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Summary

This monitoring plan estab]lshes a g:oundwater monitoring plan for the 216-S- 10 pond aﬂd ditch and
supersedes the original monitoring plan by Airhart et al. (1990). This Resource Conservation and Recov-
ery Act (RCRA) plan complies with the requirements of 40 CFR 265, Subpart F, and WAC 173-303-400.
The site is part of the Comprehensive Environmental Response, Compensation, and Llabihty Act
(CERCLA) 200-UP-1 Operable Unit. The 216-S8-10 pond and ditch hasnot received waste since October
1991 and is scheduled for closure under a Part B Permit and in accordance with a record of decision after
2006 as determined in the Tri-Party Agreement.

This plan provides the U.S. Department of Energy with a revised detection monitoring well network
and updates the list of constituents based on the knowledge gained from monitoring data collected over
the years. The ‘plan also provides the current interpretation of the site hydrogeoiogy, groundwater flow,
and potential for contamination. Tt also discusses recent and future reductions in the groundwater well
- network that may be necessary due to the declining water table and sitewide funding priorities. This plan i is”
an integrated approach that uses CERCLA resources to fulfill RCRA (and future CERCLA) groundwater
momitoring requirements. The monitoring network for the 216-S-10 pond and ditch includes the wells
described in Table S.1. |

Groundwater monitoring constituents include

e RCRA indicator parameters (specific conductance, pH total organic carbon total organic hahdes as
requ:lred by 40 CFR 265.92 (b)(2)) for statisiical analysis

¢ Site-specific parameters (chromlum, carbon tetrachloride, vanadium, and chloroform) identified
durmg evaluation of hlstorlcal groundwater data results

. Groun_dw-ater quality pararoeters (as .requii"ed by 40 CFR 265.92 (b)(3)
s Other (ﬁeld) parameters include alkalinity, temperature, and turbidity.

Table S.1.  Proposed Momtormg Wells at the 216-5-10 Pond and Ditch

Well Number Purpose _ Connnehts

299-W26-7 RCRA upgradient ' : Going dry: will be deepened*
4 299.W26-12 "RCRA downgradient - Dry; will be deepened®
1 299-W26-13 - . | CERCLA characterization/RCRA downgradient Installed jn 1999

New Well ) CERCLA characterization/RCRA downgradient To be drilled in 2003

209-W27-2" Deep/bottom of aqulfer Supplemental data

*Deepening depends on the results of a- technology demonstranon occuring in FY2003.

- The averaged replicate t-test method is-used to de’_[ermine if the facility ha_s adversely impacted
groundwater quality (in accordance with 40 CFR 265.92).
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1.0 In_trodu_ction

This document presents an updated and revised Resource Conservation and Recovery Act (RCRA) -
groundwater monitoring plan for the 216-S-10 pond and ditch (S-10 facility), located south-southwest of
“the 200 West Area on the Hariford Site in Washington State. RCRA groundwater monitoring has been
" conducted i in accordance with interim status requirements [40 CFR Part 265, Subpart F, which is
meorporated into Washmgton State Department of Ecology (Ecology) regulations (WAC 173—303—400)
by reference] since 1991.. The S-10 facility is currently monitored under indicator evaluation. program,
status as described in Airhart et al. (1990). The site is also within the 200-UP-1 Operable Unit of the
Comprehenswe Environmental Response, Compensation, and Liability Act (CERCLA). The S-10
facility has not received liquid waste since October 1991 and is scheduled to be closed under-a Part B _
Permit after 2006 in accordance with the Tri-Party Agreement (Ecology et al. 1998) Penmt modification

- schedule:

 The plan presented here proposes a revised well network and updates the list of constituents based on
the knowledge gained from monitoring data collected over the past eleven (11) years for this site. It aiso '
provides the current inter_pretation_ of groundwater flow and potential for contamination occurrence. . '
Additionally, a conceptual model of contaminant transport through the vadose zone beneath the §-10 -
facility is presented in this plan to assist in developing appropriate and c'ost_effec;tive menitoring for this
facility. :

1.1 Objectives and Scope

The purpose of this plan is to establish a groundwater monitoring program for the S-10 facility that
~ will address recent and future reductions in the monitoring network due to declining water table and
funding priority in drilling new wells on the Hanford Site. The plan incorporates the sum of lmowledge
about the potential for groundwater contamination to originate from the S-10 facility. This document also
sumrnarizes past and current groundwater monitoring results at the S-10 facility and presents a conceptual
. model derived from the hydrogeology, operational history, and the coriditions of the site. The updated

" plan presents an integrated monitoring zipproach that incorporates monitoring that may be required under
a CERCLA Remedial Investigation/Feasibility Study (RI/ES) being conducted at the facility in accor-
dance with the 200-CS-1 Operable Unit RI/ES Workplan (DOE/RL 2000). This groundwater monitoring
plan supersedes the original plan (Airhart et al. 1990). ' '

1.2 Regulatory Status and History

The $-10 facility has been regulated by the Washington Administrative Code (WAC) 173-303-400
and has been monitored under a RCRA interim status groundwater monitoring program since 1991
(Airhart et al. 1990). The RCRA Part A Permit application for this facility was submitted to Ecology on
* June 30, 1994, and subsequently approved by Ecology-on October 30, 2000. RCRA groundwater
monitoring at the S-10 facility was required because fegulated waste from synthetic double-shell tank
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' slurry was discharged to the site in 1983. ‘The. chermca.l compounds compnsmg the sluiry are those
~ identified in the Part A Permit; they are 1gn1tab111ty (DO01), corros1v1ty (DOOZ) chrolmunl (D007) and
toxic waste (WTOl WTOZ)

The S-10 facﬂlty is also w1thm the boundary of the CERCLA 200—UP—1 Operable Un1t wh1ch has the
respons1b111ty for cleanup activities at the waste sites within the operable unit.  The Tn-Party Agreement
requires that characterization and remediation of waste sites integrate the requirements of CERCLA and
RCRA and provide a consistent, standard approach to’ cleanup activities to assure that applicable regula-
tory requirements are met. The 200 Arcas Implementation Plan (DOE/RL. 1999) outlines a framework to -
provide for consistent, integrated cleanup actions (i.e., characterization and remediation) in the 200 Areas
and 1ntegrates the requn‘ements of RCRA and CERCLA itito one standard approach for cleanup acuvmes

Besides the ongomg RCRA interim status groundwater momtormg, the S-10 facility has been
- defined, based on waste stream groupings, as part of the CERCLA 200- CS-1 chemical sewer group of -
waste sites. It will undergo a CERCLA RI/FS in accordance with the 200-CS-1 RI/FS work plan
(DOE/RL 2000) These studies are being conducted to evaluate the potential for residual contaminants at
the facility and to suppert the completion of a record of decision. Th__e schedule for cleanup work at the
Hanford Site is governed by Tri-Party Agreement milestones. The milestone controlling the schedule for
the 200-CS-1 is milestone M-13-21, Submit Chemical Sewer Group Work Plan (August 31, 1999). In.
accordance with milestone M-15-00C, all characterization work in the 200 Areas is to be completed by -
December 31, 2008: An associated milestone is milestone M-20-39C, which requires submittal of the
. 216-S- 10 pond and ditch closure/post—closure plans to Ecology by November 30, 2005. Milestone
M-20-00B, Submit Part B Permit Applications or Closure/Post-Closure Plans for All RCRA TSD Units,
requires permit applications, closure and post-closure plans to “be subnntted to Ecology for approval by
December 31, 2008.

The facility is no Ionger operatlonal and will be closed as a-disposal fac111ty under the RCRA Part B
Perrmt n 2006 and in accordance with a CERCLA record of decision.
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2.0 Description of the 216-S-10 Facility

The information contained in this section came from three primary sources: Waste Informatlon Data
System (WIDS) General- Summary Reports Maxfield (1979) and DOE (1987) The W]DS database IS
ma:mtamed and controlled by Fluor Hanford, Tic. .

2.1 Faclllty Descrlptmn and Operatmnal Hlstory

The S- 10 facility is located south-southwest of the 200 West Area, directly outside the peﬁmeter
fence (Flgure 2.1). Initially the S-10 facility consisted of an open, unlined ditch (216-5-10 ditch) that
was approx1maiely 1.2 m (4 ft) wide at its base, at least 1.8 m (6 ft).deep, and 686 m (2,250 it) long. The
ditch received wastewater via p1pe]me from the Reducuon-Omdatlon (REDOX) faelllry in August 1951. '
The 216-S 10 pond (5-10 pond) was added to the southwest end of the S-10 facility in 1954; it covered
120,234 nt” (~5 acres) and included four finger-like leaching trenches when it was active. The pond was
approx;mately 2.4 m (8 ft) deep at its deepest point. Like the ditch; the pond was unhned and, therefore,
served ds a percolat10n basin for 11qu1d dlscharges Water discharged into the ditch also flowed into the -
S-10 pond and infiltrated into the ground Wthh created perched water in the vadose zone and amfzezally )
recharged the underlym aquer : : : : -

RCRA Waste Ste

Past Fractices Site
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Reads . .
Non-RCRA Mortitoring Wells
@wai-12 RCRA Monkofing Wells
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Figure 2.1. - S-10 Facility Site Map

2.1



As is evident from the site map (see Figure 2.1), there are anumber of other waste disposal facﬂrtres
that include cribs 216-8-5 and 216-S-6; ponds 216-U-10, 216-S- 11 and 216-8-17; and pond and ditches
216-S-16 in the vicinity of the S-10 facility. The WIDS General Summary Reports for theses facilities -

* are provided in Airhart et al. (1990, Appendix A). These summary reports give general facility

descriptions, mcluchng descrrptlons of the site and the waste it received. Itis important to note that

effects from these sites on groundwater chemistry may in turn mﬂuence the groundwater chermstry near

the §-10 facility. However, it is not possible to distinguish the possible offsite effects from that of the
S-10 facility due to the lack of monitoring wells in the area. The followmg paragraphs descnbe the
operatronal history of the S 10 facility. ‘

In August 1951, the 216-S-10-ditch began recelvmg wastewater from the REDOX Plant chemlcal

. sewer. In February 1954, the 216-5-10 pond was.dug at the southwest end of the ditch to provide more

surface area for percolation. In. May 1954, additional increases in discharge to the S-10 fac1I1ty neces-

sitated the digging of the two 216- S-11'leach ponds on the southeast side of the 216- -5-10 dltch An .

madvertent release of ammonium nitrate non—hydrate reduced the infiltration capac1ty in the $-10 facility

- and i in 1955 0.6 m (2 ft) of sediment was dredged from the bottom of the 216-S-10 ditch to improve

water percolatlon in the ditch. The contaminated sedimént was buried in excavatlon pits along the sides
of the ditch. The depth and locat,ron of the pits is unknown (RHO 1979). The 216-5-11 lobes were
dammed in 1965, so that all of the effluent was diverted along the S-10 ditch to the 216-S-10 pond. The

- south lobe of the 216-S-11 pond was covered in the summer of 1975 and was free of radicactive contam-

ination. The site as a whole was stabilized on September 30, 1983. The REDOX Plant was closed in
1967. At that time, effluent to the S- 10 facility was reduced primarily to chemical sewer waste ‘When -

'the REDOX Plant was deactivated in. 1972, physn:al controls were administered to elrmrnate hazardous :

discharges from the REDOX Plant to the S-10 facility. These controls reduced discharges from the
REDOX Plant to non—hazardous chemrcal sewer effluent. .

