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Summary

Seven years of groundwatermonitoring at the 200 Area Treated Effluent Disposal Facility (TEDF)
have shown thatthe uppermostaquifer beneath the facility is unaffected by TEDF effluent. Effluent
discharges have been well below permittedand expected volumes. Groundwatermounding from TEDF
operations predicted by various models has not been observed, and water levels in TEDF wells have
continued declining with the dissipation of the nearby B Pond System groundwatermound.

Analytical resultsfor constituentswith enforcement limits indicate thatconcentrations of all theseare
below Practical QuantitationLimits, and some have produced no detections. Likewise, other constituents
on the permit-requiredlisthave produced resultsthat are mostly below sitewide background. Compre-
hensive geochemical analysesof groundwater from TEDF wells has shown thatmost constituentsare
below background levels as calculated by two Hanford Site-wide,studies. Additionally, major ion propor-
tions and anomalously low tritiumactivities suggest that groundwater in the aquifer beneath the TEDF
has been sequesteredfrom influences of adjoining portions of the aquifer and any discharge activities.
This inference is supportedby recent hydrogeologic investigations which indicate an exb-emely slow rate
of groundwater movement beneath the TEDF.

Detailed evaluation of TEDF-area hydrogeology and groundwater geochemistry indicate thataddi-
tional points of compliance for groundwatermonitoring would be ineffective for this facility, and would
produce ambiguous results. Therefore, the currentgroundwater monitoring well network is retainedfor
continued monitoring.

A quarterlyfrequency of sampling and analysis is continued for all threeTEDF wells. The
constituentslist is refined to include only those parameters key to discerning subtle changes in
groundwater chemistry, those usefil in detecting general &oundwater qualitychanges from upgradient
sources, or those retainedfor comparison with end-of-pipe discharge chemistry. Volatile and semivolatile
organic compounds, ammonia, total organic carbon, oil and grease, and radiumare removed from the
constituentlist. Annual analysis for low-level tritiumis added to the constituentlist to help confirm that
groundwater beneath the TEDF remains isolated from operational influences.
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1.0 Introduction

The 200 lwea Treated Effluent Disposal Facility (TEDF) consists of a pair of infiltrationbasins that
receive wastewateroriginatingfrom the 200 Eastand 200 West Areas of the Hanford Site (Figure 1.1).
Jnoperation since 1995, the TEDF is regulatedby StateWaste Discharge PermitST4502 (ST4502;
Ecology 1995) under Washington StateAdministrativeCode (WAC 173-216). The ST-4502 stipulates
requirements for both effluent (end-of-pipe) and groundwater monitoring for theTEDF. Groundwater
monitoring began in 1992 prior to TEDF constructionto obtain background waterquality data. The
current ST-4502 expires in April 2000, and renewal will require an updatedplan for groundwater
monitoring. This document representsthe plan, based on hydrologic and geochemical information
collected since 1992. The document summarizesthe operational history of the facility, the hydrogeology
and groundwater geochemistry, and historical aspectsof groundwater monitoring. This plan supersedes
the groundwater monitoring plan of Barnettet al. (1995).

1.1 Background

The initialgroundwatermonitoring plan for the TEDF, Groundwater Screening Evaluation/
Monitoring Plan–200 Area Treated E@ent Disposal Facility (Project W-049H) (Rrnett et al. 1995),
was effected in May 1995, shortly after the TEDF began operation in April 1995. The document pre-
sented historical groundwatermonitoring resultsand statisticalevaluations for the threeTEDF wells that
had been drilled -3 years earlier (during 1992). During the 1992-1995 period, groundwater from these
wells had been monitored in conjunction with the 216-B-3 Pond (B Pond System) RCRA facility, and the
sampling/analysis schedule and list of analytesfollowed thatof the B Pond System. When the 1995 plan
was applied, a new, expanded list of analyteswas adopted. That expanded list was used untilApril of
1997 when Ecology agreed to a reduced list of constituents. The detailsof historicalgroundwater
monitoring at the TEDF are described in Section 1.4.

Groundwater sampling, analysis, and water level measurementshave occurred on a quarterlybasis at
the TEDF since 1992. Analytical results are reportedquarterly in Discharge Monitoring Reports (DMRs)
issued by Fluor Hanford (FH) (formerly Waste Management Hanford Company -]) and are
summarized in annualreports on groundwater monitoring for the Hanford Site (e.g., Hartmanand others
2000), and in annualreports specifically for the TEDF.

1.2 Objectives and Scope

This document presentsan updated groundwatermonitoring plan for the TEDF and supporting infor-
mation. The supporting information includes a discussion of the currentunderstandingof the hydrogeo-
Iogical and hydrogeochemical setting of the facility, an update of groundwateranalyticalresultsthrough
April 1999, and a historicalperspective of groundwatermonitoring at the TEDF. The historicalperspec-
tive is necessary to understandthe rationale for various technical decisions duringthe past several years,
and to clarify the strategyfor continuation of monitoring. The resulting groundwatermonitoring plan,
presented in Section 5.0, is predicated upon this information. The plan governs only sampling and

1.1



—-— .,. .—..-—.—

1.

?

HanfordSite
Boundary

\

!

200-West 200-East \

I

Area /Area ‘“ 1

‘RR %

I Pond System I --$3 ‘— ‘vYzA

TEDF I

04 8 kilometers
I I I I I

I I I 1
0 2 4 6 8 miles

Figure 1.1. Location of the 200 Area Treated

RG9WH3028.3

EffluentDisposal Facility (TEDF)

,

.

,

1.2



analysis for the three wells at the TEDF. This plan resultsin the elimination of some analytes from the
list of constituentssought in the groundwater samples. Constraintsfor sampling and analysis for other
Hanford Site groundwatermonitoring are not implied, although datafrom these programs maybe
included in the supporting information. Requirements for monitoring and sampling/analysisof TEDF
effluent are provided in the ST-4502 and the Liquid Waste Processing Facilities Quality Assurance
Project Plan (QAPjP) (Olson 1997).

1.3 Facility Description and Operation

The TEDF system consists of a piping system, supporting structures(valves, housings, and instru-
mentation) and the actual disposal site (Figure 1.2). The TEDF disposal site is a pair of infiltrationbasins
located approximately 3 km east of the 200 EastArea of the Hanford Site. The TEDF disposal site has no
treatmentor retentioncapacity; all streamsdisposed to the TEDF are clean or receive any required treat-
ment at the generatingfacilities. Details of the waste streamsand generating facilities are presentedby
Crane (1998). Aerial and ground-level perspectives of the TEDF are shown in Plates 1.1 and 1.2.

1.3.1 Effluent Sources and Discharge History

Prior to TEDF construction, clean effluent streamsfrom the 200 Area were directed to the RCRA
clean-closed 3C expansion pond of the B Pond System (Figure 1.2). Some of these streamswere
redirected to the TEDF when it began operation in 1995. All remaining streamswere sentto the TEDF
in August 1997 when the 3C expansion pond was decommissioned.

Currentsources of effluent discharging to the TEDF include: 242-A-81 Water Services Building
waste water, PlutoniumFinishing Plantwaste water, T Plantwaste water, 222-S Laboratory waste water,
284-W Power Plant, 284-E Power Plant, and WESF cooling water and wastewater,241-A Tank Farm
cooling water, 242-A Evaporator cooling water and steamcondensate, 244-AR cooling water, and five
package boilers (Crane 1998). All effluent streamgeneratorshave implemented Best Available
Technology/All Known And Reasonable Treatment(BAT/AKART) at the generating facilities before the
streamsare discharged to the TEDF. Figure 1.2 schematically illustratesthe collection system with major
sources of effluent directed to the TEDF.

Effluent volumes to the TEDF have been well within permittedoperating parameterssince the begin-
ning of operations in 1995. Regulated capacity of the TEDF for each of the two basins was initially
approximately 2,820 L/rein (750 gpm). In April 1997, a revised ST-4502 was issued thatrequires
discharges not exceed 3,400 gpm (12,869 liters/rein) on a monthly basis, averaged daily, or 1,200 gpm
(4,542 liters/rein)on an average annualbasis. The permitrevision also allowed for additionalwaste
streamsto be accepted by the facility. Figure 1.3 is a plot of monthly and cumulative discharge volumes
to the TEDF through April 1999. Thus far, over 2.8 billion litershave been discharged to the facility.
Although highly variable, actual discharge rateshave averaged only -5.86E+7 liters/month(1,346 liters/
rein) over the life of the facility, with a maximum of-3 .75E+8 liters (2,293 gpm [8,680 liters/rein]) in
September 1997, and a minimum monthly dischargeof3.0E+6(18 gpm [70 liters/rein]) in April 1999.
The high degree of variability in discharge volume is owing mostly to periodic campaigns of the
242-A Evaporator, which increase effluent flows dramatically.

1.3
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Plates 1.1 and 1.2. (Top) Westward View of the TEDF with SouthernBasin in Operation; 3C Expansion

Pond of the B Pond System in Middle Distance, and 200 Areas in Background.
(Bottom) Ground-Level View of TEDF Operation (NorthernBasin).
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Chemical constituentsof the waste streamare monitored at end-of-pipe at fi-equencies of one to four
times per month, depending on the constituent. Flow, pH, and conductivity aremonitored continuously
near the discharge point. The ST4502 (Sections S.3 and S.4) lists enforcement limits and early warning
values in the effluent for several constituentsof particularinterest.

Analyses of TEDF effluent variability from July 1995 to April 1996 were statisticallyevaluated to
1) demonstrate compliance with ST4502; 2) determinethe variability of all constituentsin the effluent
thathave enforcement limits, early warning limits, or monitoring requirements,and; 3) determine if
concentrations of any of these constituentsvary with season or other periodic events (Chou and Johnson
1996). Of the constituentsregulated in the permit only iron and chloride were demonstratedto occur in
concentrations in the effluent thatmay predictably exceed enforcement limits. All other constituentswere
shown to have less than 1 in 1 million probability of exceeding permit limits. A recent reevaluation of
effluent variability, using four years of monitoring data(July 1995-June 1999) yields similar conclusions
(Chou and Johnson 2000). In fact, only iron has exceeded permit limits since TEDF operations began.
Iron exceedences occurred threetimes; during the April-to-July period of 1996, during the January-to-
March period of 1997, and in June 1999. The elevated iron is thought to be a resultof rust particles
originating from conveyance piping.

1.3.2 Groundwater Monitoring .

Groundwater monitoring at the TEDF began in late 1992 upon completion of three test wells, which
were constructed as RCRA-compliant monitoring wells. From 1992 untilearly 1995 these three wells
were monitored under the RCRA program as partof the 216-B-3 Pond Systemnetwork. When operation
of the TEDF began in April 1995, groundwater monitoring continued undertheprovisions and schedule
dictated by the ST-4502. Locations of the wells (699-40-36, 69941-35, and 69942-37 [upgradient]) are
shown in Figure 1.4. Enforcement limits are set for six constituentsin the ST-4502 for the tsvo down-
gradient wells (see Sections 1.4 and 3.1). Rationale for selection of well location and well construction
is discussed in Section 2.2.4. The larger, squareperimetersurroundingthe active basins in Figure 1.4
representsthe bounds of the site evaluated during the site-selection and characterizationprocess (WHC
1992; Davis and Delaney 1992). A expanded account of historical groundwatermonitoring at the TEDF
is provided in Section 1.4.

1.4 Chronology of Groundwater Monitoring at the TEDF

Groundwater monitoring in the vicinity of the TEDF began with interim-statusRCRA monitoring
at the B Pond System in 1988 (Figure 1.4). The wells monitored in thisearly effort are located near the
main and 3B expansion ponds of the B Pond System (e.g., Luttrell in Frulandand Lundgren 1989). In the
succeeding years, through 1992, several additionalwells were installedat the B Pond System. Some of
these wells are near the 3C expansion pond, immediately west of the TEDF site. Although not a formal
component of the TEDF monitoring network groundwater datafrom thesewells has helped characterize
groundwater geochemistry and hydrogeology in the general region of the TEDF. These B Pond System
wells were sampled for a comprehensive list of constituentsand parameters(see Appendix A. 1) underthe
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RClL4 program. Discussions of analyticalresults from B Pond System wells are found in annualground-
water reports for Hanford Site RCIL4 facilities (e.g., DOWR.L 1993) and specific reports or plans for the
B Pond System (e.g., Bamett and Teel 1997; Bamett and Chou 1998).

During 1992, three wells were installedin anticipationof TEDF construction; upgradientwell
699-42-37 and downgradient wells 699-40-36 and 699-41-35. All three wells were completed as
“RCRA-compliant,” resource-protection wells (WAC 173-160). General construction parametersand
stratigraphyfor the three facility wells are shown in Appendix B. Drilling and hydrologic testing of these
wells also allowed hydrogeologic characterizationof the aquifer and vadose zone at thissite (Davis et al.
1993). Following emplacement and testingof the threeTEDF monitoring wells, it was recognized that
peculiar hydrogeologic conditions existed at the site thatmay eventually require alternativeplanning for
groundwater monitoring. Section 2.0 elaborates on the hydrogeologic fi-ameworkof the facility and the
rationale for well locations and groundwatermonitoring. All three TEDF wells are hydraulically down-
gradient from the B Pond System, and for this reason were incIuded informally in this facility’s well
network for sampling and analysis of groundwater horn 1992 through early 1995. The TEDF wells were
thus sampled quarterlyfor the same constituentsas wells in the B Pond System during thisperiod. The
constituentlist for the 1992-1995 period is shown in Appendix A. 1.

