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0 EXECUTIVESUMMARY

This reportdocumentsinformationcollectedby the PacificNorthwest

Laboratory(a) at the requestof WestinghouseHanfordCompany. Presentedin

this report is the interpretationof the hydrogeologicenvironmentat the

2101-M Pond, located in the 200-EastArea of the HanfordSite. This informa-

tion and its accompanyinginterpretationwere derivedfrom samplingand

testingactivitiesassociatedwith the installationof four ground-water

monitoringwells, inaddition to data gatheredfrom severalpreviouslyexist-

ing wells The new monitoringwellswere installedas part of a ground-

water monitoringprograminitiatedin 1988 (Chamnesset al. 1989). This

ground-watermonitoringprogramis based on requirementsfor interim-s.tatus

facilitiesin compliancewith the ResourceConservationand RecoveryAct of

1976. Althoughthe 210i-M Pond Site may be regulatedunder final-status

regulationsin the future,the ground-watermonitoringprogramand all sam-

ples collectedthroughAugust 1989 were collectedfollowinginterim-status

regulationsand are thereforeevaluatedfollowingthe same regulations.

The four new monitoring wells were installed around the 2101-M Pond

between May 23 and August 27, 1988. Geologic sampling, aquifer testing, and

initial ground-water sampling were performed during the installation of these

wells Laboratory analyses of the sediment samples for particle size, cal-

cium carbonate content, and selected natural and contaminant constituents

were performed. A full year of quarterly ground-water sampling and the first

statistical analysis of background and downgradient data have also been per-

formed. Interpretations of the available information indicate the following"

I. The ground-water flow direction beneath the 2101-M Pond is dif-
ficult to determine in the 200-East Area because of the small
hydraulic gradient. There is less than O.5-ft difference in
water-level elevations in wells up to O.5-mi away fronl the pond.
However, the well southwest of the pond (299-E18-I) has consis-
tently higher water levels and a slightly different chemistry,
indicating it is upgradient from and unaffected by the 2101-M Pond.

(a) Pacific Northwest Laboratory is operated by Battelle Memorial Institute
for the U.S. Department of Energy under Contract DE-ACO6-76RLO1830.
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2. The uppermost portion of the unconfined aquifer is contained within
the middle unit of the Ringold Formation. Results Of aquifer test-
ing at the wells demonstrated that hydraulic properties within the
Ringold Formation at this site are within an order of magnitude and
one another, The transmissivity is estimated to be about
1000 ft_/d, and the hydraulic conductivity is about 200 ft/do

3. Results for the first year of the quarterly samples and 'the statis-
tical comparison of the background and downgradient data indicate
there is no contamination of the ground water beneath the 2101-M
Pond. The sporadically elevated levels of chromium and iron in the
four new monitoring wells are believed to be caused by metals
introduced into the aquifer during drilling or through the well
construction materials and not by the discharge of water to the
pond.

4. Quality of the analytical data through AUgust 1989 indicates the
results are generally good, with relatively few outlierso A large
number of the outliers appear to be the result of I) matrix spikes
being at levels too low for the amount of constituent in the sample
and 2) laboratory contamination. Both of these problems were
identified through a combination of interlaboratory comparisons,
comparison to target recovery ranges, and the Quality Control pro-
grams at both the analytical laboratory and Pacific Northwest
Laboratory. Consequently, it is felt that any problems withthe

data were detectedand correctedgeneratingqualitydata. i

5. The ground-watermonitoringsystem providesrepresentativesam-
ples of groundwater both upgradientanddowngradientof the
2101-M Pond. The downgradientwells are locatedclose enoughto
the pond to detectany contaminationenteringthe groundwater
from the vadose zone.
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Q I. 0 INTRODUCTION

This report presents the interpretation of hydrogeologic data collected,

during the installation and sampling of four ground-water monitoring wells at

the 2101-M Pond, as required by the ground-water monitoring program (Chamness

et al. 1989)._The 2101-MPond is locatedin the,2OO-EastArea of the Hanford

Site,insouthcentralWashington_State'(Figure1.1). The informationpre-

sented in this reportwas collected'and interpretedby the PacificNorthwest

Laboratory(PNL) for the BasaltWaste IsolationProject(BWIP)at the request

of Westinghop,4seHanfordCompany(WHC) and the U S. Departmentof Energy

(DOE). These activitieswere conducted,undera qualityassuranceprogram

based on applicablecriteriaof ANSI/ASMENQA-I (1986)as reflectedin PNL's

qualityassurancemanual (PNL 1989b)and satisfiesthe U.S. Environmental

ProtectionAgency (EPA)requirements(Stanleyand Verner1983).

CongressterminatedBWIP in 1987.Regulations governingprojects such I
as BWIP requirethe return of all sites used in the projectto as near their

originalConditionas possible. BecauseBWIP discharged,wastewater to the

2101-M Pond for a short peT'iodin the 1980s,a ground-watermonitoringproj- •

ect f_ that site was initiatedin 1988 as part of the BWIP restorationand

reclamationtasks. The ground-watermonitoringprojectwas based on require-

ments for interim-statusfacilities(such facilitiesare authorizedto con-

tinue interimoperationswhile in the processof obtainingfinal permits),

as definedby the ResourceConservationand RecoveryAct (RCRA) of 1976 as

amendedin 1984. These regulationsare promulgatedby the EPA in 40 CFR 265

SubpartF and by the State oF WashingtonDepartmentof Ecology(hereafter

called Ecology) in Washington Administrative Code (WAC) 173-303-400.

Although the site may be managed under final status regulations in the

future, work performed through August 1989 has followed interim-status regu-

lations. Therefore, the discussions and evaluations presented in this reDrrt

conform to interim-status regulations.

The ground-water monitoring program for the 2101-M Pond provides for

both background and indicator evaluation (detection level) monitoring, which

are required to provide immediate detection of significant amounts of
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dangerous waste constituents that may migrate from the pond to the uppermost

aquifer. The initial plan for this program is provided in Chamnesset al.

(1989), The specific objectives of the plan include the following:
+

• characterize the stratigraphy and the lateral ground-water flow
pattern and flow rates within the uppermost portion of the uncon-
fined aquifer beneath the pond +

• implement a monitoring program to deter mine if statistically
significant concentrations of dangerous waste constituents are
detectable it, 'the ground water

• initiate, if necessary, the development of au assessment-level
monitoring program to determine the nature and extent of con-
taminant migration from the pond.

Installation of four ground-water monitoring wells was a necessary

element for achiev!ng these objectives. The wells were designed to provide

hydrogeologic characterization data as well as long-term ground-water moni-

toting capabilities. Well constructlon began on May 23, 1988, with final

monitoring well installation completed on August 27, 1988. Geologic sam-

pl ing, aquifer t.ests, and predevelopment ground-water sampling were performedduring and/or immediately after the installation of the monitoring wells.

The evaluation of the data collected from these wells is the focus of

this report. The purposes of this report include the following:

• provide geologic and hydrologic site characterization

• provide the data necessary to develop closure options

• assess the technical adequacy of the ground-water monitoring
network

• assess the technical adequacy of the hydrogeologic
characterization

• identify any additional activities required to achieve compliance
with the applicable regulations.

Chapter 2.0 provides an overview of the pond, including the site loca-

tion and layout, current and historical disposal practices, and possible

types and amounts of wastes discharged to the pond. Chapter 3.0 explores the

environmental setting of the region. Chapter 4.0 discusses the hydrogeologic

0
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characterizationof the pond. Chapters5.0 and 6.0 presentthe geology and Q

hydrologyat.the pond, respectively. Ground-waterqualityis addressedin

Chapter7.0. Future ground-watermonitoringplans and the conclusionsof

this reportare summarizedin Chapter8.0.

0
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2.0 BACKGROUNDINFQRMATION

The purpose of this chapter is to provide a summary of tile disposal

facility and the waste constituents of interest. The preliminary closure

plan (DOE1989) describes in detail the location and physical layout of the

2101-M Pond, the facility operators, the general disposal practices, and the

operational history of the pond. Information is based on data available

through September 30, 1989.

2.1 S_!I.TELOCATIONANDLAYOUT

The 2101-M Pond is located in the 200-East Area (a controlled access

area) on the Hanford Site (Figure 2.1). The 200-East Area and nearby

200-West Area (collectively known as the 200 Areas or Separations Areas)

contain the nuclear fuels reprocessing and plutonium separations facilities,

as well as the majority of radioactive waste storage and disposal facilities

on the Hanford Site (see Figure 1.1). There are no operational facilities

located in the immediate vicinity of the 2101-.M Pond (Figures 2.1 and 2.2).

The 2101-M Pond is located adjacent to the 2101-M Building and was used

for the disposal of waste water, including laboratory wastes, from that

building (Figure 2.3). The pond is an artificial, earthen, unlined,

uncovered, U-shaped surface impoundment with earthen berms on its north and

south sides (Figure 2.4). The total area covered by the pond is less than

I acre. The north and south arms of the pond are 205 and 210 ft in length,

respectively, and the connecting east arm is approximately 70 ft long. The

pond bottom varies from approximately 10 ft wide and 5 ft below grade in the

south arm to approximately 3 ft wide and 9 ft below grade in the north arm.

Discharge From the 2101-M Building enters near the pond's southeast corner

through a 4-in. drain pipe. A rainwater run-off ditch is located near the

southeast corner of the pond (Figure 2.4).
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2.2 FACILITY OPERATORS

lhe 2101-M Pond has been operated by several companies under cont:ract: Lc)

DOE or DOE's predecessors since its construction in 1953, The own{_rs, oper-

a-t,ing contract, ors, and l;heir respective periods of' operat.ion are lis[,ed in

T abl e 2. I'L'
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I
_i., Owners and Operat, ors of the 2101-M Pond

Owners Operators

1953
General Electric Conlpany

U,S. Atomic Energy Commission Oanuary I, 1966.
Isochem

,September i, 1967
1974

U.S. Energy Research and At'lantic Ricilfleld Hanford Company
Development Administration

.1977 Ouly I, 1977
Rockwell Hanford Operations

U,S, Department of Energy June 29, 1987 .,-
Westinghouse Hanford Company

2.3 J:)_ST DISPOSAL PRACT!CE.S

The 2101-M Building was (:onstructed in 1953. From 1953 to 1981, the

only water discharged from the building to the pond came from tile building's g

heating, ventilation, and air conditioning (HVAC) system. Discharges to the

pond from the HVAC system were as high as 5,029,944 gal of water per yaar

until 1981, when the HVAC system was upgraded, The amount of discharge fronl

the other components of' the HVAC system are not metered, In 1979, BWIP began

installation of a variety of laboratories in the 2101-M Building, which were

plumbed into the drain pipe leading t,o the 2101-M Pond, From 1981, when t:he

laboratories were completed, until July 1985, the BWIP laboratories in the

2101-M Building sporadically generated dangerous wastes, which may have been

discharged to the 2101-M Pond. Official documentation of waste types gener-

ated and waste disposal methods were not kept until July 1985 when admini..

strative procedures were set, in place I:o prohibit the disposal of dangerous

waste into the drains discharging to the pond (DOE 1989). Known discharges

of chemical wasre; to the 2101-M Pond include barium and waste acids, pri-

marily hydrochloric and nitric acids, lable 2,2 provides the estimated

cluantities of barium and acids dischaY_gecl. The preliminary closure plan (DOE

1989) contains detailed information on t:he assumpi:ions macle arld lic)w [:hese

0
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IABL___2.2. Estimated Types and Quantities of Wastes Discharged

Waste Ty_p___ Estimated_ Quanti ty

Barium 26.9 Ib of barium ions from 1982
to 1984, creating up to 10,250 Ib
of dangerous waste water

Acids 2.2 to 22 Ib/yr of principally
hydrochloric and nitric acid_, for
4 to 5 years

quantities were calculated and identifies other chemical wastes from the

laboratory that may have been discharged to the 2101-M Pond.

