











necessary to install new monitoring wells and accumulats nd data on the ground-
wa > wells before statistical compar ns can be made. Ur 1€ constituents listed
above will be evaluz | bytra* " ;and trending concentrations in all 1 ¢ oaringtl e ults
with the corresponding drinking water standard (DWS) or Hanford Site background concentration for
each constituent. If a comparison value (background o1 WS) for a constitu«  is exceeded, the
U.S. Department of Energy  OE) will notify Washington State Depar  ent of Ecology (Ecology) per
WAC 173-303-645(9 ) rec rements (within 7 days or a time agreed to between DOE and Ecology).
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Figure 2.2. Timeline of Significant Events of the S-10

This section summarizes the chemical and physical characteristics of past discharges to the S-10.

I' st of the liquid waste discharged to the S-10 came from the REDOX Plant’s chemical sewer and the
Chemical Engineering Laboratory, both part of the S Plant Aggregate Area (DOE 1992). The chemical
sewers were designed to be uncontaminated, but they often contained limited quantities of radionuclides
and chemicals. Approximately 50 waste streams contributed to the 216-S-10 ditch (WHC 1990). The
routine waste stream sources include the compressor cooling water from the REDOX Plant and the
sanitary water overflow from the 2901-1-901 water tower. The remaining sources were infrequent
additions and included waste from REDOX Plant floor drains and funnel drains; S Tank Farm pump
drains, tank drains, station drains, chemical sewer line manholes; and 276-S Building floor drains.

In September 1983, a documented hazardous waste discharge to the S-10 occurred (DOE 1987). In
this incident, 416.4 L (110 gal) of synthetic double-shell-tank slurry was discharged to the S-10. The
waste consisted largely of NaNOj; (46%) and NaOH (41%), with small quantities of Na;PO,, NaF, NaCl,
and K>Cr,O;. Samples of this slurry taken from the two feed tanks, TK-505 and TK-509, before the
discharge occurred were analyzed; the results of these analyses are presented in Table 2.1. The synthetic
tank slurry comprised the chemical compounds identified in the Part A Permit Application submitted for
S-10.

The portion of the 216-S-10 ditch that was still in service after 1985 received chemical sewer
discharge from the REDOX Plant. The waste stream entered the north end of the ditch through a vitrified
clay pipe 30.5 cm (12 in.) in diameter. This waste stream was composed of cooling water from water-
scrubbed air-conditioning filters, air-conditioning bearings, and seal loops; overflow from the sanitary-
water tower; steam condensate from building heaters and station steam supply: and floor-drain effluent
produced by pipe leaks and pump overflow (DOE 1987). As part of deactivation of the REDOX Plant in

23









3.0 Hydrogeology

This section summarizes recent interpretations of the hydrogeology of the S-10. Data on physical
characteristics of the S-10 and the surrounding area (e.g., boreholes) are used to refine understanding of
the local hydrogeology beneath the site and the potential contaminant transport pathways from the
subsurface, toward groundwater and toward potential receptors. These data are used to develop the
conceptual model beneath the waste site (Section 5.0). In addition, the data also are needed to provide
engineering information to develop and screen remedial action alternatives. Early studies relied on
limited borehole and well data to describe the stratigraphy and groundwater hydrogeology of the area.
More wells have been drilled in recent years in the surrounding area specifically targeted to collect more
characterization data. As a result, the quantity and quality of the geologic data has been enhanced, which
improves hydrogeologic model development and its interpretation.

The S-10 is located south-southwest of the 200 West Area on the Central Plateau. a broad. flat area
that constitutes a local topographic high around the 200 Areas. The plateau is one of the flood bars
(i.e., Cold Creek Bar) formed during the cataclysmic flooding events of the Missoula floods that occurred
over 13,000 years ago. The northern boundary of the flood bar is defined by an erosional channel, and
present day topographic low, that runs northwest-southeast near Gable Butte just north of the 200 West
Area boundary (Williams et al. 2002). Most of the 200 West Area, including the S-10, is situated on the
flood bar (Figure 3.1).

