt has been made to map the extent, boundaries, and
concentration distributions of the individual VOCs. Instead, Plate E-10 shows the maximum concentration
of each VOC detected at each well. The detection of chloroform in the November 2000 samples from well
U-5 and U-6 were not confirmed, therefore these results are not included in Plate 10.

The location of a geologic cross section, M-M’, which runs from east to west across the west-central
portion of the facility where groundwater has become impacted by VOCs, is shown in Figure E-24. The
cross section is shown in Figure E-25. Figure E-25 illustrates the well construction in the areas where
groundwater is contaminated. The five (5) wells included in cross section M-M’ (U-1, U-20, U-21, U-22, U-
23, and U-24) are the only wells known to be in contact with contaminated groundwater.
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E.5.b. TOX Detections

TOX concentrations were also measured in groundwater samples from April 1989 through June 1999.
TOX reflects the gross presence of halogenated compounds and could not be used to quantify
concentrations of specific compounds as anticipated. .

A comparison of the specific VOCs detected and the TOX values indicates that in wells with detectable
VOCs, TOX is also present. However, TOX was detected in numerous wells without any associated
detection of VOCs. For instance, several wells, including U-1, U-2, U-3, U-4, U-20, U-21, and U-22, have
been sampled for Appendix IX compounds, and no other organic compounds were detected that would
indicate what the TOX analyses were detecting. It appears that TOX analysis was detecting naturally
occurring halogenated compounds as well as synthetic VOCs. Numerous naturally occurring halogenated
compounds, especially brominated and iodated compounds, may be present in the organically rich,
volcanically derived sediments forming the Upper and Lower Aquifers.

E.5.c. TOC Detections

The occurrence of TOC in the Upper and Lower Aquifers is discussed in Section E.3.c.(6)(Q).

E.5.d. TOX and TOC Control Charts

TOC and TOX data were collected until June 1999 for each of the monitoring wells at Site B, a combined
SHEWHART-CUSUM control chart was developed for TOC and TOX (EPA, 1989). The control charts
developed and used in the past is provided below.

E.5.d.(1) TOX Control Charts

Monitoring wells, U-1, U-2, U-8, U-11, U-12, U-20, U-21, U-23, L-32, and L-33, had one or more out-of-
control TOX results between April 1992 and June 1999. Among the 11 wells, there were a total of 14 TOX
out-of-control measurements. However, only two wells, U-21 and U-23, had more than one out-of-control
TOX measurement. Nine of the 13 TOX out-of-control results occurred between September 1996 and
October 1997.

A comparison of the TOX out-of-control results with the VOC results indicates there is little or no
correlation between the two measurements. The only wells that exhibited both out-of-control TOX
measurements and measurable quantities of VOCs were U-1, U-20, U-21, and U-23. In contrast, several
wells - U-2, U-5, U-8, U-11, U-12, L-32, and L-33 - had out-of-control TOX measurements but did not
have measurable VOCs; and two wells, U-22 and U-24, had measurable quantities of VOCs but did not
have out-of-control TOX measurements. As noted above, the probable cause of these discrepancies is
the presence of naturally occurring halogenated compounds that may be present in the organically rich,
volcanically derived sediments that form the Upper and Lower Aquifers.

E.5.d.(2) TOC Control Charts

Nine (9) wells, U-1, U-2, U-3, U-10, U-21, U-22, U-24, L-29, and L-36, had one or more out-of-control
TOC results between April 1992 and October 1997. Among the eight wells, there were a total of 31 TOC
out-of-control measurements. Four wells, U-3, U-21, L-29, and L-36, had more than one out-of-control
TOC measurement.

A comparison of the TOC out-of-control results with the VOC results indicates there is little or no

correlation between the two measurements. The only wells that exhibited both out-of-control TOC
measurements and measurable quantities of VOCs were U-1, U-21, and U-24. In contrast, wells U-2, U-3,
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U-10, L-29, and L-36 had out-of-control TOC measurements but did not have measurable VOCs, and
wells U-20, U-22, and U-23, had measurable quantities of VOCs but did not have out-of-control TOC
measurements. As discussed in Section E.3.c.(6), the probable source of TOC in groundwater beneath
Site B is the naturally occurring organic matter in the lacustrine beds of the Upper and Lower Aquifers. At
L-36, the steady rise in TOC measurements and the absence of VOCs suggest the out-of-control TOC
measurements are probably the result of some process that is unrelated to the introduction of VOCs. The
probable source is the growth of bacteria in the well (TOC includes particulate organic matter, which
includes bacteria).

It is important to note that at U-21, the TOC out-of-control limits were established based on two samples,
whereas EPA guidance (EPA, 1986) recommends a minimum of four samples. Furthermore, TOC
concentrations at U-21 have been comparatively low throughout the period of study. Therefore, the TOC
control chart results for U-21 may be statistically invalid. In November 1994, Well U-21 was placed in the
compliance monitoring program and control chart analysis was no longer required.

E.6 GENERAL MONITORING PROGRAM REQUIREMENTS

E.6.a. Description of Wells

IDAPA 58.01.05.008 (40 CFR 264.97(a)) regulations specify that a Groundwater Monitoring Program be
established for the uppermost aquifer and any lower aquifers that are hydraulically connected to the
uppermost aquifer beneath the waste disposal facility. Site B is underlain by two independent
water-bearing zones, described as the Upper and Lower Aquifers.

Pursuant to IDAPA 58.01.05.008 (40 CFR 264.97(a)), USEI maintains a groundwater monitoring network
at Site B. The wells and piezometers are divided between the Upper Aquifer and Lower Aquifer. Two
aquifers are being monitored because they are each classified as the “uppermost” aquifer beneath
separate portions of the site. Figure E-26 shows where each of the two water-bearing zones constitutes
the uppermost aquifer beneath the site. As shown in this figure, the Lower Aquifer is the uppermost
aquifer of regulatory concern for the southern 1/3 of the site, including Cell 14, Cell 15, and a portion of
Cell 16. The Upper Aquifer is the “uppermost” aquifer for the northern two-thirds of the site, including all of
the pre-RCRA Units and Regulated Units: Trench 10, Trench 11, Trench PCB 4, Trench 5, the
Evaporation Pond, and a portion of Cell 16. Section E.3.c.(3) provides a detailed description of the two-
aquifer system at USEI Site B.

E.6.a.(1) Number of Wells

The monitoring well network includes 31 wells in the Upper Aquifer including three (3) upgradient
background monitoring wells, 20 wells that monitor the Regulated Units and pre-RCRA Units, and

11 piezometers. The Lower Aquifer has a total of 23 wells consisting of three (3) upgradient background
monitoring wells, fourteen (14) downgradient monitoring wells, and six (6) piezometers. A total of 54
monitoring wells and piezometers comprise the groundwater monitoring system.

E.6.a.(2) Location of Wells

The locations of the existing monitoring wells are based on the location and orientation of existing and
planned Regulated Units and on the groundwater flow directions for the overlying “uppermost” aquifer
determined during the site characterization study presented in Section E.3. Figure E-27 shows the typical
groundwater flow direction in the Upper Aquifer and the Upper Aquifer monitoring well network including
Upper Aquifer detection monitoring wells for Cell 16 (U-48 and U-49). Figure E-28 shows the typical
groundwater flow directions in the Lower Aquifer and the Lower Aquifer monitoring well network including
proposed Lower Aquifer detection monitoring wells for Cell 16 (L-50, L-51, L-52, and L-53).
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E.6.a.(3) Depths of Wells

The existing monitoring wells range in depth from approximately 201 ft. below ground surface (Upper
Aquifer well U-23) to 304 ft. below ground surface (Lower Aquifer well L-38). The depth of the wells varies
by the aquifer being monitored, position across the site with respect to the dipping geologic strata, the
saturated thickness of the aquifer, and by ground surface elevation.

Table E-5 provides complete well depth and completion information on all of the existing groundwater
monitoring wells and piezometers.

E.6.a.(4) Well Construction

The current monitoring well network includes both two (2”) in. diameter and four (4”) in. diameter wells.
Casing materials include Schedule 40 PVC, type 304 stainless steel, and low carbon steel. Well screen
materials include both Schedule 40 PVC and type 304 stainless steel. Well construction materials vary
based on the purpose of the well when it was installed and construction details specified in the
December 1988 Part B permit. Section E.3.b.(2) provides a narrative of the well construction techniques
used for the existing wells, and Table E-5 provides details on the construction materials used in each
well. Appendix E.3 provides well construction diagrams for each existing well.

Construction techniques that will be used for new wells or replacement wells installed during the duration
of the permit are described in the following section. All wells installed at USEI Site B will meet the
requirements of IDAPA 58.01.05.008 (40 CFR 264.97(c)) regarding materials used, construction
techniques, and procedures to maintain integrity of the borehole and subsequent samples. USEI will
construct wells that are of sufficient diameter and adequately sealed to provide valid samples. Available
site characterization data will be used to guide well construction activities based on the specific well
location and target aquifer.

The ultimate objective is the construction of a four (4”) in. diameter well that is protected from surficial
contaminant sources, is adequately sealed from subsurface contaminant sources, and allows the
collection of valid water samples and water level data from the target aquifer. Figure E-29 shows the
typical well construction and screen placement for monitoring wells at Site B with regard to the Upper
Aquifer and Lower Aquifer and site geology. This general construction approach and objective will be
followed for new and replacement wells for this permit.

E.6.a.(4)(a) Drilling Method and Borehole Sizes

In general, air rotary drilling methods are used to advance an eight (8”) in. nominal steel casing through
the dry, loose, upper 120 ft. to 140 ft. of strata and 7-7/8" open hole is extended into the aquifer.
However, variations of these methods may be necessary depending on subsurface conditions at each
well site and the target depths.

For most Upper Aquifer wells, the successfully proven well construction approach has been to use dry air
rotary methods to drill and drive steel casing to a depth of about 140 ft. From 140 ft. to the total depth, dry
air rotary is attempted. If cuttings removal is not possible with dry air below 140 ft., water or Quik Foam
and water injection is used to about 20 ft. above the aquifer. All water used during drilling and well
construction is obtained from a source tested periodically and certified to be free of synthetic organic
compounds.

Quik Foam is a National Sanitary Foundation (NSF)-approved drilling additive for drilling potable water
wells. It is a non-ionic, foaming surfactant containing phosphate and isopropyl alcohol. Quik Foam has
been used sparingly on wells at USEI because the low-yielding aquifers at Site B do not yield enough
water during development to quickly remove the effects of the foam. However, in many instances the
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Quik Foam injection must be used because sticky moist clays penetrated by the borehole could not be
removed with straight air or air-water injection. Low concentrations of Quik Foam and water injected into
the drilling air, and subsequently out the drill bit, produce thick lather that wets and disseminates and
allows the removal of the otherwise plastic clay adhering to the bit, drill pipe, and inside the surface
casing.

Quik Foam has been used on numerous piezometers and monitoring wells at Site B since 1984 and has
never been found to contribute to or alter any subsequent chemical analysis, including common-ions,
VOCs, and Appendix IX constituents. The only drawback is the increased development time, which
cannot be avoided. Therefore, USEI proposes to continue to use Quik Foam injection as a last means of
clearing drill cuttings from boreholes.

From 20 ft. above the anticipated top of the aquifer to the first saturated sand, and for an additional 20 ft.
(if possible), a combination of dry air rotary drilling and split spoon sampling will be used. These detailed
dry drilling and sampling methods will be used so that the first saturated sand can be positively identified.
Alternatively, or in conjunction with the split spoon sampling, after the well bore has penetrated into the
top five (5') ft. of suspected saturated sediments, the well bore may be left open for 12 to 48 hours. This
will allow water to reenter the hole, thus providing direct confirmation of the top of saturation.

For wells installed into the Lower Aquifer where the Upper Aquifer sediments are also saturated,
alternative construction approaches may be needed in order to advance the borehole through the Upper
Aquifer. Two approaches may be used depending on the thickness and water-bearing properties of the
overlying Upper Aquifer and the location of the borehole relative to known areas with wastes or Upper
Aquifer contamination.

If the Upper Aquifer is saturated but not contaminated, the eight inch (8”) nominal borehole will be
advanced through the Upper Aquifer as open hole. This is generally possible where the saturated
thickness of the Upper Aquifer is approximately 20 ft. or less. In most locations where the Upper Aquifer is
saturated, portions of the confining clay between the Upper and Lower Aquifers are too moist and sticky
to be removed with dry air. If the cuttings cannot be effectively removed from the borehole, water injection
or a water-Quik Foam mixture will be used.

If a Lower Aquifer well is installed through known or suspected surface contaminants, multiple permanent
and temporary strings of steel casing will be used to isolate the surface contaminants prior to penetrating
into the Lower Aquifer. Typically, this requires 12", 10" and 8” steel casing sizes. Because of the plastic
clays penetrated, it is usually necessary to cut off and leave in place the drive shoe of any casing that is
to be withdrawn. Water or water/Quik Foam injection is also usually required to clear moist plastic clays
from larger boreholes.

All bits will be 7-7/8 in. except if hole instability or contaminant issues require the use of multiple casings,
in which case bit sizes will be adjusted accordingly. Monitoring wells will be completed as four (4”) in.
diameter wells. Piezometers may be completed as either four (4”) in. or two (2”) in. diameter wells. The
minimum borehole size for two (2”) in. completion is six (6”) in.; a four (4”) in. completion requires a
minimum eight (8”) in. borehole to provide sufficient annular space to install and verify placement of filter
pack and annular seals.