2.4 PRESENTDISPOSAL.PRACTICES

Currently, th_ 2101-M Building contains a spare parts storage area, a

geologic sample storage area, an Insulator shop, a high-efficiency partic-

ulate air (HEPA) Filter test shop, a substation maintenance shop, an instru-

ment maintenance shop, the Vent and Balance Group (responsible for maintain-

ing the HVACsystem), and offices. The administrative procedures set Ineffect in 1985 have controlled the disposal of dangerous chemicals in the

2101-M Building through the closure of BWIP to the present. Consequently, no

dangerous constil',uents are being discharged to the pond. The minimum esti-

mated volume of water discharged in 1988, a fairly typical year, was

1,279,692 gal (DOE1989). This figure, however, Is based only on the amount

of steam going into the building and does not include the quantity of water

used in the air conditioning system (swamp coolers). The quantity of water

discharged by the air conditioners is thought to be less than that from the

steam condensate, but no measurements have been made,

2,7



0 3,0 .ENVlIIONMENTAkSE,,TLLIL_

The 2101-M Pond is located in the central portion of DOE_sHanford Site

in southcentral Washington, This chapter provides a brief description of the

regional environmental setting of the Hanford Site, including its physiog-

raphy, climate, geology (stratigraphy, tectonic framework, seismicity), and

hydrology, A more detailed discussion of the Hanford Site is given in DOE

(1988).

3.1 PHYSIOGRAPHY

The Hanford Site lies within the Columbia Basin subprovince of the

Columbia Intermontane Province (Figure 3,1), The Columbia Intermontane

Province is the product of Miocene flood basalt volcanism and regional

deformation that occurred over 'the past 16 million year._, The Columbia

Plateau is that portion of the Columbia Intermontane Province that is

underlain by the Columbia River Basalt Group (Thornbury 1965).

The physiography of the Hanford Site is dominated by the low-reliefplains of the Central Plains physiographic region and anticlinal ridges of

the Yakima Folds physiographic region. The surface topography has been modi-

fied within the past several million years by 'the following geomorphic proc-

esses: i) continued structural deformation, 2) Pleistocene cataclysmic

Flooding, 3) Holocene eolian activity, and 4) "andsliding. Structural defor-

mation of the Yakima Folds was probably contemporaneous with the eruption of

the basalts, beginning in the Miocene and possibly continuing to the present

(Reidel 1984). Cataclysmic flooding occurred when ice dams in western

Montana and northern Idaho were breached, allowing large volumes of water to

spill across eastern and central Washington. The last major flood occurred

about 13,000 years ago, during the late Pleistocene Epoch. Anastomosing

flood channels, giant current ripples, bergmounds, and giant flood bars are

amongthe landforms created by the floods. The 200 Areas waste management

facilities are located on one prominent flood feature, the Cold Creek Bar

(Figure 3,2) (Bretz et al. 1956).

3,1



3,2 0





Since the end of the Pleistocene,winds have locallyreworkedthe fluod

sediments,depositingdune sands in the lower eleva'cionsand loess (windblown

silt) around the margins of the Pasco Basin, Many sand dunes are currently

stabilizedby anchoringvegetation.

Landslidesoccur along the north limbs of some Yakima Folds and along

steepriver embankmentssuch as the White Bluffs (Figure3.3). Landslideson

tlleYakimaFolds generallyoccur along sedimentaryunits intercalatedwith

the basalt,whereaslandslidesat the White Bluffsoccur in suprabasalt

sediments. The landslidesat the White Bluffs are attributedto irrigation

activitieseast of the ColumbiaRiver. No landslidingoccurs in the

200 Areas.

3.2. CLIMATEAND METEOROLOG,Y_

The climateof the HanfordSite is primarilycontrolledby the rain-

shadoweffect of the CascadeRange,locatedapproximately75 mi to the west.

The Cascades also serve as a sourceof cold air drainage,which affectsthe

wind regimeat the HanfordSite. i

Climatologicaldatahave been collectedat the HanfordMeteorological

Station (HMS) (locatedbetweenthe 200-Eastand -WestAreas) since 1945

(Cushing1988). Temperatureand precipitationdata are also a,'ailablefrom

nearby locationsfor the period1912 to 1943. A summaryof these data

through1980 has been publishedby Stone et al. (1983)o Data from the HMS

are similarto those associatedwith the generalclimaticconditionsexhib-

ited in the surroundingregionand are representativeof the specific

climaticconditionsat the 200 Area Plateau.

3.2.1 Wind

Prevailingwind .directionson the 200 Area Plateauare from the north-

west in all months of the year (Figure3.4). Secondarymaxima occur for

southwesterlywinds.

Monthlyaveragewind speedsare lowestduringthe winter months,aver.-

aging 6 to 7 mph, and highestduring the summer,averaging9 to 10mpho

Wind speedsthat are well above averageare usuallyassociatedwith

Q
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FIGURE 3.4. Wind Rose Diagrams for the Hanford Site
(after Stone et al. 1983)
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southwesterly winds. However, the summerdrainage winds are generally north-

westerly and frequently reach 30 mi/h.

Tornadoes are generally small and infrequent in the northwest portion of

the United States. No violent tornadoes are listed in DOE(1987) for 'the

region surrounding Hanford. The HMSclimatological summary (Stone et al.

1983) and the National Severe Storms Forecast Center data base list 22 sepa-

rate tornado occurrences within 100 mi of the Hanford Site from 1916 through

August 1982. Two additional tornadoes have been reported since August 1982.

3.2.2 Temperature and Humidity

Ranges of daily maximumand minimum temperatures vary from normal maxima

of 35.6°F in early January to 95°F in late July. The record maximumtempera-

ture is 114,8°F (July 27, 1939), and the record minimum temperature is -27°F

(December 19, 1919).

The annual average relative humidity at the HMSis 54%. lt is highest

during the winter months, averaging about 75%, and lowest during the summer,

averaging about 35%.

3.2.3 Precipitation

Precipitation measurements have been made at the HMSsince 1945. Aver.-

age annual precipitation at the HMSis 6.3 in. Most of the precipitation

occurs during the winter with nearly half of the annual amount occurring in

the months of November through February. Days with >0.5 in. precipitation

occur <1% of the year. Rainfall intensities of 0.5 in./h persisting for I h

are expected once every 10 yr. Rainfall 'intensities of I in./h for I h are

expected only once every 500 yr. Winter monthly averages range from 0.3 in.

in March to 5.3 in. in January. The record snowfall of 24.4 in. occurred in

February 1916. Snowfall accounts for about 38%of all precipitation occur-

ring during the months of December through February.

3.3 STRATIGRAPHY

The surficial stratigraphy of the Hanford Site consists of Miocene age

and younger rocks. Older Cenozoic sedimentary and volcaniclastic rocks

underlie the Miocene and younger rocks but are not exposed at the surface.
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The Hanford Site stratigraphy is summarized in Figure 3.5 and described

below. A more detailed discussion of the Hanford Site stratigraphy is given

in DOE(1988).

3.3.1 Columbia River Basalt Groqp

The Columbia River Basalt Group (Figure 3.5) comprises an assemblage of

tholeiitic, continental flood basalts of Miocene age. These flows cover arl

area of more than 63,000 mi2 in Washington, Oregon, and Idaho and have an

estimated volume of about 41,600 mi3 (Tolan et al. 1987). Isotopic age

determinations suggest flows of the Columbia River Basalt Group were erupted

during a period from approximately 17 to 6 Ma, with more than 98% by volume

being erupted in a 2.5 million-year period (17 to 14.5 Ma).

Columbia River basalt flows were erupted from north-northwest-trending

fissures or linear vent systems in northcentral and northeastern Oregon,

eastern Washington, and western Idaho (Swanson et al. 1979; Waters 1961).

The Columbia River Basalt Group is formally divided into five formations,

from oldest to youngest: Imnaha Basalt, Picture Gorge Basalt, Grande Ronde

Basalt, WanapumBasalt, and Saddle Mountains Basalt. Of these_ only the i

Grande Ronde, Wanapum,and Saddle Mountains Basalts are known to be present

in the Pasco Basin. The Saddle Mountains Basalt forms the uppermostbasalt

unit in the Pasco Basin except along some of the bounding ridges where

Wanapumand Grande Ronde Basalt flows are exposed.

3.3.2 Ellensburq Formation

The Ellensburg Formation (Figure 3.5) includes epiclastic and vo'Icani-

clastic sedimentary rocks that are interbedded with the Columbia River Basalt

Group in the central and western part of the Columbia Plateau (Schmincke

1964; Swansonet al. 1979). The age of the Ellensburg Formation is princi-

pally Miocene, although locally it may be equivalent to early Pliocene. The

thickest accumulations of the Ellensburg Formation lie along the western mar-

gin of the Columbia Plateau where Cascade Range volcanic and volcaniclastic

materials interfinger with the Columbia River Basalt Group. Within the Pasco

Basin, individual interbeds have been named (e.g,, Rattlesnake Ridge, Cold

Creek), and these deposits are found primarily irl the Wanapumand
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Saddle Mountains Basalts, The lateral extent and thickness of interbedded

sediments generally increase upward in the section (Reidel and Fecht 1981),

Two major facies, volcaniclastic and fluvial, are present either as distinct

or mixed deposits,

3.3.3 Suprabas_]t_.e.dimeI!_ts

The suprabasaltsedimentswithin and adjacentto the HanfordSite (Fig-

ure 3.5) were derivedfrom a varietyof sedimentaryenvironments,although

the fluvial..lacustrineRingoldFormationand glaciofluvialHanfordformation

domi_atethe preservedstratigraphicrecord (Brown1959; Routsonand Fecht

1979; Tallmanet al, 1981).

3.3.3.1 Lat___eNeogeneDeposits

Late Neogene('i.e.,late Mioceneto Pliocene)deposits,younger than the

ColumbiaRiver Basalt Group,are representedby the RingoldFormationwithin

the Pasco and Quincy Basinsof tilecentralColumbiaPlateau(Grolierand

Bingham1978; Gustafson1973; Newcombet al. 1972; Rigby and Othberg1979).

The fluvial-lacustrineRingoldFormationwas depositedin generallyeast-

west-trendingvalleysby the ancestralColumbiaRiver and its tributariesin

responseto developmentof the Yakima Folds Belt. Althoughexposuresof the

RingoldFormationare limitedto the White Bluff'swithin the centralPasco

Basin and to Smyrna and Tauntonbenchesnorth of the Pasco Basin, extensive

subsurfacedata on 'theRingoldFormationare availablefrom boreholes.

The RingoldFormationis classifiedinto three facies associations

referredto as stratigraphicsectiontypes that representvariationsin the

paleogeographyduring Ringoldtime (Figure3.6). SectionType I, comprising

gravel and associatedsand and silt, representsa migratingchanneldeposit

of the major, thoroughgoing,ancestralColumbiaand/orSnake river systems,

which were confinedto the centralportionof the Pasco Basin. Section

Type II comprisesmainlyoverbanksand, silt, and clay depositedalong the

marginsof the basin, beyondthe influenceof the main ancestralchannel.

SectionType I11, a fanglomerate,occurs locallyaroundthe extrememargins

oC the basin and primarilycomprisesangularbasalticdebris,derivedfrom

side-streamalluviumshed off bedrockridges.
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A
Two methods have been used to subdivide Section Type I Ringold Formation

deposits in the centra'! Pasco Basin. One Is based on lithofacies distinc-

tions and the other on upward-fining cycles, Newcomb(1958) divided the

Ringold into three lithofacies: a coarse-grained middle unit bounded above

and below by fine-grained units. Ta'llman et al, (1979) described a fourth

l ithofacies unit, the coarse-grained basal Ringold unit, which under'lies the

fine-grained lower Ringold unit in th(_ west-central Pasco Basin, The nomen-

clature for the basal Ringold unit was further subdivided 'into a coarse- and

fine-grained subunit within the central Cold Creek syncline by Bjornstad

(1984). A second method was used by Puget Sound Power and Light Company

(PSPL 1981) in the area south and east of Gable Mountain, where the sub-

surface Ringold Formation was divided into four' fluvial cyc'les (Units I

through IV). Figure 3.7 provides a comparison of these changing interpreta-.

tions of the Ringold sediments. Tile stratigraphic sequence defined by

Bjornstad(1984)is used in this report.