 In September 1983, the S-10 fac111ty received a hazardous waste discharge from the Chemical
Engineering Laboratory. This laboratory produced. synthetic double-shell-tank slurry to test methods for
recovering slurry from double-shell tanks (DOE 1987)." The characteristics of the dlscharge from this '
facility are. descnbed in more detail in Section 2. 2

The 216-5-10 pond and southwest end of the 216-8-10 ’ditch were decommissioned, backfilled, and
stabilized in October 1985; the northern portion of the ditch rémained operational and received non- -
hazardous (i.e., not regulated under RCRA) chemical sewer waste from the REDOX Plantuntil October.
1991 (BHI 1995). The effluent supply p1pe11ne was plugged with concrete near the outfal_l in July 1994.
The remaining portion of the S-10 ditch was decommissioned and backfilled in 1991. The sequence of

' 1mportant events surrounding operation of the S 10 facrlrty is summarrzed in Figure 2.2.

22 Waste Characterlstlcs

The followmg section was adapted from the 200- CS -1 Operable - Unit RI/FS Work plan and RCRA

'treatment storage, and disposal unit samphng plan (DOE/RL 2000)

This section summarizes the chemrcal and physu:al characterlsr_rcs of past discharges to the

- S8-10 fac1hty Most of the hquld waste discharged to the S- 10 facﬂrty came from the REDOX Plant’s
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Figure 2.2. Timeline of Significant Events During Operation of the S?l(}' Facility

chemical sewer and the Chemical Engineering Laboratory. The chemical sewers were designed-to be
uncontaminated, but they often contained limited quantities of radionuclides and chemicals. Approxi-
mately- 50 waste streams contnbuted to the 216-S-10 ditch (WHC 1990).. The routine waste stream
sources include the compressor cooling water from the REDOX Plant and the sanitaty 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 ma.nholes and 276 S BuﬂdmU ﬂoor drains.

Re_leases of hazardous constituents to the 'S—IO facili_ty from 1951 to 1966 are poorly documented. An
unspecified quantity of aluminum nitrate (i.e., non-regulated chemical waste) was discharged to the
- 216-S-10 ditch in 1954 (Maxfield 1979). In addition, Maxfield {1979) recorded that there was a problem
of radioactivity (not. regulated under RCRA) in the ditch from contaminated floor and sewer drains within -
~ the REDOX Plant. Tn May 1954, a 4,049-m’ (l-acre) overflow occurred from the ditch in the southeast
dike (earth fill) of the 216-S-11 pond (UPR- 200-W- 34) (GE 1956). A follow-up survey indicated the
- trench was contaminated up to a maximum of 800 meads/hr, at 500 mrem/hr in some areas with lower
contamination, and up to 80,000 count per minute (cpm) in the overflow area.. Some decontamination of
the area occurred after the release. 'Records indicate that a considerable amount of surface contamination
could be found along the ditch banks and the pond bottom (RHO 1979).
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o In Septernber 1983 2 documented hazardous waste discharge to the $- 10 facility occun‘ed (DOE
1987). In this incident, 416.4 L (110 gal) of synthetic double-shell-tank slurry was discharged to the
§-10 facility. The waste consisted largely of NaNQ; (46%) and NaOH (41%), with small quantities of
Na;PO,, NaF, NaCl and K;Cr,(-, 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 slun'y is compnsed of the chemical compounds identified in the Part A’
Pernnt application | subnntted for the 216-5-10 pond and ditch (see Section 1. 2)

The portion of the 216-S-10 ditch that was stlll in‘service after 1985 recelved chenucal sewer
dlscharge from the REDOX Plant. The waste streain 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-eonditioning 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 plpe leaks and pump overflow (DOE 1987). As part of deactivation of the REDOX Plant in -
1972, the source streams from the plant were routed so that they would not come Into contact with
hazardous matenals ‘Combined eumulatlve liquid d1scharges of 6.6 x 109 L 1.7x10° gallons) went to
‘the S 10 ditch and the S-11 pond :

Dunng operanons the maximum volume of wastewater dlscharged dally to the 216-S-10 pond and
diich was. approxnnately 568,000 L (150,000 gal) per day. The annual volume of effluent discharged was

: approx1mately 1.9 x 10° L. (5.0 x 107 gal). Standing water was present in the ditch and created- cond.mons -
conducive for pond vegetation growth. Figure 2.3 illustrates the combined effluent volume dlscharged o

thé 216-8-10 ditch and 216-S-11 pond. Wastewater from the REDOX Plant has been comblned with the
200 West portion of the effluent collection system for disposal since 1995.

- 23 Sml Contalmnatlon Characterlzatlon Actmtles

Past-practlce SIJIHS and documented hazardous waste releases to the S-10 facility has requn'ed an -
- evaluation of soil contamination to evaluate and develop facility spe01fic cleanup/closure options. An

Table 2.1. Composmon of Synthetlc Double-Shell—Tank Slurry :

Concentration' (molaﬁty-)

‘Component - | TK-505 - | TK-509
1 Al o S 1225 | 1235
OH - o 3400 342
NO, - o 2.18 2115
NO; - | 254 0 | 250
Cco; 0.159 | - 0.157
PO, - ©0.041 . 0.027
SO, _ <0.052 <0052
F | 0062 | 005
ca | o115 | 0103
Cr,0, 0.106 © o 0.0983
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Figure 2.3.  Effluent Volume Discharged to the 216-S-10 Ditch (216-S-10D), 216-S-10 Pond, and
216-S-11 Pond

integrated process for characterization of the RCRA regulated units within the CERCLA 200-CS-1
Operable Unit uses a RI/FS work plan in combination with the Implementation Plan (DOE/RL 1999) to
satisfy the requirements for both a RI/FS work plan and a RCRA facility investigation/corrective
measures study (RFI/CMS) work plan. Based on this approach a CERCLA work plan (DOE/RL 2000)
was developed that provides details for characterizing chemical, radiological and physical conditions in
the soil at the S-10 facility. After the characterization has been completed the results will be presented in
a CERCLA remedial investigation report. This report will support the future evaluation of remedial
alternatives and closure options.

The first phase of characterization was completed in 1999 and involved deep sediment sampling in
one borehole drilled at the S-10 pond. The borehole was later completed as a RCRA downgradient moni-
toring well to replace RCRA well 299-W26-9 that had gone dry. A second phase of field characterization
will begin in 2003 and includes shallow test pit excavations for soil sampling along the ditch and pond
(sample analysis of sediment) and one deep characterization borehole along the S-10 ditch. The results of
the RI/FS characterization effort will be presented in a draft RI report (TPA milestone M-015-39B),
which is scheduled for regulatory review in 2004 (DOE/RL 2000).

2.4 Constituents of Concern
Site-specific constituents of concern are developed using the final list of contaminants of concern

developed under the data quality objective process for the CERCLA 200-CS-1 Chemical Sewer Group
Assessment excluding radioactive constituents as the base list. This CERCLA final list of contaminants
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was developed by evaluating it against a list of exclusion criteria and rationale. BHI (1999) provides the
details of this elimination process. From the base list, several constituents are eliminated based on
detection ability, mobility, or the magnitude of detected concentration (i.e., maximum values) in relation
to the Hanford Site groundwater background values as presented in DOE/RL (1997), Table ES-1. The
remaining constituents form the site-specific constituents and are listed below: '

¢ Chromium

s Vanadium

¢ Carbon tetrachloride
e Chloroform.

A detailed process to derive the final list of site—sPeéiﬁc constituents is provided in Section 6.3.2.

2.6



3.0 Hydrogeology

This section summarizes available and new interpretations of the hydrogeology of the S-10 facility.
Data on physical characteristics of the S-10 facility 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 site (Section 5.0). In addition, these 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 guality of the geologic data has been enhanced, which
helps the hydrogeologic model development and its interpretation.

The S-10 facility 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 facility, is situated
on the flood bar (Figure 3.1). ' '

The geology of the Central Platean, and particularly the Pasco Basin, has been studied in great detail
(DOE 1988). The focus of this section is on the sediment above the basalt bedrock, or the suprabasalt
sediment, contained within the Hanford,_ Plio-Pleistocene, and Ringold Formations, because these strata
comprise the ﬁppenﬁost 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). The most detailed description of the stratigraphy beneath the S-10
facility 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 Slte surrounding the S-10
facility is presented in Hartman et al. (2002).

3.1 Stratigraphy

Two separate Hanford Site stratigraphic classifications are available (Figure 3.2); one developed by
Lindsey (1995) is based on lithology (labeled Geology Column), and the second, developed by Pacific
Northwest National Laboratory (PNNL) (Wurstner et al. 1995; Thome et al. 1993), is the hydrogeologic
stratigraphy (labeled Hydrogeologic Column) that combines the geology with the hydrologic propertics
(see also Wurstner et al. 1995). This plan uses PNNL’s hydrogeologic classification because it is more
applicable to groundwater movement in the suprabasalt sediment. This hydrogeologic nomenclature and

_its geologic relat10nsh1p are illustrated in Figure 3.2. The uppermost suprabasalt aquifer system 1s
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Figure 3.1. Topographic Illustration of Pleistocene Flood Channels and the Present-Day
Columbia River Channel Pathways, with Outlines of the 200 West and East Areas,
Hanford Site, Washington

contained in the Ringold Formation, and the Hanford formation and Plio-Pleistocene 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 facility dips
south-southwest forming the southern limb of the Gable Mountain-Gable Butte anticline and the northeast
flank of the Cold Creek syncline [after Fecht et al. (1987)]. Figures 3.3 (south-north) and Figure 3.4
(east-west), two cross sections from Williams et al. (2002), illustrate the stratigraphic position and
relationship of these hydrogeologic units as they exist beneath the southern 200 West Area and the
S-10 facility. Figure 3.5 provides a more detailed hydrogeologic profile beneath the S-10 facility.
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(a) Bjornstad, B. N., G. V. Last, G. A. Smith, K. A. Lindsey, K. R. Fecht, S. P. Reidel, D. B. Horton and
B. A. Williams. Draft 2001. Proposed Standardized Stratigraphic Nomenclature for Post-Ringold-
Age Sedimentary Deposits Within the Ceniral Pasco Basin. White Paper, Pacific Northwest National:
Laboratory, Richland, Washington.
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The S-10 facility lies at an elevation of about 200 m (~650 ft) above mean sea level. The stratigraphy
at the S-10 facility includes the following (from lower to upper):

e Ringold Formation
Plio-Pleistocene Unit

e Hanford formation.