E.6.a.(4)(b) Geophysical Logging

All new and replacement wells will be geophysically logged after the borehole is extended to the total
designed depth and before the well screen and casing are installed. The minimum suite of logs that will
be recorded are: natural gamma radiation, spontaneous potential, and single-point resistivity. On a case-
by-case basis, the borehole may be filled with clean water prior to logging so the single-point resistivity
log can be recorded for the entire open hole interval instead of just that portion that naturally fills with
groundwater prior to logging. The distinctive log signature provided by the single-point resistivity log is
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crucial to documenting and delineating the Upper and Lower Aquifers, which cannot be differentiated by
drill cuttings alone.

E.6.a.(4)(c) Surface Casing

For a typical monitoring well without special contaminant considerations, as the 7-7/8"-diameter borehole
is advanced, 8-5/8" OD (8-1/8" ID) Schedule 40 steel surface casing with welded joints will be driven to
approximately 140 ft. The casing will be equipped with a 9-3/4"-diameter drive shoe. The annulus above
the drive shoe will be kept full with bentonite. To avoid vertical cross-contamination after the surface
casing has been set, it will be scrubbed with casing brushes and compressed air to remove soil particles
that adhere to the inside walls.

E.6.a.(4)(d) Well Screen and Casing Materials

All new and replacement monitoring wells will be nominal four (4”) in. ID. The well screen, ten (10”) in.
long dense phase cup, and bottom end plate will be 304 stainless steel. For Upper Aquifer wells, a riser
consisting of a single joint of type 304 stainless steel casing 20 ft. long will be attached to the top of the
well screen. Because the Lower Aquifer is under artesian conditions and rises above the top of the
aquifer, two joints of stainless steel riser (40 ft.) will be installed above the screen. Schedule 40 PVC
casing will extend from the top of the stainless steel casing to the top of the well, typically two ft. (2) above
ground surface. Schedule 40 PVC was selected because at the installation depths at Site B it is
sufficiently strong to prevent well collapse and the threaded joints are strong enough to allow installation
without separation. In addition, the inside diameter of Schedule 40 PVC is slightly greater than four (4”) in.
and is approximately the same inside diameter as the adjoining stainless steel, as opposed to Schedule
80 PCV, which is stronger because it has a greater wall thickness. However, to retain the same outside
diameter for compatibility with other PVC fittings, the inside diameter of Schedule 80 PVC is reduced to
about 3.5” to achieve the greater wall thickness. Therefore, Schedule 80 PVC should not be used
because it will not allow the use of standard four (4”) inch diameter pumps and drilling tools which may be
needed for maintenance and testing (well disinfections, redevelopment and aquifer testing for example).
All casing sections will be joined by watertight, factory-manufactured, flush-joint threaded couplings.

E.6.a.(4)(e) Well Screen Length and Placement

Each new or replacement Upper Aquifer monitoring well will have a maximum of a 20 ft. screen length
unless prior approval is obtained for longer screened intervals.

Water level data collected by USEI since 1984 reveal a gradual rise in water levels in most Upper Aquifer
wells. As described in Section E.3.c.(5), observed water level rises over the period from 1990 to 1996
across the site range from 2.2 ft. to 8.4 ft. and average 4.1 ft. In recognition of the rising water levels, the
screens of new or replacement Upper Aquifer wells will be extended to ten (10°) ft. above the static water
level encountered when the well is installed. The exposed screen plus a stainless steel riser 20 ft. long
above the screen will provide 30 ft. of stainless steel above current water levels for Upper Aquifer wells.

As discussed in Section E.3.c.(3), the interbedded clay, silt, and thin, fine sand beds comprising the
Lower Aquifer extend over a 20- to 40-foot interval. The top of the Lower Aquifer is readily identifiable by
geophysical logs (see Section E.3.c.(3)). The bottom of the aquifer is also identifiable by geophysical
methods, provided the boreholes are extended well below the depth of the Lower Aquifer so the logging
tool can record the subtle transition from clay below the aquifer to the silty clay matrix that denotes the
Lower Aquifer. Significant overdrilling of the boreholes requires them to be backfilled with bentonite,
which may cause problems with well construction and water chemistry and requires increased well
development.

Consequently, since only the top of the aquifer is critical, Lower Aquifer wells will be drilled 40 ft. below
the anticipated top of the aquifer. After the top of the Lower Aquifer is identified by geophysical logging, if
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necessary, the borehole will be reentered and drilled deeper to allow placement of the screen at the
required position. In Lower Aquifer wells, 30 ft. of screen will be installed with the top of the screen three
(3) ft. to five (5) ft. below the bottom of the inner confining clay. The remainder of the borehole below the
screen, if any, will be filled with the silica sand filter pack.

The Lower Aquifer is confined, which causes the water level in the well to rise above the top of the aquifer
when the well is completed. Consequently, water levels in the Lower Aquifer wells will be 20 ft. to 30 ft.
above the top of the screen. Several Lower Aquifer wells have been affected by the long-term rising water
level trend seen in the Upper Aquifer wells. Consequently, 40 ft. of stainless steel casing will extend
above the well screen to accommodate the artesian water level rise and future water level rises.

Figure E-29 shows the intended well construction with regard to the Upper and Lower Aquifers and site
geology. Figures E-30 and E-31 provide more details on the screen placement in the Upper Aquifer and
Lower Aquifer, respectively.

E.6.a.(4)(f) Screen Slot Size and Filter Pack

Screen slot size for all wells will be 0.010", and a filter pack of grade size 20-40 Colorado silica sand will
be used. The screen slot and filter pack sand were sized for the aquifer sand grain-size distributions.
There is only minimal difference between aquifer sand grain-size distribution characteristics at any
location of the site or between the Upper and Lower Aquifers. The use of a 0.010” slot and 20-40 sand for
the very fine to silty sands at Site B is supported, based on successful experience at Site B and was
confirmed by grain-size analysis. Colorado Silica 20-40 sand was determined to be the best overall sand
(coupled with screen slots of .010 inch) to minimize the development of formation washouts and lengthy
development periods, minimize the siltation of the wells and allow maximum water flow into the wells. The
water bearing zones at Site B consist of individual sand/silt seams in a predominantly silty clay matrix. A
single size, coarser (larger) grained, filter pack (No. 16 for example) will result in longer development
time, and more siltation.

The same filter pack and screen slot size will be used in all wells.

The filter pack will extend from no more than two (2’) ft. below the bottom of the dense phase cup to two
(2) ft. to five (5) ft. above the top of the screen. The filter pack will be placed through a tremie pipe, and
the well will be bailed during placement to settle the filter pack. The temporary steel casing, if used, will
be pulled back as the filter pack is placed. The top of the filter pack will be tagged periodically during
placement and as the temporary casing is pulled to ensure its proper position. In the Upper Aquifer wells
the top of the sand pack will extend about 12 ft. to 15ft. above the water table in the borehole determined
at the time of drilling. In the Lower Aquifer wells, the filter pack will extend up to but not into the bottom of
the inner confining bed.

E.6.a.(4)(g) Annular Seals

Several types of sealants will be used to correctly seal the annulus of the monitoring wells. In the Upper
Aquifer wells, approximately four (4) ft. of bentonite pellets will be poured from the surface on top of the
filter pack and hydrated in place with water. After the pellets have hydrated, the annulus outside the 4”
casing will be filled to the surface with four (4) % bentonite (by weight) cement grout. The grout will be
placed from the bottom up by using a temporary steel tremie pipe. To prevent distortion of the PVC
casing because of the heat of hydration from the cement curing, a temporary packer will be set in the
stainless steel riser and the well will be filled with clean water prior to cementing. The casing will be kept
full of water and no work will resume on the well for a minimum of 24 hours after the cement is placed.

The annular seal in Lower Aquifer wells will be similar to the Upper Aquifer’s with one exception: the

bentonite pellets will not be used if there is more than five (5) ft. of standing water above the top of the
filter pack. If standing water cannot be removed by bailing prior to placing the pellets, a volume of high
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solids bentonite grout sufficient to provide approximately four (4) ft. of seal will be placed by tremie pipe.
The annulus from the top of the bentonite to ground surface will then be filled with four (4) % bentonite (by
weight) cement grout placed via tremie pipe. The same precautions to avoid casing distortion mentioned
previously will be followed. Work will not resume until the cement has set for a minimum of 24 hours.

For both Upper and Lower Aquifer wells, concrete mix will be used to form a sloped pad approximately
four (4) in. thick around the base of the wellhead to promote drainage away from the wellhead and to
provide a clean working area around the well. The concrete pads will be triangular with approximately
4-foot sides. Protective bollards consisting of steel pipes embedded in the ground, but not in the concrete,
will be installed at each corner of the concrete pad. Triangular well pads are used because they allow
closer access to the well for the pump service truck when installing and servicing the sampling pumps.

E.6.a(4)(h) Development

All wells will be developed by a combination of methods, as necessary. In their approximate order of use,
these methods are: bailing with a stainless steel bailer; pumping and jetting with a temporary, electric
submersible stainless steel pump; followed by final pumping after installation of the dedicated sampling
pump. Piezometers will not receive the final pumping since dedicated pumps will not be installed in these
wells.

Water removed from the well during development will be monitored for specific conductivity, temperature,
pH, and turbidity. Stabilization of the measured values will be used as a guide to determine when the well
has been thoroughly developed. Turbidity will be determined by visual examination. The total volume of
water removed during development will be recorded.

E.6.a.(4)(i) Determination of Well Yield and Aquifer Properties

Each new or replacement well will be tested to determine the well yield and to estimate aquifer properties.
Qualitative testing and yield information will be obtained during the development process by recording the
recovery of water levels after pumping or bailing. For higher-yielding monitoring wells, well yield
information, including specific capacity (gpm per foot of drawdown) and maximum sustained pumping
rates, will be determined when the dedicated sampling pump is installed. Low-yielding monitoring wells
and piezometers will be slug-tested to provide estimates of aquifer properties and to establish a baseline
well response. Low-yielding monitoring wells will also be tested to document sustainable pumping rates
and water level recovery rates for use in establishing well specific sampling procedures. See

Section E.7.b.(2) for the procedures to be used to document well yields.

E.6.a.(4)(j) Security Covers and Seals

Each well will be equipped with a locking steel cover. The top of the primary well casing inside the
security cover will be fitted with a tight-fitting, vented seal to prevent dust or other foreign material from
entering the well. The well seals will be compatible with the dedicated sampling equipment installed in
monitoring wells. Piezometers will be fitted with a secure, vented cap.

E.6.a.(4)(k) Surveying and Labeling

Each well will be surveyed for north and east coordinates to within 0.1 ft. using the existing grid system
established for Site B. The top of the steel surface casing will be surveyed to within 0.01 ft. elevation, and
ground level elevation will be determined to within 0.1 ft. based on the existing site vertical elevation
datum. The top of the steel surface casing will become the permanent elevation datum for each well.
Water-level measure points will be established after sampling equipment is installed, and measure point
elevations will be determined from the permanent well datum. Both the permanent well datum point and
the measure point will be clearly marked on all wells.
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All wells will be labeled by welded number on the surface casing and security cover and by indelible
marker on the well casing or well seal.

E.6.a.(4)(l) Equipment Decontamination and Disinfection

Well completion material (casing and well screen) delivered pre-cleaned and sealed in plastic directly
from the manufacturer will not be re-cleaned prior to installation unless needed, based on visual
inspection. All other equipment, including steel surface casing(s), drill bits, drill pipe, tremie pipe, bailers,
test pumps, pump discharge pipe, test probes and the surfaces of the drill rig and support vehicle that
may introduce foreign material into the well during construction, will be decontaminated before use, as
necessary during use, and between wells by high pressure hot water.

The low-yielding, iron- and sulphur-rich aquifers at Site B provide favorable conditions for bacteria growth,
and bacteria are known to have heavily colonized some of the existing wells at Site B. Therefore, all
downhole drilling and completion equipment will be disinfected with a calcium or sodium hypochlorite
solution during the high pressure-hot water cleaning process prior to use in each well. These procedures
will be employed in an attempt to minimize the potential introduction and spreading of iron and sulphur
bacteria colonies in the wells.

E.6.a.(4)(m) Well Abandonment

In the event that a monitoring well or piezometer must be abandoned, the following procedures will be
used depending on whether the well is constructed with PVC casing and screen (some existing
piezometers and older monitoring wells), PVC casing and stainless steel screen and riser (monitoring
wells installed as part of the existing permit), or steel casing and stainless steel screen (monitoring wells
at missile silos).

In wells with PVC screens, the well screen will be broken and the filter pack material will be removed by
jetting with air and water. Once the filter pack has been removed, the entire well will be filled with
bentonite grout placed via tremie pipe filling the well from the bottom to the surface. Once the screen has
been broken and the well has been completely filled with bentonite, a drill rig will be used to remove as
much of the casing as possible. The remainder of the casing will then be drilled out to the original depth
or as deep as possible if the drill bit wanders off the PVC casing and starts cutting new hole. Once the
PVC is removed, the well will be sealed with four (4) % bentonite (by weight) cement grout placed from
the bottom via tremie pipe. The grout will fill the entire borehole to approximately two (2) ft. from the
surface. At two (2) ft. below grade, the steel surface casing will be cut off and a steel plate will be welded
over the casing with the well number and date abandoned scribed by weld beads.

Wells with stainless steel screens and PVC casings will be abandoned by filling the screen section and
the stainless steel riser pipe with neat cement grout placed by tremie pipe. The PVC casing will be pulled
or drilled out and the hole filled with four (4) % bentonite (by weight) cement grout to within two (2) ft. of
the surface. The top of the steel surface casing will be cut off and welded shut with the well number and
date abandoned scribed by weld beads.