P_]_l_o-PleistoceneHiaTtqs.The late Plioceneto early Pleistoceneis

generallycharacterizedas a period of regionalincisionon tileColumbia

Plateau. Within the Pasco Basin this is reflectedby the abrupttermination

and eroded natureof the top of tileRingoldFormation(Brown1960a;Bjornstad

1985; Newcombet al, 1972), Followingincision,a well-developedsoil formed

on the eroded surface,

The exact timing and durationof incisionIs unknown;however,it prob-

ably occurredduringthe intervalbetween0,9 Ma (the age of the basalt from

HaystackButte) and 3,4 Ma (theyoungestage reportedfrom the RingoId

Formation). HaystackButte is locatedin the ColumbiaRiver Gorge, approxi-

mately 90 mi southwestof the Pasco Basin, Lava from HaystackButte flowed

into the old river channel,which was at tilesame elevationas the present

river channel, The fact that the old and presentriver channelswere at

similarelevationsindicatesthat incision(as much as 492 'ftin the Pasco

Basin) had ceased by 0.9 Ma,

Plio-Pleistocen_e__Unit.A locallyderivedunit consistingof a side-

strealnalluviumand/orpedogeniccalcreteoccursat the unconformitybetween

the RingoldFormationand the Hanfordformatlon. The side-,streamalluvial

0
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facies is derived from Cold Creek and 'Its tributaries and is charact, erized by

relatively thick zones of unweathered basalt clasts along with pedogenica'lly

altered loess or colluvium,

_Erly _!PaJ,o,,_se'[Soil_, Overlying :the P'lio-Pleistocene unit 'in the Cold

Creek syncline area is a fine-grained sand to si'lt, It, is believed to be

mainly of eolian origin, derived from either the reworked Plto-Ple'lstocene

unit or upper Ringold Formation, This early "Palouse" soil carl be distin.

cluished from overlying slackwater flood deposits by a greater calcium-

carbonate content, massive structure in core samples, and a high natura'l

gammaresponse in geophysical logs (Bjornstad 1984),

3,3,3.2 P.ILE:LeJ2nar.v__o__

Aggradationof sedimentsresumedduring the quaternaryfollowingthe

period of late Plioceneto early Pleistoceneincision. Quaternarydeposits

are associatedwith a varietyof depositionalprocesses,includingthose

associatedwith volcanism,glaciation,lakes,rivers,wind, and mass wasting,

In the centralColumbiaPlateau,the Quaternaryrecord is dominatedby pro-

glacial cataclysmic flood deposits with lesser amounts of fluvial and eolian
deposits, which lie below, between, and above flood deposits, Nonflooded

areas on the Columbia Plateau are often mantled by al'luvium, colluvium, or

loess,

_dvsmlc Flood D_pos..Its,, Proglacia'l flood deposits blanket low-lying

areas over most of the central Columbia Plateau, Most cataclysmic flood

deposits that are preserved are late P'leistocerle; tile last inaJur flood

sequence is dated at about 13,000 yr ago by the presence of Mount St, Helens

"S" tephra (Mullineaux et al, 1978) interbedded with these sedinlents,

Cataclysmic fluods inundated the Pasco Basin a nunlber of times during the

Pleistocene, beginning as early as I Ma (Bjornstad and Fecht 1989), The

largest and most frequent floods came from glacial l.ake Missoula in north-

western Montana; however, smaller floods may have escaped downvalley from

glacial Lakes Clark and Columbia along the northern margin of the Columbia

Plateau (Waitt 1980), Another source of Pleistocene floodwaters came down

the Snake River from glacial Lake Bonneville in Ut:ah (Malde 1968). Lake

Bonneville flood deposits, however, have not been positively identified
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within the Pasco Basin. This may be becauseof erosionand/orburialby

younger flood depositsfrom Lake Missoula. The last Lake Bonnevilleflood

occurredabout 14,000to 15,000yr ago (Scottet a'l,1982),

Cataclysmicfloodwatersenteringthe Pasco Basin quicklybecame

impoundedbehindWallula Gap, which was too restrictivefor the volume of

water, Floodwatersponded up to an elevationof 1150 ft, forminga lake up

to 430 ft deep in the vicinityof the 2101-M Pond. A proposedmodel for Bach

proglacialflood cycle _n the Pasco Basin consistsof three phasesthat

includethe following: I) large.-scaleerosion,followedby 2) deposition

associatedwith lake fillingbehind a hydraulicdam at WallulaGap, and

finally3) depositionand erosionassociatedwith lake retreat(Bjornstad

et al, 1987). lt is estimatedthat each flood cycle lastedonly a few weeks

or less (Baker1978). As the lake drainedfor the last tinle,floodwaters

becamechannelized as currentenergyalong the bed increased,formingthe

presentnetworkof anastomosingchannelswithin the centralPasco Basin. Two

end-membertypes of flood depositsare normallyobserved: a coarse-grained,

main-channelfaciesand a finer-gralned,slackwaterfacies. Within the

Pasco Basin,these are referredto as the Pasco Gravelsand TouchetBeds of

the Hanfordformation,respectively(Myerset al. 1979). Sedimentswith

intermediategrain sizes, indicativeof intermediatecurrentstrength,are

also presentin areas throughoLltthe Pasco Basin, particularlyon the south,

relativelyprotectedside of the Cold Creek Bar.

Decipheringthe historyof cataclysmicflooding in the Pasco Basin is

complicatednet only by floods frommultiple sources,but also becausepaths

of Lake Missoulafloodwatersmigratedand changedcoursewith tileadvanceand

retreatof the Cordil'leranice sheet (Bakerand Bunker1985). Cataclysmic

Floods Inundatedthe centralColumbiaP'lateauseveraltimes duringthe

Pleistocene. At least three major f'loodlngepisodes (early,middle, and late

Pleistocene)are recognizedin the Pasco Basin, althoughmany more minor

flood eventsprobablyoccurredduring each of these major episodes. The

evidencefor the differentages of floodingincludechangesin magnetic

polarity,truncatedclasticdikes, and soil developmenton flood sequences

(Bjornstadet ;!l.1987; Bjor'nstadand Fecht 1989),

0
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Clastic dikes are commonly associated with, but not restricted to, 0

cataclysmic flood deposits on the Columbia Plateau, Although there 'is

general agreement that clastic dikes formed ,during cataclysmic flooding, a

primary mechanism to satisfactorily explain the formation of all dikes has

tlo t been identified (WPPSS1981). Amongthe more probable explanations are

injection initiated by hydrostatic loading and dewatering associated with
receding floodwaters,

_01_herQuaternary Deposits_, Alluvium is present not only as a surficial

deposit along major river and stream courses (see Figure 3,3), but also in

the subsurface, where it is found underlying, and interbedded with, proglac-

ial flood deposits, Two types of alluvium are recognized in the Pasco Basin:

quartzitic mainstream and basalt-rich side-stream alluvium, Colluvium (talus

and slopewash) is also a commonHolocene deposit in moderate-to-high relief

areas and, like the dune sand found locally in the semiarid central plateau,

is not commonly preserved in the stratigraphic record.

Varying thicknesses of loess or sand mantie muc:hof the Columbia

Plateau. Active and stabilized sand dunes are widespread over. the Pasco 0Basin (see Figure 3.3).

Landslide deposits in the Pasco Basin are of variable age and genesis.

Most are associated with the north limbs of Yakima Folds, such as the north

side of Rattlesnake Mountain, or along steep river embankments, such as the

White Bluffs in the Pasco Basin (see Figure 3.3),

3.4 ZL__C_T,ONI c FRAMEW_OF_

The Columbia Plateau lies east of the Cascade Range and is a part of the

North American continental plate, lt is bounded on the north by the Okanogan

Highlands, on the east by the Northern Rocky Mountains and Idaho Batholith,

and on the south by the High Lava Plains and Snake River Plain. This section

describes the tectonic setting of the Hanford Site, which lies within the

Columbia Plateau. A more detailed discussion is presented in DOE(1988).
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3.4.1 StructuralGeoloqvof theRegion

The Columbia Plateaucan be divided intothree informalstructuralsub-
.

provinces: Blue Mountains,Palouse,and Yakima Fold Belt (Figure3.8).

These subprovincesare definedon the basis of their structuralfabric,

unlikethe physiographicprovincesthat are definedon the basis of
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landforms. The HanfordSite is locatednear the junctionof the Yakima Fold

Belt and the Palousesubprovinces,and north of the Blue Mountains

subprovince.

3 4.1.1 Blue MountainsSubprovince

The Blue Mountainssubprovinceis a structurallydiverseregion domi-

nated by the complexlyfaultedBlue Mountainsanticlinoriumin its northern

portionand a seriesof structuralbasins in its centraland southernpor-

tions. The structuralbasinsare generallyof two types" i) fault-bounded

basins (e.g.,the La Grande,Baker,and Unity Basins)and 2) fold-bounded

basins (e.go,the John Day Basin). In the northernand centralportionsof

the Blue Mountainsproper,two importantfault systemshave been recognized'

the Hite Fault System and the La Grande Fault System.

3.4.1.2 PalouseSubprovince

The Palousesubprovinceis primarilya regionalpaleoslopethat dips

gentlytoward the centralColumbiaPlateauand exhibitsonly relativelymild

structuraldeformation. The PalouseSlope is underlainby a wedge of Colum-

bia River basaltthat thins graduallytowardthe east and north and laps onto

the adjacenthighlands.

3.4.1.3 Yakima Fold Belt Subprovlnce

The principalcharacteristicof the Yakima Fold Belt is a series of

segmented,narrow,asymmetricanticlinesthat have wavelengthsbetween3 and

19 mi and amplitudescommonly<0°6 mi. These anticlinalridges are separated

by broad synclinesor basinsthat, in many cases,containthick accumulations

of Neogene-to Quaternary-agesediments.

Thrustor high-anglereversefaultswith fault planesthat strike par-

allel or subparallelto the axial trends are principallyfound along the

limbs of the anticlines(Bentleyet al. 1980; Hagood 1985; Reidel 1984;

Swansonet al. 1979, 1981). The amountof verticalstratigraphicoffset

associatedwith these faultsvariesbut commonlyexceedshundredsof 'Feet.

The deformationof the Yakima Folds occurredunder north-southcompres-

sion and was probablycontemporaneouswith the eruptionof the basalt flows

(Reidel1984). The fold belt was growingduringthe eruptionof the Columbia

3.18 0



River Basalt Group and continued to grow through the Pliocene, into the

Pleistocene and perhaps to the present.

Cold Creek Syncline. The Cold Creek syncline (Figures 3.9 and 3.10)

lies between the UmtanumRidge-Gable Mountain uplift and the Yakima Ridge

uplift and is the principal structural unit that contains the 200 Areas.

The Cold Creek syncline is an asymmetric and relatively flat-bottomed

structure. Its amplitude is higher, and wavelength shorter, west of the

Hanford Site.

The Yakima Barricade geophysical anomaly (Figure 3.10) occurs on the

west end of the Cold Creek syncline and coincides with a west-to-east change

in hydraulic gradient within the confined aquifer system, lt does not affect

the unconfined aquifer system. The data suggest that this feature is either

a steeply dipping fold or a high,angle fault that formed during the late

Miocene to early Pliocene; movement is believed to have ended by late

Pliocene (DOE1988).

UmtanumRidqe-Gable Mountain Structural Trend. The UmtanumRidge-Gable

Mountain structural trend is a segmented anticlinal ridge extending for a
length of 85 mi in an east-west direction and passing north of the 200 Areas

(Figures 3.9 and 3.10). This structure consists of five segments. From the

west, UmtanumRidge plunges toward the basin and joins the Gable Mountain-

Gable Butte segment near the western boundary of the Hanford Site. The

easternmost segment, the Southeast anticline, trends southeast off the

eastern boundary of the Gable Mountain-Gable Butte segment.

UmtanumRidge is an asymmetrical, primarily north-vergent to locally

overturned anticline with a major-thrust to high-angle reverse fault on the

north side (Goff 1981; PSPL 1982) that dies out as it plunges eastward toward

the Gable Mountain-Gable Butte segment. Gable Mountain and Gable Butte are

two topographically isolated, anticlinal ridges that comprise a series of

northwest trending, doubly plunging, en echelon anticlines, synclines, and

associated faults. Capable faulting has been identified on Gable Mountain

(NRC 1982; PSPL 1982).
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Yakima Ridge.. The Yakima Ridge uplift extends from west of Yakima to 0

the center of the Pasco Basin, where it forms the southern boundary of the

Cold Creek syncline (Figures 3,9 and 3.10). The easternmost surface expres-

sion of the Yakima Ridge uplift is represented by an anticline that plunges

eastward into the Pasco Basin (Myers et al. 1979, Plate III), The eastern

extension of Yakima Ridge_into the basin is mostly buried beneath sediments,

but is assumed to be similar to the exposed parts.