The geology of the Central Plateau, and particularly the Pasco Basin, has been studied in great detail.
The focus of this section is on the sediment above the basalt bedrock, or the suprabasalt sediment,
contained within the Hanford formation, Cold Creek unit (formerly Plio-Pleistocene unit), and Ringold
Formation, because these strata comprise the uppermost aquifer system and vadose zone in the area.
Detailed descriptions of these geologic units are available in Bjornstad (1984, 1985), Tallman (1979),
Myers and Price (1981), Graham et al. (1981), and Lindsey (1995), and more recently by DOE (2002).
The most detailed description of the stratigraphy beneath the S-10 could be found in Airhart et al. (1990).

Williams et al. (2002) provides an updated re-interpretation of the hydrogeology in the 200 West
Area and vicinity that includes characterization of the entire suprabasalt aquifer system. The most recent
description of the groundwater contamination in the region of the Hanford Site surrounding the S-10 is
presented in Hartman et al. (2006).

3.1 Stratigraphy

Hanford Site stratigraphic classifications account for lithologic and hydrogeologic units. The hydro-
geologic classification is more applicable to groundwater movement in the suprabasalt sediment. This
hydrogeologic nomenclature and its lithostratigraphic relationship are illustrated in Figure 3.2. The
uppermost suprabasalt aquifer system is contained in the Ringold Formation, and the Hanford formation
and Cold Creek unit comprise the vadose zone. The Ringold Lower Mud Unit (hydrogeologic unit 8)
separates the supra basalt aquifer system into a confined and unconfined aquifer (Williams et al. 2002).
The uppermost surface of the Elephant Mountain member basalt is considered the base of the suprabasalt
aquifer system (bedrock) because of its dense, low permeability interior, relative to the overlying
sediments. This surface is considered to be a groundwater no-flow boundary. The basalt surface beneath
the S-10 dips south-southwest forming the southern limb of the Gable Mountain-Gable Butte anticline
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Columbia and Clearwater-Salmon Rivers during late Miocene to Pliocene time (DOE 1988). From the
oldest to youngest, the stratigraphic intervals are the Unit 9 fluvial gravel, Unit 8 composed of the

paleosol/overbank facies beneath lacustrine fine-grained facies (Bjornstad 1984; DOE 1988; Last et al.
1989; Bjornstad 1990), Unit 5 fluvial gravel, and Unit 4 fines.
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Unit 8 (Lower Mud Unit). Unit 8 is composed of a thick sequence of fluvial overbank, paleosol, and
lacustrine silts and clay with minor sand and gravel. Unit 8 forms the most significant and extensive
confining unit wi  n the suprabasalt aquifer system at the Hanford Site (Williams - al. 2000). More
detailed descriptions of Unit 8§ (the lower mud unit) can be found in Lindsey (1995). This unit is between
12 to 21 m (40 to 70 ft) thick and located approximately 129 m (423 ft) beneath the S-10.

Unit 5. The ingold Unit 5 gravel is a relatively thick unit, ranging up to 76 m (250 ft) thick, com-
posed primarily of indurated fluvial gravel to silty sandy gravel and sand th grades upward into Unit 4
(interbed d fluvial sand and silt). Unit 5 has not been subdivided further due to the lack of distinctive
and correlatable stratigraphy or lithologic units. The saturated portion of Unit 5 comprises the uppermost
unconfined aquifer and is over 58 m (190 ft) thick beneath the S-10. Unit 5 overlies the Unit 8 (Ringold
lower mud unit).

Unit 4. The Ringold Unit 4 is only locally present in the 200 West Area, and consists of fluvial sand
and silt that overlies the Ringold Unit 5 gravel. This unit is not present in the wells surrounding the S-10.
More information on the areal extent and details of this unit can be found in Lindsey (1995).