Geology beneath the S-10 facility is described in detail in the following paragraphs.
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311  Ringold Formation (Units 4 through 9)

Units 4 through 9 correspond to the Ringold Formation (see Figure 3.2) and consist of continental
fluvial and 1acustr1ne sediments deposited on the Elephant Mountain member basait by ancestral _
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 fme—gramed facies (Bjornstad 1984 DOE 1988 Last et ak
1989; Bjornstad 1990) Unit 5 fluvial gravel and Unit 4 fines. - :

Ringold Units 4 through 9 consist of mtercalated layers of mdu:rated to serm—mdurated and/or
pedogenically altered sediment, including clay, silt, fine-to-coarse grained sand, and granule—to—cobble
- .gravel. Within the area of the S-10 facility, this sequence consists of only three distinct stratigraphic -
intervals designated Units 5,8, and 9. Units 5, 8, and 9 correspond generally to Lindsey’s Ringold -
Formation fluvial gravel Unit E, lower mud unit and fluvial gravel Unit A, respectively (se¢ Figure 3.2).

Unit 9. The Ringold Unit 9 gravel is located between 140 to 149.5 m (460 to 490 ft) beneath the
$-10 facility and ranges up to 30.5 m ( 100 ft) thick. This unit dips to the south-southwest and lies
unconformably on top of the Columbia River Basalt. Unit 9 is composed ‘primarily of serm—consohdated '
and cemented silty sandy gravel with secondary Ienses and interbeds that can cons.lst of graveI gravely
sand, sand, muddy sand, and/or silt/clay. = : :

Umt 8 (Lower Mud Unu‘) Umt 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 within the suprabasalt aquifer system at the Hanford Site (Williams et al. 2000). More -
~ detailed doscrlptlons 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 facility. '

Unit 5. The Ringold 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 that gradés upward into Unit 4
' (interbedded fluvial sand and silt). Unit 5 has not been subdivided further due to the lack of distinctive

and correlable stratigraphy or Lithologic units. The saturated portion of Unit 5 comprises the u'ppermost
‘unconfined aquifer and is over 58 m (190 ft). thick beneath the $-10 facility. Unit 5 overlies the Unit 8
(ngold lower mud umt) '

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

312 Plio-Pleistocene Unit (Units 2 and 3)
Units 2 and 3 represent relatively thin but significant depositional umnits that are po'st~Rin_gold 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 refen‘ed to as the lower Pl1o—Ple1stocene unit (PPU.). Unit 2 is described as an overdying
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fine-grained overbank-eoiian sequence considered to belong to the upper portion of the Plio-Pleistocene

~ Unit (PPU,). It is equivalent to what has been called the early “Palouse” soil (Connelty 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-cémented, consisting of alternatmg thin lenses (typically less than 15.2 ¢m [6 in.}) of

very fine sand to 'silt and clay, and has a relatively high natural garirna 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 greaily improve the accuracy of these correlations. Flgure 3.5 illustrates these contacts

near the southern end of the facility.

At the S- 10 facﬂlty, the Unit 3 is very thm less than T.m (3 3 fi). Unit 2 ranges from 10 to 15 m (33
to 50 ft) thlck Uit 2 is 1ocated from approximately 33 to43. m (110 to 140 ft) in depth below ’the surface

3. 1 3 Hanford Formatlon (Umt 1)

The Hanford formauon is the informal name given to Plelstocene-age cataclysmlc flood dep051ts in the o
Pasco Basin (Lmdsey et al. 1994). It consists predomlnantly of unconsolidated sediments, which cover a

~ wide range in grain size from pebble- to boulder-gravel, fine- to coarse-grained pebbly sand 1o sand, silty

sand, and silt. Gravel clasts are composed of mostly subangular to subrounded basalt. Beneath the S-10
faclhty the Unit 1 consists of essentially three facies, the lower 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. Th1s fine-grained
facies is overlaln with a fine to coarse sand to sandy gravel sequence that ranges.from 1 to3 m (3 to 10 ft)
in thickness. This coarse erained interval is designated the Hanford H, unit and is snnﬂar to the same
zone described at Johmson and Chou (1999, Figure B.S). The uppennost fine grained sequence is
desi gnated the Hanford H;, unit. :

32 Physmal Hydrogeology

Information ofi the vadosé zone and the suprabasalt aqulfer system at the $-10 facﬂlty is obtained -
from well-log data for wells and boreholes surrounding the facﬂ.uy and from published reports. Tn the o
200 West Area and vicinity of S- 10 facility, Williams et al. (2002) uses data from borehole and ground—
water monitoring to subdivide the suprabasalt sediments into two ‘aquifers, an upper unconfined (Hanford/

| ‘Ringold) unconfined aquifer) and a lower confined (ngold confmed aquifer). The hydrogeology

beneath the $-10 faczhty utlhzes then' mterpretanon

The uppermost aqulfer beneath the S-10 facﬂlty is unconﬁned the aqu]_fer compnses the saturated

- portion of the Ringold Unit 5 and is approximately 58 m (190 ft) thick (2001 measurement). Most known

contaminant plumes that emanate from the 200 West Area migrate through Unit 5 toward the east. The
groundwater flow direction is approximately east to southeast and is calculated based on water-level
measurements taken in network and surroundmg wells (e.g., Piate 1 in Hartman et al. 2002).

S1te—spec1ﬁc hydrauhc conductivity values, derwed from constant dlscharge test data at two wells
near the S 10 facility, range from 10 w 150 m (33 to 492 ft) per day (Wﬂhams and Barnett 1993 and Klpp :
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and Mudd 1973). These values are within the range of hydraulic conductivities presented in Table 3.1
that have been calculated for hydrogeologic units beneath the 200 West Area.

These data reflect averages of data collected from wells throughout the Central Plateau. Based on
these values and parameters listed in Hartman et al. (2002, Table A.2), the groundwater flow rate (Darcy
velocity) ranges from 0.053 to 2.55 m (0.17 to 8.4 ft) per day.

Within the 200 West Area, including the S-10 facility, the water table is declining rapidly due to
sitewide cessation of past (non-permitted) liquid effluent disposal practices. Hydrographs for monitoring
wells near the S-10 facility 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 (see Figure 3.6).

Table 3.1.  Hydraulic Conductivities for Major Hydrogeologic Units

Estimated Range of Saturated
Hydrogeologic Unit Hydraulic Conductivities (m/d) Reference(s)
Unit 5 0.1 to 200 Wurstner et al. (1995): Thorne and
(Ringold Formation Unit E) Newcomer (1992)
Unit 8 0.0003 to 0.09 Waurstner et al. (1995): Thorne and
(Ringold Formation Lower Mud Unit) Newcomer (1992)
Unit 9 undifferentiated 0.1 to 200 Wurstner et al. (1995): Thorne and
Ringold Formation Unit A Newcomer (1992)

Note: This table is modified from Cole et al. (1997).
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It is not known if preferential paths of groundwater flow exist in this thick uppermost aquifer, or if
flow path changes are occurring due to falling water levels, because existing Unit 5 hydrogeologic data
has not supported subdivision of the unit into more discrete flow zones. However, the depositional nature
and character of this unit, and the lithologic variability between boreholes, indicates that lithologic varia-
tions do occur on all scales; the intrinsic hydrologic properties will influence groundwater movement.
The preferred method used to intercept and monitor the uppermost aquifer flow zone(s) has resulted from
the requirement to install longer screens to maximize well life. Monitoring screens are being installed up
to 10 m (35 ft) long depending on location and aquifer thickness.

The vertical hydranlic variability in the aquifer has not been evalvated at S-10 facility. However, data
from nearby wells indicate that contaminants from other disposal operations have spread vertically and
laterally throughout most of the unconfined aquifer benecath the 200 West Area (Williams et al. 2002).
Carbon tetrachloride has been detected above the maximum contaminant level at the base of the upper
unconfined aquifer in deep monitoring well 299-W27-2 (see Section 4.0). '

The top of Unit 8 (lower mud unit) comprises the base of the uppermost-unconfined aquifer
(Williams et al. 2002). Beneath the S-10 facility the vertical hydraulic conductivity of Unit 8, as
meastred from a splitspoon soil sample collected in well 299-W27-2, is 0.051 m (0.17 f&) per day and
falls within the expected range reported by Thorne and Newcomer (1992) (see Table 3.1).

The Upit 8 (lower mud unif) 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 facility, it is more
difficult to determine flow direction because there aré currently no wells completed within the confined
Ringold aquifer. Limited data are available below the confining Unit 8 {lower mud unit) 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
- hydranlic gradient beneath the 200 West Area from the unconfined Unit 5 into the confined Unit 9
(Williams et al. 2002).

Beneath the S-10 facility, 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 vadose zone beneath the S-10 facility is up to 71 m (233 fi) thick. The vadose includes hydro-
geologic Units 1, 2, 3 and the upper, unsaturated portion of Unit 5 (see Figure 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.
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Recharge to the unconfined aquifer beneath the S-10 facility is from artificial and possibly natural-
sources. Any natural recharge that occurs originates from precipitation. Estimates. of recharge from
precipitation range from.0 to 10 cm (0 to 4 in.) per year and are largely dependent on soil texture and the
. type and density of vegetation (DOE/RL 2000). While the 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 translaort medium for potential contaminants disposed at the facility. Perched water, created
due to liquid effluent diSpdsal_ to the S-10-ditch, has occmred, and was observed above the Plio-
Pleistocene 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 -
facility. '

The downward flux of moisture in the vadose zone decreased with the cessation of artlﬁcml recharge
in the S-10 area. Areas with high residnal water saturation in the sediment will result in continued gravity
drainage for an unknown period of time. When stable unsaturated conditions are reached, the moisture
flux into the aquifer becomes less significant. In the absence of artificial recharge, the potential for
' Iecharge from precipitation becomes more important as a dnvmg force for any potential contammatlon
remaihing in the vadose zone.
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4.0 Summary of Groundwater Monitoring Results

Prior to RCRA groundwater monitoring, the S-10 facility 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/RL 2000). Sampling and
analysis of groundwater at the S-10 facility has been conducted under RCRA interim status requirements
since the third quarter of 1991. .Since 1991, RCRA monitoring at the S-10 facility has not detected any
significant impact to groundwater based on upgradient-downgradient indicator parameter statistical
comparisons. ' ,

This section summarizes significant results of groundwater analyses for the S-10 facility through

" December 2001 using all the WAC compliant (WAC 173-160) groundwater monitoring wells instalted

in 1990 and 1991 (Appendix A). Wells 299-W26-7, 299-W26-8, 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. ' Well 299-W26-11
was completed in a perched water zone above the Plio-Pleistocepe 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 the Unit 8. Currently, only one of the original six upper
aquifer monitoring wells, 299-W26-7, remains in service due to declining water levels. Not including the
perched aquifer well, four wells have gone dry, at an average tate of one well per year starting in early
1998; the last upgradient well 299-W26-7 is projected to go dry in 2003. Only one replacement well,
299-W26-13, has been added to the network (completed in December 1999) near the S-10 pond.