If it becomes necessary to abandon any of the three silo wells (UP-6, U-21 and U-22) or nearby
piezometer (UP-8) (see Figure E-27), USEI will prepare and submit a specific abandonment plan for
IDEQ approval. The proximity of these wells to the waste-filled missile silo structures dictates that the
abandonment procedures be conducted thoroughly and safely. At a minimum, the wells will be filled with
cement grout that is squeezed out the screens and into the filter pack and borehole walls by the
application of hydraulic pressure.
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E.6.a.(4)(n) Installation of Dedicated Sampling Equipment

If a new or replacement monitoring well is installed, it will be equipped with a dedicated positive
displacement sampling pump of equal or superior performance/design to the existing dedicated sampling
pumps. The dedicated pumps will be selected from commercially available models and be constructed of
modern materials meeting industry standards for obtaining water samples for analysis of the monitoring
parameters. Pump columns will be equipped with a check valve to prevent backflow of water in the pump
column. The pump will be positioned within one (1’) ft. of the bottom of the sump below the well screen.

If a dedicated sampling pump fails in an existing well, the pump will be repaired or replaced as soon as
possible. A pump that fails during a semiannual sampling event will be removed immediately. In order to
allow the well to be sampled during the regularly scheduled sampling event, the pump will either be
repaired and replaced, or a temporary pump or other approved sampling device will be used. The failed
pump will be repaired or replaced and reinstalled in the monitoring well prior to the next scheduled
sampling event. Temporary or replacement pumps will meet the standards provided in the first paragraph
of this section. Section E.6.b.(1) provides procedures for using a bailer to sample a well if the pump fails
during a sampling event.

E.6.a.(4)(0) Well Construction, Well Abandonment, and Pump Installation Documentation

Within 60 days after new wells are installed, completed, and developed, or within 60 days after any well is
plugged and abandoned, USEI will submit a report to the Director documenting the well construction or
the well abandonment procedures and place a copy of the report in the Operating Record at Site B. The
well construction report shall follow IDEQ and IDWR requirements.

Sampling pump operation, including failure and removal, as appropriate, will be documented in the field
sampling log (Section E.6.b.(4)). If a pump has to be removed and repaired or replaced USEI will prepare
a report documenting the removal and replacement of the pump. The pump record document will be
placed in the Operating Record at Site B.

E.6.a.(5) Assurance of Unaffected Background Groundwater Measurement

USEI Site B is underlain by two discrete aquifers, the Upper Aquifer and the Lower Aquifer, as described
in Section E.3.c. The groundwater flow direction in the Upper Aquifer is from northwest to southeast and
the flow direction in the Lower Aquifer is from southwest to northeast as discussed in Section E.3.c.(5)
and as shown in Figures E-27 and E-28, respectively. Annual determinations of flow rate and direction
made by USEI and submitted to IDEQ as part of the current permit conditions indicate the flow patterns of
the two aquifers have not changed significantly over the period of record. As indicated by the well
inventory provided in Section E.3.a.(4), there are no known high-capacity pumping wells in the vicinity of
the site that affect the flow directions in the two aquifers. Consequently, the upgradient-downgradient
relationships for the wells relative to the site do not change seasonally or annually.

The upgradient background wells for the Upper Aquifer are U-13, U-14, U-15, and U-4 (Figure E-27). As
presented in Section E.5, Well U-1 was impacted by carbon tetrachloride, a volatile compound. There are
no known sources of synthetic compounds in the subsurface upgradient of Site B. Therefore, the carbon
tetrachloride in well U-1 is believed to be the result of subsurface vapor migration from pre-RCRA
disposal of wastes at Site B. Additional discussion of the implications of well U-1 becoming impacted by
the site is presented in Sections E.7 and E.8. Well U-1 was plugged and abandoned in July 2012. As
presented in Section E.5, the other upgradient background wells in the Upper Aquifer have not been
impacted by the site.

The upgradient background wells for the Lower Aquifer are L-35, L-36, and L-38. Well L-38 is

approximately 500 ft. upgradient of the site. Wells L-35 and L-36 are located along the upgradient
perimeter of the site and along the southern edge of Cell 14 (Figure E-28). Monitoring data for these wells
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summarized in Section E.5 and contained in the Operating Record at the site indicate that none of the
Lower Aquifer background wells has been impacted by site activities.

As discussed in Section E.3.b.(2) and shown in Appendix E.3, all Upper and Lower Aquifer wells were
constructed using materials and sealing techniques to maintain the integrity of the well. Consequently, the
groundwater samples from these wells are considered valid and accurately represent the background
water quality in the two aquifers.

E.6.a.(6) Assurance of Compliance Point Groundwater Measurement

As presented in Section E.3, groundwater flow directions in the aquifers have not varied appreciably over
the period of record. As shown in Figures E-27 and E-28, the compliance wells are properly located in the
downgradient position of the waste management unit they were designated to monitor. Well construction
data on the wells discussed in Section E.3.b. and provided on Table E-5 and in Appendix E.3 show that
the wells are properly constructed to provide valid water samples of their respective aquifers.

E.6.b. Description of Sampling and Analysis Procedures

Pursuant to IDAPA 58.01.05.008, (40 CFR 264.97(d)) USEI has developed sampling procedures
designed to collect representative samples from the groundwater aquifer under the site. The sampling
procedure includes the following elements:

Sample collection

Sample preservation and handling

Chain-of-custody control

Analytical procedures

Field and laboratory quality assurance/quality control

Prior to implementing the sampling and analysis plan, a sampling procedures manual will be prepared
that gives specific detailed instructions for each well. This manual will contain information developed
during the well installation procedure, including information on well construction, water level, well yield,
casing volume storage, and specific procedures for each well. The sampling procedures manual will be
updated at least annually to reflect any changes in the status of wells, sampling equipment, sampling
methods, or when laboratory analytical schedules are refined or modified. The sampling procedures
manual is a working document prepared to guide well sampling activities and is not considered part of this
Document.

E.6.b.(1) Sample Collection Methods
E.6.b.(1)(a) Wellhead Inspection and Organic Vapor Screening

At wells that have a high potential for the presence of organic vapors and/or a history of organic
constituents within the groundwater, the sampling team will determine background organic vapor levels in
the breathing zone and at the level of the wellhead with a photoionization detector (PID) or equivalent.
The PID will be calibrated to known standards and will be maintained in accordance with manufacturer
recommendations. The wellhead will be visually inspected for signs of tampering and needed
maintenance while the background organic vapor levels are being recorded.

The wellhead will be opened and the PID probe tip inserted into the well at the top of the water-level
measurement tube or inside the well casing, depending on the final well construction and dedicated
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sampling equipment in the well. The organic vapor monitoring point will be open to the top of the static
water column in the well.

Background and wellhead organic vapor values, along with observations of wellhead conditions, will be
entered into the sampling log. Certain atmospheric conditions, notably wind, temperature, dust, and
humidity, can affect the reliability and accuracy of instrument readings. Weather conditions will be
recorded in the sampling log to help interpret PID readings.

Organic vapor monitoring will be used primarily to screen for contamination that may impact sampling
crew safety. The presence of VOCs in the headspace of a well would also be detected in the subsequent
water samples.

E.6.b.(1)(b) Presample Purging

In low-flow aquifers such as those at USEI Site B, it is necessary to remove water from the well, filter
pack, and formation in the immediate vicinity of the borehole prior to sampling. Removal of this stagnant
water is critical to proper sampling because it removes water that may not be representative of formation
water as a result of interaction with the atmosphere, well casing, filter pack, sealing materials, or
biological (bacteria) processes in or near the borehole.

Most of the wells at Site B do not yield sufficient water to sustain practical pumping rates. With the
exception of Upper Aquifer wells in the northern 1/3 of the site, the maximum sustainable pumping rate
for most of the monitoring wells at Site B is less than 0.5 gpm.

USEI will “purge to dry” those wells that that have been determined to produce less than 0.5 gpm Those

wells that are purged to dry will be sampled when an adequate amount of groundwater is available within
the well to fill the sample containers. In all cases, the sample will be taken within 24 hours of purging the

well.

Wells that yield more than 0.5 gpm are purged of at least three borehole volumes and field parameter
stabilization, then sampled without shutting off the pump.

The selection of 0.5 gpm as the cutoff between those wells continuously pumped versus those wells
evacuated to dryness was based on the practicalities of operating the positive displacement piston pumps
at low flows with the high lifting heads (140 ft. to 280 ft.), the ability to sample each well consistently
between sampling events, and the need to complete each sampling event within a reasonable time frame.
Under the current sampling protocols, a sampling event takes five (5) to seven (7) days.

Specifically, the pre-sample purging process for the Detection Monitoring Program consists of the
following:

e Dedicated Hydrostar, positive displacement piston pumps, or approved equals, will be installed
and maintained in all monitoring wells.

e A determination of the sustainable yield of each well will be made when it is drilled, reworked, or
incorporated into the monitoring well network for the first time.

e The pump intake will be set within one (1) ft. from the bottom of the sump below the well screen
to ensure that stagnant water in the well is fully evacuated prior to sampling.

e Purge rates will be established on a well-by-well basis. Wells capable of yielding more than
0.5 gpm without dewatering will be pumped at a sustainable pumping rate. Wells incapable of
yielding 0.5 gpm will be pumped to dryness as quickly as possible.

o Wells evacuated to dryness will be sampled within two (2) hours or as soon as sufficient water
has reentered the well to allow purging of the pump column and collection of the required sample
volumes.
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e Since purge water disposal is not a significant imposition, high-yielding wells will be pumped until
three casing volumes have been removed or field parameters stabilize. The collection of field
parameter data is addressed in Section E.6.b.(1).

e Samples will be collected by decreasing the pump rate to the lowest sustainable rate. An
adjustable valve system will be used as necessary to divert a portion of the pump discharge for
sample collection so that the sample bottles can be filled with a minimum of agitation.

e The sustained yield will be determined for all wells biennially.

e For wells estimated to produce less than 0.5 gpm, the sustainable yield will be confirmed by
recording the total gallons pumped in five (5) minutes after the borehole storage has been
evacuated.

e For wells that produce 0.5 gpm or more, the sustainable pumping rate will be determined by
measuring the pumping rate and the pumping water level in the well for a 5-minute period. The
pumping rate used will be well- and pump-specific with the intention of establishing specific
capacity for the well, which implies the pumping rate and drawdown are stable.

e The casing storage volume of the well will be calculated after the wells are constructed and will
be adjusted based on the amount of water in the well at the time of sampling. The casing storage
calculation will include water in the sand pack, assuming a 20 % porosity.

e The pumping rate(s) and the amount of time necessary to purge up to three well volumes for
wells with sustainable rates of 0.5 gpm or greater will be based on the maximum well volume and
the sustainable yield for each well.

e All purge water will be collected in labeled 55-gallon drums or other watertight containers at each
well. USEI will dispose of the purge water onsite as allowed by their permit.

E.6.b.(1)(c) Field Measurements

The dedicated sampling pumps in the monitoring wells at Site B have an effective pumping rate range of
0.5 to five (5) gpm. However, the pumps are not equally efficient and some cannot maintain the 0.5 gpm
pumping rate. Below 0.5 gpm, the pump seals and check valves cannot maintain a steady discharge rate
because of the high lift (>200 ft in most wells). All of the lower aquifer wells and most of the upper aquifer
wells at Site B are low yielding and cannot be pumped slow enough to maintain a steady pumping water
level during the pre-sample purge. The water removed from these low yielding wells prior to sampling is
almost entirely casing storage. In those wells capable of yielding greater than 0.5 gpm (at full drawdown —
water level at or near the pump intake) the percentage of casing storage versus fresh aquifer water
gradually changes during the pre-sample purge until near the end of the purge process most of the
discharge water is formation water from the aquifer immediately surrounding the well. However, continued
pumping of higher yielding wells draws water from progressively more distant parts of the aquifer which
has slightly different chemistry. If these wells were pumped long enough, eventually stabilization of all
parameters would be expected. Field water chemistry parameters collected during the purge process
reflect the mix of casing storage and formation waters removed during the purging process.

Prior to 1999, low yielding wells were purged to dryness and re-sampled after sufficient recovery to allow
re-purging the pump column and filling the required bottles. High yielding wells (>0.5 gpm) were purged of
three casing volumes prior to sampling, providing the field parameters of temperature, SC and pH were
stable. In 1999, USEI began measuring the field parameters of dissolved oxygen (DO), Oxygen
Reduction Potential (ORP) and turbidity, (in addition to Temperature, SC and pH) to determine if other
parameters would provide confirmation of water quality stability during the purge process. The intent was
to pump at the slowest rate possible and permit sampling after smaller purge volumes had been removed
and to avoid dewatering low yielding wells over the DEQ’s concern with loss of volatiles from cascading
water.

Review of this data, provided in Appendices E.8.a and E.8.b indicates that temperature, SC and pH

stabilize quickly, typically within the first ten (10) gallons removed. The parameters DO, ORP and turbidity
sometimes reach reasonably stable values much later in the purging process but often do not stabilize,
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even when purge volumes approach two (2) casing volumes in those wells capable of being pumped at
sustained rates. No single parameter is either consistent among all wells or singularly robust enough to
indicate when a well has been adequately purged.

Dissolved oxygen and turbidity probes are prone to fouling and calibration instability during the sampling
process which degrades their usefulness over the sampling event and for use in comparison between
events. ORP readings appear to change the most during the purging process, always becoming
progressively smaller (when starting as a positive number) or becoming more negative when starting as a
negative number. In some wells the ORP crosses from positive to negative and becomes increasingly
more negative during the purge process. ORP readings are sensitive to dissolved oxygen and since the
dissolved oxygen in the groundwater is low, ORP should be a useful indicator of when the oxygenated
water in the casing storage has been removed. Reviewing the field parameter data however indicates that
this is not a consistent response suggesting that the water in casing storage can also be low in oxygen.
Therefore ORP by itself is not a singularly reliable measure of when formation water is being discharged.