In May 1995, the Groundwater Screening EvaluationLMonitoring Plan—200 Area Treated Efluent
Disposal Facility (Project W-049fl (&met-t et al. 1995) was approved by Ecology to guide groundwater
sampling and analysis at the TEDF for determiningpre-operational background groundwater quality, The
constituentsrequired by this document, as guided by the ST-4502, are listed in Appendix A.2. Ground-
water monitoring requirements for theTEDF were initially determined to be similarto RCFL4-regulated
facilities (40 CFR 265, [subpartF]). Thus, the list of Table A.2 was derived fkom the existing RCIL4
program list and additional parametersapproved by Ecology. The list represents a comprehensive suite of
parametersfor evaluating background groundwater quality at the site and screening for anomalous geo-
chemical conditions. The list was applied quarterlyuntil 1996.

In July 1996, the list of analytes for groundwater samples from TEDF wells was again revised
following completion of 3 quartersof groundwaterbackground evaluation under the comprehensive list.
Several constituentswere eliminated from the list in Table A.2, but the lists of metals and anions were
somewhat expanded. Analytes consistently below detection were also eliminated from the list, and
quarterlyDischarge Monitoring Reports (DMRs) were adopted as a medium to track and report quarterly
groundwater monitoring results from TEDF. Ecology approved these revisions in accordance with
discretionary latitudeprovided by the ST-4502, Section S.8. The revisions resulted in the most recent list
of analytes for the TEDF groundwater monitoring shown in Appendix A.3. Of the constituentsin
Appendix A.3, six (total trihalomethanes,1,1,1 trichloroethane,total cadmium, total cyanide, total lead,
and pH) were assigned enforcement limits in groundwater. Total trihalomethaneswas also assigned an
early warning criterion. Samples for these constituentsand water level measurementsare c~ently
collected quarterly.

In September 1998, the report Evaluation of Groundwater Monitoring Results at the Hanford Site
200 Area Treated Effluent Disposal Facility (Barnett 1998) examined historical groundwatergeochemical
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results,and proposed recommendations for revision of the constituent list and groundwater sampling
schedule. These proposed revisions are refined and incorporated into the groundwatermonitoring plan in
this document, described in Section 5.0.
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2.0 Hydrogeology of the TEDF’ Site

This section describes the hydrogeologic settingof the TEDF, based on historical and ongoing char-
acterizationefforts for the 200 EastArea and vicinity, and studiesdirected specifically at the TEDF.
Baseline information on the physical settingof the TEDF sitewas derived primarily from Site Ckzrac-
teri.zation Report: Results of Detailed Evaluation of the Suitability of the Site Proposed for Disposal of
200 Areas Treated Efluent (Davis et al. 1993). Groundwater hydrology and related geochemistry for
the site is described in detailby Davis et al. (1993), and more recent information is provided by Barnett
(1998) and Hartmanand Dresel (1999). Stratigraphyof the 200 East Area adjoining the TEDF is
described in greatestdetail by Lindsey et al. (1992) and Connelly et al. (1992). Williams et al. (2000)
revisit the stratigraphyand hydrogeology of the 200 EastArea and vicinity, and presenta revised inter-
pretationof groundwater flow potentialin the vicinity of TEDF.

2.1 Geologic and Stratigraphic Framework

The principal geologic unitsbeneaththe TEDF include the Miocene Columbia River BasaltGroup,
the Pliocene Ringold Formation fluvial deposits, and the Pleistocene Hanford formation glacial flood
deposits. A representativestratigraphiccolumn of these units,as they occur beneath the TEDF, is shown
in Figure 2.1. A diagrammaticcross section of the stratigraphyin the vicinity of the TEDF is shown in
Figure 2.2. Appendix B also illustratesTEDF stratigraphyin the form of drilling lithologic logs for each
of the threemonitoring wells. Davis et al. (1993) describe these lithologic units in the vicinity of the
TEDF in detail,and refm to otherreportsthatprovide additional information. A synopsis of this informat-
ion is provided here.

The ElephantMountain Member of the Saddle Mountains Formation basalt is the uppermostbasalt
flow of the Columbia River Basaltsbeneaththe TEDF. Immediately beneath the ElephantMountain
basalt is the RattlesnakeRidge sedimentaryinterbed, which is one of the areally-extensive sedimentary
interbeds of the Ellensburg Formation. On the Hanford Site, thisunit consists largely of tuffaceous
sandstoneand siltstone (Reidel and Fecht 1981). The RattlesnakeRidge interbed comprises an important
portion of the uppermost of severalbasalt confined aquifers in the TEDF area.

Ringold Formation fluviolacustrinesediments average 45 m thick beneath the TEDF and consist
of (in ascending stratigraphicorder): 1) unit A gravel and 2) lower mud unit. The lower mud unit and
unit A correspond to units 8 and 9, respectively, of Theme et al. (1994). The Ringold unitA gravel
ranges in thicknessfrom -25 m in well 699-40-36, south of the TEDF to -37 m in well 699-42-37, north
of the facility. This unit is mainly composed of a silty sandy gravel with secondary lenses and interbeds
of gravely sand, sand, and muddy sandsto clay/silt. In the TEDF area, a prominent stratumof silty clay
occurs approximately midway behveen the top of unit A and the underlying basalt. Judging born the
uniform occurrence of this fine-grained horizon, as representedin other wells in the area,it is probably
continuous beneath the TEDF.
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The Ringold lower mud sequence ranges in thickness from 26 m in well 699-40-36 (south) to slightly
more than 11 m in well 699-42-37 north of the TEDF. The lower mud unit consists of clay, silt, and var-
ious mixtures of silt and clay. This unit is particularlyimportantto effluent infiltrationand groundwater
hydrology beneath TEDF, and is discussed in greaterdetail in Section 2.2.

The Hanford formation is approximately 30 m thick beneath the TEDF. This unit (corresponding to
unit 1 of Theme et al. 1994) is representedby three facies, in ascending stratigraphicorder: 1) lower
gravel sequence, 2) sandy sequence, and 3) upper gravel sequence (subdivisions after Lindsey et al.
1992). All of these strataarepoorly-cemented or non-cemented, and highly permeable compared with the
underlying unitsof the Ringold Formation. A relatively thin veneer of dune sand overlies the Hanford
formation to the land surface.

2.2 Groundwatet Hydrology

The uppermost aquifer beneath the facili~ occurs primarily within sediments of the Ringold Format-
ion, with the Hanford formation comprising the vadose zone. The ElephantMountain basalt acts as the
regional lower boundary for the uppermost aquifer. Although generally unconfined across the Hanford
Site, drilling dataand hydrologic tests (Davis et al. 1993) indicate thatthe uppermost aquifer is under
confining pressurebeneath tie TEDF. This confinement apparentlyincreases gradually from an uncon-
fined condition near the main pond of the B Pond System to progressively more confined in south and
southeasterlydirections. Artesianhead recorded during well construction ranged fi-om-8.5 m in upgrad-
ient well 699-42-37 to -25 m in downgradient well 699-40-36. The implications of these conditions for
TEDF operation and groundwatermonitoring are discussed in Sections 2.2.4 and 4.0.

As illustratedin Figure 2.2, the potentiometric surface nearly coincides with the upper surface of the
Ringold lower mud unit. Figure 2.3 is the potentiometric map for the uppermost aquifer in the vicinity of
TEDF for March 1999. The hydraulic head in this region is dominated by the remnantsof a groundwater
mound generated from past discharges to the nearby B Pond System. This mound has been decaying
since at leastthe late 1980’s when discharges to the B Pond System were greatly reduced. This subsi-
dence is reflected in wells throughout the area (see Barnettand Chou 1998), and is apparentin hydro-
graphy of the threeTEDF wells (Figure 2.4). A more pronounced rate of decline began in late 1996 in
all threewells. The greatestrate of decline since 1996 is within upgradientwell 699-42-37, presumably
because thiswell is the nearestof the threeTEDF wells to the source of the mounding.

Linear calculations of the rates of water level decline indicate thatseveral decades of service are yet
available from the TEDF wells. Based on the most recent -1 year of data,the calculations of water level
decline indicate thatwell 699-40-36 will have -108 years of potential service; -99 years for 699-41-35,
and -55 years for 699-42-37. The calculations indicate thatwater levels in all three wells are currently
falling at a rate of about 0.3 m yr-*(-1 fi yr-]). An explanation of these calculations, along with related
well dataare tabulatedin Table B. 1, Appendix B.

The configuration of the potentiometric surface in the TEDF areahas changed significantly during the
past -2 years. Figure 2.5 illustratesan interpretationof the potentiometric surface in June 1997, clearly
illustratingthe presence of the groundwater mound from B Pond System operations. Comparing 1997
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and 1999 (Figure 2.3) interpretationsindicates a shift in groundwater flow potential (orthogonal to equi-
potential lines) beneath TEDF from southeastin 1997 to south-southwestin March 1999. The shift in
flow potentialin the uppermost aquifer has alteredthe relative hydraulic positions of the TEDF basins and
monitoring wells. Most notably, well 699-41-35 is no longer downgradient of the TEDF with respect to
the uppermost aquifer. The implications of this condition are discussed in subsequentsections.

Vertical groundwater flow potential between the uppermost aquifer and the upper-basalt confined
aquifer is also changing in the vicinity of the TEDF (see Barnett 1998). Wells monitoring both of these
aquifers at the nearby B Pond System suggest an impending reversal iiom downward to upwardly-
directed flow potential between the two aquifers in the B Pond area. Hydraulic heads are falling in both
aquifers, but more rapidly in the unconfined aquifer, as a resultof the diminishing influence of past
wastewaterdischarges to the B Pond System. It is possible thatan upwardly-directed flow potential
already exists fhrthereast,beneath the TEDF.

2.2.1 Aquifer and Vadose ZoneHydraulic Characteristics

The uppermost aquifer beneath the TEDF is hosted by the Ringold Formation unit A. Samples of this
materialproduced saturatedhydraulic conductivities (&) of-1.0 E-07 crnsec-l, but constant-ratepump-
ing testsyield K, values as high as 1.3 E-03 crnsec-l (Swanson in Davis et al. 1993). The confined condi-
tion of the aquifer beneath the TEDF is attributedto the presence of the Ringold lower mud unit and its
low degree of permeability. This 11 to 26 m-thick stratumof fine-grained sediment forms an effective
aquitardand potentialperching horizon. Although saturatedthroughout most of its vertical extent at the
TEDF site, the lower mud unit probably allows very littlehorizontal or vertical groundwatermovement.
Saturatedhydraulic conductivity (&) averaged 5.5 E-07 cm see-l in five samples of lower mud unit taken
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from the TEDF wells during drilling and testing (Davis et al. 1993). One lower mud K, was estimatedat
7.5 E-09 cm see-]. In contrast,samples fi-omthe superjacentHanford formation produced K, estimatesas
high as 1.3 E-01 cm see-l.

2.2.2 Groundwater Flow

Groundwater movement in the aquifer beneath the TEDF was calculated using the Darcy equation
and estimatesof effective porosity, hydraulic conductivity, and horizontal gradient. This relationshipis
denoted by T = K,I/u, where V is the horizontal component of average linear flow velocity, K, is the
saturatedhydraulic conductivity, I is the horizontal component of hydraulic gradient,and n, is the effec-
tive porosity of the aquifer material. By this method, average linear flow velocity was estimatedin 1995
to be from 0.03 to 0.6 m day-] in a southeasterlydirection (Ekumettet al. 1995). Using a recent estimateof
hydraulic gradient (I) beneath the TEDF of -0.001 (fi-om March 1999 water level measurementsinthe
TEDF wells), the most reliable parametersfor K, derived from constant-ratepumping testsby Swanson in
Davis et al. (1993) of 3.6 R/day (1.3 E-03 crnsec-l), and an n. of 0.25 (Graham et al. 1981; Grahamet al.
198% Cole et al. 1997), produces an average linear flow velocity of -0.004 m/day. Contouring of
hydraulic head in the region immediately surrounding TEDF.for March 1999 (Figure 2.3) indicates a
south-southwesterlydirectional flow potential beneath the TEDF.

2.2.3 Summary of Groundwater Modeling Results

Numerous conceptual and numerical groundwater models with director indirect implications for
TEDF operation have been published during the last several years. Studieswith the entireHanford Site or .
large portions thereof as a focus produced conceptual hydrogeologic models for the unconfined aquifer
system (e.g., Connelly et al. 1992; Thorne et al. 1994). Other studiesprovide predictive numerical simu-
lations of groundwater and contaminantmovement in the unconfined aquifer system on the Hanford Site,
which include the area of the TEDF (e.g., Chairamonte et al. 1996; Cole et al. 1997). Three groundwater
numerical simulationswere conducted specifically for the TEDF prior to the beginning of operation. This
section summarizesthe salientresultsof these numerical simulationsand the broader predictions yielded
by other applicable site-wide groundwater models.

2.2.3.1 Large-Scale Modeling Predictions Involving the TEDF Area

Recent Hanford Site-wide groundwaternumerical modeling efforts have focused on prediction of
fiture water table configurations, flow paths across the site from various sources, and contaminant-
transportpotential. Protection of the Columbia River from potential Hanford Site contaminationsources
is the ultimateaim of the studies.