3.1 ( ( ek Unit(l s2and3)

Units 2 and 3 represent relatively thin but significant depositional units that are post-Ringold and pre-
Hanford sedimentation. Unit 3 is a calcic paleosol horizon that has developed on the eroded Ringold
Formation (either Unit 4 or 5). Unit 3 is commonly referred to as the calcic sequence (or “caliche™ zone)
and is also referred to as the lower Cold Creek unit (CCU,,). Unit 2 is described as an overlying fine-
grained overbank-eolian sequence considered to belong to the upper portion of the Cold Creek unit
(CCU,). It is equivalent to what has been called the early “Palouse™ soil (Connelly et al. 1992) in
previous reports. Unit 3 is easily differentiated from the underlying (Unit 5) and overlying overbank-
eolian sequence (Unit 2) because it is highly weathered, heavily cemented with calcium carbonate, poorly
sorted, and shows a distinct decrease in natural gamma activity compared to the upper Unit 2, which is
very fine grained, un-cemented, consisting of alternating thin lenses (typically less than 15.2 cm {6 in.]) of
very fine sand to silt and clay, and has a relatively high natural gamma activity. The stratigraphic contact
between the Unit 3 and the Ringold Unit 5 is fairly distinct and sharp, whereas the contact between the
Unit 2 and the overlying Hanford Unit 1 is gradational, dependent on grain size. In most cases, geophys-
ical gamma logs greatly improve the accuracy of these correlations. Figure 3.5 illustrates these contacts
near the southern end of the facility.

At the S-10, Unit 3 is less than 1 m (3.3 ft) thick. Unit 2 ranges from 10 to 15 m (33 to 50 ft) thick.
Unit 2 is located from approximately 33 to 43 m (110 to 140 ft) in depth below the surface.

3.1.3 Hanford Fo. ation (Unit 1)

The Hanford formation is the informal name given to Pleistocene-age cataclysmic flood deposits in the
Pasco Basin (Lindsey et al. 1994). It consists predominantly of unconsolidated sediments, which cover a
wide range in grain size from pebble- to boulder-gravel, fine- to coarse-grained pebbly sand to sand, silty
sand, and silt. Gravel clasts are composed of mostly subangular to subrounde basalt. Beneath the S-10,
the Unit 1 consists of essentially three facies, the tower facies (Hanford H; unit) is composed of fine-
grained sand to sandy silt that ranges from 12 to 18 m (40 to 60 ft) in thickness. This fine-grained facies
is overlain with a fine to coarse sand to sandy gravel sequence that ranges from | to 3 m (3 to 10 ft) in
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thickness. This coarse grained interval is designated the Hanford H; unit and is similar to the same zone
described at Johnson and Chou (1999, Figure B.8). The uppermost fine grained sequence is designated
the Hanford H,, unit.

3.2 Groundwater Hydrology

Information on the vadose zone and the suprabasalt aquifer system at the S-10 is obtained from well-
log data for wells and boreholes surrounding the facility and from published reports. In the 200 West
Area and vicinity of S-10, Williams et al. (2002) use data from boreholes and groundwater monitoring to
subdivide the suprabasalt sediments into two aquifers, an upper unconfined (Hanford/Ringold) aquifer
and a lower confined (Ringold confined aquifer). The hydrogeology beneath the S-10 is adequately
explained by this interpretation.

1e uppermost aquifer beneath the S-10 is unconfined; the aquifer comprises the saturated portion of
the Ringold Unit 5 and is approximately 57 m (187 ft) thick (2005 measurement). Groundwater flow
direction is approximately east to southeast in the vicinity of S-10, and is calculated based on water-level
measurements taken in network and surrounding wells (e.g., Figure 2.8-2 in Hartman et al. 2006).

Site-specific hydraulic conductivity values, derived from constant discharge test data at two wells
near the S-10, range from 10 to 150 m (33 to 492 ft) per day (Williams and Barnett 1993: Kipp and Mudd
1973). Based on these values, a March 2005 hydraulic gradient of 0.0015, an effective porosity of 0.1 to
0.2, the groundwater flow rate (Darcy velocity) ranges from 0.075 to 2.25 m (0.25 to 7.4 ft) per day.