Based on the above discussion the field water quality parameters of temperature, pH, and specific
conductivity will be measured and recorded during the purging and sampling of each well.

Normal laboratory and manufacturer-recommended procedures will be followed in measuring field
parameters. All meters will be allowed to warm up before being used. The pH meter will be standardized
with pH 7 and 10 buffers. All field equipment will be calibrated in accordance with manufacturers’
recommendations. All readings will be recorded as read and noted as to whether they were automatically
temperature-corrected.

Pump discharge will be directed into a barrel and measured using a calibrated staff rod. Field parameters
will be recorded at a minimum of every well casing volume of purge water discharge or for the low yielding
wells every three (3) to five (5) gallons.

Low yielding wells(< 0.5 gpm) will be purged to dryness and sampled when an adequate volume is
available to fill the required sample containers. All wells that purge to dryness will be sampled within 24
hours of purging. Higher yielding wells (>0.5 gpm) will be pumped continuously until at least three (3)
casing volumes have been removed and parameter stabilization has been achieved.

After the well is purged and the sample is being collected, four independent measurements of
temperature, pH, and specific conductance will be measured. This information will be recorded in the
sampling log.

Sample Collection

Pursuant to IDAPA 58.01.05.008 (40 CFR 264.97(d)(1) and (2)), sample collection procedures are
described below. All monitoring wells will be sampled directly from the dedicated sampling pump. The
only material that will come in contact with the sample will be stainless steel or Teflon. Each well will have
a dedicated pump and Teflon sample tubing to eliminate potential cross-contamination.

For low-yielding wells purged to dryness, the sample will be collected as soon as the well has sufficiently
recovered, or within 24 hours of purging. For those wells capable of being pumped continuously at
0.5 gpm or greater, sampling will begin as soon as purging is completed.

The pump discharge rate will be reduced prior to sampling; and through the use of a by-pass valve
sampling tee, discharge rates out the Teflon sampling hose will be reduced to a low, controlled rate. All
samples will be collected in a way that minimizes agitation or aeration to prevent loss of the constituent.

If a pump fails during the sampling event, the pump will be removed and repaired or replaced as

described under Installation of Dedicated Sampling Equipment in Section E.6.a.(4). If the pump cannot be
repaired, or replaced, and reinstalled in time to collect the required sample during the sampling event, a
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Teflon or stainless steel bailer with a bottom check valve and bottom emptying device will be used. The
sampling techniques to be used if it is necessary to use a bailer will follow industry standards and are as
follows:

e The bailer will be triple cleaned. The initial wash will use de-ionized water and a laboratory grade
surfactant such as Alconox. After rinsing with de-ionized water, the bailer will be washed with
isopropanol. Following the alcohol wash, the bailer will be washed with de-ionized water and
allowed to air dry before use in the well.

e The bailer will be attached to new polypropylene rope and lowered into the well. When the bailer
is about 25 ft. above the water column, the rate of descent will be slowed so that the bailer entry
into the water column does not result in significant surging of the well. The bailer will then be
allowed to sink to the bottom of the well. It will be raised slowly through the water column. Once
above the water column, the bailer will be retrieved as quickly as possible and the contents
dumped into the purge water containers. This process will be repeated a minimum of ten (10)
times. As the bailer and rope are removed from the well, they will not be allowed to contact the
ground or other potential sources of contaminants.

e After the tenth bail is removed, the bailer will be used to collect the sample by repeating the
bailing procedure as many times as necessary to fill the required sample volumes. The bailer will
be lowered to the center of the remaining water column in the well. Particular emphasis will be
placed on gently lowering the bailer into the water column and gently pulling it out of the column.
When the bailer is free of the water column, it will be extracted as quickly as possible. When filling
the samples bottles, the initial discharge from the bottom emptying device from each bailer will be
discarded. Sample bottles will be filled in the same sequence as described above.

e After sampling, the bailer will be rinsed with de-ionized water, isopropanol, and de-ionized water
and stored for reuse. The polypropylene rope will be discarded.

Alternatively, due to the depth of certain wells, USEI may check to replace or repair the pump and collect
the sample within a 45 day period.

Sample bottles will be filled in decreasing order of volatility depending on the analytes being sampled for.
Sample vials for VOCs will be filled first, followed, in order, by , semi-volatiles, metals, and common ions.

E.6.b.(2) Sample Preservation and Shipment

Once all of the samples specific to an individual sample shipping shuttle are collected, the chain-of-
custody forms will be completed and the samples will be prepared for shipment. The sample containers
will be packed with insulation inside the shipping shuttles along with the chain-of-custody forms. Frozen
ice-packs or double bagged water ice will be placed in the shuttle to chill and maintain the samples at the
recommended target temperature of 4 degrees Celsius. The shuttle lids will be secured and sealed with
chain-of-custody seals. The shuttles will be shipped by express delivery to the contract laboratory for
analysis. The sample analysis request form will be provided directly to the contract laboratory by USEI or
its sampling contractor.

Well sampling sequences will be coordinated so that all samples specific to each shuttle are collected in
one day. Sample shuttles will normally be shipped on the same day that the samples are collected.

The sampling procedures described above will be consistent throughout the sampling program. In

addition to the well samples, the sampling will also include the use of field blanks, equipment blanks, and
trip blanks. These are discussed in Section E.6.b.(5).
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E.6.b.(3) Analytical Procedures

Parameter-specific analytical procedures as specified in the most current version of EPA SW 846 will be
followed.

E.6.b.(4) Chain-of-Custody Control

As required by IDAPA 58.01.05.008 (40 CFR 264.97(d)(4)), the Groundwater Monitoring Program will
include chain-of-custody control to maintain integrity of samples. USEI will use chain-of-custody record
forms that are equivalent to the chain-of-custody form found in SW 846.

The sequence of events for controlling chain-of-custody will be as follows: When the sample bottles are
delivered from the laboratory, the sender will sign and date the chain-of-custody form and specify on the
form what has been shipped. From that point on, each time the sample bottles, whether empty or full,
change hands, both parties will sign and date the transfer. The shipping bills and receipt of delivery will
satisfy the chain-of-custody requirements for transfer of the sealed shuttles from shipper to receiver.
When samples are delivered to the laboratory and received into custody, a copy of the chain-of-custody
form will be retained in the Operating Record at USEI.

The following information will be included on the chain-of-custody sample form:

e Sample number (that includes well ID for lab reporting purposes, e.g. U-1 then the sample
number)

Signature of sampler

Date of collection (time logged in field log)

Place and address of collection

Type of sample

Number and type of container

Inclusive dates of possession

Signature of receiver

In addition to the chain-of-custody form, other components of chain of custody will include sample labels,
sample seals, field log, sample analysis request sheet, and the laboratory log. These are further
described as follows:

e Sample Label. A sample label will be affixed to each sample bottle to provide the sample number.

e Custody Seals. A seal will be affixed to each sample shipping container (not each bottle). This
seal will be signed and dated by the individual packing the samples. The seal will be secured
across the lid of the shipping container in such a manner that the lid cannot be opened without
breaking the seal.

o Field Log. A field log will be kept for each sampling event. A copy of the field logs will be kept at
the facility and will be available for inspection. The format for the field log is as follows:

1. Facility name and address

2. Name and signature of sample collector(s)

3. Purpose of sample and type (for example, required analyses for initial background data,
routine detection monitoring, re-sampling, etc.).

4. Time and date of sampling

5. Meter and equipment model numbers and serial numbers

6. Organic vapor screening in breathing zone, at wellhead, and in wellhead space

7. Pertinent well data (such as depth, water surface elevation, pumping schedule, and
method)

8. Sampling method
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9. The unique number of each sample

10. Appearance of each sample (such as color, turbidity, sediment, sheens, and immiscible
liquids

11. Field observations/sampling weather conditions

12. Field parameters during purging and at time of sample collection

13. Field meter calibration dates, times, results, and calibration solution or gas identification
and lot numbers

14. Analyses performed in the field (such as pH, temperature, specific conductance, and
others).

15. Other pertinent observations regarding the purging and sampling of the wells such as
pump operation or pumping disruptions

16. Name and address of laboratory performing analyses

17. Sampler’s printed name(s) and signature

18. Reviewer’s printed name and signature

19. Locations(s) or source of sampling (such as the monitoring well number)

Sample Analysis Request Sheet. Analysis request sheets will be provided to the laboratory, with
a copy kept with the field log.

Laboratory Log. Laboratory control records will be attached to the chain-of-custody form, and a
copy will be kept at the facility.

Upon receipt of the samples at the contract laboratory, the security of the shuttles (chain-of-custody
seals) will be checked. Any shuttles that have broken or missing chain-of custody seals will be noted and
reported to the facility contact. The following procedures will be followed on opening the sample shuttles:

The condition of the samples and temperature of the samples will be determined.

The sample and seal information will be checked to ensure that they match the chain-of-custody
record.

The chain-of-custody record will be checked for a signature.

The laboratory services request form from USEI's facility contact will be cross-checked against
the chain of custody to confirm the analyses requested.

A laboratory sample number will be assigned.

The sample will be stored in a secure area to await analysis.

E.6.b.(5) Documentation of Proper Sampling and Analysis Procedures

USEI will follow industry standards for quality assurance and quality control (QA/QC) to assure that
groundwater analytical results represent groundwater chemical and physical composition from
groundwater sampling through analytical report preparation. Overall quality assurance will be the
responsibility of USEI. The sampling, analysis, and reporting of data to IDEQ will be the responsibility of
USEI or its designated agents. Actual coordination of QA/QC activities will be through USEI.

Components of the QA/QC program will follow recommendations in SW 846 and are as follows:

Laboratory: The analytical laboratory will provide all shipping containers, sampling containers and
preservatives, chain-of-custody forms, labels, and seals. The contract laboratory will follow all
laboratory QA/QC procedures as specified in SW 846. A full laboratory QA/QC report will
accompany each data report and will be kept on file at the facility, this may be in the form of hard
copies of electronic formats.

Sample Collection: QA/QC procedures for sample collection will be accomplished by the
sampling team under the supervision of the USEI facility contact. A standardized field log will be
kept for each sampling event following the format described in the preceding chain-of-custody
section. The log will include all label and seal numbers and documentation of all QA/QC
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procedures related to sample collection. It will be standard procedure to include field, lab, and trip
blanks, and replicate samples in each sampling event for appropriate parameters.

Sample Blanks and Duplicates:

e Field blanks: Field blanks will be submitted at USEI's discretion, however, at least one field blank
will be collected per day when well samples are being collected. Field blanks will be prepared by
filling a separate set of sample containers with water provided by the laboratory. After the regular
samples have been collected, and with the sampling pump turned off (but with any mechanical
equipment still operating such as the air compressor or generator used to power the sampling
equipment), the water containers will be opened and used to fill sample containers. The field
blanks samples will be filled at the wellhead and under the same conditions as the actual
samples. Field blanks, exposed to ambient conditions to which the groundwater samples were
subjected, will be used to assess the potential for externally introduced error factors during the
sampling event. Field blanks will only be submitted for VOC analysis.

e Trip blanks: Trip blanks will accompany each sealed sample container if that container holds
volatile samples. They will be analyzed for the same list of VOCs as the actual groundwater
samples to assess the level of potential contamination that may have occurred during sample
transport.

e Lab blanks: Analysis of the water used to prepare the field and trip blank containers will be
completed. This water has never left the laboratory. Lab blank data are used to establish the
baseline quality of water used in all of the QA/QC blanks.

e Equipment blanks: If non-dedicated sampling equipment must be used, analysis of water from the
laboratory poured through sampling equipment will be used to detect potential equipment
contamination.

o Duplicate samples. USEI may elect to send duplicate samples to different laboratories at its
discretion. These samples would be used to evaluate competitive laboratories or as needed to
verify or confirm sample results. Results of duplicate samples sent to other laboratories will not be
included with the regular sample report to the Director after each sampling event.

e QA/QC of Analytical Data: The raw data will be reviewed by the laboratory QA/QC Director to
determine that it is correctly and accurately reported. Upon receipt of the written laboratory report,
USEI will review the data to identify any irregular results and to determine if any hazardous
constituents are present that require response.

Additional QA/QC data evaluation procedures will be performed and documented in the facility files as
needed. These activities include review and modification of sampling procedures, analysis, data
reporting, and data reduction such as graphical trend line analysis and statistical variation assessment.

E.6.b.(6) Determination of Groundwater Elevation

As required by IDAPA 58.01.05.008 (40 CFR 264.97(f)), prior to purging or sampling the well, the
elevation of the groundwater will be determined. An electronic water-level measuring device will be used
to determine the depth to groundwater.

On the first day of a groundwater sampling event, the water level in all monitoring wells and piezometers
will be measured. Three separate, consecutive measurements will be taken at each well. The water-level
probe will be pulled up out of the water before it is re-lowered to take the next measurement. This will
help ensure the tape is hanging straight and the measurements are accurate and to help prevent
erroneous readings from being incorporated into the data base. The individual water levels will be
recorded and the average measurement will be used as the representative measurement for that well on
that date.
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Before use each day, the lower 50 ft. of the water-level probe and wire will be washed with a phosphate
free detergent and rinsed with distilled water. Between wells, the bottom ten (10’) ft. of the probe will be
rinsed with distilled water. Groundwater elevations will be measured to the nearest 0.01 ft.