Chariamonte et al. (1996) used the Variably Saturated Analysis Model in l%ree Dimensions with
Preconditioned Conjugate Gradient Matrix Solvers (VAM3DCG) finite element code (developed by
HydroGeoLogic Inc., Hemdon, Virginia) to simulate groundwater flow and contaminanttransportacross
the Hanford Site for a period of 200 years, beginning with 1995. Assumptions included a combined
B Pond/TEDF discharge of 820 gpm (3,105 liter/rein) for 30 years (about twice the rate of actual average
annualdischarge thus far—see Section 1.3.1). Results of thismodel indicated the presence of a hydraulic
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mound in the B PondiTEDF area influencing groundwater flow in thisregion through at least the year
2015. During this period, groundwater (representedby instantaneousvelocity streamlines) appearsto
flow slowly southward-1-2 km from the B Pond/TEDF area before turningeastwardand accelerating
toward the Columbia River. After 2015, flow across this area is predicted to be nominally west to east,
without any apparentremnanteffects of TEDF/B Pond discharges. Predictions for the year 2005

(ten years into the simulation) show thateffluent originating from the TEDF/B Pond area appearsto take
>120 years to reach the Columbia River. By 2015 and subsequent years, groundwater movement along
this flowpath is shown to consume in excess of 300 years to reach the river. Decreased head and lowering
of the water table into the less permeable Ringold Formation causes the apparent,progressive slowing of
groundwater flow in some areas.

In 1997, Cole et al. used the three-dimensional Coupled Fluid, Energy, and Solute Transport(CFEST)
code (Gupta et al. 1987) to predict groundwater contaminantplume movement and the potential effects of
low-level waste disposal on the Hanford Site. The model assumes an average discharge to theTEDF of
3409 m3/day (2,367 litershnin) from 1997 through 2026 (-1,021 litershninmore than the actualaverage
thusfar-see Section 1.3.1). Results of the simulationsuggest thatthe water levels in the unconfined
aquifer beneath the B Pond facility, immediately west of the TEDF, will drop as much as 4 to 10 m over
the modeled period of 350 years. On a Hard?ordsitewide scale, groundwater flow in the vicinity of the
TEDF is shown to maintaina generally southeasterlydirection until fhr into the fiture; presumably
because of remnanteffects of discharge to the TEDF. By year 2350, the model forecasts thatthe flow in
thisareahas resumed a pre-Hanford west-to-east direction toward the Columbia River.

2.2.3.2 TEDF Site Groundwater Modeling Results

The first site-specific simulation was conducted as a part of the final site-selection process for the
TEDF. McMahon (in Davis 1992) used MODuIar three-dimensional dzjj$erencegroundwater FLOW
model (MODFLOW) to estimatethe hydrologic effects of TEDF operation at four locations on the
Hanford Site, including the location east of the B Pond System where the TEDF now resides. The three-
Iayeredmodel, representingthe Ringold unit A, Ringold lower mud unit, and Hanford formation, used
two alternatevalues each for hydraulic conductivities in the Hanford formation and Ringold lower mud
unit, and two alternateTEDF discharge scenarios. The higher, assumed value for hydraulic conductivity
in the Hanford formation (10,000 Ill/d)coupled with the lowest assumed discharge rate (5,670 Lhnin
[1,500 gpm]) resulted in a barely-perceptible simulatedgroundwater mound beneath the facility. Con-
versely, when the lower value for hydraulic conductivity (1,000 R/d) was combined with the highest
discharge scenario (56,700 L/rein [15,000 gpm]), the simulationproduced a groundwater mound approxi-
mately 3 m high beneath the TEDF in the uppermost aquifer. Results indicated thatgroundwater mound-
ing would occur beneath and north of the TEDF, and thatthis mound “would tend to block flow toward
the Columbia River from the B Pond Complex.. .“. It was this expectation of mounding, and the conse-
quentbeneficial blocking of potential contaminantplumes from the 200 EastArea and vicinity from
reaching the Columbia River, thatcontributed to the selection of the currentTEDF site.

In 1993, McMahon, in Davis et al. (1993), used a VAM3DCG model to estimatetravel times of
TEDF effluent to the Columbia River within a 40-year simulation period (30 years of operation and
10 years of reequilibration). McMahon simulated four scenarios-a combination of two average annual
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discharge ratesatTEDF, 2,270 and 8,700 L/rein (600 and 2,300 gpm), and two average combined annual
discharge ratesat the 3B and 3C expansion ponds of the B Pond System, 265 and 795 L/rnin (70 and
210 gpm). Jnrealily, discharges to the expansion ponds were permanentlydiscontinued in August 1997.
Results from the four simulationsproduced a relatively narrow range of effluent travel times from the
TEDF to the Columbia River; 8 to 9.7 years. However, the scenarios using the higher discharge rate to
the TEDF (8,700 L/rein [2,300 gpm]) resulted in a substantiallylargerhydraulic mound in the area of the
facility thandid the lower discharge estimate(2,270 L/rein [600 gpm]). The larger discharge scenario
also predicted a large hydraulic mound would develop in the unconfined aquifm just north of the TEDF,
particularlyin the Hanford formation. The lower discharge estimateproduced a barely perceptible
mound. Discharges of 265 to 795 L/rein (70 to 210 gpm) to the B Pond System had no materialeffect on
the mound size or travel times. Ten years after simulated discharges to the TEDF ceased, a small mound
still remainedwith the higher discharge scenario. Within the anticipatedrange of long-term (permitted)
rates of discharge (at thattime -2,820 L/rein [745 gpm]), travel time to the Columbia River was predicted
to be 9.6 years (currentpermittedratesof discharge are now 4,500 L/rein (1,200 gpm) (see Sections 1.2
and 1.3). The model also predicted thatthe existing groundwater mound beneath the B Pond System (see
Figure 2.5) would become unrecognizable within 10 years of the beginning of TEDF operations.

Collard, in Bamett et al. (1995), combined the low-volume scenario (2,270 L/rein [600 gpm]) of the
McMahon VAM3DCG model (Davis et al. 1993) with constituenttransportinformation to predict ~vel
of potential contaminantsfrom the TEDF under steady-stateconditions. Using empirically-derived
coefficients of distribution(J&) and constituenthalf-lives, Collard generatedFactors of Attenuation and
Dilution Efficacy (FADE) for several constituentsof concern atthe TEDF, including metals and organic
compounds. With &values ranging from near OniL g-l for very conservative (mobile) species (e.g.,
sulfate or nitrate)to 30 mL g-] for relatively non-mobile species (e.g., iron, manganese), Collard predicted
breakthrough (the point in the system atwhich O.1% of the initial concentration is observed) times to the
bottom of thevadose zone from <1 year to s2,000 years, depending on themobility of the species and
horizontal distance from the TEDF. Breakthroughtimes for the top of the aquifer ranged from 42 years
for the most conservative species at an observation point closest to the facility to 7,200 years for a &=
30 species 200 m downgradient of the facility. JrIsummation, Collard statesthatFADE values for even
the relatively coarse-grained Hanford formation provides “significant” protection of the uppermost
aquifer, and notes thatthe FADEs would likely be orders of magnitude larger if transient instead of
steady-state,conditions were applied. In Collard’s assessmen~ very littlerisk is posed to the aquifer by a
hypothetical contaminantrelease from the facility, even in quantitiesfar exceeding those reasonably
expected in an unplannedrelease.

2.2.4 Discussion of Hydrogeology and Modeling Predictions

Hydrogeology. Williams et al. (2000) surmise thatalthough head response in the TEDF wells and
other nearby wells in the confined portions of the uppermost aquifer reflect the pressure effects of the
B Pond Systerq the actual movement of groundwater (or effluent) from B Pond operation has been
minimal in the direction of the TEDF. A major portion of infiltratingB Pond System effluent was either
interceptedby the Ringold lower mud unit (“umbrella effect”) and thenmoved south-southeastwardalong
the top of thisunit in the Hanford formation, or was diverted southwestwardinto more permeable
immediately south of the main pond. Very minimal migration has apparentlyoccurred within the
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confined portion of the uppermost aquifm in the vicinity of the TEDF (see Figure 2.2). This is substan-
tiatedby the low groundwater flow rate calculated for the aquifer beneathTEDF (-0.004 m day-l) and the
fact thattritiumand other conservative constituentshave remained virtuallyunchanged in concentration
(allowing for decay/dilution) in some wells northwest of the TEDF near the B Pond System. Addition-
ally, geochemical evidence fi-omthese wells support the supposition thatgroundwater in the vicinity of
the TEDF is comparatively stagnantor flowing at a very slow rate (see Section 3.1.2). Apparent changes
in directional flow potential beneath the TEDF indicated between 1997 and 1999 (Figures 2.3 and 2.5) are
likely the resultof the subsidence of the B Pond groundwater mound and the consequent relief of hydro-
staticpressurewithin the confined portion of the aquifer.

Thus far, no hydraulic effects resulting from TEDF discharges have been detected in groundwater
wells. Given the extreme contrasts in hydraulic conductivities between the Hanford formation and the
underlying Ringold lower mud unit, it is reasonable to assumethatTEDF effluent is mostly, if not
wholly, restrictedto movement in the Hanford formation vadose zone sedimentsimmediately above the
lower mud unit.

Groundwater Modeling. Because no hydraulic or other effects from the TEDF have yet been
observed in groundwater, accuracies of model predictions concerning TEDF operational effects are not
strictlyverifiable. However, based on a refined understandingof the hydrogeolo~ in the TEDF region
thathas been gained in recent years, some reevaluation of the models and theirassumptionsin portraying
groundwater flow is possible.

Actual discharge volumes to the TEDF have been substantiallyless, thus far, thanassumedin
modeling efforts. This factor may have some minor bearing on the lack of model accuracy. By far a
larger factor, however, are the hydrostratigraphicassumptions-i.e., to which stratigraphicunit(s) the
effluent from TEDF will actually migrate and where lateralflow will occur. To illustratethis; predicted
travel times from the TEDF region to the Columbia River are considerably longer in the site wide models
than in site-specific models by McMahon. This is primarilybecause McMahon used the high hydraulic
conductivities associated with the Hanford formation in calculating flow rates. Conversely, the site-wide
models assumethatflow occurs predominantly within the Ringold Formation near tie TEDF area,
resulting in greatly increased travel times.

Predictions of mounding in the uppermost aquifer by some models, due to TEDF discharges, have not
been home.out-thusfar, primarily because of incorrect hydrostratigraphicaswunptions. It was proposed
by Davis (1992) thatTEDF mounding could provide a protective hydraulic barrier from the effects of
B Pond System discharges moving toward the Columbia River. This proposal was apparentlybased on
the assumptionthatthe lower mud unit did not materially separatethe confined aquifer in the Ringold
Formation from the Hanford formation. However, site characterizationshowed thatonly Iraces of
perched waterexisted in one well (69940-36) in the Hanford formation (vadose zone) atTEDF, and that
the uppermost aquifer was confined within the Ringold unitA by the lower mud unit. No monitoring
points are available in the Hanford formation near the TEDF discharge point to detect any potential
mounding in thatunit. However, in view of the high hydraulic conductivities of the Hanford formation at
this location and lower-than-predicted TEDF discharge rates, it is doubtfld thatsignificant mounding has
occurred.
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The model by Collard (Barnettet al. 1995) is the only TEDF model thatincorporates constituent
transportand calculates retardationof hypothetical contaminants. No contaminantsare disposed to the
TEDF; transportmodeling was pdormed merely as a risk-evaluation measure. A high degree of conser-
vatismis built into the model,most notably thatit relies on steady-stateconditions ratherthan transient.
Also, a large hydraulic head was assumed to exist above the lower mud unit, and factors of attenuation
were purposely downplayed. Despite these assumptionsthe model indicated thateven the Hanford
formation would provide a high degree of protection from contamination enteringthe uppermost aquifer.
The sepai2iti6ii6fiiiTEDF_EfHuent and-theuppermost aquffwiTy tliilowei mud unit provides an even
greaterdegree of protection.

2.2.5 Hydrogeologic Rationale for Monitoring Well Locations

When the three facili& wells (69940-36, 69941-35, 699-42-37) were &ille& it was discovered that
the Ringold Formation lower mud unit formed an essentially impermeable layer atthe base of the vadose
zone, and thatthis unitwas also a confining horizon for the uppermost aquifer beneath the TEDF (see
discussion in Section 2.2.1). Only a trace of perched water was discovered in one well (699-40-36)
immediately above the lower mud unit. When this unit was penetrated,the staticwater level rose in each
well to near the top of the lower mud, representing an artesianhead of -15 m (45 ft) in upgradient well
69942-37 to -21 m“(70 ft) in downgradient well 69940-36. Provisions were discussed for installationof
additionalmonitoring points should such a layer be discovered during well installation(Davis and
Delaney 1992). However, afterconsultation with regulators, it was decided thatthe existing, uppermost
aquifer was the correct point of compliance for groundwater, and thatthe lower mud unit would serve
as an additionalprotective featurefor the uppermost aquif& in the vicinity of the TEDF. Monitoring
groundwater in this aquifm would help confirm the integrity of the lower mud unit and its continued
effectiveness in preventing direct migration of TEDF effluent into the uppermost aquifer. Thus, these
wells are screened below the Ringold Formation lower mud confining unit and monitor groundwater in
the upper portion of the Ringold Formation unitA gravel. Because the TEDF is located hydraulically
downgradient of the B Pond System, an upgradientwell and two downgradient wells were selected to
differentiatethe effects of TEDF operation from the potential effects .of B Pond System operations.