3.5 SEISMICITY

The Pasco Basin and surrounding Columbia Plateau is an area of rela-

tively low seismicity. Earthquake records for the Pacifi( Northwest extend

back to about 1850. Earthquakes occurring before 1969 were documented from

reports of tremors that were felt (Coffman and Von Hake 1982; Fifer 1966; NRC

1982; Rasmussen1967; WCC1980, 1982; WPPSS1981)_ while earthquakes since

1969 have been instrum_ntally recorded. Depending on the data available,

various analytical methoQc were used to calculate the intensity of past

earthquakes. Consequently, different scales are used inthe following

discussion. 0

Earthquake activity on the Hanford Site is confined to the crust and is

characterized primarily by shallow swarms of microearthquakes that occur pre-

dominantly in the basalts. Focal mechanisms for basalt and sub-basalt events

indicate north-south compression and reverse faulting along nearly east-west
planes.

3.5.1 Reqional Earthquakes

Low seismicity characterizes eastern Washington, The historic record of

events with epicentral intensities of MMIV or greater and the seismographic

record of events of magnitude 3 or greater are renlarkably similar, and indi-

cate that the major seismicity of the Columbia Plateau is broadly scattered.

The largest earthquake known to have occurred within the Columbia

Plateau was the July 16, 1936, Milton-Freewater, Oregon, earthquake. The

maximumepicentral intensity was estimated to be MMVII, and was originally

estimated to be surface-wave magnitude 5-3/4 (Gutenberg and Richter 1965).

An evaluation of Gutenberg's original seismographic data suggested that the
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Richter magnitude could have been as high as 6.1 (WCC1980). A reevaluation

using station corrections (WCC1982) yielded a surface-wave magnitude of 5.7

to 5.8 (NRC 1982).

Other earthquakes that have historically been considered in seismic

evaluations on the Hanford Site are

• the December 4, 1872, earthquake that occurred in the North
Cascades tectonic province somewhere in northcentral Washington
State (NRC1982)

• the March 5, 1893, earthquakenear Umati11a,Oregon (about44 mi
south of the HanfordSite), that had an estimatedMM intensityof
Vl (WPPSS1981, Plate 123)

• the November I, 1918,earthquake'inthe vicinityof the Saddle
Mountainsand FrenchmanHills that had an estimatedsurface-wave
magnitudeof 4.4 (WPPSS1981, p. 2.5J-36)

• the December20, 1973, earthquakethat occurrednear the same
locationas the Novemberi, 1918, event and had a coda-length
magnitude4.4

• the April 8, 1979,coda-lengthmagnitude4.1 earthquakethat

near College Washington, was a
occurred Place, which shallowevent
with a focal depth of between1.9 and 3.7 mi.

A completelistingof known regionalearthquakesis given in DOE (1988).

3.5.2 Seismicityof the CentralColumbiaPlateauand HanfordSite

Most of the currentlyobservedseismicityof the centralColumbia

Plateauis concentratedbetweenthe SaddleMountainsand FrenchmanHills,

and betweenthe SaddleMountainsand the Gable Mountain-GableButte area.

The densestgroupsof epicentersin the centralColumbia Plateauare

causedby earthquakeswarms. An earthquakeswarm may be definedas a cluster

of events within a relativelyshort periodof time that have comparablemag-

nitudesand that firstwax and then wane in numberwith no one outstanding

event;the main criterionis that no "outstanding"(large)event occurs. An

outstandingevent is considereda mainshock,and any earthquakesthat precede

or follow it are consideredforeshockor aftershockactivity. However,

becauseof the low seismicityrates and generallysmall magnitudesof events
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A
that have been observed in the centralplateauregion (roughly90% have

magnitudesof 2 or less), the distinctionbetweenswarm and nonswarm

activityis not alwaysclear.

Based on the seismographicrecord,ColumbiaPlateauseismicitycan be

segregatedby depth into three zones: 0 to 2.5 mi, 2.5 to 5 mi, and deeper

than 5 mi (WPPSS1981). Nearly90% of the seismicityoccurs at depths less

than 5 mi, and most of this shallowseismicity(70%to 80%) occurs'inthe

uppermost2.5 mi as earthquakeswarms (WPPSS1981; Rasmussen1987),

Since 1969,when 'thecollectionof local ColumbiaPlateauseismographic

data began,most swarm events have been observedto have coda-lengthmagni-

tudes of about 1.5 or less. The largestswarm event has been the 4.4 coda-

lengthmagnitude1973 Royal Slope shock,which in someways exhibitedmain

shock characteristics.Only about 10% of the seismicityat depths "lessthan

5 mi exceed (coda-length)magnitude2.0.

Two areas of shallowswarm activity,the CoyoteRapidsand the Cold

Creek swarm areas, are locatedwithin 6.2 mi of the 200Areas and a third

area, the Wooded Island swarm, occurs 9 mi east to southeast of' the 200 Areas
(Figure 3.11). The Coyote Rapids swarm area has been the site of several

events since 1969, when instrumental monitoring of; this area began. A total

of 91 events occurred in the Coyote Rapids swarm area between 1969 and 1986,

the bulk of which appear to congregate into two 3- to 6-mi, roughly east-west

l ineations at either end of the west leg of the Columbia River horn.

Most of the Coyote Rapids events (76, or approximately 85%) have magni-

tudes (coda-length) of 1.5 or less. The two largest events in this area

occurred during swarms on October 25, 1971 (3.8 coda-length magnitude), and

on October 20, 1983 (3 4 coda-length magnitude).

Activity has been recorded in tile Wooded Island swarm area since the
i

installation of the local area net in 1969. Hundreds of events have occurred

on Wooded Island as well as the surrounding area both east and west of the

Columbia River. The majority of the events are of coda-length magnitude

1.5 or less. The largest event recorded in the Wooded Island swarm was a

2.4 coda-length magnitude. The latest swarm activity in this area was in the

fall of 1988 through the early part oF 1989.
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FIGURE 3.]]. Location of Earthquake Swarms on the Hanford Site

Other activity has occurred in the Cold Creek swarm area, located 3 to

5 mi south of the 200-West Area. Three periods of activity have occurred

here since 1969: July to November 1979; August 1981; and November 1985 to

April 1986. A total of 35 events occurred in this area, all less than 3 mi

deep. The largest event had a 2.4 coda-length magnitude.
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3,6 JL__LO__6LHYDROLO_

The fo]]owlng subsections summarlze the surface- and ground-water

hydrology of the Hanford Slte and immediate vlcinity, A more detailed

discusslon of Hanford Site hydro]ogy Is given iri DOE(1988),

3.6.1 S_.urfaceWat.9_z,

The primary surface-water feature associated with the Pasco Basin is the

Columbia River with its major tributaries the Yakima, Snake, and Wa'lla Walla

rivers. With the exception of the Columbia River, there are no perennial

streams within the Hanford Site. West Lake, about 10 acres in size and

<3 ft deep, is the only natural lake within the Hanford Site (DOE1988).

There are, however, several surface ponds and ditches associated with waste

disposal activities (Figure 3.12). A network of dams ancl multipurpose water

resource projects are located along the course of the Columbia River (Fig-

ure 3.12). The Columbia River is considered to be free-flowing along

approximately two-thirds of the Hanford Site. This area, referred to as the

Hanford reach, extends from Priest Rapids Damto the headwaters of Lake

Wa'llula (the reservoir behind McNary Dam) near the southern part of the
Hanford Site. The stream flow has been inventoried and described in detail

by tile U.S. Army Corps of Engineers (DOE1986). Stream flow along this reach

is controlled by Priest Rapids Darn. Several drains and intakes are also

present along this reach, including irrigation outfalls From tile Columbia

Basin Irrigation Project, the Washington Public Power Supply System (WPPSS)

Nuclear Project 2, and Hanford Site intakes for. onsite water use.

Cold Creek and its tributary, Dry Creek, are ephemeral streams within

the Yakima River drainage system. Western portions of tile Hanford Site are

drained by both streams as they flow southwest toward the Yakima River. Sur-

face flow, which may occur during spring runoff or afLer lleavier than normal

precipitation, infiltrates as direct recharge to the subsurface sediments,

Rattlesnake Springs, located on the western part of the Hanford Site, Forms a

small surface stream that flows for about 1.8 mi before infiltrating into the

ground. Approximately one-third of the Hanford Site is drained by the Yakima

River system.
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The Yakima River, bordering the southeastern portion of the Hanford

Site, has a low annual flow compared to the Columbia River, For the 57-yr

period of record, the average annual stream flow of the Yak'Ima River' is about

3,7 x 103 ft3/s with monthly maxImtlmand minimum flows of 1,7 x 104 ft3/s and

1,6 x 102 ft3/s, respectively. Recorded flow rates of the Columbia River

have ranged from 1,6 x 105 to 6.4 x 105 ft3/s during the runoff in spring and

early summer, to 3,5 x 104 to 1,6 x 105 ft3/s during the 'low flow period of

late summer and winter (Jamison 1982), The average annual Columbia River

flow in the Hanford reach, based on 65 yr of record, is about 1,2 x 105 ft3/s

(DOE198/). Normal river elevations within the Hanford Site range from

394 ft above mean sea level where the river enters near Vernita to 341 ft

where it leaves the Hanford Site near the 300 Are_,

Large Columbia River floods have occurred in the past (DOE1987), but

the likelihood of recurrence of large-scale flooding has been reduced by the

construction of several dams upstream. Historical and hypothetical floods

have been investigated for the Columbia River, Yakima River, and Cold Creek

at the Hanford Site (DOE1988). No 100-yr flood plain maps have been made

for the Hanford reach of the Columbia River, but the 200 Areas are abeve the

flood level of an even larger projected Flood, a hypothetical 50% brE_achof

Grand Coulee Dam (DOE1987).

Routine water-quality monitoring of the Colunlbia River Is conducted by

DOEfor both radiological and nonradiological parameters. Reports oll moni-

toring results have been published annually by PNt. since 1973 (e.g., Jaquish

and Mitchell 1988), Ecology has issued a Class A (excellent) quality desig-

nation for, Columbia River water along the reach from Grand Coulee Dam,

through the Pasco Basin, to McNary Dam. This de,_ignation requires thai', all

industrial uses of this water be compatible with other uses, including drink-

ing, wildlife habitat, and recreation, In general, the Columbia River water

can be characterized by a very low suspended load, a low nutrient content,

and an i_.bsenceof microbial contaminants (DOE]988),

Radionuclides In the Columbia River below i',he Hanford Site have

decreased sIgr_ificantly since single-pass pluLonlum l)roduction reactors were

shut down in 1971 and improved erFluent cont',rol sysi:,emswere IrlsLalled aL t;he
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N Reactor, Lew levels of ractionuclides, however, continue to be measured

downstream of the Hanford Site and have been since 1985, F'luctuations in the

concentrations ef some ef these raclionuclides are attribute(l, in part, te the

clischarge of centaminated greund water from the Hanford Slte to the Columbia

River (DOE1988),

3,6,2 .._,..und Water

Groundwater occurs both within a suprabasaltaqLrlfersystemconsisting

of fluvialand lacustrinesediments,and within a systemof deeper,confined

to semicenfined aquifersin the basaltflow tops, flow bottonlzcles,and

sedimentaryinterbeds(DOE 1988), These deeper.aquifersare intercalated

with confining'layersconsistingof basaltFlow interiors, Verticalflow and

'leakageacrossthe confininglayers are inferredfrom water,.levelor poten-

tiometricsurfacedata, but _he flow and leakageare net quantified,and

directnleasurementsare not available(DOE 1988), The multiaquifersystem

within the Pasco Basin has been conceptualizedas consistingof four primary

geohydrologicunits: I) suprabasaltHanfordand RingoldFormationsedi-

ments; 2) Saddle Mountain Basalt; 3) WanapumBasalt; and 4) Grande RoncleBasalt,

3,6,2,1 s_uprabasa]t Aquifer Sy.ste___l]]

l'he suprabasalt aquifer is the uppermost regionally extensive aquifer

beneath the Hanford Site, The water table ranges in depth from 0 ft below

land surface (bls) at West Lake and the Columbia and Yakima rivers, to

>350 ft, bls near the center of the Hanford Site, Ground water within the

suprabasalt aquifer system is contained within the glaciofluvial sands and

gravels of the Hanford formation ancl/or the fluvial/lacustrine sediments of

the Ringold Formation, The position of the water table beneath 'the western

portion of t,he HarlFord Sit_ is generally within the middle RingoId unit, In

the northern and eastern portions, however, the water table Is generally

within the Hanford format ion,

The suprabasalt aquifer system Is approximately 500 ft thick near tile

center of the Pasco Basin, Laterally, the aquifer system Is bounded by

anticlinal basalt ridges, which extend abeve the water table, A gerleralized

east-west geologic cress section showing t.he position of the water table and
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major strat'Igraphic units beneaLh the Hanford Site Is presenLed in Fig. 0

ure 3,13, The location of this cross section is shown in l:igure 3,12,

The base of the suprabasalt aquifer system is concept,ualized as tile

basalt surface, On a local scalo, the silts and clays of Lhc lower and fine-

grained basal members of the Ringold Formation form a confining 'layer within

the suprabasalt system,

Sources of natural recharge to the suprabasalt aquifeY' are rainfall and

runoff from the higher bordering elevations, water infiltrating from small

ephemeral streams, and Piver water along influent reaches of the Yakirna and

Columbia rivers, ToLal estimated precipitation ove_' the Hanford Site is

about 3 x 1010 ft 3 annually, averaging <6,2 in,/yr, Mean annual runoff from

the basin is estimat.ed to be <2.5 x 104 acre-ft/yr, or approximately 3% of

tile total precipitation, The remaining precipitation is assumed i,o be lost

through evapotranspir'ation with a small component (perhaps <1%) recharging

the ground-water system (DOE1988), Gr,,und water also enters the suprabasalt

aquifer system fl'om underlying confined aquifers in areas of upward hydraulic
grad i ent,