The water-level measurement point elevation relative to mean sea level will be determined for each well
based on a fixed reference point elevation datum established on the well casing (see Section E.6.a.(4)).
The water-level measure point will be marked on the well and described in the field log.

E.6.c. Procedures for Establishing Background Quality

As described in Section E.6.a.(1), both aquifers being monitored at USEI Site B have four designated
background wells. Some annual water level data collected and resultant groundwater flow directions for
these wells indicate the wells are consistently upgradient from the facility. All of these wells are currently
sampled semiannually for VOCs . In addition, several of the Upper Aquifer upgradient wells have also
been sampled for Appendix IX parameters as discussed in Section E.5.

This data base establishes background concentrations for the monitoring parameters. Based on the
results of these samples, the background concentrations of synthetic organic contaminants in the Upper
and Lower Aquifers are below detection limits. Based on the existing data base, background
concentrations for the monitoring parameters is non-detect and no statistical evaluation sampling or data
evaluation procedures are necessary.

In April 1996, carbon tetrachloride was detected in Upper Aquifer well U-1. As indicated in Sections E.5
and E.7, the detection of this VOC in an upgradient background well is believed to be the result of vapor
migration from the site. Well U-1 is no longer considered an unimpacted upgradient well. The detection of
a synthetic contaminant in well U-1 does not alter the conclusion reached from the other seven wells,
which have established that the background concentration of VOCs at Site B is essentially zero. Well U-1
was plugged and abandoned in July 2012.

E.6.d. Statistical Procedures

E.6.d.(1) Detection Monitoring Parameters

No statistical procedures are required to evaluate the concentrations of synthetic organic compounds
detected in any downgradient compliance well at Site B. Since the background concentration of these
compounds is zero, any detection above the Estimated Quantification Limit (EQL) for the detection
monitoring compounds is assumed statistically significant.

Section E.7.d.(3) provides a discussion of the EQL and laboratory reporting limits for the VOCs on the
detection monitoring parameter list.

E.6.d.(2) Other Analyses

USEI will collect samples for analysis of common ions for general water chemistry evaluation on the first
sampling event for any new or replacement wells installed during this permit. On receipt of the common

ion analyses, USEI will perform ion balance calculations to establish the reliability of the data. The data

will also be compared to previous data from the same well to check for outliers or significant changes in

water chemistry

Since these data are being collected for long-term site characterization and ancillary issues, no reporting

or action levels are proposed. USEI will maintain the common-ion analyses in the Operating Record at
Site B.
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E.6.d.(3) Field Parameters

Field sampling parameters will be logged into the sample log, This information may be used as trending
information as appropriate. Field parameters will consist of temperature, conductivity and pH.

E.7 DETECTION MONITORING PROGRAM

Regulations IDAPA 58.01.05.008 (40 CFR 264.98) and 16.01.05.012 (40 CFR 270.14(c)) specify the
conditions that must be met by the owner/operator to develop a Groundwater Monitoring Program. If
hazardous constituents are detected and confirmed in the uppermost aquifer at the point of compliance
and are reasonably expected to be in or derived from waste contained in the Regulated Units, the owner
may need to institute a Compliance Monitoring Program. If the groundwater protection standard under
IDAPA 58.01.05.008 (40 CFR 264.98(q)) is exceeded, or if concentration limits are exceeded between
the point of compliance and the property boundary, a Corrective Action Program is required under
IDAPA 58.01.05.008 (40 CFR 264.98(g)). In all other cases, a Detection Monitoring Program under
IDAPA 58.01.05.008 (40 CFR 264.98) is appropriate.

To select the appropriate monitoring program for the USEI facility, it is necessary to assess which of the
conditions defined above are applicable. Subpart F Rules and Regulations adopted by

IDAPA 58.01.05.008 (40 CFR 264.98(a)) state that for compliance monitoring to be instituted, the
monitoring well analytical data must indicate that any hazardous constituents detected are “... reasonably
expected to be derived from a Regulated Unit.”

Hazardous constituents have been detected in samples from several point of compliance monitoring wells
and one upgradient background well that are monitored under the current Groundwater Monitoring
Program at USEI Site B. Table E-18 summarizes the detection of VOCs in the wells at USEI Site B and
Plate E-10 shows the locations of the impacted wells.

Prior to October 1991 low levels of chloroform and carbon tetrachloride were sporadically detected in
several wells in the northwest portion of the site. In October 1991, chloroform was detected at a
concentration of 30 ug/L and low levels of carbon tetrachloride (4.0 ug/L) and chloromethane (21ug/L)
were detected in well U-21, monitoring well installed near Silo 2, a pre-RCRA Unit. As a result of the
detection of these VOCs, the well was sampled for the complete Appendix IX list of analytes in December
1991 and February 1992. These samples confirmed the presence of the initial VOCs but did not detect
any other compounds. This event triggered an evaluation of the source of the VOCs. An alternate
concentration limit (ACL) demonstration and a corrective measures study was completed for well U-21
(CH2M HILL, April 1993). The corrective measures study concluded that the chloroform, carbon
tetrachloride and chloromethane detected in well U-21 was from fugitive soil vapors coming from Silo 2
and not from a liquid release of contaminants. Fate and transport analysis, including computer modeling,
conducted for the ACL demonstration indicated that the slow groundwater velocities, high carbon content
of the aquifer materials, and the chemical properties of chloroform effectively precluded significant
migration of the compound; therefore, very high concentrations could be present at U-21 without
exceeding risk-based levels at the downgradient facility boundary.

The results of this study were used by IDEQ and USEI to establish the action level for triggering
corrective action at well U-21 as the 10™ cancer risk or Hazard Index of one (1) under an industrial
exposure scenario. A Compliance Monitoring Program for well U-21, including the risk-based corrective
action trigger level, was adopted by permit modification on November 24, 1993. The Compliance
Monitoring Program for U-21 consisted of semiannual sampling for the 28 specific VOCs required under
the Detection Monitoring Program plus methylene chloride and annual sampling for Appendix IX
constituents (except for dioxin).
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In September 1996, carbon tetrachloride (CTET) was detected in upgradient well U-1 (Plate E-10) at
14 ug/L, and at a concentration of 71 ug/L in Well U-23, a designated downgradient well for Regulated
Unit Trench 5. In July 1997, CTET was detected at 29 ug/L in U-1. USEI conducted an analysis of the
data pertinent to U-23 and U-1 (CH2M HILL, June 1997).

The U-21 and U-1/U-23 studies both suggest soil vapors are present in the subsurface at Site B and that
penetration of the vapors to groundwater is responsible for the VOCs detected in these wells. The specific
source of the vapors could not be identified but solvent waste disposal practices in unlined shallow
trenches prior to USEI ownership is the probable source.

The presence of soil vapors presents a situation whereby monitoring in a well may not indicate a release
from the specific solid waste management unit for which the well is dedicated.

In April 1999 a site wide ACL demonstration report was prepared to address the detection of VOC's in
several wells at Site B including well U-1, an upgradient background Upper Aquifer well (CH2M Hill,
1999). The ACL demonstrated that the low part per billion levels of VOC's being detected in this well and
others in the northwestern portion of the site were from vapor transport and not indicative of a liquid
release. Consistent with the fate and transport modeling completed in 1993 for Well U-21, in support of
the first ACL, the April 1999 site-wide ACL assigned each of the monitoring wells to one of three different
categories for purposes of allowable concentrations if VOC’s were detected. The categories of wells are
based on risk and groundwater flow paths and include upgradient background wells, Level 1 compliance
wells and Level 2 compliance wells. Level 1 wells included those wells interior to the site and have higher
allowable concentrations than do the Level 2 wells which are the downgradient and northern facility
boundary wells. Appendix E.14 provides the 1999 ACL.

In response to DEQ concerns regarding the conclusions reached in the 1993 ACL and 1999 ACL that a
soil vapor transport mechanism was responsible for the detection of VOC's, a soil vapor work plan was
completed in 1999 and the four (4) multi-port soil vapor wells were installed and tested by CH2M HILL in
early 2000. The results of CH2M HILL's soil vapor investigation were subsequently submitted by Brown
and Caldwell, (Brown and Caldwell, 2001). This work confirmed the conclusion that soil vapor transfer to
the groundwater was responsible for the detections of VOCs in the impacted Upper Aquifer wells. In late
2002, USEI completed a follow-up soil vapor study in response to continued DEQ concerns regarding the
soil vapor mechanism. This study collected additional soil vapor samples from the vapor wells and head
space on existing monitoring wells. The results were reported in February 2003 (Brown and Caldwell,
2003) and the same conclusion was reached. Based on these investigations there is no evidence for
liquid release and the low part-per-billion levels of VOC'’s detected in the groundwater in a small group of
Upper Aquifer wells in the northwest portion of the Site is the result of soil-vapor transfer. The
confirmation of the transfer mechanism supports the concept and application of the 1999 ACL which
acknowledges the presence of the vapors and sets appropriate concentration limits for interior wells while
establishing much lower concentration limits for the perimeter downgradient wells.

On the basis of this history, the Groundwater Monitoring Program at USEI Site B includes both a
Detection Monitoring Program for all non-impacted wells and a Compliance Monitoring Program for
specific wells presently impacted and a general description of a Compliance Monitoring Program to be
used if other wells exceed the Detection Monitoring Program concentration limits. The Detection
Monitoring Program, including a description of the well network, sample collection, data analysis,
reporting and responses, is included in this section. Details of the Compliance Monitoring Program are
presented in Section E.8.
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E.7.a. Indicator Parameters, Waste Constituents, and Reaction
Products to be Monitored

As required under IDAPA 58.01.05.008 (40 CFR 264.98(a)), this section presents the list of parameters to
be monitored in order to provide a reliable indication of the presence of hazardous constituents in
groundwater.

The selection of analytes for the RCRA Part B permit process is addressed in IDAPA 58.01.05.008

(40 CFR 264.98(a)), which states “The owner or operator must monitor for indicator parameters (specific
conductance, total organic carbon, or total organic halogen), waste constituents, or reaction products that
provide a reliable indication of the presence of hazardous constituents in ground water.” The regulations
also state that the Regional Administrator will specify the monitoring parameters after considering the
following factors:

e The types, quantities, and concentrations of constituents in wastes managed at the facility

e The mobility, stability, and persistence of waste constituents or their reaction products in the
unsaturated zone beneath the waste management area

e The detectibility of indicator parameters, waste constituents, and reaction products in the
groundwater

e The concentrations or values and coefficients of variation of proposed monitoring parameters or
constituents in the groundwater background

The list of analytes for the Detection Monitoring Program at Site B includes 28 specific VOCs and general
chemistry field parameters. Justification for the specific organic constituents and field parameters is
presented in the following sections.

E.7.a.(1) Volatile Organic Constituents

Table E-19 provides the list of volatile organic constituents for which USEI will sample under the RCRA
Detection Monitoring Program at Site B. This list meets the intended purpose of detection monitoring for
the following reasons:

e These are mobile, persistent, synthetic organic compounds representative of waste constituents
and their principal reaction products in both the pre-RCRA Units and in the Regulated Units.

e All of these compounds are included in Method 8260b, which replaces Method 8240 in
EPA SW 846; therefore, analysis can be performed using standard laboratory methods.

e A historical data base of semiannual sample results for these compounds has been established.

e The positive detection of several of the compounds in some wells at Site B confirms their value as
detection monitoring analytes.

e Subsequent sampling for the entire list of Appendix IX volatiles, semi-volatiles, and metals in
those wells that had detectable detection monitoring VOCs has not detected any other
compounds present. This further supports the position that the current list of these compounds
provides a sensitive suite of compounds for detection monitoring purposes.

e Site Bis in an isolated, non-industrialized setting; therefore, there is no natural background
groundwater concentration of synthetic organic constituents.

e As aresult of the arid location and dry subsurface conditions at Site B, vapor transport of volatile
synthetic compounds from near-surface waste disposal to the groundwater is more likely than
liquid transport.

Under current land disposal regulations, high levels of VOCs may no longer be disposed and the

waste streams entering USEI Site B are increasingly dominated by inorganics, notably metals, and
pesticides. Metals and pesticide are not included in the detection monitoring list because they are not
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mobile in the vadose zone and groundwater pathways at the site. However, trace levels of VOCs are
still commonly present in the waste streams coming to USEI. As presented in the Compliance
Monitoring Program, Section E.8, if VOCs are confirmed to be present in detection

monitoring groundwater samples, analysis will be performed for additional parameters, including
pesticides and metals. VOCs are more mobile in the subsurface environment than the other
categories of wastes in the current waste streams; therefore, they are valid detection monitoring
parameters representing past and current waste streams at USEI Site B.

E.7.a.(2) Other Parameters
USEI began sampling all monitoring wells for major anions and cations during the Spring 2008

semiannual sampling event and will continue sampling for those constituents every five (5) years . The
samples are analyzed for total dissolved solids and the following anions and cations:

Anions Cations
Chloride (CI) Calcium (Ca")
Carbonate (CO3?) Magnesium (Mg *?)
Bicarbonate (ZHC03') Sodium (Na")
Sulfate (SO,™) Potassium (K")
Fluoride (F) Iron (Fe** , Fe™)
Nitrate (NO3") Manganese (Mn*?)
Silica (SiO, )

USEI will collect this information to bolster the existing data presented in Section E.3.c.(6) and to
establish a long-term record of the general water chemistry in both aquifers at Site B. Potential uses of
the common-ion data include additional characterization and comparison of the fundamental chemistry of
each aquifer, evaluating the water resource potential of the aquifers, site certification and characterization
for future expansion, and site-specific studies, including the rising groundwater and soil vapor
investigation.