Throughout the 200 West Area, including the S-10, the water table is declining rapidly due to site-
wide cessation of past liquid effluent disposal practices. Hydrographs for monitoring wells near the S-10
are presented in Figure 3.6. The falling water table is causing wells in the S-10 network and surrounding
monitoring wells to go dry, but the rate of decline appears to be slowing over the past ~2 years (see
Figure 3.6).
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Figure 3.6. Hydrographs of Wells Monitoring the S-10 through September 2005
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Beneath the S-10, groundwater in the uppermost unconfined aquifer is assumed to be isolated from
groundwater in the confined Ringold aquifer by Unit 8 (lower mud unit). Intercommunication between
Units 5 and 9 is assumed to be insignificant because groundwater flow through Unit 8 is extremely low
due to the thickness and relative permeability of the confining unit.

The top of Unit 8 (lower mud unit) comprises the base of the uppermost-unconfined aquifer
(Williams et al. 2002). Beneath the S-10, the vertical hydraulic conductivity ol nit 8, as measured from
a split-spoon soil sample collected in well 299-W27-2, is 0.051 m (0.17 ft) per day and falls within the
expected range reported by Thorne and Newcomer (1992).

-y

The Unit 8 (lower mud unit) is an aquitard and separates and confines groundwater in the underlying
Ringold Unit 9 gravel (confined Ringold aquifer) from the unconfined aquifer in Unit 5. Groundwater in
the confined Ringold aquifer is interpreted to flow laterally through Unit 9 gravel due to the thickness and
relatively low vertical hydraulic conductivity of the overlying confining Unit 8.

Regionally, groundwater in the confined Ringold aquifer flows from west to east similar to ground-
water in the uppermost unconfined aquifer. In the 200 West Area and around the S-10, it is more difficult
to determine flow direction because there are currently no wells completed within the ¢ ined R zold
aquifer. Limited data are available below the confining Unit 8 (lower mud 1 it) for the 200 West Area:
however, groundwater heads measured in several deep/shallow well pairs, and deep wells drilled into the
Ringold Unit 9 confined aquifer (e.g., Johnson and Horton 2000) indicate a downward vertical hydraulic
gradient beneath the 200 West Area from the unconfined Unit 5 into the confined Unit 9 (Williams et al.
2002).

The vadose zone beneath the S-10 is up to 72 m (236 ft) thick. The vadose zone includes
hydrogeologic Units I, 2, 3 and the upper, unsaturated portion of Unit 5 (see  gure 3.2). Figure 3.5
provides input to the conceptual model for the area near the S-10 and S-11 ponds and includes depths,
relative thicknesses. and hydraulic relationship of the hydrogeologic units beneath the facility.

Recharge to the unconfined aquifer beneath the S-10 is from artificial ar possibly natural sources.
Natural recharge from precipitation is the only source of recharge since discharges ceased in 1991. A
likely range of average recharge for the S-10 is between 5 and 25.4 cm/year.  1d is probably toward the
higher end of this range because of the surface covering of coarse sand and sparse vegetation at the site
(Rockhold et al 1995).

While the local liquid waste disposal facilities were operating, many localized areas of saturation or
near saturation were created in the soil column. Artificial recharge from years of liquid effluent disposal
accounts for most of the liquid influx to the aquifer and is the main driver and transport medium for
potential contaminants disposed at the facility. Perched water, created due to liquid effluent disposal to
the S-10 ditch, was observed above the Cold Creek unit 3. Well 299-W26-11, located near the pipeline
inlet end of the S-10 ditch (north end), monitored this perched water interval until the well went dry after
liquid effluent disposal ceased at the waste site.