Approxh-nateLocation
oi 200Areas

.---- West Upper Rlngold
Unit _ -"'%

"_._600 __ - Hanfordforrnatlon-'-'_
500 --.. ..,,l_arly Palou_e Soil _ Columbia River

., _ Middle Rtngold Unit gold For_i300
.'q >_

200 " "" " / _" Horizontal Seal

100 Basal RingoldU_,,IColumbia River 0 5000 Feet_

Basalt Vertical Exaggeration :=:52XGroup

J:_ EL3_, Generalized East-WesL Cross Sectlon Through Lhc Hanford SiLe
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The movement of precipitation through the unsaturated (vados_) zone has

been studied at several locations on the Hanford Site to define the movement

of water in the vadose zone. Conclusions from these studies vary, depending

on the location studied, Someinvestigators conclude that no downward per-

colation of precipitation occurs on the 200 Area Plateau where the sediments

are layered and vary In texture with depth, and vegetation removes moisture

penetrating the soil through evapotranspiration (Routson et al, 1989),

Others have suggested downward water movement below the root zone from te,,ts

conducted near the 300 Area, where soils are coarse-textured, precipitatio,_

was aboVe normal during the test interval, and there was little vegetation to

pro_,ote evapotranspiration (DOE1987; Gee 1987).

Water levels in tile suprabasalt aquifer system have risen because of

artificial recharge mechanisms such as excessive application of imported

irrigation water or impoundment of streams. Waste water ponds on the Hanford

Site have artificially recharged the suprabasalt aquifer(s) in and near the

200-East and 200-West Areas. Recharge from the 200 Areas waste water dis-

posal facilities Is estimated to be approximately 10 times the natural

recharge on the Hanford Site (Graham et al. 1981a). This artificial recharge

has caused the water table to rise. The increase in water-table elevations

was most rapid from 1950 to 1960 and apparently had nearly equilibrated

between 1970 and 1980, when only small increases in water-table elevations

occurred. Waste water discharges from tile 200-West Area were significantly

reduced In 1984 when U Pond was decommissioned (Serkowski et al. 1988), and

the water levels there are now slowly declining.

Ground water flows east from the natural recharge areas west of the

Hanford Site to discharge areas, primarily along the Columbia River. This

general west-to-east flow pattern is interrupted locally by the artificially

induced ground-water mounds in the 200 Areas, From the 200 Areas, there is

also a component of ground-water flow to the north, between Gable Mountain

and Gable Butte. Figure 3.14 illustrates the water-table conditions beneath

the Hanford Site in June 1987.

Hydraulic conductivities for the Hanford formation (2000 to I0,000 ft/d)

are much greater than those of the middle memberof the Ringold
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Formation(610to 3050 ft/d) (Law et al. 1987). The main body of this

aquiferoccurswithin the middle member of the RingoldFormation.

Waste water dischargedon the HanfordSite has affectedground-water

quality in the suprabasaltaquifer. The primaryconstituentsthat have

reachedthe aquiferare tritium,iodine-129,ruthenium-t06,technetium-99,

uranium,nitrate,and chromium (DOE 1987). The groundwater is routinelyand

extensivelymonitoredto trace the movementof contaminantsand to determine

any impactfrom the HanfordSite to the public. Ground-watermonitoring

reportsare producedannually (e.g.,Jaquishand Mitchell1988; Serkowski

et al. 1988).

3.6.2.2 BasaltConfinedAquifer System

Confinedaquifersare present in the sedimentaryinterbedsand/or

interflowzones that occur betweendense basalt flows of the Saddle

Mountains,Wanapum,and Grande Rondo Basalts. The main water-bearingpor-

tions of the interflowzones are networksof interconnectingvesiclesand

fracturesof the flow tops and flow bottoms.

Rechargeto the Saddle MountainsBasaltapparentlyoccurs along the,,

southwesternand westernboundariesof the Pasco Basin. Some rechargemay

also occur on the easternSaddle Mountainsanticlinealong the northern

boundaryof the Pasco Basin (DOE 1988). Ground water also flows from the

suprabasaltaquiferinto the RattlesnakeRidge interbedin the westernhalf

of the HanfordSite (DOE 1988).

The potentiometricsurfaceand ground-waterCation concentrationratios

for the SaddleMountainsBasalt imply that ground water within the Saddle

MountainsBasaltdischargesinto the ColumbiaRiver. This dischargeoccurs

betweenthe ColumbiaRiver'sconfluencewith the Yakima and Snake riversand

the easternportionof the HanfordSite. Groundwater from the Saddle

MountainsBasaltmay also dischargeinto the lower Snake and Walla Walla

rivers in the Pasco Basin. In the easternhalf of the HanfordSite, the

RattlesnakeRidge aquiferhas a higherpotentialthan the suprabasaltsedi-

ments (DOE 1988),and groundwater may flow upwardthroughthe confining

units into the RingoldFormation.

Q
3.33



Ground-waterflow in 'theWanapumBasalt in the Pasco Basin is inferred 0

to be towardthe ColumbiaRiver from the north,west, and east. Ground-water

movementin the Grand Ronde Basalt in the Pasco Basin is believedto be to

the south and west from the east side of the ColumbiaRiver,and to the east

from the west side of the river (DOE 1988).

Erosional"windows"throughthe dense basaltflow interiorsprovidetile

potential for direct interconnectionsbetweenthe suprabasaltand uppermost

confinedaquifer(RattlesnakeRidge) 'inthe basalt system. Strait and Moore

(1982)and Graham et al. (1984)indicatedthat some contaminationwas present

in the uppermostconfinedaquifer(RattlesnakeRidge) south and east of Gable

MountainPond. Graham et al. (1984)evaluatedthe hydrologicrelationships

betweenthe RattlesnakeRidge aquiferand the suprabasaltaquiferin this

area and delineateda potentialarea of intercommunicationbeneaththe north-

east portionof the 200-EastArea.

0
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4.0 HYDROGEOLOGICCHARACTERIZATION

The three objectives of the 2101-M Pond ground-water monitoring plan

(Chamness et al. 1989) are as follows:

I., Characterize the stratigraphy and the horizontal ground-water flow
directions and rates of the uppermost portion of the unconfined
aq_ifer beneath the pond.

2. Implement a monitoring program to determine if statistically sig-
nificant amounts of dangerous waste constituents are detectable in
the ground Water.

3. Initiate, if necessary, the development of an assessment-level
monitoring program to determine the nature and extent of contami-
nant migration from the pond.

To fulfill these objectives, a program was initiated for the collection

of site-specific hydrogeologic data. This chapter discusses the in vestiga-

tive approach, available data base, and investigative methods used to achieve

these objectives.

4.1 INVESTIGATIVEAPPROACH

Before this investigation, little information existed on the hydrology

or geology in the immediate vicinity of the 2101-M Pond. The only hydrogeo-

logic information available near the pond comes from wells 299,E23-2 and

299-E19-I, located approximately 2100 and 1600 ft to the northeast and

southwest, respectively, and from semiannual water-table maps. Consequently,

more site-specific information was required to characterize the site. The

hydrogeologic characterization effort was conducted in concert with the

installation of a ground-water monitoring network consisting of four new

wells. These wells were also used to obtain hydrogeologic "information on the

vadose zone and the upper part of the uppermost aquifer at the site. As

shown in Figure 3.14, the 2101-M Pond is located in an area of converging and

diverging ground-water flow that has created an area of "ponding," character-

ized by very small gradients. The lack of a significant hydraulic gradient

in the area makes the identification of flow directions difficult. Based on

the information available on flow directions in this portion of the Hanford
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Site, wells were located with one upgradient [southwest of the pond 0

(299-E18-I)] and three downgradient (east and north) of the 2101-M Pond

(299-E18-2, 299-E18-3, and 299-E18-4) (Figure 4.1)o

The locations of the four new wells were chosen to comply with the

requirements for ground-water monitoring systems (40 CFR265; WAC173-303).

No wells were planned to be drilled to the bottom of the aquifer because

I) the recently installed monitoring wells' locations already enable detec-

tion of ground-water contamination, and 2) contamination had likely not

reached the water table. If contamination is detected in any of the down-

gradient wells, a ground-water quality assessment program will be initiated.

At that time, more monitoring wells will be installed at different depths in

the aquifer, if necessary.

4.2 AVAILABLEDA!/_

Numerous regional geologic and hydrologic studies are available for the

Columbia Plateau, Pasco Basin, and Hanford Site. Many of these studies were

discussed in Chapter 3.0. The focus of this section is to describe those

published studies and the available data bases that pertain to the hydro-

geologic environment of the 200 Areas, particularly the southwest corner of
the 200-East Area.

4.2 ] Previous Studies

Hydrogeologic, geochemical, vadose zone, and ground-water hydrology

studies of the 200 Areas have been performed over the last 40 yr. Data from

these studies are used in this report wherever appropriate; however, the

only reports deal ing specifically with the 2101-M Pond are the preliminary

closure/post closure plan (DOE1989) and the ground-water monitoring plan

(Chamness et al. 1989). The geology discussion in the ground-water

monitoring plan for the pond was developed based on the Separations Areas

geology described in Tallman et al. (1979), while the hydrology and ground-

water flow direction were interpreted from Site-wide water-level measurements

(e.g_, Schatz and Ammerman1988), contaminant plumes (e.g., Law et al. 1987),

and water-table maps of the nearby U.S. Ecology Site.
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4.2.2 Data Bases

Over 1400 wells have been drilled in and near the Separations Areas.

Information for wells installed throughout the Hanford Site has been docu-

mented by McGhan (1989). Borehole logs (drillers' and/or geologists') of

these wells are compiledin three replicatehard copy files (onemaintained

by PNL and two maintainedby WHC). Fecht and Lillie (1982)summarizedthe

boreholelogs from the 600 Area (surroundingthe SeparationsAreas). In

addition,numerousboreholelogs have been summarizedand entered into the

computerizedHanfordGround-WaterData Base (HGWDB). Boreholesediment

sampleshave routinelybeen collectedfrom each boreholeat 5-ft increments

since 1960 and more sporadicallybefore that time (Brown1960b). These sam-

ples are archivedin the HanfordGeotechnicalSampleLibrarymaintainedby

WHC. Thousandsof the sampleshave been tested for particle-sizedistribu-

tion and calciumcarbonatecontent. Raw data from these analyseshave been

enteredinto the computerizedROCSAN Data Base Systemmaintainedby Boeing

ComputerServicesRichland. ROCSAN softwarecalculatesweight percentagesof

the measuredsize classesand classifiesthe sedimentinto one of 19 sediment

classes. Geophysicalprobeshave been run in a large percentageof the bore- 0

holes on the HanfordSite. The subsequentlogs are compi;ledin hard-copy

files maintainedby PNL and/or availablefrom publishedreports(e.g.,

Jacksonet al. 1976; Summerset al. 1975).