These data will not be part of the detection monitoring criteria for the site. However, since the common-
ion samples will be collected during a semiannual RCRA Detection Monitoring sampling event, a
description of their usage is included in this Document. The common-ion analyses will be by current
SW 846 methods for the individual analytes.

E.7.b. Groundwater Monitoring System

The Detection Monitoring well system will consist of three “categories” of wells: existing pre-1988 permit
wells, existing post-1988 permit wells, and new or replacement wells. Note: these categories are not
related to the classification of wells presented in the Compliance Monitoring program.

E.7.b.(1) Monitoring Well Location and Construction

In compliance with IDAPA 58.01.05.008 (40 CFR 264.97(c)), all existing wells were installed using
materials and construction methods that maintain the integrity of the monitoring wells. Section E.3.b.
describes the well construction techniques and materials that were used on existing wells. Table E-5
provides tabulated construction dimensions and details and indicates the aquifer designation for each
well. The construction techniques for new or replacement wells required during the permit period are
provided in Section E.6.a.(4).

The locations of the proposed detection monitoring wells for Cell 16 (L-50, L-51, L-52, and L-53) are
shown in Figure E-32. The locations of the existing monitoring wells are based on the location and
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orientation of existing and planned Regulated Units and on the groundwater flow directions for the
overlying “uppermost” aquifer determined during the site characterization study presented in Section E.3
and as shown in Figures E-27 and E-28. The first alpha character designates into which aquifer the well is
installed: L = Lower Aquifer and U = Upper Aquifer. LP and UP wells are piezometers and L and U wells
are monitoring wells, with the exception of UP-6 and U-26. UP-6 is currently used as a groundwater
monitoring well and U-26 is currently used as a piezometer. Depths and construction details of the
detection monitoring wells are provided in Sections E.6.a.(3) and E.6.a.(4), in Table E-5, and in

Appendix E.3.

For existing and permitted, but not yet constructed landfill Cells, wells are located downgradient from the
leachate detection sumps, which are assumed to be the logical points at which a liquid release may
occur. For the lined surface impoundment, the Evaporation Pond, a well is located downgradient from the
central axis of the impoundment since there are no sumps or other logical focal points for leaks.

A line of monitoring wells is located along the northeast side of the site to monitor general releases from
the northern 1/3 of the facility where numerous shallow pre-RCRA (and pre-USEI) Units reportedly exist.
In addition, four wells are located around the northeast end of Trenches 10 and 11, which are unlined and
consequently do not have sumps.

Wells U-17, U-18, and U-19 are generally along the same groundwater flow lines that pass through the
impacted area around wells U-21 and U-23.

Well U-26, at the extreme south-central extent of the Upper Aquifer, was installed as a future monitoring
well for proposed Cell 14 Subcell 7. Construction of this subcell will not occur and, consequently,

well U-26 will be maintained as a piezometer. USEI proposes to continue to maintain well U-26 as a
piezometer for the Detection Monitoring Program.

Wells U-13, U-14, and U-15 were installed in the 4™ Quarter of 2010 (U-13, U-15) and 1% Quarter of 2011
(U-14) and are upgradient of Cell 16.

As discussed in Section E.5 and addressed in the 1999 ACL, well U-1 became impacted by soil vapors.
Well U-1 was upgradient of the site and groundwater flow from this area is back into the facility. Since
well U-1 was no longer a viable upgradient, unimpacted background well, it was plugged and abandoned
in July 2012.

Table E-20 provides the regulatory designation for each Upper Aquifer well based on the regulatory
status of the well or waste management unit being monitored. Figure E-27 shows the groundwater flow
direction for the Upper Aquifer and the Upper Aquifer detection monitoring network including Upper
Aquifer detection monitoring wells for Cell 16 (U-48 and U-49).

The Lower Aquifer has a total of 23 wells consisting of 17 monitoring wells and six (6) piezometers. With
the exception of well L-31, which monitors the pre-RCRA Unit radar silo, all of the Lower Aquifer
monitoring wells are associated with a specific sump of Regulated Unit Cell 14 or Cell 15. Figure E-32
shows the monitoring wells for the site. Wells L-41, L-42, L-43, L-44, L-45, L-46, and L-47 were installed
in coordination with construction of Cell 15. The initial group consisted of L-41, L-42 and L-46. Well L-41
is a general downgradient well for Cell 15 and L-42 is the dedicated downgradient well for sump 15-1.
Wells L-41 and L-42 are equipped with dedicated sampling equipment and were incorporated into the
Detection Monitoring System in the 3" quarter 2003. Well L-46 was installed during the initial construction
phase of Cell 15 as a general downgradient well for Cell 15 primarily to provide groundwater level control.
Well L-46 was abandoned in the 1% quarter 2009 as part of the construction of Cell 15, Phase 4 and was
replaced by well L-47. Well L-47 was installed in the 1* quarter of 2009 and is equipped with dedicated
sampling equipment and has been incorporated into the Detection Monitoring system at USEI Site B.
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Table E-20 provides the designation for each Lower Aquifer well. Figure E-28 shows the groundwater
flow direction for the Lower Aquifer and the Lower Aquifer detection monitoring network including
proposed Lower Aquifer detection monitoring wells for Cell 16 (L-50, L-51, L-52, and L-53).

E.7.b.(2) Well Maintenance Program

Detection monitoring wells should be disturbed as little as possible and only as needed when the
condition of the well or pump affects the collection of valid water samples. A Well Maintenance Program
will be conducted as part of the Groundwater Monitoring Program for the site. The Well Maintenance
Program will provide periodic documentation of the condition of the wells and to maintain well yields, if
necessary, by periodic re-development. All existing wells onsite and off-site, whether part of the RCRA
Part B monitoring or not, may be subject to periodic maintenance. Piezometers will be subject to wellhead
inspection but unless anomalous water level readings are observed, will not be re-developed or otherwise
disturbed.

The Well Maintenance Program is designed to maintain the operation and integrity of the monitoring wells
while minimizing the disturbance, risk of damage, and disruption of downhole conditions in the wells. The
primary elements of the Well Maintenance Program consist of wellhead maintenance, well yield
determinations made during each sampling event and periodic well re-development if well yields or pump
efficiency decrease such that it interferes with the collection of consistent, valid groundwater samples.

E.7.b.(2)(a) Wellhead Inspection

Visual inspection of the protective steel cover and guard posts will be performed during each sampling
event. Any necessary repairs will be initiated promptly. Evidence that the locked security cover has been
tampered with will be reported immediately to USEI. Visual inspection of the interior wellhead seals will be
done every time the well is opened. Loose bolts, foreign material, etc. will be corrected at the time of
discovery.

E.7.b.(2)(b) Pump Performance Assessment

During each sampling event the sampling team will observe the performance of each dedicated pump
relative to its ability to provide an adequate discharge for purging and sampling the well. Pumps requiring
service will be identified and USEI will arrange to have the pump pulled and serviced prior to the next
sampling event.

E.7.b.(2)(c) Well Yield Determination

Every two years, during the fall sampling event, USEI will attempt to collect specific capacity information
from each well capable of being pumped at a sustained rate of >0.5 gpm. This will be accomplished by
measuring water levels in the well during the pre-sample purge

E.7.b.(2)(d) Well Re-development and Disinfection

Well re-development will be completed by surging and bailing the well with a stainless steel bailer. Any
time a pump is pulled from a well for service, the well will be re-developed with a bailer before the
repaired pump is re-installed.

If bacterial growth develops in a well to the point that sampling is affected and mechanical re-
development cannot restore the well yield, chemical well disinfection may be applied. Introduction of
chemical well disinfectants into detection monitoring wells is problematic because of the potential impact
on long term monitoring trends and the potential for introduction or generation of trace levels of detection
monitoring compounds. In the event that well disinfection is required a plan will be submitted to the
Department for concurrence.

Attachment 11 81



US Ecology Idaho, Inc.

EPA ID No.: IDD073114654
Permit Renewal Application
Revised Date: August 28, 2015

E.7.c. Background Groundwater Concentration Values for Monitoring
Parameters

Based on the site characterization data and groundwater flow directions presented in Section E.3, and in
Figures E-27 and E-28, the initial upgradient background wells for the Upper Aquifer were U-2, U-3, and
U-4. With the construction of Cell 16, wells U-2 and U-3 have been replaced with wells U-13, U-14, and
U-15. U-4 remains an upgradient background well for the Upper Aquifer. The upgradient background
wells for the Lower Aquifer consist of L-35, L-36, and L-38. Groundwater flow directions have not
changed seasonally or temporally over the period of record. Therefore, these wells are consistently
upgradient of the site. The wells are correctly constructed in accordance with the requirements of

IDAPA 58.01.05.008 (40 CFR 264.97(c)) and provide representative samples of their respective aquifers
and the groundwater entering the site.

The upgradient background wells will be sampled semiannually using the procedures presented in
Section E.6.b.

A data base extending back to 1989 indicates none of the detection monitoring parameters has been
detected in the background wells. Based on these data and the rural, non-industrialized setting for the
site, the background concentration of VOCs in these wells is essentially zero.

E.7.d. Sampling and Analysis Procedures

E.7.d.(1) Documentation of Proper Sampling and Analysis Procedures
The sampling and analysis procedures presented in Section E.6.b. will be followed.

Sample logs as described in Section E.6.b.(4) will be maintained for all sampling events conducted at
Site B. The completed logs for each sampling event are maintained in the Operating Record at Site B.
Complete laboratory reports, including the required presentation of laboratory analytical methods and
laboratory QA/QC procedures, are maintained in the Operating Record at USEI Site B.

The QA/QC procedures specified in Sections E.6.b.(4) and E.6.b.(5) will be followed.

The VOC detection monitoring parameters (Table E-19) will be analyzed by Method 8260b or the method
recommended by the most current version of SW 846 as adopted by the laboratory performing the
sample analyses.

E.7.d.(2) Procedure of Determination of Groundwater Elevation

The elevation of the measure point used for water-level measurements has been determined by a
registered surveyor. Measure point elevations for all existing wells at Site B are provided in Appendix E.3
and in Table E-5.

The static water level will be measured in each monitoring well prior to sampling. On the first day of each
semiannual sampling event, water levels will be measured in all monitoring wells and piezometers
following the procedures provided in Section E.6.b.(6). This information will be used in the annual
determination of groundwater flow directions and velocities as required by IDAPA 58.01.05.008

(40 CFR 264.98(e)) and as discussed in Section E.7.d.(5).
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E.7.d.(3) Procedures for Determining Statistical Increase of Constituents

As presented in Section E.5 and Section E.7.a., the VOCs, as determined by EPA Method 8260b, are
demonstrated to be reliable indicator parameters for the Detection Monitoring Program. Analytical data
collected to date indicate that no VOCs are present in the upgradient background wells. In the remote
hydrogeologic setting of USEI Site B, background levels of the VOC compounds are considered to be
zero. Therefore, USEI proposes to use the trigger-level approach for data evaluation. The trigger level for
any single VOC will be set at the EQL as recommended by SW 846.

Single spike laboratory method detection limits (MDLs) for Method 8260b VOCs range from 0.03 ug/L
(chloroform) to 0.21 ug/L (carbon tetrachloride) (see SW 846, Table 1). The actual method detection limit
for environmental samples with matrix effects and other interferences is established for each sample by
the laboratory at the time of analysis following protocols specified in SW 846. SW 846 indicates that
actual MDLs are typically five (5) to ten (10) times the listed MDLs but will vary based on the same and
specific compounds present.

Using the 10x criteria, the sample MDLs for the VOCs may range from 0.3 to 2.1 ug/L depending on the
actual sample matrix effects. In recognition of the variability of MDLs for each compound and for each
sample, EPA SW 846, Table 3 proposes a standardized reporting limit of 1 ug/L, which is referred to as
the EQL. The EQL is defined in SW 846 as the “lowest concentration that can be readily achieved within
specified limits of precision and accuracy during routine laboratory operations.”

USEI proposes to use an EQL of 1 ug/L for all detection monitoring VOCs.
E.7.d.(4) Sampling Frequency

Pursuant to IDAPA 58.01.05.008 (40 CFR 264.98(d)), groundwater monitoring data will be collected and
analyzed to determine whether there are indications that waste constituents have migrated to the
uppermost aquifer or both aquifers. These evaluations are designed to provide an indication of potential
migration of hazardous constituents at the downgradient monitoring wells located on the point of
compliance.

Each upgradient well and the downgradient detection monitoring wells designated to Regulated Units will
be sampled semiannually. Since statistical evaluations are not appropriate, each sample will consist of a
single sample collected according to the sampling and analysis procedures specified in Section E.6.b.
Detection monitoring wells downgradient of pre-RCRA Units will be sampled at least semi-annually. A
sample consists of a single sample collected according to the sampling and analysis procedures specified
in Section E.6.b. Table E-20 provides a summary of each well in the Detection Monitoring Program, the
Solid Waste Management Unit (SWMU) it is designed to monitor, and the sample schedule.

E.7.d.(5) Annual Determination of Groundwater Flow Rate and Direction

Pursuant to IDAPA 58.01.05.008 (40 CFR 264.98(e)), water level elevations will be determined before
each well is sampled. The water-level data collected during the last sampling event for each calendar
year will be used to prepare updated potentiometric surface maps for the Upper and Lower Aquifers
similar to the ones presented as Figures E-27 and E-28. Water levels measured in all monitoring wells
and piezometers will be used to construct the potentiometric surface map, pursuant to

IDAPA 58.01.05.008 (40 CFR 264.98(e)).

Once a potentiometric surface map has been prepared for each aquifer representative flow lines will be
drawn to show the direction of groundwater flow, as illustrated in Figures E-27 and E-28.