Figures 2.3 and 2.5 illustratethatthe direction of groundwater flow (or potential for flow) beneath the
TEDF has recently changed significantly. Well 699-41-35 is no longer downgradient with respect to the
TEDF and the uppe&nostaquifer. However, well 699-42-37 remains upgradientof the facility and the
two downgradient wells. It is recognized in the previous section thatnone of the three TEDF wells have
been in the potential flow path of effluent discharged fi-om the facility, but are completed in the upper-
most aquifer in the immediatevicinity of the TEDF; this aquifer being isolated from the TEDF effluent by
the low-permeability Ringold lower mud unit. Thus, these wells are used to demonstratethatno direct
routes to groundwater exist between the TEDF discharge basins and the uppermost aquifer. This applica-
tion of the wells is not alteredby the change in flow potential in uppermost aquifer. Because the l!13DF
effluent presumably spreadslaterally(or “radially”) across the stu%aceof the lower mud unit, the TEDF
wells will still be capable of detecting an incursion of effluent if it occurs across the lower mud unit in the
vicinity of the TEDF. Well 699-42-37 is still upgradientof the facility, and will help in providing datato
discriminatebetween the effects of TEDF and any upgradient sources (i.e., B Pond System).
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3.0 Groundwater Geochemistry

To date, over 15,000 groundwatergeochemical results have been produced from the TEDF wells.
Most of these resultswere recently evaluatedby Barnett (1998). That document examined analytical
resultsfor all constituentsreported at least once above Practical QuantitationLimits (PQL) in the three
wells since groundwatermonitoring began at the facility in 1992, through March of 1998. Major ion
concentrations in the groundwaterin the vicinity of TEDF were examined to compare groundwater geo-
chemical characteristicswith average hydrogeochemical conditions elsewhere in the unconfined aquifer,
and to determine if TEDF or B Pond System effluent had affected groundwaterbeneath the facility. The
combined results of the 1998 evaluation and an updated discussion including groundwater analytical
resultsthrough April 1999 arepresented in this section. The complete range of these data, including non-
detections, can be viewed throughthe Hanford Environmental Information System (HEIS). Data
collected since 1995 may also be viewed through the Liquid Effluent Monitoring Mormation System
(LEMIS) in conjunction with discharge chemistry.

3.1 Summary of Comprehensive Data Evaluation

As discussed in Section 1.4, the constituentlist for sampling and analysis of groundwater atTEDF
has changed significantly since groundwater monitoring began atthe TEDF in 1992. The resultsof
comprehensive groundwateranalyses from the threeTEDF wells, beginning with the first background
sampling program in 1992 through March 1998, were evaluated by Barnett(1998), with emphasison
resultssince 1995. The resultswere tabulatedto show the number of analyses obtained, maximum and
mean values, and standarddeviation of results. A recapitulation of relevantportions of the 1998 evalua-
tion is presented herewith an updatedtabulation and discussion, incorporating analytical resultsthrough
April 1999. The tabulationconsists of all constituentswith at least one resultabove the PQL listed in the
original, comprehensive list of constituentsfor TEDF groundwater monitoring (Appendix A.2). These
resultstie compared with applicable enforcement limits (ST-4502) andexisting Hanford Site background
values derived by Johnson (1993) and DOE/RL (1997), and are presentedin Appendix C.

None of the constituentsandparameterswith enforcement limits in the ST-4502 have ever exceeded
early-warning values, enforcement limits, or PQLs. Constituentswith enforcement limits, and the maxi-
mum detected concentrationsthroughApril 1999, are as follow

total trihalomethanes(no detections-48 analyses; PQL = 20 yg/L)

1,1,1 trichloroethane(no detections-83 analyses PQL = 5 pg/L)

total cadmium maximum= 1.41 pg/L, April 1999, well 699-41-35; (PQL = 5 pg/L)

total cyanide: maximum = 31.4 pg/L, Oct. 1996, well 69940-36 (PQL = 50 pg/L)

total lead maximum =4.6 pg/L, July 1995, well 69940-36 (PQL = 10 vg/L)
pH: (all within range [6.5 to 8.5]).

3.1
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Total trihalomethanes (the sum of CHCl~, CHBrC12,CHBr2Cl,and CHJ3r3)is the only parameter
assigned an early-warning value for groundwater in the ST-4502. Thus far, all analyticalresultsfor this
parameterhave been below the PQL (20 j.Lg/L),and hence, well below the early-warning value of
50 @L.

Average values for dissolved metalsin groundwater samples from TEDF wells are mostly below
Hanford Site provisional background levels as determinedby Johnson (1993) and by DOEA2L (1997).
Some metals,notably chrorni~ manganese, andiron, have periodically exceeded primary or second~
Drinking Water Standards”(DWS) in all three wells in either filteredor unfiltered samples. Elevated
levels of these metals have been attributedto well construction materialsand naturalaquifm conditions,
and are generally observed across the Hdord Site (~ohnson 1993). Upgradient well 699-42-37 has the
greatestnumber of highest averages for metals between the threeTEDF wells. However, most metals are
within, to significantly below, sitewidebackground values. Calcium and magnesium concentrations in
TEDF wells are only a tiction of sitewidebackground.

I

I

Average concentrations of ahunin~ in all threeTEDF wells from both filtered and unfiltered
samples, substantiallyexceed background values for this metal. These elevated averages reflect a period
of anomalous results reported for all threewells for the Januaryand April sampling periods in 1994.
Without these anomalies, the averages for aluminumwould be nominal with background values.

Total metals results are predictably higher thanthose for filtered samples for most metals. The excep-
tion to this is calcium averages in well 699-41=35, which reveal a slightly higher average for filtered sam-
ples thanfor unfiltered. The plausible explanation for this occurrence is thatall calcium is dissolved, and
the range of error is large enough in both types of analyses thatthe average for filtered resultsfalls coinci-
dentally (albeit slightly-<2%) above the tiltered results. Averages for both calcium and magnesium
in all threeTEDF wells are significantly lower than sitewide background values.

Anions (chloride, nitrate,and sulfate) are also notably higher in well 699-42-37 thanin the two down-
gradient wells. The average result for nitrateis roughly an order of magnitude higher in thiswell than in
699-41-35 and 699-40-36. Likewise, the average for sulfate is 4 to 5 times higher in well 699-42-37 than
in the two downgradient wells. These higher nitrateand sulfateaverages approach average values
observed in the nearby B Pond Systemwells to the immediatenorthwest (see Figure 1.4 for location).
However, anion averages in all threewells are still fw below sitewidebackgrounds provided by Johnson
(1993) and DOERL (1997). Additional calculations and comparisons of ionic concentrations are
presented in Section 3.2.

Few organic constituentshave been detected in TEDF wells. Those listed in Tables C.1 through C.3
are mostly attributedto common laboratory contaminants,with some exceptions. In early 1993, traces of
motor oil or fiel were supposedly observed by field crews on a pump removed from well 699-40-36.
Subsequent total oil and grease analysesindicated elevated levels of this constituent in a groundwater
sample born this well. When groundwatermonitoring began under the ST-4502 in 1995, initialresults
for oil and grease were reported asbelow detection. In the July 1995 sampling event all threewells
around the facility showed elevated levels of oil and grease. This constituentremained elevated in these
wells untilApril 1996, whereupon all results fell to below detection simultaneously in all threewells and
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have remained so since. Analyses of gasoline produced only one result above detectio~ ibis occurred in
well 699-41-35, also in July 1995. The supposed source of the contaniinationwas never resolved, but
was thought to be related to equipmentused to remove the pumps from the wells in preparationfor hydro-
logic testing. These parametershave remained on the list of constituentsfor groundwater samplingat the
TEDF. However, the coincidental disappearance of detectable oil and grease from all threewells at the
same time draws into question the validity of earlierresultsor sample integrity.

Several radionuclides or radionuclide indicators were sought in the comprehensive list of Appen-
dix A.2, but only radi~ uranium,gross alpha, and gross beta have produced resultsabove contract
detection limits (CDL). Gross alpha.andgross beta averages fell below background for all wells, but
maximum resultsin each well exceeded gross alpha background, and maximum results for gross beta
exceeded background in well 699-40-36. This well displayed coincident events of elevated gross alpha
and gross beta in early 1994. Higher-than-average values of gross alpha also occurred duringthisperiod
in wells 69941-35 and 69942-37. Gross beta values appearto generally decrease in all threewells
beginning in early 1994. h anomalous gross beta result (23 pCi/L) was also produced in October 1998
horn well 699-42-37, but a duplicate analysis on the same dateproduced a result (3.2 pCi/L) in line with
historic averages. No specific alpha (e.g., U or ‘~) or beta emitterswere identified duringtheperiods
of elevated-gross-alpha and gross beta. Furthermore,all resultsfor’~ and most resultsfor U arebelow
Johnson’s (1993) provisional background values for these radionuclides, and all results for U andmost
results for gross alpha and beta are below sitewide backgrounds defined by DOE-RL (1997). Problematic
detections occurred for *XSb (15.2+ 14.9 pCi/L-well 69942-37) and 137CS(7.13 + 5.4 pCi/L-well
699-41-35) during 1993 (prior to TEDF operations), but detections of these radionuclides were isolated
and not correlatable to gross beta results.

Tntium had not been detected in any of 52 analyses thatwere petiormed on groundwater from the
TEDF wells from late 1992 through early 1998. Beginning in July 1998, tritiumanalyseswere performed
annually cmsamples Ilom the threewells and TEDF end-of-pipe discharge using lowdetection methods.
Results for tritiumin all three wells were near or below minimum detectable activities (MDA). The
highest groundwater result thus fm (8.69 * 2.26 pCi/L) was obtained from well 699-42-37 in July 1999.
Well 69941-35 produced a maximum result of 6.54 * 2.24 pCi/L and in well 699-40-36 resultshave all
been below MDA (MDA average =4.90 pCi/L). These levels of tritiumactivity are considered excep-
tionally low for the suprabasahaquifer system which has an estimatedbackground concentrationof
102 pCi/L (DOE/RL 1997). The end-of-pipe discharge sample from 1998 produced a resultof 65 +
11 pCi/L tritium,which is within the expected range of activities for Columbia River waternear the
Hanford Site (Dirkes and Hanf 1998). The maximum end-of-pipe result for 1999 was 133+ 6.8 pCi/L.

3.2 Major Ion Chemistry

Averaged results for.major ionic species in groundwater (Na+K, Ca, Mg, Cl, HC03, and SOQ)were
calculated and plotted in milliequivalents as Stiff diagramsfor 12 wells in the vicinity of TEDF and for
TEDF effluent (Figure 3.1). The resultsof these calculations showed that: 1) bicarbonate dominatesthe
anion abundance in all wells examined 2) effluent fiorn the TEDF closely resembles groundwaterfi-om
wells 6994240A and 69944-39B, with notably lower Na+K and HC03- proportions compared with
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other wells in the vicini~ and 3) wells in the south to southeastportion of the map have a higher pro-
portion of Na+K cations thanthose to the west and northwest.

With the exception of wells 699-42-40A and 699-44-39B, ionic concentrations for the wells in the 1
vicini~ of the TEDF and B Pond appear to be generallyrepresentativeof groundwater at these locations I
over the averaged periods for the wells. Well 6994240A is an older well located near the discharge site I
for effluent sent to the 216-B-3C expansion pond duringthe past 4 years (discontinued in August 1997).
It is likely thatthis well, and possibly well 69944-39B, have been significantly affected by dilute dis-
charges to the pond. A check of charge balance showed a slight electrical imbalance in groundwater in 1I
wells 699-40-33A and 69941-35, but not great enough to invalidatethe analyses (13amett1998).

, ~

3.3 Discussion of TEDF Groundwater Geochemistry #
---..——.—. —..— -------._.— ..,.,

Groundwater in wells nearestthe B Pond Systemis predominantly of a calcium-bicarbonate type, but
southward and eastwardof this area, particularly eastof TEDF, sodium-bicarbonate becomes more domi-
nant. Johnson, in DOE-RL (1992), and Spane and Webber (1995) describe major ion chemistry from the
upper basalt confined aquifer system. These two studiesindicate thatgroundwaters from the upper basalt ,
confined aquifw system arepredominantly sodium-bicarbonate waters,particularly in easternportion of (
the Hanford Site. Johnson (DOE 1992) also notes thatwith increased age of the groundwater, sodium

,,
I

bicarbonate waters become predominant in the confined aquifm system. Stiff diagrams constructed for I

several wells in this aquifm system closely resemble the gross proportions of Stiff diagrams around and
eastof the TEDF.