The downward flux of moisture in the vadose zone decreased with the cessation of artificial recharge
in the S-10 area. Areas with high residual water saturation in the sediment will continue gravity drainage
for an unknown period of time. When stable unsaturated conditions are reached, the moisture flux into
the aquifer becomes less significant.
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4.0 Summary of Groundwater /Aonitoring Results

Prior to RCRA groundwater monitoring, the S-10 was monitored by various means including effluent
stream sampling, surface radiation surveys, aerial radiation surveys, composite weekly water quality
samples from the ditch, and sediment and vegetation samples (DOE 2000). Sampling and analysis of
groundwater at the S-10 as been conducted under RCRA interim status requirements since the third
quarter of 1991. RCRA monitoring at the S-10 has not detected an impact to groundwater based on
upgradient-downgradient indicator parameter statistical comparisons. This section summarizes
significant historical results of groundwater analyses for the S-10 through December 2005, using all the
RCRA-compliant (WAC 173-160 as referenced by WAC 173-303-645(8)(c)) groundwater monitoring
wells, including those that have gone dry. Hanford Site groundwater background concentrations of
constituents discussed here are those determined by DOE (1997).

Wells 299-W26-7, 299-W26-8,2'  W26-9, 299-W26-10, and 299-W26-12 monitored the upper 4.5
to 6 m (15 to 20 ft) of the uppermost aquifer. Well 299-W26-11 was completed in a perched water zone
above the Cold Creek unit 2 and 3 to monitor apparent perched effluent recharging to the aquifer. Well
299-W27-2 was installed in 1992 and monitors the lower 3 m (10 ft) of the uppermost aquifer, just above
unit 8. Due to declining water levels, none of the original six upper aquifer monitoring wells remains in
service today. Not including the perched aquifer well, four wells have gone dry, at an average rate of one
well per year starting in early 1998; the last upgradient well, 299-W26-7, went dry in 2003. Two replace-
ment wells, 299-W26-13 and 299-W26-14 (completed in 2000 and 2003, respectively), have been added
to the network near the S-10. These and the deep well are the only wells remaining in service at this time.
These two wells monitor the upper portion of the uppermost aquifer downgradient of the S-10.

4.1 Contamination Indicator Parameters

Required statistical evaluations of the contamination indicator parameters (specific conductance, pH,
total organic carbon, and total organic halides) have been conducted since 1992, immediately after
background values were established. Since then, background values have been revised several times to
reflect the changes in site conditions (e.g., wells gone dry). Statistical evaluations of indicator parameters
have not indicated that the S-10 has affected the groundwater quality in the uppermost aquifer beneath the
site.

4.2 Metals

Concentrations of filtered (dissolved) metals have been measured by inductively coupled plasma
(1CP) method. Cadmium, copper, mercury, selenium, and silver are essentially not detected. Detection of
lead in S-10 wells is problematic. Several low-level (~2 to 8 ug/L) detections of lead are reported, but
these coincide with duplicate samples that were non-detects and are suspect. Concentrations-versus-time
plots for chromium are presented in Figure 4.1.

Chromium concentrations, especially in well 299-W26-7, increased above the 100-pg/L drinking
water standard (DWS) (highest value = 576 ng/l.) and then dropped below the DWS between October
1995 and July 1998, suggesting a transient release event. Historical records indicate the release to the
S-10 of a high-salt waste (simulated tank waste) containing hexavalent chromium. For example, a
one-time release of 416.4 L (110 gal) of synthetic double-shell tank waste was released to the ditch and
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pond system in September 1983 (see Section 2.2). Assuming a transport time of several years through the
vadose zone to groundwater, and considering the volume of water and mass of chromium (~3,000 g as
chromium), the observed transient and approximate chromium concentrations are consistent with the
416.4-L (110-gal) release event. Although well 299-W26-7 is an upgradient well, it is located very close
to one lobe of the pond system. Wastewater from the S-10 may have reached this well by spreading
laterally in the subsurface.
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Figure 4.1. Chromium Concentrations in S-10 Wells (filtered: Note: Different scale for well 2909-W26-7.)