A groundwater flow velocity will be calculated for both aquifers along a representative flow line using
Darcy’s Law. Average hydraulic conductivities for the Upper and Lower Aquifers determined during site
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characterization and presented in Table E-9 and the effective porosity of 0.43 as discussed in section
E.3.c.(5)(b) will be used. A representative hydraulic gradient calculated for each flow line will be used for
the velocity calculations. The methodology and values for the hydraulic properties to be used for the
annual determination of groundwater flow rate are as follows:

Velocity = K *I/n

where: Upper Aquifer Lower Aquifer
V = Average linear velocity (ft/day) Calculated Calculated

K = Average hydraulic conductivity

(ft/day) 0.57 ft/day 0.29 ft/day

| = Hydraulic gradient along Varies* Varies*

representative flow line (ft/ft)

n = Effective porosity 0.43 0.43

* Hydraulic gradients are determined annually using the measured water levels for wells at either end of the flow line drawn for that
year.

The potentiometric map, flow directions, and groundwater velocities will be updated once each year.

E.7.e. Response to Statistically Significant Increase of Detection
Monitoring Constituent at Any Compliance Point

If VOCs are detected above the EQL (i.e., 1 ug/L) in any monitoring well, USEI will notify the Director
within seven (7) calendar days. Within 30 calendar days of receipt of all the data, USEI will collect two
independent confirmation samples using the dedicated sampling equipment installed in the affected well.
The confirmation samples will be collected by following the same protocols used to collect the original
sample, as specified in Section E.6.b. After the first sample is collected, the well will be allowed to recover
to pre-sampling static conditions and the second sample will be collected following the identical sampling
protocol as was used on the original sample and for the first confirmation sample. For some wells, it may
take several days for water levels to recover after the first confirmation sample before the second
confirmation sample can be taken.

Within 30 calendar days of receipt of all analytical results, USEI will submit the analytical data from each
sampling event to the Regional Administrator along with a report that identifies whether, in the opinion of
USEI, hazardous constituents have been detected in the “uppermost” aquifer.

If VOCs are detected above the statistically significant criteria in either confirmation sample, USEI will
sample the affected well for Appendix 1X constituents. Within 90 calendar days of receipt of all
Appendix IX data USEI will submit to the Regional Administrator either of the following:

e Areport summarizing the results of the analysis, as described in the Permit, and the
notification that the affected well(s) is being removed from Detection Monitoring and is being
placed in Compliance Monitoring; or

e Areport demonstrating that a source other than a regulated unit or past practice unit, caused
the increase, or that the increase resulted from an error in sampling, analysis, or evaluation.

If the report submitted by the Permittee in accordance with the Permit is not approved by the Director,
then the Permittee shall remove the affected well from the Detection Monitoring Program and place the
affected well in the Compliance Monitoring Program.

If either one of the confirmation samples confirms the presence of VOCs above the EQL, USEI will

investigate the cause of the discrepancy by repeating the confirmation sampling as described above and
performing other tasks as required, such as laboratory and sampling QA/QC reviews.
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Within 90 days of conducting the re-analysis, USEI will submit a report to the Director detailing the
findings of this investigation and, if necessary, naotification that the affected well(s) is being removed from
Detection Monitoring and is being placed in Compliance Monitoring. If neither confirmation sample
contains VOCs above the EQL, USEI will resume detection monitoring as described in this Document.
Figure E-33 provides a decision tree for the Detection Monitoring Program.

E.8 COMPLIANCE MONITORING PROGRAM

USEI is currently under both a Detection Monitoring Program and a Compliance Monitoring Program.
Therefore, this section provides the information required by IDAPA 58.01.05.008 (40 CFR 264.99) and
IDAPA 58.01.05.012 (40 CFR 270.14(c)) for the Compliance Monitoring Program.

As discussed in Section E.7, in response to the detection of chloroform in well U-21, a pre-RCRA Unit
monitoring well for Silo 2, in 1993 USEI conducted fate and transport analysis to support Alternate
Concentration Limits (ACLs) and completed a corrective measures study. Fate and transport modeling
conducted in support of the well U-21 ACL demonstration and Compliance Monitoring Program (CH2M
HILL, April 1993a) concluded that the low groundwater velocities and fine-grained, organic-rich Upper
Aquifer combine to provide significant natural attenuation of synthetic organic compounds.

This study concluded that concentrations of solvents approaching, or in some cases mathematically
exceeding, their solubility limits in interior point of compliance wells were required before a 107 cancer
risk or a hazard quotient of 1 was exceeded at the downgradient facility boundary.

In September 1996, well U-23, and in July 1997, U-1 also exceeded the detection monitoring criteria for
carbon tetrachloride. In addition, in September 1996, the corrective action trigger, hazard quotient equal
to 1, established for U-21 was met when 71 ug/L carbon tetrachloride was detected in well U-23.

In the Fall 1997 sampling event, well U-20 also triggered the detection monitoring criteria with the
detection of 26 ug/L chloroform. However, no VOCs were detected in either confirmation samples
collected from U-20 in December 1997. Since 1997 these same VOC's, have been detected in wells U-23
and U-24, in addition to continued, but inconsistent detections in U-20 and U-21.

The source of this limited list of VOC contaminants was evaluated and it was determined that the likely
source was soil gas vapors associated with widespread pre-USEI disposal of solvents in pre-RCRA Units.
All of the impacted wells are completed in the Upper Aquifer in the northwest quarter of the site as shown
in Plate E-10. The contamination at well U-1 was attributed to lateral migration of soil vapors from the site
and not background contamination. Because the source of the vapors was not specific to a single
regulated unit USEI developed a site wide ACL (CH2M HILL, 1999). The site wide ACL classifies the
wells at Site B depending on their position and use. Interior wells are allowed higher concentrations than
perimeter wells for the purposes of the Compliance Monitoring program. The Compliance Monitoring
program, described in the 1999 ACL and as subsequently modified with regard to the status of well U-1 is
presented in this section.

E.8.a. Description of Monitoring Program

E.8.a.(1) Waste Description

Appendix E.13 provides a description of the volume, types, and chemical composition of wastes placed in
units in the waste management areas.
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E.8.a.(2) Characterization of Contaminated Groundwater

Table E-18 of this application provides a summary of the groundwater contamination detected in
monitoring wells at Site B. Section E.3 provides the available characterization data on the wells currently
in the Compliance Monitoring Program. All of the wells that exceeded the detection monitoring criteria
established in the existing permit, and the upgradient Upper Aquifer background wells U-2, U-3, and U-4
have been sampled for Appendix IX constituents. Other than the constituent that triggered, and low levels
of other VOC's, no organic constituents have been detected in the Appendix IX samples from the
impacted wells. No non-VOC Appendix IX constituents were detected in any well that had not been
impacted by VOCs. This information is provided in Section E.5 and in the Operating Record maintained at
Site B.

E.8.a.(3) Hazardous Constituents to be Monitored in the Compliance Program

When a well is placed into the Compliance Monitoring Program, on the next regularly scheduled
semiannual sampling event, the impacted well and the nearest upgradient background well(s) will be
sampled for Appendix IX constituents. The upgradient background well will be selected based on
groundwater flow lines estimated from the potentiometric surface map prepared for the previous
semiannual sampling event. Deferring the Appendix IX sampling until the next regularly scheduled
semiannual sampling will not result in significant delay between samples because of the time required to
get the initial sample results, collect the confirmation samples, and obtain those results.

If any new compounds are detected in the Appendix IX samples, they will be added to the compliance
monitoring constituent list for subsequent samples. After the initial Appendix IX sample, the well will be
sampled in accordance with the schedule and analytes found in Section E.8.a.(9)(c).

Concentration limits presented in Section E.8.a.(4) are based on “synthetic organic compounds,” which is
defined as any synthetic organic compound on the Appendix IX list of analytes.

E.8.a.(4) Concentration Limits
E.8.a.(4)(a) Compliance Monitoring Well Classification
The Compliance Monitoring Program divides the monitoring wells at Site B into three categories:

Upgradient Background Wells, Level 1 Compliance Wells, and Level 2 Compliance Wells. These well
classifications are as follows:

. Upgradient Background Wells. Upgradient Background Wells (UGB) are all hydraulically
upgradient, non-impacted background wells.

. Level 1 Compliance Wells. Level 1 Compliance Wells (L1C) include all interior wells
downgradient of designated solid waste management units.

. Level 2 Compliance Wells. Level 2 Compliance Wells (L2C) include all wells on the east and

northern site boundaries where groundwater flow paths will potentially carry impacted
groundwater off the facility. Groundwater flow paths at wells U-5 and U-6 along the northwest
facility are actually into the northwest corner of the site. However, since USEI does not own the
adjoining property to the north, these two wells are designated L2C wells.
Figure E-34 shows the existing wells at Site B and their classification under the Compliance
Monitoring Program.

E.8.a.(4)(b) Concentration Limits for Compliance Monitoring Wells

As presented in Section E.3, and Appendix E.14 the aquifers at Site B consist of thinly bedded, very fine-
grained sand to silty sand, in a predominantly silty clay organic and mineral rich matrix. Well yields are

Attachment 11 86



US Ecology Idaho, Inc.

EPA ID No.: IDD073114654
Permit Renewal Application
Revised Date: August 28, 2015

generally less than %2 gallon per minute and groundwater velocities are slow. Fate and transport
monitoring conducted during the U-21 ACL analysis (CH2M HILL, April 1993a) indicates natural
attenuation and degradation rates for synthetic organic compounds in this environment are very high;
therefore, the potential for significant migration of organic contaminants is low.

Evidence for the presence of widespread soil vapors at Site B was presented in the U-23/U-1 ACL
analysis, (CH2M HILL, June 1997).

The Compliance Monitoring and ACL Program allows higher concentrations in interior wells for which
there is no risk of exposure and significant attenuation and degradation potential. The program
establishes lower concentrations for wells along the facility boundary, where shorter travel times reduce
the potential for attenuation and degradation and increase the risk of exposure if contaminated
groundwater leaves the facility.

Section E.8.a.(3) describes the Compliance Monitoring parameters. With this background and basis, the
Compliance Monitoring Program and ACLs for Site B are as follows:

» Detection Monitoring Criteria, All Wells. Detection levels for detection monitoring will be the
EQL of 1 ug/L, except for Freon 113 which is 2.1 ug/L (Section E.7.d.(3)) for the specific VOCs
analyzed by Method 8260b (see Section E.7.a.(1)). A well will trigger from Detection Monitoring to
Compliance Monitoring if the presence of any VOC above the EQL is confirmed in either of the
two independent samples collected after the initial detection. If any one of the confirmation
samples are above the EQL, the impacted well will be included in the Compliance Monitoring
Program. Section E.7.e. describes the sample confirmation procedures and Figure E-33 provides
a decision tree illustrating the evaluation criteria used to determine when a well enters the
Compliance Monitoring Program.

* Upgradient Unimpacted Background Wells. Detection monitoring criteria will apply. The
stipulated background concentration for the detection monitoring VOCs is zero. If any of the
Upper Aquifer upgradient background wells U-13, U-14, U-15, and U-4 or Lower Aquifer
upgradient background wells L-35, L-36, or L-38 (Figure E-32) become impacted by monitoring
constituents above the detection monitoring criteria, they will be temporarily reclassified as an
“Other Well” because they are upgradient of the site, but outside of the current
facility boundary. Reclassification of “Other wells” to either Level 1 or Level 2 Compliance wells
will be established on the basis of an investigation into the source and extent of the impacting
constituent. If any of the UGB wells become impacted, new UGB wells may be installed.

¢« Level 1 Compliance Wells. If the following ACLs are exceeded in a Level 1 Compliance Well,
Corrective Action Requirements of IDAPA 58.01.05.008 (40 CFR 264.99(h)) will apply: Any single
synthetic organic compound equal to 1/2 % (0.5 %) of its solubility in water, or, if multiple
constituents are present, a cumulative total of 1/2 % solubility based on the summation of
solubility percentages represented by the concentration of each constituent detected.

¢ Level 2 Compliance Wells. If the following ACLs are exceeded in a Level 2 Compliance Well,
Corrective Action Requirements will apply. If a maximum concentration limit (MCL) has been
established by the EPA for drinking water, the MCL will apply. If an MCL has not been
established, a concentration equal to 1x10” industrial cancer risk for carcinogenic constituent, or
if multiple carcinogenic compounds are present, a cumulative cancer risk of 1x107 industrial for
carcinogenic synthetic organic contaminants will apply. For hazardous constituents, the limit shall
be a hazard quotient of one (1) based on an industrial scenario or a cumulative hazard quotient of
one (1) if multiple hazardous constituents are detected.

The distinction between Level 1 and Level 2 Compliance Wells, and therefore the difference in allowable
concentrations, is based on the fact that there is very little exposure risk at a Level 1 Compliance Well.
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Since the L1C wells are locked, dedicated monitoring wells, there is no potential exposure except to
trained samplers who are wearing personal protective equipment during the periodic, infrequent sampling
events. Furthermore, the L1C wells are all located interior to the site. Groundwater flow paths from

L1C wells to the downgradient facility boundary involve long distances and slow times, allowing adequate
time for implementing a Corrective Action Program.

Level 2 Compliance Wells are also locked and dedicated monitoring wells offering no exposure at the
wellhead or to groundwater in the well. However, given the proximal location of these wells either to
private property (U-5 and U-6) or to the downgradient facility boundary, a slight potential for offsite
exposure risks is assumed and low concentration criteria are applied.