Except for areasnear the center of the hydraulic mound generatedby the B Pond System (see Fig-
1
I

ure-3%), the vertical component of hydraulic potential”intheeasternportion of Hanford-Site-isdirected
‘Ww&l-&orn the upper b&htconfined sy~ern to”ke-urico”fied aquifti-(Sp&e-Xd-W;bb;- 1995). ‘-:-- - ‘- ““-‘“ \
Webber(a)has suggested thatsimilaritiesin the major ion chemistry between waters from some wells in
the RattlesnakeRidge Interbedconfined aquifer andthose within wells near TEDF may indicate dis-
charge of groundwater from the upper basalt confined systemto the unconfined aquifw. This could occur
through structural-discontimiitiesin “thebasalt, at thebase of the-unconfined aquifer.” Alternatively, this- I
chemistry may reflect a relatively stagnantcondition within this portion of the uppermost (Ringold
Formation) aquifer, therebypromoting an in-situ evolution of the grouqdwater chemistry. ~.- -. .-

1

Ionic strengthand total dissolved solids (’IDS) arelowest in both the effluent discharged to the TEDF
and groundwater sampled from wells 699-42-40A and 699-44-39B. These wells are near the former dis-
charge petit of effluent sentto the B Pond System for the past few years, and near an interpretedarea of I
discontinuities in the Ringold lower mud unit. Discharge to thatfacility ended in August 1997 (see Sec-
tion 1.2), and the effluent was redirected to the TEDF. In fact, most effluent now sent to TEDF is of the
same (non-contaminated) origins as that formerly sentto the 3C expansion pond of the B Pond System. ,

Hence, it is expected thatthe ionic character of groundwaternear the former discharge point at the” I

B Pond facility resembles thatfor the end-of-pipe atTEDF (Figure 3.1).

I

(a) W. D. Webber personal communication.
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Figure 3.1, Stiff Diagrams for Wells in the Uppermost Aquifer in the Vicinity of the TEDF
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Elevated nitrateconcentrations and tritiumactivities in groundwaterwithin the upper basaltconfined
aquifer have been suggested as indicators for intercommunication with the overlying unconfined aquifer
(Spae-md-Webber-l-995)~Recent-aalyses-for-titimti-tie-tiee-~DF-wellsindicatetitim-actitities
near, or below lowdetection limits (-4.90 pCi/L). Jncontras~ fiirtherwest and northwestnear the
B Pond System, tritiumactivities exceed 50,000 pCi/L in several wells. Likewise, nitrateis atypically
low for the uppermostaquifm (lower thansitewide background) in the area of TEDF, and has been low
even before operationsbegan atthis facility. Upgradient well 69942-37 is nearerthe B Pond System and
is the exception, with an average nitrateconcentrations significantly above the two downgradient wells
(Table D.3). These circumstances would tend to lend additional credence to the ion chemistrydam
which suggests thatupward incursion of groundwater may be occurring from the upper basalt confined

*

aquifer system into the uppermost (Ringold Formation) aquifm, or thatthis water maybe characteristicof
a relatively stagnantuppermost (Ringold Formation) aquifer atthis location, considering the slow rate of
groundwater movement calculated (see Section 2.2.2). I

I

I
I
I

1

I
#l

)

3.6



4.0 Conceptual Model for Groundwater Monitoring at the TEDF’

Several years of groundwatermonitoring at or near the TEDF have provided abundantinformation on
groundwaterhydrology, hydrochemistry, and contaminantoccurrencehnsport. Recent work by Barnett
(1998) and Williams et al. (2000) have helped to more precisely characterize the aquifer beneath the
TEDF and the potential for effluent migration from the facility, and to gauge the potential effects of the
nearby B Pond System operation. The sum of this information is synthesized in this section to construct
a conceptual model for the purpose of formulating an effective groundwatermonitoring approach. Fig-
ure 4.1 is a schematic illustrationof salient factors thatgovern the conceptual model.

4.1 Hydrogeologic Criteria

The infiltrationbasins of the TEDF arebuilt within the permeable sand and gravel strataof the Han-
ford formation (Figure 4.1). Drilling and subsequenttestingof these sedimentsindicated a high saturated
hydraulic conductivity (Section 2.2.1). Drilling dataalso indicate thatthe Ringold lower mud unit is up
to 26 m thick in the vicinity of the TEDF and no discontinuitiesin the unit were observed in drill holes
within -1 km of the facility. The lower mud unit is relatively impermeable; KSestimatesare as low as

7.5E-09 cm” see-*(see Section 2.2.1). The unit is saturatedfor nearly its entirethickness in the vicini~
of TEDF, to within -1 m of its contact with the overlying Hanford formation. The extreme contrastin
hydraulic conductivities between the Ringold lower mud unit and the overlying Hanford formation
suggests thateffluent will have a strong impetus to move preferentially laterallythrough the Hanford
formation, ratherthandownward through the relatively impermeable lower mud unit. Hydrography of the
threeTEDF wells reflect the decline in the hydraulic mound at the B Pond System. In fact, the most pro-
nounced decline in water levels in TEDF wells began in 1996, several months after the startupof TEDF
operations. This decline has not perceptibly abated since then, and has even accelerated, especially in
well 699-42-37 (Figure 2.4). Thus, groundwater flow potential (observed hydrostatic head gradient) in
the uppermost aquifer beneath TEDF is a result of past B Pond System operations, and does not reflect
TEDF operation. TEDF effluent may eventually reach the southern,southeastward,or northernlimit of
the lower mud unit and mingle with groundwater in the uppermost aquifer.

Hydraulic head datafor the uppermost aquifer and the upper basalt confined aquifer system indicate
thatan upwardly-directed flow potential could currentlyexist between these aquifers in the region of the
TEDF. If so, this could explain the anomalous groundwater geochemical characteristicsdeterminedfrom
samples from the TEDF wells, which are screened in the uppermost aquifer (Ringold Formation) (see
Section 4.2).

Estimatesof average linear groundwater flow rates in the aquifer beneath the TEDF are on the order
of 0.004 m/day (Section 2.2.2). Groundwater moving at thisratewould take in excess of 370 years to
travel fi-omupgradientwell 699-42-37, beneath the TEDF to the downgradient side of the active basins of
the TEDF. Less-mobile contaminantsentrainedin the groundwaterwould take considerably longer to
travel this same distance because of retardation.

4.1
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Recent work by Williams et al. (2000) describes a potential “umbrella effect” for historical discharges
enteringthe ground near the B Pond System. This effect, illustratedin the left portion of the schematic
diagram of Figure 2.2, implies thata portion of the effluent migrating to groundwater near the B Pond
System was interceptedby the Ringold lower mud unitand diverted generally southward along the sur-
face of this unit. If this occurred, potentially contaminatedwater could have migrated beneath the TEDF
along the lower mud unit at the base of the Hanford formation. Remnants of these discharges could still
be present. Hence, groundwatermonitoring of TEDF effluent in this horizon maybe nonrepresentativeof
TEDF effects, because of thepossibility thatresidualeffluent or contaminationfrom the B Pond System
remains.

4.2 Geochemical Criteria

Comparison of constituentsin groundwater from TEDF wells with two independent determinationsof
background concentrations for these constituents(compare Tables D. 1 through D.3 with Johnson 1993;
DOE-RL 1997) indicate thatmost parametersfall below background concentrations determined for the
Hanford Site. Sodium (total and dissolved) is the exception. This condition is distinct from groundwater
in wells around the nearby B Pond System which show concentrations of most constituents more in line
with Hanford Site background values.

Upgradient well 69942-37 has produced resultsfor some constituentsthataverage considerably
higher thanthe two downgradient wells. The simplestconclusion is thatthiswell is nearer the edge of the
confined portion of tie upper most aquifer and its degree of isolation from the effects of the adjoining
groundwater (e.g., in the B Pond area) is significantly less thanthe other two wells. It is possible thatthe
increased head associated with B Pond System operationshas forced groundwater fkom the unconfined
portions of the aquifm toward the TEDF area; the location of well 69942-37 may represent a mixing
zone for the two chemically-distinct portions of the aquifer. However, the fact thattritiumin this well
remains anomalously low, and concentrations of severalother constituents(though higher than down-
gradientwells) are below estimatedHanford Site background values, may demonstratethatthe actual
effluent Ilom the B Pond System never penetratedinto the confined portion of the aquifer as far as well
699-42-37.

Plots of major ion proportions in groundwater (Stiff diagrams) indicate thatthe groundwater in the
immediatevicinity of the TEDF is significantly enriched in sodium and relatively depleted in the calcium
ion, producing a dominantly sodium bicarbonate groundwatertype. This proportion is characteristicof
groundwaterthathas been sequestered or in transitfor a long period of time, and is generally atypical for
the uppermost unconfined aquifer on the Hanford Site. Supporting this infmence is the anomalously low
tritiumactivities (maximum= 8.69* 2.26 pCilL) from the TEDF wells. Brief appearances of elevated
gross alpha and gross beta resultsin early 1994 areproblematic.

4.3 Conclusions

The remnantsof a groundwatermound from B Pond System operations continue to dominate hydro-
staticheads in the aquifer beneath the TEDF. Mounding due to TEDF discharges, which was predicted
by some numerical models has not occurred. The high hydraulic conductivity of the Hanford formation,
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the impermeablecharacterof the Ringold lower mud unit, and the less-than-expected discharge volumes
to the facility have prevented any discernible mounding. In fact, aside from the lower mud unit, the
greatestprotective feature is the uppermost aquifer itself in the Ringold unitA. Hydraulic conductivity in
this unitan~ consequently, groundwater flow rates are extremely low. Groundwater geochemical results
support thisconclusion. A sodium-bicarbonate groundwater, anomalously low tritiumactivities, and
other constituentsoccurring significantly below sitewide background values, suggest thatgroundwater
beneath TEDF has been isolated from adjoining portions of the uppermost aquifer. It is possible thatthe
relatively elevated levels of some constituentsin well 69942-37, compared with the other two TEDF
wells, may indicate the distal extent of geochemical influence of the B Pond System.

- --Vadose-zone-monitofig-(ti-tie-HMord-fomation)-dow~a&ent-of-HDF-would-betieffective-- - -
because of the potentialcontamination introduced into this zone by operation of the B Pond facility, and
thus, not be representativeof TEDF effects. As shown in Figure 2.2, effluent from the B Pond System
operations have most likely affected the Hanford formation in the vicinity of TEDF, and remnantsor
residues of these discharges could remain along the surface of the Ringold lower mud unit.

Approximately 1-2 km south of TEDF the uppermost aquifer occurs within the Hanford formation
(Williams et al. 2000). It is assumed thateffluent from TEDF will merge with the groundwaterin the
unconfined aquifer somewhere in thisregion after flowing for a considerable distance in a southerly
direction along the surface of the Ringold lower mud unit. The region of merging is interpretedby
Willi~ et al. (2000) to be an area of l@h hydratilic conductivity and groundwater flow velocity, and
based on tritiumplume movement, conveys groundwater from the 200 Eastarearapidly toward the
Columbia River. Monitoring groundwater for the TEDF at this location would be ineffectual in discer-
ningany unique effects from the facility because of the overprint of contamination or potential contamina-
tion from the 200 EastArea. Thus the effects from these two sources may be indistinguishablein the
aquifer south of theTEDF. Likewise, results from areasnorth of the TEDF would be potentially con-
fhsed with the effects of discharges from the B Pond System.

No hydrologic or geochemical effects of TEDF operation have been observed in groundwater. The
existing TEDF well network will continue to help provide confirmation thatTEDF effluent is not taking a
direct route to the uppermost aquifer near the facility, but is being diverted laterally in the vadose zone by
tieex&eme-contisfi-h-hytitiiGconductitities-beWeen-tie-Htiord-fomtion-(vadose-zone)-md-tie---
Ringold lower mud unit (confining/perching horizon). However, these wells are not within the flow-path

—----of-TEDF-efflumt~dtillmo@rotide-convmtionalmp~a-dientido~-~a-di~-nt-ge-o~h~-~~~l-c~-m-p-~~~n-s~-
Water introduced into the Hanford formation at TEDF should spreadradially to some degree, then flow
dominantly southto southeastalong the structuraldip of the lower mud unit.

.
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5.0 Groundwater Monitoring Program

The groundwatermonitoring program defined in this section is based on precepts of groundwater
protection embodied in the original ST-4502, updated interpretationsof groundwater hydrology and geo-
chemistry as described in Sections 2.0 through 4.0 of this document, TEDF effluent characteristics,and
therequirementsof the revised ST4502. The fundamental change in this groundwater monitoring
program from the former program is the refined constituentslist. This change is prefaced on the revised
conceptual model of hydrogeology and geochemistry of the aquifer beneath the TEDF site, andrelated
effects of TEDF operation.

5.1 Monitoring Objectives and Scope

The primaryobjective of the groundwater monitoring program is to provide compliance validation for
early warning and enforcement limits in the permit, and to detect any impact of the TEDF operations on
the uppermost aquifer. This determinationwill be made by comparison with background values for
groundwater constituents,trending and/or statisticalanalysis of results,and comparison with the appro-
priateregulatory standards(e.g., WAC 173-200) and the revised ST-4502 requirements. Secondary
objectives include the monitoring of specific analytes thatwill provide insight to general groundwater
quality or hydrologic conditions beneaththe site, thus lending insightto potential impacts or influence
from other sites. Of primary concern is the ability to distinguishpotential impacts from TEDF operation
from those of other facilities or conditions. No provisions are included in this document for routine
effluent monitoring, which is guided by ST-4502.

5.2 Monitoring Well Network

The groundwatermonitoring well network will consist of the three existing wells drilled initially for
TEDF monitoring: downgradient wells 69940-36,699-41-35, and upgradientwell 699-42-37. Although
they are not withinthe direct flowpath of TEDF effluent, these wells representthe most advantageous
points for determiningthe potential effects of the TEDF operation on the uppermost aquifer (see discus-
sion in Section 4.3). Groundwater datafrom additional nearby wells, such as those around theB Pond
System RCIL4 facility, maybe evaluated on an as-needed basis to gain firther insight into hydrogeologic
and geochemical conditions around the TEDF.