4.3 Anions

Anions are analyzed by the ion chromatography method. Nitrate concentrations (Figure 4.2) have
been historically covariate with chromium concentrations in downgradient wells 299-W26-9,
299-W26-10, and 299-W26-12 and also in the upgradient well 299-W26-7 that is located adjacent to,
and upgradient of 2 S-10 pond (Figures 4.3 through 4.6). The peak concentration was observed in
December 1997 in wells 299-W26-7, 299-W26-10, and 299-W26-12, but peak concentrations of
chromium and nitrate in well 299-W26-9 were observed in January 1999. Nitrate in wells 299-W26-7
(now dry) and 299-W26-14 has shown recent upward trends, but the actual concentrations of nitrate in
these wells are far below Hanford Site background (26.871 pg/L). Hence, it is possible that these trends
reflect a recovery of groundwater to natur. levels of nitrate after being diluted by relatively clean effluent
for several years.






Chromium Concentration, ug/L

04 9.000
-+ 8,000
15 +
-+ 7,000
1
-+6,000
10 +
-+5,000
-+4.000
5 1
—3.000
0 , ~———+2,000
May-90 Sep-91 Jan-93 Jun-84 Oct-95 Mar-97 Jul-98 Dec-99
Time
Chromium Nitrate
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Figure 4.8.  Fluoride Concentrations in S-10 Wells { 1e site-wide background per DOE 1997 is
1,047 ug/L at the 90" percentile.)

4.4 Cons ‘uents Exceeding Drinking Water ¢ indards

The only constituents exceeding DWS occurred in the shallow upgradient well 299-W26-7 for
hexavalent chromium (maximum 576 pg/L in 1997) and in wells 299-W27-2 and 299-26-12 for carbon
tetrachloride. Well 299-W27-2 has had results for carbon tetrachloride slightly above the 5-ug/L DWS,
the highest of which was 6.4 pg/L in 2001. The only other result above DWS occurred in well
299-W26-12 in 1999 (6.0 ng/L) before the well went dry. All other wells in the network have produced
at least one detectable result of carbon tetrachloride. This compound is believed to have originated from a
source upgradient of the S-10. Carbon tetrachloride is not a constituent related to TSD unit activities and
will be addressed by actions attending the 200-UP-1 Operable Unit RI/FS. Section 4.2 discusses the
elevated hexavalent chromium that exceeded primary DWS.
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A.1.1.4 roblem Statement

Historical records indicate that the release to the S-10 of high-salt waste (simulated tank waste)
containing hexavalent chromium and other regulated wastes is the basis for the waste site being identified
as a TSD unit. A one-time release of 416.4 L (110 gal) of synthetic double-shell tank waste was released
to the S-10 pond and ditch system in September 1983 (DOE 1987). Chromium concentrations, especially
in the well 299-W26-7, increased above the maximum contaminant level (MCL) (highest value =
576 ug/L) and then dropped b »w the MCL between October 1995 and July 1998, suggesting a transient
release event (Williams and Chou 2002). Although well 299-E26-7 is an upgradient well, it is located
very close to one lobe of the pond system. Wastewater from the pond may have intersected this well by
spreading laterally in the subsurface. Detailed results from groundwater monitoring activities are
discussed in Williams and Chou (2002, Section 4). The history of operations at waste sites adjacent to
S-10, particularly those upgradient of, or very near this TSD unit, indicate that some observed ground-
water contamination beneath S-10 could have originated from waste sites other than S-10 (see Table A.1).
In addition, the declining water table in the 200 West Area. especially in the vicinity of the S-10, caused
many CRA-com| ant wells to go dry. Initially, there were six compliant (WAC 173-160) groundwater
monitoring wells installed in 1990 and 1991. Two upgradient wells (299-W26-7 and 299-W26-8) and
three »wngradient wells (299-W26-9, 299-W26-10, and 299-W26-12) monitored the upper 4.5 to 6 m
(15 to 20 ft) of the uppermost aquifer and one perched water well 299-W26-11. Another well (299-W27-2)
was installed in 1993 and monitors the lower 3 m (10 ft) of the uppermost aquifer. A of the original six
upper aquifer monitoring wells have gone dry. A replacement well (299-W26-13) was added to the
network (completed in January 2000) downgradient of the S-10 pond. Another downgradient well
(299-W26-14) was installed in April 2003 downgradient of the mid-point along the ditch as a replacement
well for well 299-W26-10, which went dry in 1999. Hence, the site currently only has two downgradient
wells (299-W26-13 and 299-W26-14) that monitor the top of the unconfined aquifer. Well 299-W27-2
monitors the bottom of the unconfined aquifer and is used for supplemental information only.