4.1 Contamination Indicator Parameters

Required statistical evaluations of the contamination indicator parameters (specific conductivity, pH,
total organic carbons, and total organic halides) have been conducied since 1992, immediately after
background values were established (see Section 7.3 for statistical method). Since then, background
values have been revised several times to refiect the changes in site conditions (e.g., wells gone dry). The
most recently revised vatues for the upgradient/downgradient com;parisdns can be found in-Section 7.3.
Statistical evaluations of indicator parameters have not indicated that the S-10 facility has affected the
groundwater quality in the upperimost aquifer beneath the site.

4.2 Metals

Filtered metals have been measured using the inductively coupled plasma method. Cadmium, copper,
mercury, selenium, and silver are essentially not detected. Of those consistently detected metals, the
maximum detected values for arsenic, barium, and beryllium are less than the Hanford sitewide ground-
water background. Chromium and lead are higher in the upgradient well 299-W26-7. (Note: lead and
mercury have not been analyzed since July 1993). Nickel is elevated in the deep well 299-W27-2.
Concentrations versus time plots for selected metals are presented in Figure 4.1 through 4.7. Metals with
the highest concentrations that either approach or exceed their maximnm contaminant level (chromium
and nickel) are discussed in more detail in the following paragraphs.
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50 Conceptual Model

A conceptual model of contaminant transport through the vadose zone beneath the 216-5-10 ditch and
pond system is needed to assist in developing an appropriate and cost-effective moniteting plan. Devel-
opment of the conceptuahzauon begins with a summary of physrcal and chemical condmons at the
disposal site and related assurnptrons :

s The large volume of watér [6 6x 10° L (1.7 x 10° gal)] discharged to the 5-10 facﬂrty was sufficient
- to wet the: soil column down to groundwater beneath both the unlined diich and the pond.

. Waste'streams discharged to this facility were _clasS]_ﬂed as neutral to basle, Iow ionic s_tren_gtb and
low organic content (WHC 1990, Appendix C). These effluent chemical characteristics are favor-
able for sorption of certain heavy metals (see bullets below) by vadose zone sediment.

e Fine textured sedimentary layers allowed subsurface, lateral spreading beyond the boundary of the
pond system As a result, wastewater may have mtersected both upgradlent and downgradrent
morutormg wells. -

. Mobﬂe contaminants associated with residual wastewater pore fluid are distributed over the entire -
-soil column beneath the ditch and pond Wastewater transport time through the vadose zone to
groundwater during the active discharge period was previously estimated to be 2.7 years at this
facility (WHC 1990, Table B-1). Thus, mobile contaminants released durmg the operatmg period’
had more than adequate titne to breakthrough to groundwater, :

. Many of the contaminants of concern are assumed to be mobile (non adsorbed) because they are.
either anions (lncludtng the oxymetal anions; chromate vanadanate, and arsenate) Of are nof- -
charged chemical species (volatile and non=volatile orgamcs) Several divalent metals (baritim, _
cadmium, copper, Iead, mercury, and nickel) are not expected to be mobile unless complexing agents
were present. For purposes of this analysis, it is assumed the divalent metals were free to interact
with and to be tightly bound to vadose zone sediment and are, thus, unlikely to break through to" .

- groundwater.

- o Adjacent (upgradient), past-practice diSposai sites (e. g .» 216-5-17 pond which was in operation from _ |
October 1951 to March 1954) no longer have an effeet on groundwater beneath the S 10 facility.

e Thereis no surface barrier {0 natural rnflltratxon. An average net natural iufﬂ.tration rate of 10 cm
(3.9 in.) per year is assumed for the surface covering of coarse sand and sparse vegetation [ioeated i
a recharge zone designated as 5 to 10 cm (1.97 to 3.9 in.) per year]. Recharge-of this magnitude
through unvegetated, coarse-textured surfaces can result in an upper ‘bound average vadose zone
transport rate for moisture and non-adsorbmg solutes of up to 2 m (72 ft) per year. '
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Based on the hydrogeology of the site, operatlonal h1story, and the assumptions and COHdlthIlS as
" noted above a schematic representation of contaminant transport through the Vadose zone to groundwater
was constructed as 111ustrated in Flgure 5.1.

Dunng operatlon the conceptual mode] shows that saturated or semr~saturated flow conditions
prevailed beneath the ditch and pond system Contarrunants from periodic releases migrated through the.
- 50il column to groundwater. Lateral spreadmg likely brought waste constituents to the upgradrent we]l
(299-W26- 7) “This accounts for the occurrence of chronuum in this well.’

The occurrence of chromium i in groundwater at this facility appears to correlate with the release of
potassium dichromate (hexavalent chromium) in chemical waste discharged to the ditch in September
1983 from a simulated double-shell tank waste associated with the Chemical Engmeermg Laboratory.

- While the quantity of thls Waste release ‘was small [416 4 L (110 gal)] containing approximately 10 kg
(22 Ibs) of K,Cr,0,%, it was. apparently enough to be detected in groundwater momtonng wells a-few

- years later. Also, the ratio of nitrate to chromium (as Cr) in the source is 16 as compared to aratio of

~ about 20 observed during peak concentrations in well 299-W26-7 (i.e., observed peak date = December 1
1997, nitrate concentration = 11, 400 lg/L and chromium concentrahon 576 1g/L). The close agreement
in nitrate/chromlum ratios tends to confirm the suspected source of the chromium and nitrate in the S-10

. monitoring wells. The delay in time between the release event (September 1983) and the appearzance of
the chromium peak in monitoring well 299-W26-7 in December 1997 suggests the transport tire through
the vadose zone must be much slower than prev1ously predlcted at th1s waste site (WHC 1990) '

-Hexavalent chronuum (_ftltered sarmples) in both upg'adlent_and downgrad1ent' momtormg wells at the -

S-10 facility demonstrates that this mobile constituent reached groundwater and that this and other mobile

. contaminants are likely still distributed throughout the soil column (associated with the residual satura-
tion). As previously noted in Section. 1.0, this type of residual soil column’ source is subject fo long-term

- drainage to groundwater in response to natural infiltration as the driving force. Unusual precipitation
events (heavy snow fall followed by rapid meltmg) are assurned to enhance such trauspoxt '

"The drvalent metals (mercury, lead, nickel, zinc, ‘coppet, arid cadrmum) are assumed to be retained in
_ the upper approximately 10 m (32.8 ft) of the soil column, based on waste stream chenustry, sorptive
© propetties of these elements, and migration depth estimates in Hanford soil from previous studies (WHC -
1990). Arsenic, chromium, selenium, and vanadium, are all assumed to be present as highly mobile
oxymetal anions. If these metals were released in sufficient quantity, they should have been detected in
wells: The presence of chromium in these wells is consistent with this expectation. The absence (non-
detects) of the other mobile metals suggests their concentrations in effluent were too low to be detectable
after mixing with the ambient groundwater If they were not detected during the operatlonal phase itis
unl]kely they Would be detected in the post. shutdown or post.closure period.

The organics also are shoWn as being mobile (i.e., as non-charged species) However, some organics
such as ponchlormated b1phenyls are not expected to be mobile." If the more mobile organics (e.g.,
alcohols, ketones, volatile organic halogens) were present in waste streams discharged to the pond
systern, they should have been present along with the hexavalent chrominm. Their absence (non-detects) -
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- 1% taken as evidence that their effluent concentrations were either too low 10 be detectable after mixing
with ambient groundwater, or they may have been present but were subject to biodegradation or volatiza-
tion in the vadose zone. These and other considerations are uséd in Section 6.3.2 to arrive at a reasonable
- list of contaminants of concern for a revised sampling and analysis plan. ' '
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6.0 Groundwater Monitoring Program

This section describes a grdundwater monitoring program for the S-10 facility consisting of moni-
toring well network, target constituents, sampling and analysis protocol, and quality assurance and quality
control. This plan replaces the existing RCRA interim status groundwater monitoring plan (Airhart et al.
1990). This new plan is expected to be effective until final status closure is obtained for the facility,
which is set by the Tri-Party Agreement modification schedule to occur in 2006.

6.1 Objectives of RCRA Monitoring
The objectives of RCRA groundwater monitoring at the S-10 facility are:

e To detect, and assess existing or new sources of contamination to groundwater originating from the
facility.

¢ To provide input to the corrective action process, if necessary, pursnant to WAC 173-303-646.
e To support closure of the RCRA regulated unit.

The ultimate goal is to design a technically sound and cost-effective monitoring program that is
capable of protecting human health and the environment.

6.2 Special Conditions at the S-10 Pond and Ditch

The declining water table in the 200 West Area, especially in the vicinity of the S-10 facility, caused
many RCRA-compliant wells to go dry. Initially, the RCRA groundwater monitoring network was
composed of six corapliant (WAC 173-160) groundwater monitoring wells installed i in 1990 and 1991
(as-built diagrams are presented in the Appendix). Two upgradient wells (299-W26-7 and 299-W26-8)
and three downgradient wells (299-W26-9, 299-W26-10, and 299-W26-12) monitored the upper 4.5 to
6 m (135 to 20 ft) of the uppermost aquifer. Another well, 299-W26-11, was completed in a perched ‘water
zone above the Phio-Pleistocene Unit 2 and 3 to monitor apparent perched effluent recharging to the
aguifer. Depth to water in the perched zone was about 38 m (125 ft). However, when surface water -
discharges ceased in 1991, the perched water began receding. The water level within well 299-W26-1:1
dropped below the level of the well screen shortly after the surface water discharges ceased at the S-10
facility. Well 299-W27-2 was installed in 1992 and monitors the lower 3 m (10 ft) of the uppermost
aquifer, just above the Unit 8. Well locations are shown in Figure 6.1. '

Currently, only one of the original six upper aquifer monitoring wells, 299-W26-7, remains in service
due to declining water levels (see Figure 3.6). With the exception of the vadose well, four wells _
(299-W26-8, 299-W26-9, 299-W26-10, and 299-W26-12) have gone dry, at an average rate of one well
per year starting in early 1998; the current npgradient well 299-W26-7 is projected to go dry in 2003.
Only one replacement well, 299-W26-13, has been added to the network (completéd in January 2000)
near the S-10 Pond (see Figure 6.1). Well 299-W26-13 was constructed with'a 11-m (35-ft) well screen _
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: and is expected to remain active, i.e., Wlll not go dry, durmg the closure penod As a result the 31te

currently has two wells (299-W26-7 and 299- W26-13) that monitor thetop of the unconfined aqulfer
Well 299 -W27-2 monitors the bottom of the unconfined aquifer. “Thus, the current network does not meet
the minimum requirement of one upgradient and three downgradient wells to evaluate the possible site
impact on the uppermost aquifer [40 CFR 265.91(a)(1) and (2)]. Ecology and DOE annually negotiate
installation of future monitoririg wells under Tri_—_Party Agreement milestone M-24-00.