5.3 Sampling and Analysis Plan

This section describes all activitiespertaining to the collection, analysis, interpretation,andreporting
of groundwaterdatafrom the threeTEDF wells. Where possible, these efforts will be coordinated with
other Hanford Site groundwaterprograms to maintainmaximum technical and resource efficiency.

.?,..- .. , .- ..-.—— .. . ... ,,.-~. .,-
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5.3.1 Sampling Schedule

The sampling frequency for all constituentsis quarterly,except for low-level tritiurnanalyses, which
will occur annually. Although refined estimatesof groundwater flow rates suggest thatgroundwater
movement beneath the TEDF is extremely slow (see Section 2.2), and recent corroborating geochemical
evidence (Section 3.0) indicatesthata lower sampling fi-equency is adequate,quarterlysampling will
continue as an added precautionuntil a larger dataset is established.

5.3.2 Constituents to be Analyzed

The fist permit-driven constituentlist, in use since 1995, is shown in Appendix A, Table A.3. The
new constituent list for groundwater sample analyses, to take effect in spring of 2000, is shown in
Table 5.1. This list is based upon recent reevaluations of extensive effluent chemistrydata,an updated
evaluation of groundwatergeochemistry, and a comparison of known Hanford Sitebackground condi-
tions with historical analyticalresults from TEDF wells (see Section 3.0). Some constituentshave been
replaced with indicator parameters(e.g., gross alpha substitutingfor 22!Ra). Most changes are based on a
lack of historic significance of a constituent/parameterin groundwater and effluent and tie calculated low
flow rates in the aquifer, thusresulting in the eliminationof a constituentor the substitutingof a screening
parameterfor a specific constituent. Hence, the following are dropped from the list of constituents:

●

●

●

●

●

●

all volatile and semivolatile organic compounds

ammonia
total organic carbon

oil and grease

radium 226

total radium (sum of radium-226 and radium-228).

Anion concentrations will be sought because of the importance of major ion proportions in deter-
mining overall groundwatercharacter. Major ion chemistrywill serve as a potentialearly-warning tool to
detect subtle changes in groundwater quality. Likewise, total and dissolved metalsby method SW-846
6010 (or equivalent) will be determinedto provide the cationic complement to the anionic component of
major ion chemistry.

Alkalinity and total dissolved solids are also key indicators of baseline groundwaterconditions and
will be retained. Sample turbidityis a key indicator of sample quality, particularlywhen total metals are
of concern. Field determinationsof sample turbiditywill occur at each sampling event to ensurethe
effects of pumping are kept to a minimum, and as a check against totalmetals results(see Section 5.3.3).

Tritium activity has not been a routine parameterof groundwater monitoring atTEDF. Historical
resultsindicated thattitium was not present in significant concentrations in the groundwaterbeneath
TEDF. In 1998, low-level tritiumanalyses were conducted for all three wells and the TEDF effluent.
The results of these and subsequentanalyses in 1999 demonstratedthattritiumwas exceptionally low in
groundwater beneath the TEDF (see Section 3.0), and suggest it is isolated from the operational effects of
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Table 5.1. Analytical Parametersand Schedule for GroundwaterMonitoring at the 200 Area TEDF

Constituent(a) Method(b) Schedule

Metals (Total and Dissolved)

Arsenic,cadmium(5 pg/L), chromiummercury,
lead (10 pg/L) EPA 200.8 Quarterly
Iron,manganese SW-846 6010 Quarterly

Anions

Chloride,fluoride,nitrateasN, sulfate EPA 300.0 I Quarterly

MiscellaneousParameters

Alkalinity,conductivity,pH (6.5 - 8.5), temperature Fieldanalyses Quarterly
Totaldissolvedsolids 40 CFR 136160.1 Quarterly
Turbidity StandardMethods214A (Field

Analysis) Quarterly
Tritium(low detection) RICH-RC-5024 Annual
GrossAlpha GrossAlpha(DGPC) Quarterly
GrossBeta GrossBeta(DPC) Quarterly
Waterlevelmeasurement Field Quarterlyattime

of sampling
(a) Constituentswithpermitgroundwaterlimitations(in downgradientwells69940-36 and699-41-35)are

indicatedinbold.
(b) Othermethodswithequalor superiordetectioncapabilitiesmaybe substituted.

the TEDF and other sources of effluent-i. e., virtually sequesteredfi-omHanford Site influences.
Because of the value of this parameterin demonstrating the isolatednatureof the groundwater,low-level
tritiumanalysesfor all three wells is added to the constituent list on an annualbasis. These will be com-
pared with annuallow-level tritiumanalyses from the TEDF effluent.

5.3.3 Quality Assurance and Control

Provisions for groundwater sampling, analysis, and datavalidationprocedures and criteriaare gov-
erned by theLiquid Waste Processing Facilities Quality Assurance Project Plan (QAPjP) (Olson 1997).
Analytical methods are performed by an accredited laboratory as authorizedby WAC 173-50 Accredita-

— -tion-of Environmental Laboraton”es (Ecology 1990), and are a reflection of Tat Methods for Evaluating
Solid Wastes, Physical/Chemical Metho& (EPA 1986) and Implementation Guidance for the Ground-
water Quality Standards (Ecology 1996). Additional or alternativeprocedures are compliant with SW-
846, Chapter10. Details of analyticalmethods are described in Standard Methods for the Examination of
Water and Wastewater (Eaton et al. 1995). All required constituentswill be analyzed to within or below

— -thePQL-for each constituent as listed in ST-4502, S2(C). Procedures for field analyses are specified in
the subcontractor’s or instrumentmanufacturer’s manuals and are specifically described in Sampling
Services Procedure Manual (WMFS 1998). Field persomel will perform sampling and field measure-
ments according to the manual and this Groundwater Monitoring Plan.

.,-- .. . . 4.- ,-,-— -.. . . .. . . . . . --

5.3

-. .. ----------- ,, .~-



5.3.4 Well Purging and Sample Collection

Prior to sample collection, each well will be purged of one well volume of groundwater. Following
purging, a sample maybe collected when field parameters(pH, conductivity, temperature,turbidity) have
stabilized. Pumping rates for purging and sampling should be sufficiently low suchthatsample turbidily
is kept to a minimum. Turbidity must be S5.0 NTU prior to sample collection. If this turbiditycriterion
cannot be achieved, field personnel will contact the project scientist in charge of datainterpretation
(PNNL) or the project engineer in charge of data validation (FH).

All water purged born the TEDF wells meets criteriafor disch&ge to ground surface, and need not be
contained. If future analyses indicate containment is necessary procedures for containmentand disposal
will follow Str-ate~for Handling and Disposal of Purgewater at the Hanford Site (DOE-RL 1990).

5.4 Groundwater Flow Determination

Groundwater elevations in the threeTEDF wells will be measured quarterlyat the time of sample
collection. Determination of groundwater flow rateand direction will be made annually, atminimum, for
the purpose of ensuring adequateunderstandingof hydrologic conditions in the aquifer beneath the
TEDF. Groundwater flow ratewill be determinedusing the average linear flow equation derived from
the Darcy relationship, as presented in Section 2.2.2 of this document. The direction of groundwater flow
will be estimatedby the mapping of hydrostatic head in the aquifer beneath and in the vicinity of the
TEDF.

5.5 Data Management, Evaluation, and Reporting

Groundwater analytical resultswill be received fi-omthe laboratory on electronic medium or hard
copy (mostly field parameters). These dataare validatedand entered into the Liquid Effluent Monitoring
Information System (LEMIS) by the Data Manager atLiquid Waste Processing Facilities. After an initial
inspection and qualification, these data are copied in whole to the Hanford EnvironmentalInformation
System (HEIS).

Groundwater data are evaluated using application-specific databasessuch as theHEIS Groundwater
Data Evaluator, which allows trend analyses, data screening, and other comparisons. The project scientist
will evaluate the data (hydrologic and geochemical) for each quarterlyanalyticalperiod for trend depar-
tures,anomalous or erroneous data,or suspect results. This evaluation is used to assess the potential
vulnerability of groundwater to TEDF operation, or to detect the influence in the aquifer of other, upgra-
dient sources thatmay interilerewith the TEDF groundwater interpretations.

.
Groundwater analytical resultswill be evaluated quarterly,at minimum, to screen for anomalous

results,unexpected trends,exceedences in permit groundwater limitations,and comparison with historical
results. Requests for DataReview (RDR) are used by PNNL to initiatea detailedexaminationof anomalous
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groundwater analyticalresultsor resultssuspected of error. All such resultswill be subject to RDRs. All
resultswill also be reviewed annually and compared with background values, permitgroundwater limita-
tions, or historical results.

LWPF publishes quarterlyDischarge Monitoring Reports (DMRs) thatcontain all analytical results
for both effluent and groundwater for the TEDF. Groundwateranalytical datawill continue to be
reported, as they become available, in the DMRs. Groundwaterdatawill appearquarterlyin the DMR,
reflecting the quarterlysampling/analysisschedule. A report detiiling all significant groundwater results
from the TEDF will be published biannually. This reportwill include a discussion of departuresfrom
historical trendsin analyticalresultsand hydrogeological information (see Section 5.4). In addition, a
summary of TEDF groundwatermonitoring resultsis published annually in the Hanford Site Ground-
water Monitoring report (e.g., Hartrnanand Dresel 1999).

5.6 Statistical Evaluation of Data

Basic measures of centraltendency and variabilitywill be determinedannuallyfor the groundwater
analytical data, such as presentedin Appendix C, and will be compared with permitgroundwater limita-
tions and historical values (e.g., Special Condition S.1). Additional statisticalanalysesmay include the
application of control chartsfor constituentsof particularinterest(e.g., conductivity) should trending
suggest a departureIlom historical values.

5.7 Contingencies for Future Groundwater Monitoring

The plan presented above representsa conservative approach to groundwatermonitoring at tie
TEDF. Several factors, such as the demonstratedconsistency in cleanliness of the effluent, the natural
protection afforded the uppermostaquifm by an impermeable stratum,and other unique aspects of the
hydrogeologic setting of the TEDF, indicate thatthe scope of groundwatermonitoring at this facility
could be reduced without the loss of detection capability.

The resultsof groundwaterand effluent monitoring at the TEDF should be reevaluatedafter at least
one year of monitoring under the plan presented in this document. If resultsof groundwater analyses
remain within historical ranges and show no indications of upward trendsin concentrations of constit-

uentsrelated to TEDF operation, a contingency plan should be considered for reducing the frequency of
sampling and analysis for groundwatermonitoring at the facility. The contingency may include a deferral
of future groundwater monitoring in the three TEDF wells to the Hanford sitewide groundwater moni-
toring program on an amual or less frequent basis.
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Appendix A

Groundwater Constituents Lists for the 200 Area TEDI?

The following tables are the lists of constituentssought in samples f?om TEDF groundwatermoni-
toring wells duringthe years 1992 throughpresent (1999). The new list of constituentsfor the ground-
water monitoring program is presented in Section 5.3.1, (Table 5.1) in the main body of the document.

Table Al. InitialGroundwaterConstituentList for the TEDF, 1992-1995

Contamination Indicator Parameters

pH Totalorganiccarbon
Specificconductance Totalorganichalogens

Groundwater QualityParameters

Chloride Manganese sodium
Iron Phenols Sulfate

DrinkingWater Parameters

2,4-D Fluoride Nitrate

2,4,5-TP Grossalpha Radium
Arsenic Grossbeta Selenium
Barium Lead Silver
Cadmium Lindane
chromium

Silvex
Mercury

Coliformbacteria
Toxaphene

En&in
Methoxychlor Turbidity

Site-SpecificParameters

Ammonium Hydrazine Tritium

AssessmentMonitoring Parameters
from(a) Polychlorinatedbiphenyls
Herbicides Volatile,semi-volatileorganiccompounds
Pesticides

(a) As shownfor groundwaterqualityanddrinkingwaterparameters.
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Table A.2. GroundwaterScreening List of Constituents for the TEDF, 1995-1996

Part 1A. Volatile Organic Constituents

Constituent ID Constituent Name Group(a) PQL (p#L)@)

71-55-6 1,1,l-Trichloroethrme SW-846 8240/8260 5

79-00-5 1,1,2-Tnchloroethane SW-846 824018260 5

75-343 1,l-Dichloroethane SW-846 8240/8260 5

75-35-4 1,1-Dichloroethylene - SW-846 8240/8260 5

106-934 l,2-Dibromoethane

107-06-2 1.2-Dichloroethane

SW-846 8240/8260 1 5

SW-846 824018260 5

SW-846 8240/8260 5

SW-846 8240/8260 5

78-87-5 I 1.2-Dic~oroDromne
591-78-6 2-Hexanone

108-10-1 4-Methyl-2-pentanone

67-641 Acetone
SW-846 8240/8260 1 5

SW-846 8240/8260 5

SW-846 8240/8260 5

SW-846 8240/8260 5

107-13-1 I Acrvlonitrile

71-43-2 I Benzene

75-27-4 Bromodichloromethane SW-846 824018260 I 5

75-25-2 Bromoform

56-23-5 Carbon tetmchlonde

SW-846 8240/8260 I 5

SW-846 8240/8260 5

SW-846 8240/8260 5

SW-846 8240/8260 5

108-90-7 ! Chlorobenzene

67-66-3 Chloroform

12448-1 Dlhomochloromethane SW-846 8240/8260 1 5

10041-4 Ethylbenzene

78-83-1 Isobutylalcohol

74-87-3 Methylchloride

SW-846 8240/8260 I 5

SW-846 8240/8260 5

SW-846 8240/8260 5

-SW-846-824018260 578-93-3 Methyl-ethyl-ketone

80-62-6 Methyl methacrylate. ..SW.-846.824OI826O 1 5

75-09-2 Methylene chloride

110-86-1 Pwidine

SW-846 8240/8260 I 5

SW-846 8240/8260 5

SW-846 8240/8260 5

SW-846 8240/8260 5

10042-5 I Stwene

127-18-4 Tetrachloroethylene

108-88-3 Toluene

79-01-6 Trichloroethene

75-014 Vinvl chloride

SW-846 8240/8260 I 5

SW-846 8240/8260 I 5

SW-846 8240/8260 5

SW-846 8240/8260 5

SW-846 8240/8260 5

1330-20-7 Xylenes (total)