Because clean closure cannot be achieved for this TSD unit regarding groundwater at this time, the
closure plan requires :velopment of a post-closure groundwater monitoring plan as part of post-closure
care for the S-10. Hence, this DQO documents the process necessary to derive the appropriate ground-
water monitoring approach under the assumption that clean closure cannot be achieved. Additionally,
because of the | Hximity of the S-10 to other waste sites, particular care is needed to formulate a ground-
water monitoring network and sampling and analysis plan.

A.2.1 Step 2: ldentification of the Decisions

Because it is assumed that clean closure cannot be achieved for the TSD unit regarding groundwater,
the process to monitor the TSD unit as a land disposal unit (surface impoundment) w  be carried out in
accordance with applicable requirements described in WAC 173-303-610 and WAC 173-303-645.

WAC 173-303-610(7) and (8) 1 ntifies the post-closure plan requirements. WAC 173-303-806(4)(a)(xx)
further specify one of two distinct approaches to protection of groundwater through monitoring:

e A detection monitoring program which meets the requirements of WAC 173-303-645(9) if presence

of dangerous constituents in groundwater have not been detected at the point of compliance at the
ne of the permit application
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e A compliance monitoring program which meets the requirements of WAC 173-303-645(10) if
dangerous constituents have been detected in the groundw r at the point of compliance.

However, alternative requirements for groundwater monitoring may be granted (by Ecology) in
a rdance with WAC-173-303-645(1)(e) if a dangerous waste unit is situated among other waste
management units or area of concern, a release has occurred, and both dangerous waste unit and one or
more of the solid waste management units or areas of concern are  kely to have contributed to the release.

The principal study questions (PSQ) to resolve whe r a detection monitoring program or a
compliance monitoring program should be implemented during the post-closure care period for the S-10
and the alternative actions are presented in Table A.2. This table also provides a relative estimate of the
severity of the consequences oft g an alternative action if it is inappropriate.

A Cop3: s e Decisions

This step is to identify the information inputs and/or supporting evidence required to resolve the
PSQs.

e Discharge history/inventory for the S-10.
e Constituents identified in the Part A Permit Application for the S-10 TSD unit.

e Discharge histories/inventories of adjacent waste sites that may have affected groundwater beneath
216-S-10 (e.g., 216-S-17 swamp).

Groundwater monitoring that has been conducted at this site since 1991, with voluminous data
available for interpretation, with results indicating:

~ Elevated chromium above drinking water standards in well 299-W26-7.
— Presence of hexavalent chromium in some wells

— No primary or secondary drinking water standard (DWS) or constituents given in WAC 173-303-
645(4) have been exceeded.

— Current and historical interpretations of groundwater flow rates (travel times) 1d directions since
the 1960s indicate that discharges to nearby facilities could also account for contamination upgra-
dient and downgradient of the S-10.

— Distribution of other groundwater contaminants in the vicinity of S-10

e Updated hydrostratigraphic interpretations for the 200 West Area (e.g., Williams et al. 2002).

Timing of arrival of contamination in downgradient wells at S-10.
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e Soil sampling and analyses at the S-10 (DOE/RL 2004), which indicate:

— Arsenic, mercury, and silver above groundwater protection levels in soil in the 216-S-10 ditch.
However, these constituents are not S-10 TSD unit constituents on the Part A Permit Application

— Chromium, copper, lead, nickel, vanadium, zinc, nitrate, halogenated hydrocarbons, and organic
compounds above background levels. Except for chromium and nitrate (an assumed byproduct of
nitrite), these constituents are not pertinent to S-10 TSD unit constituents on the Part A Permit
Application

e Conceptual model that integrates the above considerations.