Water-leveldata and ground-waterchemistrydata from wells throughout

the HanfordSite have been enteredinto the HGWDB. Water-leveldata have

also been documentedin previousreportsand in semiannualwater-tablemaps

(e.g.,Schatz and Ammerman1988). Ground-waterchemistrydata have been

publishedin annualenvironmentalreports (e.g.,Jaquishand Mitchell 1988;

Serkowskiet al. 1988).

4.3 INVESTIGATIVEMETHODS

Data used in the hydrogeologiccharacterizationof the 2101-M Pond site

were collectedduring and after installationof the four ground-watermoni--

toringwells. The data collectedcan be groupedinto the following

categories: monitoringwell design and installation,geologic sampling,
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geophysical logging, well development, aquifer testing, surveying, water-

level measurements, sediment sample characteristics, mineralogy and geo-

chemical testing, sediment chemical analysis, and ground-water analyses.

This section discusses in detail the methods used to collect and/or generate

these data.

4.3.1 Well Installation Proqram

As discussed earlier, this ground-water monitoring system was designed

to meet the requirements of 40 CFR265 Subpart F and WAC173-303. The

rationale used to design this system, as well as the methods used for its

installation, are discussed below.

4.3.1.1 Monitorinq System Desiqrt

The functional design criteria and requirements for the ground-water

monitoring system are described in Chamnesset al. (1989), The monitoring

wells were constructed according to WHCspecifications. The requirements

were established to meet the applicable criteria identified in 40 CFR 265

Subpart F and WAC173-303, as defined below.

The ground-water monitoring system must be capable of yielding repre-

sentative ground-water samples for analysis and must consist of the

following:

• The number, location, and depths of monitoring wells installed
hydraulically upgradient of the pond must be sufficient to yield
ground-water samples that are I) representative of background
ground-water quality in the uppermost aquifer near the pond, and
2) not affected by the pond.

• The number, location, and depth of monitoring wells installed
hydraulically downgradient of the pond must ensure that any
statistically significant amounts of dangerous waste or dangerous
waste constituents that migrate from the pond to the uppermost
aquifer can be immediately detected.

• All monitoring wells must be cased in a manner that maintains the
integrity of the monitoring well borehole. This casing must be
screened and packed with gravel or sand, where necessary, to enable
sample collection at depths where appropriate aquifer flew zones
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0
exist, The annular salace above the sampling depth must be tee'ledwith suitable materi to prevent contamination of samples and the
ground water,

Additionally, it was required that the location and construction details

for these monitoring wells shou'Id support a plausible compliance monitoring

system, and that the design life of the wells should include 'the active life

of the pond plus the 30-yr postclosure period, 'if necessary, The down-

gradient wells are located around the perimeter of the 2101-M Pond at dis-

tances ranging from 20 to 40 ft from the edge, This distance locates the

wells close enough to the pond to "immediately detect" any contaminants in

'the ground water originating from the pond. The upgradient well (299-E18-I)

is located approximately 300 ft from the pond, a sufficient distance to be

unaffected by discharges to tile pond, The justification of the well loca-

tions Is discussed in greater detail in Chamnesset al. (1989) and is

further supported in Chapters 5,0, 6.0, and 7,0,

Based on an engineering study by Kasper and Myers (1987), the preferred

final casing and screen material for RCRAwells on the Hanford Site is

type 304 stein'less steel. Tile chemical stability and structural strength of 0
'this material were deemed adequate to provide service for the design life.

The preferred casing and screen size was 4-in, inside diameter (ID), The

preferred well construction method was to use cable-teel drilling equipment

to drill an oversized borehole tempoY'arily supported by at least 8--in.-ID

casing. The actual monitoring well was then constructed Inside the borehole,

The annular space was sealed using RCRA-acceptable (EPA 1986a) well seal

material as the temporary casing was removed. Specifications for well

installation at the 2101-M Pond were developed based on the above require-

ments, preferred design, and construction methods and materials.

4.3.1.2 Mo_M.QD_I_Well Insta[.]atlor!

Four wells were installed around the 2101-M Pond to a depth of approxi-

mately 330 ft, or 20 ft into the uppernlost aquifer. Boreholes were drilled

with cable-teel drill rigs using drive-barrel (when drilling conditions per-

mitted) or hard-teel methods. Whenusing the drive-barrel method, a drive

ber'tel (a short length of heavy-walled pipe) Is driven Into the sediments and

withdrawn, and the sediment Is removed From the drive barrel. This drilling
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method yields samples of geologic materials that are ropresentative of the

a_tua'l moisture content and graln-size distribution, ,However, this method is

difficult to use when gravels are very large or when sediments are saturated,

at which time hard-tool dril_ing Is used, Hard-tool dY'illing consists of

driving a solid metal bit into the sediments, breaking them up, and nlixing

them with added water to form a slurry, which is then bailed out of the bore-

hole, The bailed sluY'ry provides samples for geologic characterization,

Boreholes were drilled to depth using successively smaller sizes of

tempo1_arycarbon steel casing to support the walls of the borehole, The

casings were telesc, oped one inside the other, so that each size of casing was

in contact with 140 to 165 ft of sediments, The exception to this was well

299-E18-3, which used only 2.0 ft of larger diameter casing, Telescoping the

casing facilitated its extraction once the final stainless steel casing was

'In place, The beginning c_sing was 10 in, In diameter, telescoping down to

the 8-in.-dia casing that was used to drill to 'the final depth. A stY'aight-

heSS test was then performed by running _0 ft of 6-in. or 7-in, stainless

steel casing or' 8-1n, telescoping screen down the borehole, If "lt passed

smoothly, the well was deemed acceptable, A 20-ft-long, IO-slot, 8,.in,,

telescoping stainless steel screen was then installed for use in aquifer

testing and/or as an additional sediment filter for the final well screen,

The temporary screen was left in the borehole as an additional sediment

filter, The wells were completed with 20 ft of 4-in,, 20,.s!ot, stainless

steel screen extending 16 to 18.6 ft into the unconfined aquifer. This depth

will allow ground-water sampling if water levels should rise 2 to 4 ft or

decline as much as I0 ft,

Silica sand was used to backfill the hole to the depth desired for

setting the 4-in, stainless steel screen and casing. Once the stainless

steel permanent casing and screen were set in the hole, silica sand was used

to fill the annulus between the 8-,in. and 4-in, casing to approximately 5 ft

above the top of the stainless steel screen. The temporary casing was

extra.cted as the sand pack and bentonite seals were installed, Approximately

5 ft o'f bentonite pellets were then placed on top qf the sand pack, Benton..

ire granules or crumbles were used to fill the annulus to wIt:hirl 18 l,() 22 f'i,
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m_
below ground surface, Cement grout was p'lacod on top of the bentonite crum-

b'les to within 3 ft of tile surface, and the remainder of the seal and the

pad wore filled with concrete,

Because the hydraulic gradient 'Is so small irl this area, special care

must be taken when measuring water levoIs, To minimize potential sources of

measurement error an A-I Sure Sllot,,(a) Deviation Recording Instrument was run

clown each completed well several times, This teel provided a record of the

degrees of borehole deviation from vertical at any given point. The data are

considered semi-quantitative because deviation was only measured once every

50 ft, and the direction of deviation could not be measured, The total

deviation for each borehole and correction factors for depth measurements

were then approximated, The correction factors needed for more accurate

water-level measurements are discussed 'It'l Chapter 6,0,

The well construction was docum,]nted on I) geo'logists ' drill logs,

2) as-built diagrams, 3) Well Completion Report/Title III Inspection Lists,

and 4) geophysical logs, all of which are provided in Fruland el. al, (1989a),

Simplified as-built diagrams of the completed wells and the geophysical logs 0
are presented in Appendix A of this report,

4,3,2 _ S_._.E_llp_

Two l-pint sediment samples were collected avery 5 ft and/or at changes

in lithology. Where possible, the sampled materials were recovered from the

borehole using a drive barrel. A sample was also collected for moisture con-

tent analysis from each sampled interval above the water table that was

retrieved by a drive barrel. Where hard-teel clrilling was necessary, the

sampled materials were recovered with a bailer, Each sample was described by

the well-site geologist and recorded on the geologists' log, These descrip-

tions included a textural name, estimated partIcl_-s-lze clistribution, sort-

•lng, gross mineralogy, clast roundness, color, reaction to hydrochloric acid,

consoliclation, changes from previous sample, and any unusual Findings, The

collection and documentation of these samples were performed In accordance

Ca) A-I Sure Shot is a tradename of the A-I Bit and Tool Company,
Oklahoma CiLy, Oklahoma,
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with the procedures given In Last and L,iikala (1987), A summary of the

geologic materials penetrated by each barehole is recorded on tile as-built

diagrams presented in Appendix A,

Additional samples were taken at _lnusually moist zones for moisture con-

tent, particle size, and calcium carbonate content, A total of seven sedi-

ment samples were also collected i:rom two of tile wel'ls for chemical and x-ray

fluorescence analysis, Additional samples were tested for saturated hydrau-

'lic conductivity and water retention, All of these are discussed 'In detail

be'lew,

4,3,3 Boreho]e Geop_tly__l,c_.ggjZl.g

Borehole geophysical logging was done following PNL procedures In place

in 1988, which provided logs suitable for 'tile qualitative interpretations

desired, Calibration of the probes at that time was performed by running

them down a specific borehole quarterly and comparing the response to

responses in the past and adjusting the probe until the two were similar, At

the time of tile logging, the boreholes were cased with both 8- and lO-in,

carbon steel casing, one telescoped inside the other, The presence of frail,.

tip'le casing attenuates the responses, but tile "logs, particularly the natural

gammalogs, can still provide useful information such _s indicated below,

Each borehole was geophysically 'logged when it reached its maximumdepth

before well completiorl, Three different geophysical tools were used to log

the borehole: natural gamma, neutron-epit, hermal-neutron, and gamnla-gamma,

These logs are intended only to provide qualitative hydrogeologic_L1 informa-

tion, Tile natural gammaprobe assists in iderltit:icatien and correlation of

hydrogeo'logic units between boreholes and vertical changes within a borehole.

Natural gamma'logs are particularly useful in distinguishing fine-grained

sedimentary units on the Hanford Site (DOE1988) because generally t,hese

units naturally emit more gammaradiation than do coarse-grained sediments,

The natural ganmla"logs are provided along with the as-built diagrams In

Appendix A, The neutron and gamma-gammalogs were taken as a record of con-

ditions before well completion and were not used f'or correlation purposes in

this report.
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4,3,4 WQ11J3oyelomnent

Well development removes drilling fluids froni the well and fine-grained

materials from around the well screens, enabling the wells to provide repre.

sentative samples of ground water, Well development was generally conducted

at one or both of the following times: initial development (when the well is

pumped after installing a telescoping screen but befoi'e installing final

well materials) and final well development (after the final well materials

are installed), Predevelopment bailing and sampling were also conducted at

every borehole,

Initial development was conducted only In borehole 299-E18-3, Final

well development was conducted at each well after completion, The following

subsections discuss the methods used in each stage of well development,

4,3,4,1 Predevelopment SamDllng

Ground-water samples were collected from each borehole before the

initial well development to determine if chemical constituents in the ground

water were within acceptable limits for discharging purged waters to the

ground, These predevelopment sampling data were not intended for determining Q

the level of contamination in the ground water. These samples were collected

using a Teflon®(a) bailer and were then analyzed by the United States Testing

Company, incorporated (UST), Richland, Washington. The chenlical constituents

analyzed for included volatile organic constituents, gross alpha, gross beta,

gammascan, and metals. Results of these analyses (given in Appendix B)

indicated that the levels of these constituents were within WHCIsguidelines;

therefore, the water quality was acceptable for discharging purged water to

the ground.

4,3,4,2 Inltial Wel'! Developmellt

Most wells were initially developed by bailing until borehole fluids

were cleared of most suspended sediment, as determined by the well-site

geologist, A submersible pump was installed in well 299-E18-3 for initial

development and to conduct an aquifer test, During initial development of

(a) reflon is a registered trademark of E. I, du Pont de Nemours and
Company, Wilmington, Delaware.
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this well, 'tr was discovered that the sediments had a much 'lower permeability

than first ant'lcipated_ therefore, it was decided to conduct aquifer tests in

this and other wells after installation of the final well materials, Initial

well development with a submersible pumpwas not conducted In any other weil.