10061-01-5 cis-1 ,3-Dichloropropene

109-99-9 Tetrahydrofiuan

156-60-5 trans-1,2-Dichloroethylene

10061-02-6 trans-1,3-Dichloropropene

SW-846 8240/8260 I 100

SW-846 8240/8260 I 5

SW-846 8240/8260 I 5
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Table A.2. (contd)

Part lB. Non-Halogenated Volatile Organic Constituents

Constituent ID Constituent Name Group(a) PQL (p#L)o)

123-91-1 1,4-Dioxane Super SW-846 8015 150

II71-36-3 I l-Butanol I SuDerSW-846 8015 I 50.000 II

II 141-78-6 I Ethvl acetate I Swer SW-846 8015 \ 50,000 II

II 60-29-7 I Diet.lwlether I SuperSW-8468015 I 50,000 II

1178-83-1 I Isobutvl alcohol I Super SW-846 8015 I 50,000 II

78-93-3 Methyl ethyl ketone Super SW-846 8015 100,000

64-17-5 Ethyl alcohol Super SW-846 8015 5,000,000

107-21-1 Ethylene Glycol Super SW-846 8015 100,000
.— WTPH-G SW-846 8015 (modified) 1>000

Part 2. Semivolatile Organic Constituents

II ConstituentID ConstituentName Group(a) PQL (pg/L)@) I
130-15-4 1,4-Naphoquinone SW-946 8270 @px IX 10

134-32-7 1-Naphthylamine SW-946 8270 @px IX 10

88-06-2 2,4,6-Trichlorophenol SW-9468270&qlx IX 10

121-14-2 2,4-Dinitrotoluene SW-946 8270 &JpX IX 10

II 606-20-2 I 2.6-Dinitrotoluene I SW-9468270APPX IX I 10 II
95-57-8 2-Chlorophenol SW-946 8270 @IpX IX 10

91-59-8 2-Naphthykunine SW-946 8270 fippx IX 10

91-94-1 3,3 ‘-Dichlorobenzidiue SW-946 8270 @IX IX 20

119-93-7 3,3 ‘-Dimethylbenzidine SW-946 8270 i%ppx IX 10

II 106-44-5 I 4-MetAylphenol I SW-946 8270 f@3x IX 10
!

98-86-2 Acetophenone SW-9468270#q.)px IX 10

62-53-3 Aniline SW-946 8270 &.)px IX 10

140-57-8 Aramite SW-946 8270 )qq3x IX 20

50-32-8 Benzo(a)pyrene Sti-946 8270 &IpX IX 10

II100-51-6 Benzyl alcohol SW-946 8270 fippx IX 20 I
111-44-4 Bis(2-chloroethyl) ether SW-946 8270 i%y)x IX 10

117-81-7 Bis(2-ethylhexyl) phthalate SW-946 8270 @px IX 10

85-68-7 Butylbenzylphthalate SW-946 8270 f@px IX 10

510-15-6 Chlorobenzilate SW-946 8270 APPX IX 10

218-01-9 Chrysene SW-946 8270 f&Jpx Ix 10

84-74-2 Di-n-butylphthalate SW-946 8270 i%ppx IX 10

117-84-0 Di-n-octylphthalate SW-946 8270 &)px Ix 10

2303-16-4 Diallate SW-946 8270 l@)x IX 10

Ii 84-66-2 I DietAyl phthalate I SW-946 8270 &)px IX 10 II
131-11-3 Dimethyl phthalate I SW-946 8270 @3x IX 10

----- . ... -—.....—.— .,- -,.-.. , .,. .,.-,...,
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Table A.2. (contd)

118-74-1 Hexachlorobewene I SW-946 8270 &3x H 10 I
67-72-1 Hexachloroethane SW-946 8270 i@X IX 10

78-59-1 Isophorone SW-946 8270 @JX IX 10

72-43-5 Methoxychlor SW-946 8270 /ippx ~ 10

108-39-4 m-Cresol SW-946 8270 @X ~ 10
,

924-16-3 I N-Nitrosodi-n-butylarnine ] SW-946 8270 &lpx ~ 10
I

55-18-5 N-Nitrosodiethyhirnine 1 SW-946 8270 iippx ~ 10 I
62-75-9 N-Nitrosodimethylamine SW-946 8270 f@lx ~ 10

86-30-6 N-Nitrosodiphenylamine SW-946 8270 &)x ~ 10

10595-95-6 N-Nitrosomethylethylarnine SW-946 8270 &3x IX 20

91-20-3 Naphthalene SW-946 8270 APPXIX 10

98-95-3 Nitrobenzene SW-946 8270 fippX IX 10

87-86-4 Pentacblorophenol SW-946 8270 @XIX 50

108-95-2 Phenol SW-946 8270 J@pX ~ 10

106-50-3 o-Phenylenediamine SW-946 8270 f&lpx IX 10

110-86-1 1Pyridine 1 SW-946 8270 &)px ~ 10 I
126-73-8 Tniutyl Phosphate(c) SW-946 8270 f@x ~ NA

629-50-5 Tridecane SW-946 8270 fippx ~ 10

Part 3. Pesticide, Herbicide, and PCB Constituents

ConstituentID ConstituentName Group PQL (p#L)
72-54-8 I 4,4’-DDD I SW-846 8080 50 I
72-55-9 4,47-DDE SW-846 8080 10

50-29-3 4,4’-DDT SW-846 8080 2

319-84-6 Alpha-BHC SW-846 8080 2

12674-11-2 Aroclor-1016 SW-846 8080 50

11104-28-2 Aroclor-1221 1 SW-846 8080 50 I
11141-16-5 #Joclor-1232 SW-846 8080 50

53469-21-9 Aroclor-1242 SW-846 8080 50

12672-29-6 &oclor-1248 SW-846 8080 50

11097-69-1 Aroclor-1254 SW-846 8080 50, !

11096-82-5 [ Aroclor-1260 I SW-846 8080 50 II
o

57-74-9 Chlordane 1 SW-846 8080 50 I
319-86-8 Delta-BHC SW-846 8080 2

959-98-8 Endosulfan I SW-846 8080 2

33213-65-9 Endosulfan II SW-846 8080 10

1031-07-8 Endosulfhn sulfate SW-846 8080 10

72-20-8 \ Endrin I SW-846 8080 10 I
7421-93-Li / Endrin Aldehyde 1 SW-846 8080 2
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Table A.2. (contd)

72-43-5 Methoxychlor SW-846 8080 2

8001-35-2 Toxaphene SW-846 8080 50

58-89-2 garnma-BHC(Lindane) SW-846 8080 2

93-72-1 2.4.5-TP SW-846 8150 2

94-75-7 ] 2,4-D I SW-846 8150 12

Part 4. Metallic Constituents (total and dissolved)

Constituent ID Constituent Name Group PQL (p#L)

II7429-90-5 I Aluminum I SW-846 6010 I 500 II

7440-36-0 Antimony SW-846 6010 300

7440-39-3 Barium SW-846 6010 20

7440-41-7 Beryllium SW-846 6010 10

744042-8 Boron SW-846 6010 100

II 7440-43-9 I Cadmium I SW-846 7131A I 5 II
II7440-70-2 I Calcium 1 SW-846 6010 I 500 II

II7440-47-3 I chromium I SW-846719UEPA 200.8 I 20 II

II7440-48-4 I Cobalt I SW-846 6010 7Q II
7440-50-8 Copper SW-846 6010 60

7439-89-6 Iron SW-846 6010 100

7439-93-2 Lithium SW-846 6010 100

7439-95-4 Magnesium [ SW-846 6010 1,000 I
7439-96-5 Manganese SW-846 6010 50

7439-98-7 Molybdenum SW-846 6010 100

7440-02-0 Nickel SW-846 6010 75

II 7440-09-7 I Potassium ! SW-846 6010 I 5.000 II

7440-21-3 Silicon I SW-846 6010 450 I
7440-22-4 Silver SW-846 6010 70

7440-23-5 sodium SW-846 6010 1,000

7440-62-2 vanadium SW-846 6010 80

II7440-66-6 I Zinc 1 SW-846 6010 I 20 II

7440-67-7 zirconium SW-846 6010 100

7440-31-5 Tin SW-846 7870 8,000

7439-92-1 Lead SW-846 7421 10

II7439-97-6 1Mercurv 1 SW-846 7470/7471 I 2 II.

7440-38-2 i%senic SW-846 7060 15

7782-49-2 Selenium SW-846 7740 20

. , ...- .;-.. .--.,
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Table A.2. (contd)

Part 5. Miscellaneous Indicators and Inorganic and Organic Constituents

Constituent ID Constituent Name Group PQL (pg5)@)

14798-03-09 Ammonia 40 CFR 136 350.1/2/3 50

57-12-5 Cyanide 40 CFR 136 335.1/2/3 50

ALKALINITY Alkalinity FIELD ANALYSIS 500

CONDUCTANCE Specific conductance (in pmohslcm) SW-846 90501EPA 120.1 10

Turbidity in NTU Std. Methods 214A 1

pH pH in pH units SW-846 9040AiEPA 150.1 0.1

TDs Total Dissolved Solids 40 CFR 136160.1 10,000

TOX Total Organic Halogen SW-846 9020 50

TOC Total Ommic Carbon SW-846 9060 1.000
—

—

12595-89-0

14265-44-2

14797-55-8

14808-79-8

16984-48-8

24959-67-9

TEMPERATURE

18496-25-8
—

TSS

Constituent ID

10028-17-8

10098-97-2

15046-84-1

7440-14-4

13982-63-3

7440-61-1

ALPHA

BETA

1511748-3

10045-97-3

14683-23-9

Anionsby ion chromato~auhperanion I EPA300.0 I 500

Nitrate/Nitrate as N I EPA 353.112/3 50

Chloride EPA 300.0 1,000 “

Phosphorus as POd EPA 300.0 500

Nitrate as N EPA 300.0 100

Sulfate I EPA300.0 I 10.000

Fluoride I EPA 300.0 500

Bromide EPA 300.0 500

Temperature in degrees Celsius EPA 170.1 0.1

Sulfide SW-846 9030 1.000

Oil and Grease-Gasoline Rame I SW-846 9070 I 10.000

Total Suspended Solids I 40 CFR 160.2 4,000

Part 6. Radionuclides

Constituent Name Group CDL pcfi(d)

Tntium I LAB SPECIFIC I 400

Strontium-90 I LAB SPECIFIC 2

Iodine-129 LAB SPECIFIC 5

Radium-228+226 (total) LAB SPECIFIC 5

Radium-226--- --- -- LAE-SPECIFIC--- - 1

uranium(gross) Jig/L LAB SPECIFIC 0.1

Gross Alpha - LAB SPECII?IC - 3

Gross Beta LAB SPECIFIC . 4

Plutonium-239/240 LAB SPECIFIC 1

Gamma Energy Analw.is Cesium-137 LAB SPECIFIC 15

Gamma Energy Analysis Europium-152 I LAB SPECIFIC 50

●

✎
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Table A.2. (contd)

15585-10-1 I Gamma Energy Analysis Europium-154 I LAB SPECIFIC 50

14391-16-3 Gamma Energy Analysis Europium-155 LAB SPECIFIC 50

13967-48-1 Gamma Energy Analysis Ruthenium- LAB SPECIFIC 75
106

(a) Tentatively Identified Compound (TICS) were reported.
(b) PQL-Practical Quantitation Limit per 40 CFR 264, Appendix IX. Note: where no PQL was available, value

was established at 10 times method detection limit. Values are expressed as micrograms per liter (p#L) unless
otherwise noted.

(c) Constituent was specifically requested on analysis request forms.
(d) CDL-Contract Detection Limit which is expressed in pico curies per liter (PCUL).

Table A.3. Constituent and Parameters List for Quarterly Groundwater Monitoring at the 200 &ea

TEDF (effective through April 2000)

Constituent

Metals (Total)
Arsenic, cadmi~ chrorniunz mercury, lead, uranium

Barium calciuq iro~ magnesiwq manganese, potassi~
silicon, sodiuq zinc

Anions
Nitrate, sulfate, chloride, fluoride, nitrite as N

Volatile and Semivolatile Organic Compounds
Bis (2-hexylethyl) phthalate, phenol,

Total trihalomethanes, carbon tetrachloride, methylene
chloride, 1,1,1 trichloroethane, chloroform
WTPH-G

Miscellaneous Parameters

Ammonia

Alkalinity, conductivity, pH, temperature
Cyanide (total)
Total dissolved solids
Turbidity
Total Organic Carbon
Oil and Grease
Gross alpha
Gross beta
Radium 226
Radium 226+228

A.7

Method

EPA 200.8

SW-846 6010

EPA 300.0

SW-846 8270

SW-846 8260

SW-846 8015M

40 CFR 136 350.l1213fEPA 300.7
Field analyses
40 CFR 136335. U2131EPA335.3
40 CFR 136160.1
Standard Methods 214A (Field Analysis)
SW-846 9060
SW-846 9070
Gross Alpha (DGPC)
Gross Beta (DPC)
Radium-226 (AEA)
Radium-228 (GEA)

.. .. . , -..—-—-. ,.,..,-..,...-.?. .- .,- . . . .. . . ... . . ~_ __..=. .
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Appendix B

Construction and Serviceability Information for TEDF Wells

Appendix B. 1 presentsa graphic summary of lithologic and construction information for the three
TEDF wells. This information is abstractedfrom more detailedwell lithologic/construction logs
presentedin Davis et al. (1993).