Figure E-34 shows the existing monitoring wells at USEI Site B and their classification. Carbon
tetrachloride, a VOC, was detected in upgradient well U-1 beginning in October 1995 (see Section E.5) It
was determined that U-1 was no longer a valid upgradient non-impacted background well for VOC'’s and
was re-classified as a Level 1 Compliance well. In July 2012, well U-1 was plugged and abandoned.

Table E-21 provides a list of all 51 VOCs on the current Appendix IX list of analytes and their respective
Y% % solubility levels, which apply to Level 1 Compliance Wells.

E.8.a.(4)(c) Compliance Monitoring Sampling Frequency

The sampling frequency for compliance monitoring wells is semi-annually, as described in

Section E.8.a.(3). Because statistical sampling and data analysis are not proposed, each sample will
consist of a single sample collected after the well is purged following procedures described in
Section E.6.b.

E.8.a.(5) Alternate Concentration Limits

The justification for establishing ACLs is provided in Section E.8.a.(4). The concentration trigger levels
presented in Section E.8.a.(4) represent the concentration limits included in the 1999 ACL which was
incorporated into USEI's RCRA Part B permit. The ACL is provided as Appendix E-14.

E.8.a.(6) Adverse Effects on Groundwater Quality

USEI conducted significant efforts to characterize the vadose zone at USEI (CH2M HILL, December
1986) and to simulate the movement of liquids through the vadose zone (CH2M HILL, December 1987).
These studies concluded that transport of liquid wastes from solid waste management units at Site B
were unlikely to reach the groundwater because of the high assimilative capacity of the thick, highly
layered, and relatively dry subsurface strata. When low levels (part per billion) of VOCs were detected in
well U-21, USEI conducted and investigated the likely source of VOCs (CH2M HILL, April 1993b). This
study concluded that the most probable source of the VOCs in the groundwater, given the low
concentrations and limited compounds present, was the penetration of soil vapors to the groundwater.
Additional evaluation of the likely transport mechanism of VOCs to the groundwater was also completed
after VOCs were detected in wells U-1 and U-23. This study (CH2M HILL, June 1997) concluded that
widespread soil vapors likely existed as a result of past practice disposal of VOCs in unlined trenches and
the sandy nature of the upper 100 ft. of sediment. Subsequent soil vapor investigations in 2000 and 2001
(CH2M HILL 2000, Brown and Caldwell, 2001 and Brown and Caldwell, 2003) confirmed the soil vapor
transport hypothesis first identified in the studies conducted in 1993 and 1997 in response to the
detection of VOCs in U-21 and U-23. The 2003 Brown and Caldwell Soil Vapor Study is provided as
Appendix E-10.

Extensive fate and transport modeling of VOCs in the groundwater (CH2M HILL, April 1993) and the

initial ACL analysis for U-1 and U-23 (CH2M HILL, June 1997), indicate that the groundwater system at
Site B provides significant attenuation and degradation potential, which greatly limits the migration of
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VOCs by advective flow in the groundwater. This is due to the high mineral content and high carbon
content of the aquifer matrix and slow groundwater velocities in the thin silty sand comprising the water-
bearing zones.

As shown in Section E.3, the shallow groundwater systems at USEI Site B are marginal water producers
and, except for a sandy zone limited to the northwest corner in the Upper Aquifer, are not capable of
supplying usable quantities of water to wells. In addition, the natural water chemistry is high in total
dissolved solids and exceeds secondary drinking water standards for sulfate. Consequently, the Upper
and Lower Aquifers at Site B are not viable resources. The well inventory presented in Section E.3.a.(4)
indicates the closest downgradient shallow well to Site B is a stock well approximately two (2) miles to the
northeast. This well is completed in shallow sand and gravel along the Snake River and yields more than
50 gpm. The high yield and high dilution potential of the river gravels will preclude any possible adverse
effects from synthetic organic compounds in the Upper Aquifer at Site B. The other wells within two (2)
miles of the site are all deep and penetrate far enough into the regional artesian system that they either
flow at the surface or have static waters less than 20 ft. below ground surface. The high hydraulic heads
in these wells will prevent any possible impact from contaminants in the aquifers at Site B. The fate and
transport studies completed by USEI indicate that the attenuation and degradation of VOCs over
approximately 1/4 mile from the northwest upgradient side of the site where the VOCs have intercepted
the groundwater to the downgradient facility is sufficient to completely degrade the compounds to below
detectable levels.

Since USEI Site B is in an isolated rural area, there are no other sources of VOCs in the groundwater.
This is demonstrated by the background water quality in which no VOCs have been detected.
Consequently, cumulative or additive effects are not significant.

Groundwater flow directions in the Upper Aquifer are from the facility onto property also owned by USEI.
There are no potential receptors (well users) in the area, given the limited usefulness of the aquifers
based on quality and yield. Therefore, the potential adverse health risks presented by contaminated
groundwater on Site B are negligible to nonexistent.

The aquifers do not yield sufficient water for irrigation or any commercial use. Therefore, there are no
adverse impacts or potential damage to crops. Minor use of the aquifers for stock watering may occur as
noted above. Given the low levels of contaminants present or allowed to be present under the
Compliance Monitoring and ACL Program and the high degradation and attenuation capacity of the
aquifers, the threat to livestock in the area is also considered negligible.

E.8.a.(7) Potential Adverse Effects on Surface Water

The depth to water at Site B ranges from about 140 ft. to 280 ft. below ground level. There are no springs
or other surface discharges of the Upper or Lower aquifer groundwater to surface water within at least a
three mile radius of the site. The nearest surface water body is Castle Creek, about 1 mile west and
hydraulically upgradient from the site. Castle Creek appears to be a source of recharge to the shallow
aquifers at Site B. The aquifers at USEI Site B may be hydraulically connected to the Snake River
approximately three (3) miles to the east. However, the rate of groundwater flow, the small volume of
groundwater flow compared to the Snake River, and the

degradation potentials discussed in the previous section make it extremely unlikely that contaminated
groundwater at USEI will have any detectable impact on surface water resources in the area. There have
been no studies quantifying potential impacts of the contaminated groundwater present in the Upper
Aquifer at Site B because they are effectively nonexistent.
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E.8.a.(8) Groundwater Monitoring System for Compliance Monitoring
E.8.a.(8)(a) Groundwater Monitoring Wells

No new monitoring wells are specifically proposed for the Compliance Monitoring Program.

Any new or replacement well will be installed and constructed in accordance with the well construction
details provided in Section E.6.a.(4). As required, existing wells currently in the Detection Monitoring
Program at Site B will be incorporated into the Compliance Monitoring Program, as needed. Sections E.2,
E.3, and E.6 describe the existing wells at Site B and the construction techniques and design criteria for
new or replacement wells to be installed under the permitted monitoring programs.

Wells currently in the Compliance Monitoring Program consist of both Level 1 and Level 2 wells. Level 1
Compliance Wells consist of interior monitoring wells located downgradient of Regulated and Past
Practice Units. Level 2 Compliance Wells consist of downgradient wells on the eastern and northern site
boundaries where groundwater flow could potentially carry impacted groundwater off of the facility.

E.8.a.(8)(b) Representative Groundwater Quality

Detection monitoring wells that are incorporated into the Compliance Monitoring Program will provide
representative groundwater samples for both background and downgradient compliance monitoring
points. The location and construction of the wells with respect to waste management units, groundwater
flow directions, and aquifer properties has been described in detail in Sections E.3 and E.6.

E.8.a.(9) Sampling and Statistical Analysis Procedures for Groundwater Data
E.8.a.(9)(a) Compliance Period

If the data evaluation indicates that concentrations have fallen to below the detection monitoring criteria,
the impacted wells will remain in compliance monitoring. After the sixth consecutive semiannual sample
below the detection monitoring criteria, USEI will advise IDEQ that the impacted well and the associated
upgradient background well are being taken out of the Compliance Monitoring Program and placed back
into the Detection Monitoring Program.

E.8.a.(9)(b) Sampling Methods and Procedures

Compliance Program groundwater sampling will be conducted using the same sampling equipment and
sampling procedures and will follow the same internal and laboratory QA/QC procedures as specified in
Sections E.6.b.(4) and E.6.b.(5).

E.8.a.(9)(c) Compliance Monitoring Constituents and Sampling Frequency

Compliance monitoring sampling schedule events will coincide with the semiannual detection monitoring
sampling program. Compliance Monitoring wells will be monitored for the constituents in Table E-19
during these semiannual events. Laboratory analysis on all compliance monitoring samples will follow
methods and protocols required by the most current version of EPA SW 846 as adopted by the
laboratory.

Groundwater monitoring wells in the Compliance Monitoring Program shall be monitored annually for the
constituents listed in Appendix IX of 40 CFR Part 264 per IDAPA 58.01.05.008 [40 CFR 264.99(g)].
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E.8.a.(9)(d) Background Water Quality

Synthetic organic compounds are not naturally present in background upgradient wells at Site B.
Therefore, there is no value in establishing a statistical data base or conducting statistical analysis to
establish background concentrations of organic compounds in the detection monitoring or compliance
monitoring wells. Under any statistical approach using a background concentration of zero, the confirmed
presence of any synthetic organic compound in a monitoring well at Site B will fail any statistical method
applied. Since there is no advantage to statistical evaluation of the background data on organic
compounds, none is proposed.

If any of the metals or other organic and inorganic compounds are detected above the groundwater
protection standards listed in Table 1 in 40 CFR 264.94, as adopted by IDAPA 58.01.05.008, USEI will
establish statistical background concentrations in the upgradient background wells for that aquifer. Table
E-22 provides the constituents and the groundwater protection standards for metals, selected inorganic
non-metals, and pesticides and herbicides for which EPA has codified groundwater protection standards.
These constituents are not highly mobile, nor are they likely to spread via vapor transport and their
presence above these groundwater protection standards is not likely. Therefore, until any of these
compounds is detected in concentrations exceeding the groundwater protection standards in the
impacted compliance monitoring well, their concentration in the background, upgradient well(s) will not be
statistically established.

If necessary to statistically establish concentrations of the constituents in Table E-22, USEI will collect
samples from all impacted compliance wells and associated upgradient wells as follows:

. Four independent samples will be collected from each well semiannually for one (1) year. This will
result in a total of eight independent samples covering two seasonal periods.

. The wells will be allowed to recover between each independent sample.

. Purging and sampling techniques established for each well as described in Section E.6.b. will be
followed.

. Samples for metal analysis will be filtered with an appropriate media in the field or the off-site

laboratory and analyzed for dissolved metals analysis.
E.8.a.(9)(e) Annual Determination of Groundwater Flow Rate and Direction

As part of the Detection Monitoring Program sampling protocols, water levels are measured in all Site B
monitoring wells as the initial task of the sampling event. Section E.6.b.(6) provides details on the
methods and procedures to be used. These data will be used to document the groundwater flow direction
and rate annually as required for the Compliance Monitoring Program. Section E.7.d.(5) provides
hydraulic conductivity and porosity values for this calculation.

E.8.a.(9)(f) Data Reporting and Evaluation

USEI will evaluate the data from each compliance monitoring sample as follows. The composite impacts
of multiple constituents will be calculated by adding either the cumulative solubilities for Level 1
Compliance Wells or summing the cancer risks or hazard quotients for the Level 2 Compliance Wells.
Table E-23 provides the procedure to be used to calculate the Hazard Quotient and the cancer risk for
any synthetic organic compound detected in a Level 2 Compliance Well. The resultant values will be
compared to the allowable concentration limits described in Section E.8.a.(4). Figures E-35 and E-36
provide flowcharts for evaluating the compliance monitoring data from Level 1 Compliance Wells and
Level 2 Compliance Wells, respectively.

If the evaluation of the compliance monitoring data indicates that one or more of the constituents listed in

Table E-22 has exceeded the groundwater protection standards, within seven (7) days of making such a
determination USEI will notify IDEQ of the exceedance. Beginning with the next scheduled semiannual
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sampling event, USEI will collect the first four independent samples of the impacted well and associated
background well. The second set of four independent samples will be collected during the next
semiannual sampling event.

Within 30 days of receiving the sample results on the second set of four independent samples, USEI will
establish control limits for the background wells and compare the results to the downgradient wells; USEI
will report the results to IDEQ. If the downgradient wells are not out of control compared to the upgradient
background wells, no action is necessary and compliance monitoring will continue. Because of natural
occurrences and spatial variations resulting from geochemical processes and aquifer matrices unrelated
to site activities, exceeding groundwater protection standards for inorganic parameters will not
automatically require USEI to begin corrective action. If the downgradient wells are out of control for
inorganic constituents, within 60 days, USEI will submit a plan to evaluate the cause of the exceedance.

E.8.a.(10) Groundwater Protection Standard Exceeded at Compliance Point
Monitoring Well

USEI will respond to the compliance monitoring data based on the compliance monitoring
criteria. If the results of this evaluation indicate the concentration limits of the synthetic organic
compounds included in the Compliance Monitoring Program are exceeded, USEI will do the following:

. Provide IDEQ with a written evaluation of the compliance monitoring sample results within seven
(7) days of receipt of the final written laboratory report.

. Submit an application for a permit modification to establish a Corrective Action Program meeting
the requirements of IDAPA 58.01.05.008 (40 CFR 264.99(h)), as described in Section E.9, within
180 days.

If the data evaluation indicates that concentrations are within the compliance monitoring concentration
limits, the affected wells will remain in compliance monitoring.

E.9 CORRECTIVE ACTION PROGRAM

None of the impacted compliance wells at Site B have exceeded concentration limits that would require
corrective action. No hazardous constituents have been detected in any of the downgradient facility
monitoring wells. Therefore, corrective action requirements provided in IDAPA 58.01.05.008

(40 CFR 264.100 and 264.101) are not applicable and a Corrective Action Program has not been
implemented.
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