4,3,4,3 Final__Well Development

Final development wasconducted primarily by pumping, increasing the

flow rate in steps, and using a pumping and surging technique. Each well

was developed until the water was virtually fY,ee of suspended sediment

(<5 nephelometric turbidity units), as measured in the field, The wells

were pumpedwith a 1,5-hp submersible pump at a discharge rate ranging from

I to 9 gallons per minute, A HydroStar,,_(a) sampling pumpwas installed in

each wall following development,

Specific information concerning development of each well is documented

in drill logs included in Fruland et al. (1989a) or on the aquifer test data

sheets (Appendix C),

4,3.5 Aauifer Testing

The purpose of hydrologic testing was to collect information on the

transmissivity, hydraulic conductivity, and, if possible, storativity of the

uppermost aquifer beneath the 2101-M Pond. The ground-water monitoring plan

called for constant discharge and recovery tests in two of the fou_' wells

(299-E18-I and 299-E18-3) to estimate these three aquifer parameters. Tile

quality of all tile test results are limited because the wells were designed

specifically for ground-water monitoring and not for aquifer testing. Irl

addition, none oF the wells fully penetrated the aquifer, and tests could not

be performed over long periods.

Aquifer pumping tests were conducted In wells 299-E18-I and 299-E18-3.

The test at well 299-E18-I was a single-well 'lest, and the test at well

299-E18-3 was a multiple-well test, using wells 299..E18-2 and 299-E18-4 as

observation wells. Water-level data were collected at wells 299-E18-2 and

(a) l-lydroStar is a tl°adename of Instrumentation Northwest, lhc., Redmond,
Washington.
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299-E18-4 during their redevelopment. The length of the tests was limited by 0

the schedule for installing sampling pumps and initiating sampling.

An initial aquifer test conducted within the telescoping screen in well

299-E18-3 was unsuccessful because the permeability of the aquifer materials

was much lower than expected. To minimize scheduling delays, the test was

conducted after the well was completed. Tests in all of the wells were con-

sequently conducted within the completed 4-in.-dia monitoring wells.

Water-level responses were measured during both the drawdown period and

during the recovery period (after pumping had been terminated). These meas-

urements were made using an electric water-level indicator (E-tape) and/or a

data logger and pressure transducer system. E-tape measurements are believed

to have an absolute accuracy of ±0.5 ft relative to actual water-level eleva-

tions. Precision capabilities with E-tape systems are expected to be within

±0.05 ft relative to water'level changes during aquifer testing.

Pressure transducers were also used to measure the changes in the water

level. The transducers used are model number PS-7000, marketed by Instru-

mentation Northwest, Inc., Redmond, Washington. These are capable of

measuring pressure ranges of 0 to 5 and 0 to 10 psi and have a repeatability

of no more than _+0.025%of full scale. This translates to ±0.0125 psig

(0.029 ft) for a 0 to 5 psig transducer, and ±0.025 psig (0.058 ft) for a 0

to 10 psig transducer. Model TERRA8®(a) data loggers were used, which are

capable of resolving I part in 1000 over the full range of the transducer.

The calibration (repeatability) of four transducers and two data loggers was

tested at WHC's Engineering Development Laboratory in April 1989. These

transducers and data loggers did not necessarily include those used for the

2101-M Pond aquifer tests. The results of the calibration tests indicated

three transducers had a repeatability of 6%to 8%, and the fourth transducer

had a repeatability of approximately 3%. The implication of these results to

data collected during the 2101-M aquifer tests is unknown. Pressure data

collected with the transducer systems during the 2101-M tests did not exhibit

the extreme variability or noise that was indicated by the calibration tests.

(a) TERRA8 is a trademark of Terrascience Systems Ltd., Vancouver,
B.C., Canada.
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Therefore, it is concludedthat the transducersystemsused during the

2101-M tests providedpressuredata capableof estimatingaquiferproperties;

however,the uncertaintyof the pressuredata cannotbe quantified.

The solutionsused to analyzethe data includethe Cooper-Jacob(Cooper

and Jacob 1946) straight-linemethod (whereu<O.01)and the Theis (1935)

type-curvefittingmethod,describedby Wenzel (1942). These methodsare

discussedin Lohman (1972). Assumptionsinherentin these solutionsinclude

the following:

• The aquiferis confined,homogeneous,and isotropic.

• The aquiferis of infiniteareal extent.

• The well penetratesthe entire thicknessof the aquifer.

• The pumpedwell has an infinitesimaldiameterand is
100% efficient.

• Water is instantaneouslyreleasedfrom storage.

lt is recognizedthat these assumptionswere not all rigorouslymet for aqui-

fer testingat the 2101-M Pond; however,this does not severelylimit use of
the analyticalsolutionsfor hydraulicpropertydeterminations(Driscoll

1986).

Constraints imposed by the well designs (i.e., partially penetrating the

aquifer thickness) result in violation of the assumption that the wells fully

penetrate the aquifer. Vertical movement can be induced in the vicinity of

partially penetrating wells, affecting ideal drawdown responses.

A correction factor derived by Jacob (1963) should be applied to draw-

down data from unconfined aquifers when the drawdown exceeds 10%of the

aquifer thickness (USDI 1985). The maximumdrawdown measured during the

2101-M tests was about 6%, based on a presumed thickness of 50 ft; therefore,

no corrections were warranted. Specific analyses for unconfined aquifers

(e.g., Boulton 1963) where delayed yield and/or vertical flow components

exist were considered; however, the data are not sufficient to utilize these

methods.
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i
Insufficientstresswas imposed,so very littledrawdown (a few hun-

dredths of a foot) or even no measurabledrawdownresulted in some cases.

Some of the water-levelmeasurementdatahave limitations,as discussed

later. Aquiferheterogeneityor other factorsalso appearedto affectsome

of the data.For these reasons,the resultingvalues are consideredto be

qualitative,indicatingthe range of transmissivityvalues beneaththe

2101-M Pond.

Baselinewater-leveldata were obtainedfor well 299-E183 between

July 15 and 20, 1989. A daily, cyclic fluctuationof up to 0.10 ft was

observed,with the lowestwater levels in the daily cycles occurringbetween

ap'proximately6:00 and 9:00 a.m., and the highestwater levels occurring

betweenapproximately4"00 and 7"00 p.m. These fluctuationscorrespondto

daily atmosphericpressurefluctuationsand indicatesome degree of baro'

metric efficiencyin the weil; however,the barometricdata and water,level

data could not be adequatelycorrelatedover short periods. Therefore_no

attemptwas made to correctwater-leveldata collectedduring aquifertests
with barometricdata.

QThe pumping well drawdown data were evaluated to determine when well

casing storage effects were no longer a factor, after an equation by Ramey
et al. (1973).

0.6 (dc2 - dp2)
t c =

Q/s

where tc = the time when casing storageeffect becomesnegligible,in
minutes

dc = insidediameterof well casing,in inches

dp = outsidediameterof pump column pipe, in inches

Q/s = specificcapacityof the well in gallonsper minute per foot
of drawdownat time tc.

In cases where log-logplots of drawdownversustime were made, an evaluation

of boreholestorageeffectswas conductedusing the method discussedby
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Earlougher (1977). Wellbore storage is no longer important, and semilog data

analysis techniques apply about one cycle in time after the log-log data plot

starts deviating significantly from the unit-slope straight line. When

applicable, this method is preferred over that presented by Rameyet al.

(1973) because it indicates exhibited behavior within the weil.

The wells used for each test, discharge rates and durations, water-level

data Collected (drawdown and/or recovery), and water-level measurement meth-

ods are discussed below in the subsections describing individual aquifer

tests. The analyses for each test are also discussed below. The data

collected for the tests, the figures showing the plotted data, and the solu-

tions are given in Subsection 6.3.3.

4.3.6 Surveying

Each well was surveyed by Kaiser Engineers Hanford following the com-

pletion of all the wells. The center of the well casing was surveyed for its

horizontal position relative to the Hanford Plant Coordinate System. The

accuracy of these measurements is estimated to be +0.5 ft. A point, marked

with an "X," at the top edge of the casing (usually the north side of the
casing) and the brass survey marker in the well pad were also surveyed for

their vertical elevation relative to the 200-East datum. The accuracy of

these measurements is estimated to be +0.02 ft. The coordinates and eleva-

tion are provided on the appropriate as-built diagrams (Appendix A).

4.3.7 Water-Level Measurements

In addition to collecting the water-level measurements required immedi-

ately before sampling, water-level measurements have been collected periodic-

ally from each new well at the pond and several nearby wells since October

1988. Water-level measurements are repeated for each well until two measure-

ments are within +0.02 ft, following PNL procedure WL-I in PNL-MA-567 (PNL

1989a) or its predecessor. Each of the steel tapes used for water-level

measurements is calibrated against a standardized steel tape to +0.10 ft.

Ali water-level measurements have been corrected as accurately as possible

for the known vertical deviation of the weil. The total possible error on

the water-level measurements is approximately +0.15 ft. These data have been
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reported in the quarterly reports on RCRAprojects at the Hanford Site (e.g,

Fruland et al. 1989b). Hydrographs are presented in Subsection 6.3.2.

4.3.8 Physical Testinq of Sediment Samples

Sediment samples were analyzed for their hydrogeologic characteristics

in PNL_s soil laboratory. Nearly all drive-barrel samples were analyzed for

field moisture content, while selected drive-barrel samples were tested for

saturated hydraulic conductivity and water retention. Bothdrive-barrel and

hard-tool samples were analyzed for particle-size distribution and calcium

carbonate content. Many samples were also tested in the field for sedi-

ment pH.

4.3.8.1 Water Content (Field Moisture_

Samples collected for moisture analyses were placed in airtight con-

tainers, sealed with tape, and enclosed in plastic bags to prevent moisture

loss. At the end of each day, the samples were placed in a refrigerator,

where they remained until the analysis was run, usually the next working day.

After the plastic bag was removed, the entire sample was weighed, oven-dried

at I05°C for 24 h, and reweighed in accordance with American Society for

Testing and Materials (ASTM) procedure D 2216 (ASTM1986). These data are

presented in tile borehole correlation charts in Appendix D.

4.3.8.2 Particle-Size Analysis_

Particle-size analysis was done using the sieving procedure outlined in

Uebelacker (1980). Sieve analysis was done on either the moisture samples

(after their moisture content had been measured) or on one of the two pint-

jar samples collected during drilling at each sample interval, Sieve sizes

consisted of those with 4.00-, 2.00-, 1.00-, 0.50-, 0.25-, 0.125-, 0.063-,

and O.043-mm sieve openings. The weight of sediment retained by each sieve

was then determined. The procedure was modified in that instead of splitting

each sample down to 150 g, the entire sample from the moisture sample or pint
jar was sieved.

The raw data were then entered into the ROCSANdata base system, and the

ROCSANprogram was run. This calculated the total weight percent and

particle-size distribution of the sample, and classified the sample

0
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i according to one of the 19 sediment classes described in Figure 4.2. The

classification scheme is based on Folk (1968) and Tallman et al. (1979). The

ROCSANoutput is presented in Appendix D.

Gravel
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_. Sandy Silty

_,_ Gravel Gravel

• %
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._m" Slightly /.., ,, \
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FIGURE4.2. SedimentClassificationScheme [modifiedafter
Tallmanet al. (1979)]
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A
4.3.8,3 CalciumCarbonateAnaly._

Calciumcarbonatecontentwas determinedfor each of the samplesana-.

lyzed for particle-sizedistributionusing a volumetriccalcimetermethod

describedby Nelson (1982). These data, given as %CaCO3, were also entered

into the ROCSAN data base and are includedin the ROCSANOutput in

AppendixD.