Table B.1 provides predictions of well serviceability calculated Ilom water level dati. The table
representsa linear calculation of water level decline in the threeTEDF wells for the most recent -1 year
of data,ending in April 1999. The predicted years of service are based on the waterremaining in the well
divided by the rate of decline, assuming a minimum of 1 ft of water mustremain in the well to be
serviceable. DTW = depth to water,WT Elev = watertable elevation, REF Elev = elevation reference
point (measuringpoint). All distancesare in feet, as they appearin the HEIS database.
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Table B.1.

99 Meas. Ref. Elev.
Well 98 Meas. Date Date 98 DTW (ft) 99 DTW (ft) Wt. Elev. (ft) @)

69940-36 17-Mar-98 19-Apr-99 119.44 120.47 408.45 528.92

699~1-35 I 17-Mar-98 I 19-Apr-99 I 109.45 I 110.48 I 409.9 I 520.38 II

699-42-37 17-Mar-98 I 19-Apr-99 107.7 108.69 410.73 519.42 I

Depth of Well Depth of Water Left Amount
Screen Bottom Pump Intake Above Intake Pump can be Annual Rate of Years of

Well (ft) (ft) (ft) Lowered (ft) Decline (ft) Service Left

699-40-36 222.95 216.75 96.28 6.20 0.94 108.5

69941-35 203.80 201.37 90-89 2.43 0.94 98.8

699J12-37 158.60 154.39 45.70 4.21 0.91 55.0
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Appendix C

Summary Tables of Geochemical Analytical Results for TEDF Wells

The following summary tablespresentnumbers of analyses,means, standarddeviations, maxima, and
relatedcomments for all constituentsoccurring at least once above the PQLs, as shown in the comprehen-
sive list of Appendix A.2. Included are all results through April 1999. Hanford Site background values
for groundwater in the unconfined aquifm, as calculated by Johnson (1993; [“B1” column]) and DOE/RL
(1997; ~’B2° column]) are listed for comparison, where available. Summary dataand discussions for
constituentswith specific enforcement limits are presented in Section 3.0 in the document.

C.1

. . . . -.-t.- , / -r-, .-”--,-. .. . . . . . ., . . . . . . . ..=. . . ..-— -<. . . . .



———-. —— —-.

.

C.2



Table Cl. (contd)

Constituent # Mean(b) sol(b) Maximum Resultb) B 1(C) B2(d) Comments

Zinc F=15 24.8 30.8 97.5 <50 48.9
U=31 121.3 165.8 690 na 111

Ammonia 3 64 14 80 <120 154 “Q” flag
Alkalinity 24 144,620 4,008 153,000 210,000 156,367
Specific conductance 106 315.1 9.2 333 539 430 Units in pmhos/cm
(conductivity)
Turbidity 51 18.8 104.5 750 na na In nephelometric turbidity units

@TU); Most recent 1 yr. mean
= 3.7 NTU

pH 101 8,0 0,2 Maximum = 8.27 6.90 to 8.07 In pH units
Minimum = 7.34 8.24

Total dissolved solids 27 204,926 21,281 242,000 na 277,190
Total organic carbon 32 462 328 1,820 1,610 3,336
Nitrate (includes N in N03) 27 143 120.8 332 12,400 41,723
N in NOZ 14 14,86 10.7 40 na 40
Chloride 32 3,350 154 3,830 8,690 17,370
Sulfate 32 5,234 3;292 17,000 90,500 54,950
Fluoride 32 831 158 1,200 775 539
Total suspended solids 8 6,750 6,408 17,000 na m
Radium-226 13 0.121 0.05 0.23 na 39.4 pCi/L (filtered)
Gross alpha 32 3.59 3.51 21 5,79 3,48 pci/L
Gross beta 32 12!10 23,10 130 12.62 9.73 pCi/L; Maximum result

suspected error-mean without
maximum result = 8,03, s = 6.24

Oil and grease 7 9,414 14,379 41,800 na na See text for explanation of
results

(a) Results are from unfiltered samples unless denoted by “F” (filtered) and “U” (unfiltered),
(b) All results in l@L unless otherwise indicated.
(c) Hanford Groundwater Background by Johnson 1993, 95&#ercenti1e, pg/L,
(d) Hanford Groundwater Background by DOWRL, 1997,95 percentile, pg/L.
m = no results available for background.



Table C.2, Constituentsflom the OriginalTEDF Analyte List with atLeast One Result Exceeding PQL in Well 699-41-35

Constituent n(a) Mere(b) sol(b) MaximumResult(b) B1(C) B2@) Comments

Bis(2-hexylethyl)phthalate 6 25.3 36.9 100.00 na na Includesestimatedvalues;
commonlabcontaminant

Butylbenzylphthalate 1 .- -. 1.0 na na Estimatedvalue

Aluminum F=5 59.9 79.5 200 <200 11.7
U=9 543,8 986.1 2,800 na 15,3

Barium F=24 142 12.7 170 68.5 149
U=6 144.5 7.6 160 na 154

Calcium F=24 19,265 1,190 23,000 63,600 78,770 Unfilteredmax.is estimated
U=34 18,940 827 20,300 m 81,319 value

chromium F=12 3.7 2.1 8.6 <30 3.17
U=31 14,8 24.4 110 na 4.55

Iron F=20 44,4 85.4 400 86 227 Filteredmax.issuspectresult
U=29 339 894 4,100 na 535

Magnesium F=23 7,082 440 8,300 16,480 31,051
U=35 7,045 253 7,390 na 32,233

Manganese F=27 59.2 49,0 170 24.5 86.4
U=37 58.5 52.0 210 na 99.8

Nickel F=2 15,5 2.1 17 <30 1.98
U=4 36 21 55 na 4.16

Potassium F=23 6,427 683 8,000 7,975 m
U=34 6,373 466 7,300 m m

Silicon F=16 20,500 1,113 21,900 26,500 na
U=28 20,914 1,177 23,600 na m

Sodium F=23 42,435 2,814 53,000 33,500 37,958
U=35 41,994 1,548 47,000 na 38,730

Uranium F=3 5,13 0.21 5,8 3.43 14.4
U=23 5,02 0.38 5.8 na 13,9

Vanadium F=15 9,9 3,7 15.4 15 19.3
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Table C.2. (contd) ~
!

Constituent n(o) Mean(b)

Zinc F=9 15.1
U=26 28.3

#)

7.9
32.6

Maximum Result(b)~ B I(o) B2(d) Comments

27.3 I <50 48.9
150 na 111

32
4,772

6.8

100 1 <120 154
160,000 210,000 156,367

344 ! 539 430 Units in pmhos/cm

Ammonia I 5 61
Alkalinity I 25 146,760

Specific conductance 104 323.5
(conductivity)
Turbidity 55 3,5 7.7 -=d-=- In nephelometric turbidity units

(NTU); most recent 1 yr. mean=
1.5 NTU

na

pH 107 8.0 0,2 Maximum = 8,45 6,90 to
Minimum = 7,45 8.24

8,07 In pH units

Total dissolved solids 28 I 202,893 19,651
285
185

9

263,000 I na
1,120 [ 1,610

277,190
3,336Total organic carbon 20 397

Nitrate (includes N in NOJ) 30 296

N in NOZ 13 13

=+=

668 12,400

30 na
4,480 8,690

8,800 90,500

1,100 775

41,723
40

17,370

54,950

539

Chloride 31 3,392
Sulfate 33 6,608
Fluoride 31 777

293

914

Most recent1 yr. resultsare134

II I estimated

Total suspended solids 6 3,333

Radium-226 16 0.24

Gross alpha 31 4.01

Gross beta 30 6.15

Oil and grease 7 19,979

2,582 6,000 na
0,26 1,2 na ;.4 pCi/L (filtered)

1,42 7.4 5,79 3.48 pCi/L

2.55 11.4 12.62 9,73 pCi/L
26.731 63.000 na na See text for discussion

-. 118,000 na na I See text for discussionIIGasoline 1 I . .

(a) All results from unfiltered samples unless denoted by “F” (filtered) and “U” (unfiltered).
(b) All results in pg/L unless otherwise indicated,
(?) .Hanford Groundwater Background by Johnson 1993,95’” #ercentile, pg/L.
Id). Hanford Groundwater Background by DOE/RL, 1997,95 percentile, pg/L.



Table C.3, Constituentsfrom the Original TEQF Analyte List with at Least One Result Exceeding PQL in Well 699-42-37
I

Constituent n(a) Mean(b) sol(b) Maximum Result(b) B 1(C) B2@) Comments

Bis(2-hexylethyl) phthalate 1 . . -- 1,0 na na Estimated value; common lab
contaminant

Butylbenzyl phthalate 1 . . . . 1,0 na na Estimated value
Aluminum F=5 39,0 ; 30.4 88 <200 11.7

U=15 419,2 ; 901,1 3,500 na 15.3
Barium F=23 56.0 ; 4,7 70 68,5 149

U=32 58.2 f 6,8 85 154
Calcium F=22 24,186 i 1;674 29,900 63:00 78,770

U=31 24,661 : 1,379 29,600 na 81,319
Chromium F=15 4,5 I ‘ 2,7 10 <30 3,17

U=33 22,3 \ 31.0 150 na 4.55
Iron F=17 31 \ 16 72 86 227

U=27 46.8 ] 1,064 5,800 na 535
Magnesium . F=22 10,373 \ 738 12,900 16,480 31,051

U=31 10,574 ; 515 12,000 na 32,233
Manganese F=19 39.1 I 41.4 120 24.5 86,4 Unfilteredmax.is suspected

U=28 38,5 [ 48,9 170 na 99.8 result
Nickel F=3 21,7 I 4,0 26 <30 1,98

U=12 30,1 21.2 80 na 4.16
Potassium F=22 4,814 [ 485 5,970 7,975 na Filteredmax.isestimatedvalue

U=31 4,914 I 472. 6,000 na na Unfilteredmax.error= 5,740
! I@ L

Silicon F=15 20,613 .11,687 24,900 26,500 na
U=23 21,004 ~1,398 23,800 na na

Sodium F=22 36,550 i2,620 45,200 33,500 37,958
U=31 36,452 i 1,418 38,800 na 38,730

Uranium F=9 6.39 } 0.45 6.84 3.43 14.4
U=23 6,38 I 0,54 7.6 na 13.9

Vanadium F=21 24.4 ‘ 5,3 36,5 15 19,3
U=30 25.6 4.1 35,5 na 20,2

4 c, ‘J 0

I . ... .. _____. ... . .-

1



Table C.3 (contd)

Constituent n(a) Mean(b) sdb) Maximum Result(b) B 1(C) B2(@ Comments

Zinc F=7 22.9 18.7 63 <5(I 48.9
U=19 35.6 37.3 140 na 111

Aminonia 5 52 22 80 <120 154
Alkalinity 25 136,520 4,145 144,000 210,000 156,367
Specific conductance 105 356.0 16,1 393 539 430 Units in pmhos/cm
(conductivity)
Turbidity 48 8,9 20.6 110 na na In nephelometric turbidity units

(NTU); most recent yr. mean =
3.8 NTU

pH 98 8.1 0.3 Maximum = 8.31 6.90 to 8.07 In pH units
Minimum = 7.64 8.24

Total dissolved solids 26 227,808 16,940 270,000 na 277,190
Total organic carbon 22 413.5 293,6 1,430 1,610 3,336
Nitrate (includes N in NOS) 29, 3,588 3,195 17,000 12,400 41,723 Max, is suspect result; mean

without max. included =
3,109 pg/L

N in NOZ 10 14 9 20 na 40
Chloride 29 7,930 287 8,599 8,690 17,370

Sulfate 29 24,000 2,122 32,000 90,500 54,950

Fluoride 29 716 174 1,100 775 539
Total suspended solids 4 2,750 2,582 5,000 na na
Radium-226 12 0.19 0,23 0.99 na 39,4 pCi/L (filtered)
Gross alpha 31 5.16 1.23 8.26 5.79 3.48 ,pCi/L
Gross beta 31 6.04 3.85 23.0 12.62 9.73 pCi/L; max is suspect result;

mean without max is 5,47 pCi/L

Oil and grease 6 11,137 17,980 47,700 na na See text for discussion
(a) “F” (filtered)and“U” (unfiltered)metals;allotherresultsareunfiltered.
(b) All resultsin pg/L unlessotherwiseindicated.
(c) HanfordGroundwaterBackgroundby Johnson1993,95’1’,~ercentile,pg/L
(d) HanfordGroundwaterBackgroundby DOE/RL, 1997,95 percentile,pg/L.
na= no resultsavailablefor background,
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