63 SamphngandAnaIymsPlan L

ThlS section pr0v1des the revised samplmg and analysis plan for the S-10 fac1hty A rev1sed and

' reduced groundwater monitoring network is proposed using; in part, a new well-deepening technology to :

re-activate recent dry wells. Also, one CERCLA characterization borehole is identified as a candidate

3 'locatmn for completion as a new RCRA well for addition to the network Th1s rev1sed network will meet
" the minimum RCRA requlrements for mterlm status. detectlen
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A site-specific sampling constituent lst is developed from a final list of contaminants of congern,

~ identified under a CERCLA data quality objective process, which is refined by evaluatmg the constituernts

' against a list of facility specrﬁc exclusmn criteria and rationale. This reduced list of constituents meets :
the RCRA requn-ements for interim-status detection monitoring. -

. 6.3.1 : Monitorin'g Well NetWork g

The well network (Table 6,1) was designed to:

_e represent the quality of background groundwater in the uppermost aquifer rear the fac1hty that has
- mot been affected by the S~10 facility- [40CFR 2659 l(a)(l)] : :

® assure that the number locattons and depths of downgradrent wells immediately detect: 'any
statistically significant amounts of hazardous (dangerous) waste or hazardous (dangerous) waste
constltuents that migrate from the S-10 facility to the uppermost aquifer.

thure 6.1 provides the location of the previous and current RCRA groundwater momtormg well
networks. Currently, only one upgradient well 299- W26—7 located near the west side of the S- 10 pond,
~ and one downgradient well, 299-W26-13, located just east of the S-10 pond monitor the fac:]hty for
RCRA compliance. Also, there is one deep: RCRA well, 299-W27-2, whrch monitors groundwater
cond1t1ons at the base of the uppermost unconfined aqlnfer

Groundwater momtonng ata RCRA 1nterrm status facility requires a minirmm of one upgradient and
three downgrad:tent wells.. The upgrad1ent well will become unsampleable and go dry in 2003 if the water
table continues to decline at the current rate. This will reduce the RCRA monitoring network for the §-10
facility 1 to just one shallow downgradient well. The S-10 facility is expected to remain in interim status

momtormg until 2006 at which time it will be closed in accordance with Tri-Party- Agreement mﬂestones :

(a) Last sampled in fiscal year 2001; now dry.

(b) CERCLA characterization borehole to be completed as RCRA well.
{¢) Used for supplemental 1nformatlon, 1o statistical evaluation.
Bold italic = Upgradient welis. :

Superseript =

Year of installation.

RCRA = Well constructed to RCRA standards

: Table 6.1. Revised Mfonitoring Wel_ls for the 216—S-10 Pond and Dltch o
Hydrogeologic Unit | Water-Level _ '
_ Well Monitored 1 Sampling Frequency Measurement ‘Well Standard
299-W26-7" .| Deepened to top of - | Semiannual Semiannual | RCRA
. | unconfined ' _ .
| 299-w26-12* Deepened to top of | Semiannuial® | Semiannual RCRA
_ : unconfined _ '
299-W26-13% Top of unconfined | Semiannual Seémiannual 'RCRA
|| NEW WELL 03® | Top of unconfined = | Semiannual | Semiannual RCRA
| 209-W27-2"° - | Base of unconfined . | Semiannual Semiannual RCRA
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Interim nicasures to bring the S-10 facility back into comphanoe with RCRA regulations can be
achleved by using developmg technolooy to deepen the wells and integrating activities with the ongoing

~ CERLCA 200-CS-1 RUFS investigation. Figure 6.1 also highlights proposed candidate wells which -

could be deepened to re-activate dry wells. If the well deepening technology is not successful, new
replacement well locations will be evaluated and approved by DOE and Ecology through TPA mﬂestone :

- M-24-00.

The candidate wells for deepening, if the deve]opmg technology is. successful include the wells hsted
below: .
. Woli 299-W26-7isa candidate because it is the cuirent upgraﬂiéni well that will be going dry and
~ also because it has o historical trcnd of elevated chronuum and mtrate as dlscussed prevmusly {see
Section 4) : o

s Well 299-W26 12 located at the north end of the S-11 ditch, is another cand1date weﬂ and wﬂi
provide coverage at the: recewmg/source mput end of the Tacility.

In addition to these proposed WO dee‘pene_d W.ells,onc new-well is proposed near the center of the .

- S-10 ditch (see Figure 6.1). ‘The CERCLA RUFS imé’estig’ation_being carried out during FY 2003 will
- construct a characterization borehole to the top of the water table in this location aud plans to abandon the

borehole after alt sampling is completed (DOE/RL 2000). Significant cost saving can be realized and
compliance can be achieved if this borehole could be drilled an additional 12 m (40 ft) and completed as a
RCRA-compliant groundwater monitoring well. The CERCLA proposed location of the borehiole wﬂl be
either on the footprint or just downgradient of the backfilled and stabilized trench. This location can be
used as a RCRA downgradient location. This well will be installed in accordance with WAC 173-160,
groundwater monitoring well requirements, and will be sealed to eliminate the potential for migration of
vesidual contamination down the borehole. RCRA requires at least three downgradient wells at the limit
of the waste management area. The CERCLA borehole will be within, rather than at the limit of the
waste management area, but since the S-10 facility is inactive, a well in this location will provide a more
direct access to the aguifer directly below the ditch to. allow monxtormg of potentlal residual-effluent

_ drzumng from the vadose zotte.

The proposed network for groundwater momtormg will be ev aluated after it has been 1mplemented w0

. determine if it is adequate 10 provide groundwater momtonno for the remammg llfe of the 8-10 facility

and through the closure pencd

. 632 Constltuent Llst and Sample Frequency

ThlS section prov1des the proposed groundwater constituent hst and the ratlonale for denwng the site-
specific monitoring parameters for RCRA wells at the S-10 facility. Site-specific constituents of concern
are derived using the final list of contaminants of concern developed under the data quality Ob_] ectives

_process for the CERCLA 200-CS-1 Chernical Sewer Operable Unit. The CERCLA final list of contami-

npants of concern was developed by evaluating it against a list of exclusion criteria and rationale. -BHI -
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(1999) provides the details of this elimination process. Only contaminants that could affect groundwater.
quality are identiﬁed as RCRA site-Specific constituents of in accordance with the fo]lowinorprocessf

The final list of contammants of concern. developed under the data quahty Ob_] ective process for the
" 200-CS-1 Chemical Sewer Operable Unit, excluding radicactive constituents, is used as the base hist.. -
Radioactive. constituents are excluded from the list because radionuclides are monitored under the -
authonty of the Atomic Energy Act of 1954 as amended. Remalnmg constttuents are lrsted in, the

' f]_l‘St column of Table 6 2.

From t_he-base lrst, _detectron status (the number of detected analyscs.over the number of total valid
analyses) for the network wells including wells that went dry (299-W26-8, 299-W26-9, 299-W26-10, '
299-W26-~ 12) and a deep well (299W27- 2) are compiled. The result is shown in Table 6. 2

From Table 6 2, those contaminants of concern ‘that are cither not detected (i. e., mercury selenium,
1-butanol, 2-butanone, methyl isobutyl ketone or MIBK, 1,1,1 trichloroethane, 1,1,2 trichloroethane,

- xylene, polychlormated brpheuyls shell E2342, and tnbutyl phosphate) or essentra_lly non-detects

(acetone cadmmm, copper, cyanide, phosphate sitver, sulfide, and toluene) are further elr.mmated

The maximum detected values for the con51stently detected analytes foreach well-are compared
with the Hanford Site groundwater background vahues (DOE/RL 1997 Table ES- l) Results are -
presented in Table 6.3.

‘Constituents are further 'eliminated if the maximum detected values are less than the Hanford Site
background values (ie., arsenic, barium, and berylhum) Zinc is also eliminated because the only _
value that excegded the background value of 48.9 1g/Li is the maximum detected value of 211 lg/L
from Well 299-W26-10, which is belleved o bean outlier(not con31stent with hlstoncal Hend)

Total organic carbon is adde'd in lieu of the semi-volatile organic group (e.g., dies‘el _fuel, normal
paraffin hydrocarbon, etc.), which is not analyzed as a constituent or group.

Lead and n1ckel are elnn]nated becanse they are essenually all non-detects in the reported results for i
both old and new wells. Also, they are not expected 1o be mobile under. discharge conditions at this

* facility (see discussion in Section 5).. However, elevated nickel above the detection limit (and

natural background) in decp well 299-W27-2 is the one exceptlon This occurrence may be corro-

~sion related. Nickel has not been detected in the shallow wells, indicating the S-10 facility is not the

‘source. Additional investigation may be necessary to confirm this speculation (see Section 6.3.3 for
additional studies). If it is.shown not to be an artifact of:the well, then this constituent 1dent]f1ed n -
the CERCLA process W1ll be added to the routme momtormg list.