A.1.4 Step 4:  efinition of the Study Boundaries

Boundaries are dictated in general by regulations (WAC 173-303-610_ ., and (8) and others by
reference). The following bounding parameters constrain the scope of the study for detection monitoring:

e Spatial boundaries

— Areal boundaries are defined by the upgradient (background) and downgradient, and as defined in
WAC 173-303-645(6) monitoring wells surrounding the TSD unit.

— Additional spatial boundaries may be identified on the basis of constituent trends and spatial
variability in concentrations reflected by individual wells and the roximity of other waste sites.

— A vertical surface located at the hydraulically downgradient limit of the S-10 that extends down
into the uppermost aquifer underlying the S-10.

e Temporal boundaries
— After closure of S-10, through the post-closure care period (The post-closure period may be
30 years, but can be shortened or lengthened by Ecology at any time in accordance with
WAC 173-303-610(7).)
A.1.5 Step 5: Develop ‘ecision R1 s

Questions 1 and 2 are intended to address PSQ-1.

1. 'the decision inputs indicate that “the presence of dangerous constituents at the point of compliance
Jor S-10 has not been detected” is accepted, then apply a detection monitoring program to the S-10.

2. If the assertion that “the presence of dangerous constituents at the point of compliance for S-10 has
been not detected” is NOT accepted, then develop a compliance monitoring program for the S-10.

Questions 3, 4 and 5 are intended to address PSQ-2.
3. If conditions specified in WAC-173-303-645 (1)(e) are met (i.e., if S-10 is situated among other solid

waste management units or area of concern, a release has occurred, and both the S-10 and one or
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more of the sol waste nag  nt units or areas of concern are likely to have contributed to the
release), then an alternative requirement that replaces all or part of the requirements of

WAC 173-303-645 may be sought for the post closure care groundwater monitoring program for the
S-10.

4. If evaluation of groundwater, soils, and waste streams at the site indicates that current constituents
(i.e., Williams and Chou 2002) are insufficient for post-closure monitoring, then derive an appro-
priate constituents list for the post-closure monitoring program using other data, such as Table A.1.

5. If the constituents of conc  (or derivatives, such as nitrate) listed in the Part A Permit Application
are appropriate for post-closure monitoring, then apply these to the constituents list.

Question 6 is intended to address PSQ-3.

6. If the monitoring network is inadequate for purposes of tracking constituents that have potential of
impacting groundwater, then add new wells through selection of existing wells or drilling of new
wells.

A.1.6 Step 6: Not Applicable
A.1.7 Step 7: Optimize the Design

Optimization of the S-10 post-closure groundwater monitoring plan des”  will occur by integrating
information from the above steps. The purpose of this step is to identify a resource-effective field
investigation sampling design that generates data expected to meet the decision performance criteria
specified in previous steps. ~ 2 PSQs embody the primary decisions to be made in the development and
maintenance (as needed) of the plan. Below are the types of activities for development and maintenance
that may occur to « imize the plan. Additional iterations of this step may be needed to arrive at the
optimum design.

A.1.7.1 Monitoring Program Type

At present, and based on decision inputs, it is recommended that a detect  1-level monitoring
program be implemented. Thus far, no dangerous constituents have been identified at concentrations of
concern, nor have any primary drinking water parameters been exceeded at1  S-10 TSD unit in down-
gradient wells with the exception of carbon tetrachloride in deep well 299-W27-2—interpreted to
originate from a source to the northwest of the S-10. Should these conditions change, the level of
monitoring will be re-evaluated.

A.1.7.2 Constituents of Concern
Groundwater constituents list for the S-10 consists of the site-specific pa  neters identified on the
Part A Permit Application and ancillary surrogate parameters for sampling and analytical 1ality

assurance. Selection of the site-specific constituents is based on:

o Constituent is a dangerous waste constituent identified in the Part A Permit Application, or
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