The remaining constituents are considered to be the szte—Specrfic constituents and are listed in

Table 6.4. In addition to the site-specific constituents derived above, Table 6.4 also includes constituents |
that serve as general groundwater contamination indicator parameters, groundwater quality parameters,
and other selected parameters to be analyzed under the 216-S-10 pond and ditch groundwater monitoring.
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Table 6.2 *

Dltch and Pond

Detectlon Status of Fmal Llst of Potentlal Contannnants of Concern at. the 216-S-10

Analyte Llst/Networka} E 299-W26-7 i 299- W26—8 | 299 W26:9 | 299-W26-10 - | 299 W26 12°] 299-W26-13 |299 w27-2j|

Arsenic -

_Metals (Filtered), 1g/L

(Aroclor-1242)

_5/9. _ 17 | eis [ AT . 6/6 . = 274
Barium 177199 1 1129 1o 114° 10 153/13 10/14%° 373 15/15
[Beryllium ST IR | 5149, | - 113 VY 13 " SIT5
ICadmivm 1/16% i 1714 1/13 0/14 073 0715
HChromium 15/19% 5712 /14 4113 8/14 6/6 9/22
Copper /19 3/129 5/14" 73713 1/14% 173 . 2/15
Iead . 4/9 ToAa 0/6 - 217 0/6- 0/4
Mercury 009 0/7 - 0/6 07 -0/6 0/4
Nickel 4/19%° 3/129 149 -0/13 27149 273 10415
Selenium 0/9 0T . 0/ 07 0/6 =N 0/4
- Isilver - 0/199 0129 | 4@ /13 1714 073 - 115
Vanadium 12/199 -5/12 13/149 10/13 12/14%° 3/3 13/15
Zinc - . 47199 1 Ty T 6/149 5/13 5149 [ T2/ 8/15
Inorganics, 1g/L. -~ ' :
Amgnonia o T - S e - o .=
Chloride 19/19 13/13 15/15. .1 13/13. 14/14 33 15/15°
Cyaride 1 072 12 0/2 12 071
[Fluoride 18/18 12712 14/14 - 13/13 13/13 33 15715
{Nitrate (As NOy) - 1949 13/13 15/15 13/13 14/14 33 15715
Phosphate 0/14 /12 o/11 0711 1/10 /8
Sulfate 19/19 13/13 . 15/15 13/13 14/14 3/3 15113
Sulfide 0/l ol 0/1 . 071 - /1 L1
[Thiocyanate - S . - — S — e
ipH 131131 86/86° - | 9505 | 85859 | 99/99 24/24 76/76
. B Volatile Organics, 1g/L. . :
Acetone /12 078 177 EE 1/9 172 1/11
1-butanol o711 0/6 0/6 0/8 0/8 072 o711
2-butanone W12 08 0/9 . 0/9 0/9 02 o/11
[Carbon tetrachioride 415 7714 1/9 5113 4711 272 14/14
IChioroform 4/15 4/14 2/9 1/13 10/11 22 10/14
[Decane — -— - - - — — -
IDichloromethane 1/15@ 114 0/9 07139 0/13™ /2 1/14
[Ethanol T - - - - e
Halogenated hydrocarbons| 207112 2877 - 15183 13/68© 25/84 3/16 39/65"
||(TOX) ) ' ) . '
/129 .0 0/7 0/9 0/9° 072 011
Propanol e L= -— -— - - i
Toluene -0/15 1/14 09 w13 0/l o2 /14
1,1,1 wichloroethane 015 0/14 0/9 . _ 013 0/11 072 0/14
1,1,2 trichloroethane 0/15 -, 0714 0/9 0/13 011 02 0/14
Xylene ' 015 0/14 - 0/9 0/13. 0/11 072 0/14
: o Semi-Volatile Organics, 1g/. .- '
Diesel fuel -— — -— -— - - -—
Kerosene 0/1 . O 0/1 o1 [ 0/1
Normal paraffin -—
hydrocarbon
Paraffin hydrocarbon -- - - - — o o
_{[Polychlorinated biphenyls 0/1 011 0/1 . [V 0/1 --= 0/1
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Tablé 6.2. (contd)

Analyte List/Network'™ [ 200-W26-7 | 209-W26-8 [ 299-W26-9-| 299-W26-10 [ 299-W26-12 | 299.W26-13 [299-W27.2
Shell E-2342 ot 0/1 o1 o o R Y T
Soltrol-170 g — o —
| Tributyl phosphate 0/1 - 0A1 01 0/1 071 — 0/1

(a) Table entry denotes the total number of detected analyses over The total number of valid analyses Dashed Imes (—-—) indicate
' analyte is not analyzed.
(by Wells shown in bold are not dry. 299-W26-7 is an upgrad1ent weH, 299-W26-13 a downgrad.tent well, ard 299-W27-2is a
deep downgradient well,
(c) Invalid analyms excluded.

Table 6.3, - Maximum Values and Hanford Slte Groundwater Background Values for Detected -
Analytes at the 216—S-10 Pond and Ditch
: ﬁ : : L L _ - Hanford
Analyte/Network™ | W26-7 | W26-8 | W26:9 | W26-10 | W26-12 | W26-13 | W27-2 | Backeround®
D - Metals (Filtered), 1g/1. - -
Arsenic 54 3.7 97 | 54 | 10 33 [ 118
Barium 34 49 ~ 28.8 3353 36 437 563 . 149
" iBeryliinm 18 [ 06t - 0.73 0.42 0.7 1.4 14 338
Chromium 376 201 61 182 [ 143 122 102 317 -
ILead 2O 7 ND | 67 - ND - ND - 13
Nickel 33 19.6 26.1- ND . 30 142 180 1.98
[[Vanadium 53.6 40.6 59.2 433 414 32.8 409 | 193
IZinc 7.13 287 2077 2119 153 417 16 | 489
s R . Inorganics,' lg/L .
Chloride 6,000 6,800 7,100 [ 11,500 2,700 | 7,700 23,700 19,580
yFluoride 900 800 800 -800 1,200 | 550 - 900 1,298
{Nitrate 11,400 3,130 6,910 8,320. | 7,300 6,640 4,820 41,723
Sulfate 18,500 | 19000 | 27000 | 31,800 | 17,000 | 19,500 | 19600 54,950
pH [ 7.15,8.39 | 7.66,8.88 | 7.01,8.44 | 6.61,8.43 | 7.04,8.54 | 7.93.8.36 | 7.29, 8401 694,879
- ' . Volatile Organics, 1g/L _ : ,
Carbon tetrachloride 04 4.8 0.58 2.3. 6 1.5 6.4 NA
- [Chioroform 047 | 081 0.4 2.3 6 059 [ 088 NA
' _ Semi-Volatilé Organics, 1gl ' y -
Total Orgamc Carbon | 1040 I 696 . [ 764 ] 3600 ] 1000 [ 820 | 1130 | 3,336

(a) . Well Prefix 299 omitted. Wells shown in bold are not dry. 299-W26-7 is an upg:adlent well, 299—W26 13 isa
downgradient well, and 209-W27-2 is 2 deep, downgradient well., .
Source: Hanford Site Background: Part 3, Groundwater Background, DOE/RL (1997, Table ES 1). Metals were analyzed
using the ICP-MS methiod, which has lower detection limits than the ICP method used in RCRA samplmg and analysis -
program. Thus wany of the maximum values shown are actua]ly at or just above the detection Limits for the ICP meéthod

. used even though the listed value is SIgmﬁca.mly higher than natural background as determined by ICP-MS. Lead and
nickel, for éxample, are essenually non-detect except for mckel in deep well 299 W27-2. Thus, lead and mckel area judged
to be non-detects or at or below the natural background Wlth the one exception noted. -

(c). Suspected outlier.

INA =not applicable.

ICP = inductively coupled plasma
S = mass spectromelry

(b)
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Table 6.4.  Constituent List for the 216-S-10 Pond and Ditch

Indicator Parameters™ _ T T T
ClpH - : o .. Specific Conductance
Total Organic carbon - - Total Organic Halides =
‘Groundwater Quality Parameters®™ R S
Chloride -~ . Tron
Manganese . o : Phen_ols :
Sodium : ' - Sulfate -
- || Site-Specific Parameters . R -
Chromium _ _ " Vanadium
OtherSelected Parameters . " :
Alkalinity ' <.+ Tubidity
Carbon tetrachlorlde : - Chloroform
Temperature o ' '
(a) -Subject to statistical evaluations. described in Section 7. 3
(b) -Sampled annually; all others: sampled seminally,

program:. The general contamination indicator 'parameters (pH, specific conductance, total organic car- -
‘bon, and total organic halides) and groundwater quality parameters (chloride, iron, manganese, phenols,
sodium, and sulfate)-are included to satisfy regulatory requirements stipulated in 40 CFR 265. 92b)(2)-

and 40 CFR 265.92(b)(3). Additional parameters, alkalinity, carbon tetrachloride, chloroform turbidity,
and temperature will be sought as indicators of sample quality and general aqurfer/well background ‘
conditions. Groundwater will be sampled for all constituents on'a sennannual basis except the
groundwater quallty parameters whlch will be sought annually

6.3.3_. 'Salnphng and Analysrs -Protocol S

Monitoring of the S- 10 fac1l1ty is part of the Hanford Groundwater Momtormg PmJect Procedures
for groundwater sampling, documentation, sample preservauon shipment, and chain-o f—custody require-
ments are described in PNNL or subcontractor manuals {e.g., ES-SSPM-001) and quality-affecting activi-
ties and documentation are included i in the quality assurance plan. ® Samples generally are collected after
. three casing volumes of water have been purged from l:he well or after field parameters (pH, temperature,

- specific conductance, and turbidity) have stabilized. For routine groundwater samples preservatives are
added to the collection bottles before their use in the field. Samples to be analyzed for metals are ﬁltered *
in the field so that results represent dissotved metals : :

Procedures for field measurements are specified in the subcontractor s or manufacturer’s manuals.
* Analytical methods are specified in contracts with laboratories, and most are standard methods from Test
Methods for Evaluating Solid Wastes, Physical/Chemical Methods (EPA 1986a). Alternative procedures
meet the gurdelmes of SW-846, Chapter 10. Analytrcal methods are described in Hartman (2002). -

" (a) The Hanford Ground-Water Momrormg Project Quality Assurance Project Plan.. QA Plan ETD- 012,
Rev. 2, December 2000. Pacific Northwest National Laboratory, chhland Washmgton '
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6.3.4 Quality Assurance and Quality Control

The groundwater monitoring project’ S quality assurance/quality control (QA/QC) program is
‘designed to assess and enhance the reliability and validity of groundwater data. The primary quantitative
meastres or parameters used to assess data quality are accuracy, precision, completeness, and the. method -
detection limit. Qualitative measures include representativeness and comparability. Goals for data repre-
‘sentativeness for groundwater monitoring projects are addressed qualitatively by the specz.ﬁcahon of well .
locations, well construction, sampling intervals, and samphng and analysis techniques in the groundwaler .
monitoring plan for each RCRA facility. Comparability is the confidence with which one data set can be
compared to another. - The QC parameters are evaluated through laboratory checks (e , matrix spikes, -
laboratory blanks) replicate sampling and analysis, analysis of blind standards and blanks, and interlabo-
ratory comparisons. Acceptance criteria have been established for cach of these parameters in the proj ject
QA Plan® based on guidance from the U.S. Envitonmental Protection Acency (OSWER-9950.1, EPA
1686b). When a parameter is outside the criteria, corrective actions are taken to prevent a future -
occurrence. and affected data arc flagged in the database.

6.4 Additional Studies-

The occurrence of nickel in deep well 299-W27-2 is difficult to explain on the basis of existing
information. If it is an artifact of the well and or sampling conditions, then there is no justification for !
including it in the constituent list for routine monitering. If it is shown notto be an artifact of the well, o
then this constituent identified in the CERCILA process will be added to the routine monitoring list. Thﬁs

an investigation of the nature of this occurrence is needed The proposed general approach is described as
follows ' ‘

If dissolved nickel is present in the aquifer, then per-iodic sampling during pumping should result in
relatively constant concentrations of nickel. However, if there is 2 major change in concentration (high -
then declining rapidly with increasing volume removed) then a well-related effect is indicated. The
proposed study involves collection of periodic samples for analysis of nickel during removal of up to six
bore volumes, and continuous or discrete measurements of specific conductance, pH, Eh and or dissolved
oxygen. The latter parameters provide correlative information for assessing corrosion.  °

- -

(a) The Hanford Ground-_Warer Monitoring Project Quality Assurance Praject Plan. QA Plan ETD-012,
Rev. 2, December 2000, Pacific Northwest National Laboratory, Richland, Washington. -
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7.0 _Da‘ta.Management,'Evaluation, and Reportilig _'

This chapter describes how groundwater data are stored, retrieved, evaluated, and interpreted.
Statistical evaluation methods, and reporting requirements also are described. '

71 Data Management

" The contract laboratones report a.nalyucal results electrorucally The. results are loaded 1nt0 the _
.Hanford Enwronmental Informatron System (HEIS) database. Fleld-measured parameters are entered '
- manually or through electronic transfer. Paper data reports and ﬁeld records are considered to be the _

- record copres and are stored at PNNL ‘

The da'ta'undergo a valid-ationfvenflcation process according to a documented procedure, as described -
in the project QA plan.” 'QC data are evaluated against the criteria listed in the project QA plan and data
flags are assigned when appropriate. In addition, data are screened by scientists familiar with the hydro-
geology of the unit, compared to historical trends or spatial patterns, and ﬂagged if they are not represen-
tative. Other checks on data may include comparison of general parameters to their specific counterparts
(e.g., conductlvr[y to 10ns) calculation of charge balances, and comparison of calculated versus measured
¢onductivity. I necessary, the 1ab may be asked to check calculatlons or reanalyze the sam:ple or the
well maybe resampled :

7.2 Interpretation

After data are vahdated and verified, the acceptable data are used to interpret gmundwater conditions
at the site. Interpretive techmques may include: :

» Hydrographs - graph water levels versus time to determine decreases increases, seasonal Or marn-
rnade ﬂuctuatlons in groundwater levels. :

» Water:table maps - use water-table clevations from multiple wells to construct contour maps to
estimate flow directions. Groundwater flow is assumed to be perpendtcular to lines of equal
potential. : :

* Trend plots - graph concentratlons of constrtuents versus time to determme increases, decreases and
fluctuations. . May be used-in tandem Wlth hydrographs and/or water—table maps to. determine if
concentrations relate to changes in water level or in Uroundwater flow directions.

e  Plume maps - map distributions of chemical or radrologlcal constituents areally in the aqurfer to
* determine extent of contamination. Changes in‘ plume dlstl‘lblltl()l‘l over time aid i detennmmg
‘movement of plumes and direction of flow,

- (a) . The Hanford Ground-Water Monitoring Pm]ecr Quality Assurance Project Plan. QA Plan ETD 012,
- Rev. 2, December 2000. Pacific Northwest National Laboratory, Richiand, Washington. '
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» Contaminant. ranos can. sometrmes be- used to- dlStlIlgLIlSh between drfferent sources of
contamination, : :

73 ) 'Statistic'al 'Evaluation

-The goal of RCRA detectron momtonng is to determine if the S-10. pond and drtch has adversely
1mpacted groundwater qualrty in the uppermost aquifer beneath the site. This is determined based on the

“results of a statistical test. According to 40 CFR 265.92 (and by reference of WAC 17 3-303-400[3]) the

ownet/operator of an interim-status hazardous waste facility must establish initial background concen-
trations for the contamination indicator parameters: specific conductance; pH, total organic carbon, and

“total organic halogen This has beéen done for the S-10 fac111ty by obtaining at least four replicate meas-
. urements for each parameter from each well quarterly for 1 year during the f]l’S[ year of its operation.
‘Data from the upgradient well(s) were used to determine the initial background arithmetic mean and

variance. Subsequently, the background values were updated using more recent monitoring data from
upgra_d1ent well 299-W26-7. The other upgrad1en_t Wel_l 299—W26 8 became dry after December 1997.

Menitoring data collected after the ﬂrst year is compared with the background data to deterrmne if
there is an mdlcatlon that contamination may have occurred. A t-test is required to make this determl-
nation (40 CFR 265. 93[b]). A recommended method is the averaged rephcate t-test method descnbed in
Appendlx B of the RCRA Groindwater M onitoring Technical Enforcement Guidance Document (EPA _
1986b). The averaged replicate t-test method for each contamination indicator parameter is calculated as: '.

t=(%, X, /S, *‘,/'1+1/n1,

where t= test statistic

%; average of replicates from the i™ monitoring well

&
il

backeround average

»
|

= background standard deviation .
np = number of background repli_cate :average's. '

A test statistic larger than the Bonferronj critical value, t., (i.e., t > t,) indicates a statistically
sugmfrcant probability of contamination. These Bonferroni crltlcal values depend on the overall false-
positive rate required for each sampling period (i.e., 1% for interim status), the total number of wells in
the monitoring network,. and the number of degrees of fieedom (1, - 1) associated with the ‘background
standard deviation. Because of the nature of the test statistic in the above equation, results to be _
cnmpared o background do not contribute to the estimate: of the variance. The test ¢an be reformulated,
without prior knowledge of the results of the sarnple (ie. 53) to be compared to background in such a
way that a critical mean, CM, can be obtained:

. .CM=3€B+tC «Sy #yf(1+1/n, ) (one tailed)
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CM =X, +1, =8, *.‘/_(_1 +1my } (two tailed)

Critical mean values for the S-10 facrlrty are presented in Table 7.1. Note the crrucal means were
calculated based on eight comparisons (2 wells'x 4 indicator parameters) to be made during each _
sampling event. Indicator paramieters are evalnated at least annually to détermine if the critical mean e
must be revrsed and are Tistéd in the annual groundwater momtormg report (I—Iartman et al 2007)

If downgradient data exceed the critical mean, they are determined to be statistically mgnrﬁcant -

- increase from background. ForpH, a two-tailed critical mean (or critical range) is calculated and
downgradient data beyond the range are considered to be statistically different from background Ka
statistical exceedance is detected, the well will be resarnpled to determine if the originally detected
increase (or pH decrease) was a result of laboratory or measuremient error (verification sampling). If -
verification sampling confirms the exceedance, the owner/operator must notify Ecology within 7 days ancl
~ submit a groundwater quahty assessment plan wrthm 15 days following the notification- (40 CFR -

265. 93 [d])." The goal of the assessment monitoring program is to determine if dangerous waste or -
dangerous waste constituents from the. facility have entered the groundwater and, if 50, to. determine their-
concentration and the rate and extent of migration in groundwater {40 CFR 263. 93 [d]) ‘An outline for the
assessrnent plan is presented in Sectron 8 0.

" Table 7.1. Crmcal Means for 216- s 10 Pond and Dltch(") for FY2002 Comparlsons

_ Upgradrent/
: . _ Average Standard | Critical Downgradient
Constituent, unit N |df t. - | Background | Deviation |  Mean Compaiison Value

Specific conductance, | 4 ] 3 { 94649 | 269375 | 3282 3041 |- 3041
juS/em ) . 7
" ||Field pH 143 |110838] 8266 0.083 |[7.16,9.37] [7.16, 9.37]

Total organic carbon,®? | 4 13 | 94649 | 24825 12738 | 1,5962 1,596.2
{ue/L _ _ b

Total organic ha]ides_,md} 4 ]3] 94649 | 2121 | 009 2.7 17.0

ng/L ' ] :

(a) Based on semiannual sampling events from June 1999 to J anuary 2001 for upgradient well 299-W26-7,
except for total organic carbon that was collected from December 1998 to January 2001,

(b) Excluding unrepresentative measurement of 1 040 ug/L collected on December 1998 from well
299-W26-7.

- Mc) Critical means calcunlated from values reported below vendor speciﬁed method detection limit.

(d) Upgradient/downgradient comparison value is the most recently determined Limit of quanutatron

df = Degrées of freedom (n-1).
In = Nuomber of background rephcate averages.
ANC = Not calculated.
flt: =  Bonierroni critical t-value for appropriate df and § comparisons.

7.3




74 'Reportin'g

Groundwater - chemistry and Water-level data are remewed at least semlannually and are avatlable in-
HEIS. The results of the. statistical evaluation will be subrmtted to Ecology in RCRA quarterly reports :
and in the annual groundwater momtonng report of the Hanford Site. Groundwater Monitoring Project
(e.g., Hartman et al. 2002). In addition, groundwater analytical and hydrologlc data from nearby facilities
such as the smgle—shell tank farm $-SX Waste Management Area will be examined for results that may
lend understandmg to the hydrogeologw system and will be discussed in the Hanford Site- annual ground-
water report, as appropriate. This.discussion will be accompanied by recommendatlons for modifications -
of the well network and/or constltuent list, as necessary

If groundwater rnonjtori-ng-data indioat’es’there_is statistically significant évidence of contamination
(using method-as described in Section 6.3) for one or more of the indicator parameters at any monitoring -
well at the oompliance point, Ecology will be notified within 7 days of the- ﬁnding specifying which
mdlcator(s) have shown statistically significant evidence of contamination, The Hanford Site Ground-
water Monitoring Project will develop and submit- to Ecology a groundwater quality assessment plan
within 15 days after the notification, or within the time agreed. by Ecology in writing as long as the _
S-10 facility remains as an interim-status facility. O_therw1se an application for a permit modification to

. establish a compliance-monitoring program will be submitted to Ecology in 90 days, or within the time -

agreed by Ecology in writing; if the S—-l_Q facility is brought mto the Hanford Facili’ty' RCRA Permit
(Ecology 1994, as amended) and 'is_sub'ject to final status _groundwator monitoring requirqment-s.
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8.0 Outline for AssesSment Monitoringi ;Pla_n‘ o

‘This section presents-a basic outline for an assessment monitoring plan, as required by 40 CFR _
265.93(a). An outline for the assessment plan is presented in Table 8.1. If a groundwater contamination-
indicator parameter at a downgradient well significantly exceeds the background value orif pH decreases
and is confirmed by verification sampling, a detailed assessment plan will be prepared. and submitted to .
Ecology (see Sections 7.3 and 7.4) and the facility monitoring will be elevated to assessment monitoring
status. The assessment program must be capable of determining whether dangerous waste or dangerous

-waste constituents from the S-10 facility have entered the groundwater their concentration, and the rate
and extent of migration. The groundwater quality program will include the following elements:

e Description of the hydrogeologic conditions and identification of potential contamih_ant pathways.
* Description of the investigative approach for making first determination to decide if dangerous waste -
or dangerous waste constituents from the facility have entered the groundwater or if the exceedance
was caused by other sources (false posmve rauonale)

. Descnptlon of the approach to fully characterize rate and extent of contaminant migration.

Table8.1.  Groundwater Quélity Assessment Plan Outline

Introduction
Conceptual Model
Hydrogeologic Setting
Waste Source Characteristics
_Sumimary of Vadose and Groundwater Observations
* Conceptualization of Contaminant Movement
Statement of the Problem or Key Issues
| Decisions '
Information Needs
- Groundwater Flow Rate and Direction
Placement of Monitoring Wells
| Extent of Contamination
1| Optimized Design for Data Acquisition
Constituents :
- Assessment Network
Sampling and Analytical Method
Data Evaluation . 7
Quality Control and Quality Assurance
Implementation Schedule
Data Management and Reporting
References
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e Number, 10caﬁ01_1’s,-and.depths of wellsin the monit_oring.network;

. Sampling and analytical methods used.'

Data evaluation procedures:

An i-mplerncntation schedule. :

The results of assessment determmatlons will be niade as soon as technically feasable and a report of
the findings will be sent to Ecology The detemnnatlons w1ll then be updated annually as required by '
40 CFR 265.94(b). :

8.2
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Appendix

Well Construction and Completion Summaries
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WELL CONSTRUCTION AND

COMPLETION SUMMARY

|

Drilling Sample Drive barrel WELL TEMPORARY

Method: Cable tool Method: Haxd tool NUMBER: 299-W26-8 WELL NO: Nore
Drilling 200 W Water " Additives Hantord

Fluid Useo: Supply Jsed: Not documented Coorainates: N/S N 33,47/3.92 E/W W 6,292.12
Drillec's WA State State NAD83 N i33,663.82m & 566,645.93m
Name: C. Wa msley lie Nr: Mot documented Cooroinates: N 438,580 F 2,218,947
Drilling Company Start

Company: Ka_ser Englneecxs Location: Hanford Card #: Not documented T R 5

Date Date Elevation

Starled: 06Mar90 Camplele: 22May90 Grourd surlface ([L): _663.33 [Brass cap)

Depth to water: 200.3-ft AprS0

(Ground surface)204.3-ft Sep®2

CENERALIZED CGCeologist's
STRATIGRNPHY Log
S51-slightly

0-16: Muday sandy GRAVEL
10-110: SAND

(trace coarse PEBBLES /1-/3-It)

110-115: S1 muddy SAND
115=125: SAND

125-140: S1 muddy SAND
140-162: Muddy SAND
162-215.7:

Muddy sandy GRAVEL

n, . —
i

Drawing By: RKL/2W26-08.ASB

Date: 20Apr93

Reterence: WHC-MR-0ZCé6

Elevation of reference point:
(top of casing)

Height of reference point above[_2.98-ft ]
ground surfacc

Depth of surface seal [0-19.9-%¢]
Type of surface seal:Pre-mix corcrete
4x4=tt x 6-in surface pad to Z.4-t=

4 equidistant protective posts

Cerent grout, 2,4-19.9-ft

T1.D. of rliser pipe: [
Type of riser pipe:
Stainless steel

4-1n 1

Diameter of borehole,
0-137,2-£ft, 11-in ncominal
137.2-215.7-ft, 9-in nominal

Type ot tiller, 29.9-188.4-ft
8-20 mesh benton_te crumkbles

Depth top of sea_: [
Type of seal:
3/8-in Volclay tablets

188.4-7t]

Depth top of sand tack: [

292.0-2t]
20-40-mesh silica sand

Depth top of screen:
4-in, KlC-slot, stainless stcocl
with channel pack

[ 298.4=2%)

Depth bottom of screen [

Depth to bottom of borehole:




SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-W26-8

299-W26-8
200 Aggregate Area Management Study
216-S-Ditch and Pond

WELL DESIGNATZON
CERCLA UNIT
RCRA FACILITY

e se ea

HANFORD COORDINATES : N 33,473.72 W 76,292.72 [200W-09Jul90)
LAMBERT COORDZNATES : N 438,580 E 2,218,94/ | HANCONV

N 133,663.82m 566,645.93m [MNADB3-0%Julg0]
DATF. DRTTT.ED May90
DEPTH DRILLED (GS) 215.7-ft

MEASURED DEPTH (GS)
DEPTH TO WATER (GS)

Not documrented
200.3-ft, Aproc;
205.3~-[L, 0O9%Mar93

T T

CASINCG DIAMETER : 6=-ir. stainless steel, -2.98-~0.5-ft;

4-ir mptainless steel, ~ND-195.4-ft
ELEV TOP CASING H 666,.3_~-ft, [200W=-09Jul90}
ELEV GROUND SURFACE : 663.33-ft, Brass cap [200W-059Jul20]
PERFORATED INTERVAL : Not applicable

SCREENED INTERVAL 3 195.4-215.7~ft, 4-in #.0-slot stainless steecl, with channcl pack
COMMENTS : FIELD INSPECTION,

OTHER:

AVAILABLE LOGS 3 Geologist, driller

TV SCAN COMMENTS $ Not applicable

DATE EVALUATED : Not applicable

EVAL RECOMMLMDATLON : Hot applicable

LTSTFED UST : 5~10 Quarterly water level measurement, 20Nov90-C9Mar93;
Not on water sample schedule

PUMP TYPE z Hydroszar
MAINTENANCE H
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WELL CONSTRUCTION AND COMPLETION SUMMARY

Drilling Sample Drive barrel WELL TEMPORARY

Method: Cab’e tool Method: Hard tool NUMBER: 299-W26-9 WELL NO: Nore
Drilling 200 W Water Additives Hantord

Fluid Usea: Supply Jsed: Not documented Coorainates: N/S N 32,048.. E/W W 16,801.1
Driller's WA State State NADB3 1l 133,229.16m K 566,492.10m
Name: 1.. Watkins Tde Nr: tot documented Cooroinates: 1l 437,753 F 2,218,442
Drilling Company Srart

Company: Kaiser Engineers Location: Hanford Card #:_Not docunented T R S

Date Daze Elevat ocn

SLarled: 02Mar90 Comolele: CiMay90 Grourd surlace ([L): 652.21 [Brass cap)

Jepth to water: 190.1-ft Apr90
(Ground surface)l93.6-ft 09Mar93

Elevation of reference point: [654.16-Zt]
(top of casing)

Height of reference point above[_2.95-ft
ground surfacc

GENERALIZED Geologist's
STRATIGRNPHY Log
Sl-slightly

Depth of suxrface seal [0-1B.5-%t])
0=1C: S1 muddy SAND
10-30: SAND
30-35: S1 muddy SAND
35-40: S1 muddy gravelly SAND
40-44: Muody sandy GRAVFEIL
44-55: SAND
55-60: S1 muddy SAND
60-80: SAND
80=-85: S1 muddy SAND
85-110: SAND
110-113: S1 muddy SAND
113-114: Sandy MUD
114-115: SAND
115-116.5: Sandy MUD
116.5-128: S1 mruddy SNAND
128-133: Sandy MUD
(VOC contaminatior
9-10-ppm)
133-139: S1 muddy gravelly SAND
139-143: Mucdy sandy GRAVEL
143-150: Gravelly SAND
150-160: Muddy sandy GRAVEIL
160-165: 51 muddy gravelly SAND
165-200: Muddy sandy GRAVEL
200-205: 51 gravelly sl muady SAND
205-205.5: Muddy sandy GRAVEL

Type of surface seal:Pre-mix corcrete
4x4-tt x 6-in surtface pad to 2.4-f:C

4 equidistant protective posts

Cerent grout, 7.0-18.5-ft

I.D. of riser pipe: [_4-in 1
Type of riser pipe:
Stainless steel

Diameter of borehole,
0-143.7-£ft, 11-in nominal
143.7-2C6.2-ft, 9=in nominal

Type ot tiller, -8.5-17B.4~-1t
8-20 mesh bentanite crumbles

Depth top of sea_: [ 278.4-7t)
Type of seal:
1/4 & 3/8-1n Voleclay tablets

Depth top of sand pack: { 281.8-%t)
20-40-mesh silica sand

Depth top of screen: [ 284.6-2t)
4-in, #1C-slot, stainless stccl
with channel pack

Depth bortom of screen [ 204.9=°¢t]

Depth to bottom of borehole: [_206.2-%t]

Drawing By: RKL/2W26-09.A5B Date: 20Apr93

Reference: WHC-MR-02Cé

AS




SUMMARY OF CONSTRUCTION DATA AND FIELD OBSERVATIONS
RESOURCE PROTECTION WELL - 299-W26-9

WELL DESIGNATZON % 299-W26-9
CERCLA UNIT s 200 Aggregate Area Management Study
RCRA FACILITY 5 216-8=-Ditch and Pond
HANFCRD COOQORDZNATES : N 32,048.7 W ~“6,801.1 [200W=~-08Juls0]
LAMBERT COORDINATES : N 431,153 E 2,218,442 LHANCONV |
[ 133,229%.16m & 566,492.10m [MNADB3-09Jul90)
DATF DRTT.I.RED ] May90
DEPTH DRILLED ({(GS) : 206.2~f¢
MEASURED DEPTH (GS} : Not documented
DEPTH TO WATER (GS) : 190.1-ft, Apr9cC;
193.6-LL, 09Mar93
CASING DIRMETER 3 6-ir stainless steel, -2.95-~0.5-ft;
4-ir. szainless steel, -ND-184.6~ft
ELEV TOP CASING : 654.16~-ft, [200W=09Jul90]
ELEV GROUND SURFACE : 651.2-.-ft, Brass cap [200W-09Jul90]

PERFORATED INTERVAL : Not applicable
SCREENED INTERVAL : 184.6~-204.9-ft, 4-in #.0-slot stainlecse stecl, with channcl pack

COMMENTS H FIELD INSPECTION,
OTHER:

AVAILABLE LOGS : Geologist, driller

TV SCAN COMMENTS 3 Not applicable

DATE EVALUATED : Not applicable

EVAL RECOMMEMDALLON : Hot applicable

L.TSTRD UST s 8-~10 Quarterly water level measurement, 20Nov30-C9Mar93;
Not on water sample schedule

PUMP TYPE s Hydroszar

MAINTENANCE :
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