4.3."8.4Hvdraq]icCnnductivity

Hydraulicconductivitymeasurementswere made on 14 selecteddrive-

barrel samplesfrom the vadose zone. These measurementswere made using the

constant-headmethod describedby Klute and Dirksen(1986). For this pro-

cedure,the loose sedimentwas packed into a cell 5.36 cm in diameterby

3 cm high, until a bulk densityof approximately1.6 g/cm3 was reached. The

ends of the cell were closedwith lids havingan inflowvalve at one end and

an outflowvalve at the oppositeend. The inflowvalve was then connectedto

the constant-headdevice,and the outflowvalve was connectedto a collection

ve_sel. After samplesaturation,an initialtime was recordedand the water

allowed to flow through the sample for a predetermined amount of time. The

amount of water discharged from the sample was then recorded, and the hydrau-.

lic conductivity calculated. These data are presented and discussed in
Section 6.2.

4.3.8.5 Water Retention

Water-retentioncharacteristicswere measuredon five selecteddrive

barrel samplesused in the hydraulicconductivityanalyses. Measurements

were made at 2.5-, 5-, 10-, 15-, 20-, 25-, 30-, 40-, 50-, 75-, and 100-cm

head pressuresusing hangingwater columns. Pressureplate extractorswere

used for 500-, 1000-,and 3000-cmhead pressures. These measurementswere

made followingthe proceduregiven in Klute (1986).

Hangingwater-columnanalyseswere performedusing the sediments

from the same depths and wells as were used in the hydraulicconductivity

analyses. The hangingwater column is made by creatinga continuouscolumn

of water from the bottom of the porous plate througha cork in the neck of

the funnel and into a _,_rrowtube long enoughto allow measurementof the

Q
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desired pressure heads. The pressure head is measured from the center of the

soil cell, which is in continuous contact with the column of water to the

open end of the tubing (i.e., the open water surface). After equilibrium is

reached at each head level, the soil cell is weighed, and the weight is

recorded. After the final head value equilibrium has been achieved, the

sample is oven dried, and the water content at each level is calculated.

For the pressure plate extractor analyses, samples were packed into

containing rings on a porous plate and allowed to stand for 24 h. Equilib-

rium water contents were obtained by pressure-draining the samples in the

extractor at the desired test level. At the end of each pressure run, the

samples were weighed and oven-dried to determine the moisture content at that

pressure. The results of these analyses are discussed in Section 6.2.

4.3.8.6 Field Measurements of Sediment pH

Many of the lithologic samples collected during drilling were tested for

their pH using a portable pH meter. This was done to detect noticeable

changes in the pH of the sediments from normal or background levels that

Q could indicate the presence of acids originally discharged to the pond. The

manufacturerls 'Instructions for use of the instrument were followed by the

field geologists in making these measurements. Well 299-E18-4 was the first

well drilled, and at that time, pH measurements were taken only when unusual

moisture contents were encountered. The availability of only one pH meter

also prevented some samples from the other wells from being tested; other-

wise, all of the samples collected during drive-barrel drilling were tested.

These data are discussed in Subsection 5.3.3 and are provided graphically in

the appropriate borehole correlation charts in Appendix D.

4.3.9 Mineraloqv and Geochemical Testing

Selected borehole samples were tested for various mineralogical and geo-

chemical characteristics. These tests included modal analysis of the

mineralogy and analysis of the whole rock chemistry using x-ray fluorescence

(XRF).

0
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Six sediment samples, representative of each of the major textural units

beneath the 2101-M Pond_ were sieved to remove grains 'larger than 1,0 mmand

smaller than 0.125 mm, The sieved samples were then washed to remove any

fine silt or clay clinging to the grain surfaces, A small representative

portion of the washed sample was used to prepare a polished grain mount that

is analyzed using energy dispersive x-ray analysis (EDX) and the back-

scattered electron detector in an electlun microprobe, The analyses were

conducted according to PNL technical procedures. The EDXanalyses were used

as a preliminary way to Identify the minerals In each grain mount.

Modal analysis of the samples was done using the reflected "light illumi-

nation on a petrographic microscope, The stage was fitted with an automatic

point-counter. A representative sample of the sieved, dried sand was mounted

on double-sided tape, which was then mounted on the automatic point..counter.

The tape held the particles gently in place, allowing the grains to be moved

If necessary, The results of the point counting are provided and discussed

in Subsection5,3,2, 0
4,3,9.2 _ Fluoresce.nceAnalyses

The seven boreholesamplesanalyzedfor volatileorganiccompounds

(VOCs) (seeSubsection4,3,10)were also analyzedfor metals contentusing

XRF. PacificNorthwestLaboratoryperformedthe analysesusing approved

procedures(PNL-SP-19,Rev, 0), Becauseno contaminationby metalswas found

in the vadosezone, these data provideinformationon the whole rock, major

elementcompositionof the sedimentsamples, These data are providedin

Appendix D and are discussedin Subsection5,3,3 of this report,

4,3,9,3 !nductiv...e!y_CoupledPlasma (ICP)Ana_lses

Nine sedimentsampleswere analyzedfor ICP metals to providecontami-

nant data for comparisonwith soil samplestaken from the bottom of the pond

and to provide'informationon the wells and depths not sampledfor XRF analy-,

ses. These sampleswere collectedFrom the pint-samplejars that are nor-

mally used for archiveand sievingpurposes, These sampleshad not been

collected for analytical purposes using stainless steel sampling equipment,
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and had not been kept at 4"c, Therefore,,these resultsare used for compar-

ative and semi-quantitativepurposes, The data are d'lscussedin Stlbsec-

tion 5,3,3 and are provided in AppendixD,

4,3,io

Seven sedimentsampleswere collectedduringdrillingand analyzedfor

VOCs, Sampleswere collectedby scrapingsedimentsfrom the center of the

drive barrel (i,e,,not touchingthe walls of the drive barrel)into a clean

stainlesssteel bucket, These sedimentswere then quicklyplaced in a small

vial, leavingas littlehead space as possible, Sampleswere kept in a

cooleruntil deliveredto UST, generallythe sameday, As discussedabove,

XRF and ICP analyseswere also run on sedimentsamplesto identifyany gross

metals contamination,

4,3,11 £round-Wa_erChemica!_

Water sampleswere collectedand analyzedquarterlyfrom the four wells

(299-E],8-I,299-E18-2,299-E18-3,and 299-E18-4), Quarterlysamplingbegan

the third quarterof CalendarYear 1988_ tilefourth quarterlysamplewas col-

lected irlMay 1989, Ground-watersampleswere analyzedfor parameters

requiredby 40 CFR 265,92, In addition,constituentsincludedin the "long

list" (40 CFR 264, AppendixXIII, and WAC 173-303-9905)were analyzedfrom

samplescollectedIn November1988, Resultsof chemicalanalyseshave been

presentedin quarterlyreportsfor RCRA projectsat Hanford(Frulandet al,

1989a, 1989b;Smith et al, 1989) and are summarizedin AppendixB, Appen-

dix B also providesa list of ali constituentsanalyzedfromAugust 1988

throughSeptember1989 and the resultsfor constituentsthat were detected

at least once,

All samplingactivitieshave been performedby PNL personnel, United

States TestingCompany,Incorporated,conductedsample analysesthrough

August 1989, The water sampleshave been collectedaccordingto PNl.pro-

cedures (PNL 1989a), Chain-of-custodyprocedures(PNL 1989a)are followed,

providinga historyof custodyFor each sample. Analyticalmethods used and

preservationtechniquesare given in the ground-watermonitoririgplan for

the 2101-M Pond (Chamnesset al, 1989), Qualityassurance/qualltycontrol

for the analysesis discussedin Section7,3,
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5,0 EEOLOGY:,OF,TI:IE_EIg_IL-J__I?O.O__Q

This cllapterprovidesan interpretationof the geologybeneathtile

2101-M Pond, l'hisinterpretationis based on the fielddescriptionand

laboratoryanalysesof boreholesamplesfor the fourmonitorinqwells

installedIn 19B8 aroundthe pond, Informationavailablefrom published

reportsalso aided this 'Interpretation,Tileterm "mud" is used in this

reportto denote undifferentiatedsilt and clay. The terms silt and clay are

used only when they have been positivelyidentified,

B,I 1E[ oDu c TION

SamplesoI_ the geologicmaterialsencotlnteredIn each new boreholewere

collectedat B-ft intervalsand at major lithologicchanges, These sediment

sampleswere obtainedvia one of two cable-teeldrillingmethods: I) drive

barrel,or 2) hard teel. The drive-barrelmethod producesrepresentative

samples,which, when analyzedfor grain size, reflectan accuratemeasurement

of the true grain-sizedistribution, The hard-teelmethod,which uses a

heavy metal bit to break up the gravels and adds water to form a mud slurry,

produces a disturbed sample. These hard-teel samples carl produce granule-

metric results that are skewed more toward the finer-grained .fractions than

what rnight have resulted from an undisturbed sample. With either method,

however, the variation caused by the drilling and sampling methods is

expected to be less than the natural variation in the sediments (Brown

1960b).

Well-site geologists followed the standard procedures and guidance docu-

mented by Last and Liikala (1987) for collecting and describing t,he borehole

samples, These sample descriptions systematically included a preliminary

textural classification (after Folk 1968 and Tallman et al. 1979) and esti-

mates of particle-size distribution, sorting, gross mineralogy, roundness,

color, reaction to hydrochloric acid, and relative consolidation. In

addition, each sampled interval was analyzed irl the laboratory For its

particle-size distribution -_ndcalcium carbonate content and, where possible,
for moisture content.

0
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A
The strat'Igraphic units penetrated by the new monitoring wells were

identified from the field descriptions and 'laboratory results baaed on the

characteristics given in Table B,l as originally presented in DOE(1988),

Textural units were identified within the stratigraphic units whenever dis.,

tinct changes were observed between successive depths and between several

boreholes, Distinct changes unique to a single borehole were interpreted as

a discontinuous lens, Minor changes 'in individual borehole samples are

interpreted to reflect the natural variations, and, to a 'lesser degree, some

sampling variation within a given textural unit,

The following discussions describe the geomorphology and th_ geology of

the area surrounding the 2101-M Pond,

The topographyof the 200 Areas is the resultof two geomorphicproc-

esses: I) Pleistocenecataclysmicflooding,and 2) Holoceneeolian activity,

CataclysmicfloodingcreatedCold Creek Bar (Bretzet al, 1956),a prominent

flood feature upon which the 200 Areas sit (see Figure 3,3), The 'last
flood(s) covered the 200 Areas wlth a blanket of' coarse-grained deposits,

which become finer grained to tile south, The northern boundary of the flood

bar is defined by an erosional channel running east-southeast befnre turning

south near B Pond, This erosional channel Formed during waning stages of

flooding as flood waters drained from the basin (Bjornstad et al, 1987), The

northern half of tile 200-East Area lies witllin this flood channel

(Figure 5,1),

Since the end of the Pleistocene, winds have locally reworked the sur..

Face of the glaciofluvial sediments, depositing a veneer of eolian sand in

places, Holocene sand dunes are present along the southern portion of the

200-East Area (Figure 5,1) including the vicinity of the 2101-M Pond,

The terrain surrounding the 2101-M Pond dips very gently to the north,

with an average slope of approximately 3,8 ft/1000 ft (less than 0.25 °) (Fig-

ure 5,2), The ground surface elevation ranges from approximately 715 ft near

the southwest corner of the site to approximately 720 ft on tile berms adJa-

cent to the pond, Most of the area adjacent to the pond has been graded and
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FIGURE,5L2. TopographicMap of the 2101-M Pond (conl
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reworkedby humans to form the road and equipmentstoragearea on the east

and north sides of the pond, and during excavationof the pond formingthe

berms on the south and north sides. Only the area near the upgradientwell

was relativelyundisturbeduntil a pad for thedrill rig was clearedoff.

5.3 GEOLOGYOF THE 2101-MPOND

The stratigraphybeneaththe 2101-M Pond has been interpretedfrom field

and laboratoryanalysesof the cable-toolboreholesamplescollectedduring

the installationof the four ground-watermonitoringwells. Beforedrilling

the boreholes,it was decidedthat the wells would only penetratethe upper

20 ft or so of the unconfinedaquifer. If contaminationin these wells is

detectedor it becomesnecessaryto identifythe bottom of the aquifer,one

or more new boreholesmay be drilleddeeper. This sectiondiscussesin

detailthe units penetratedby the monitoringwells;less-detailedinforma-

tion on units below this depth is based on data from nearby wells.

Two geologic cross sections were constructed through the four wells

drilledat the pond. Sieve data (AppendixD) and data from the geologists'
logs (Frulandet al. 1989a)were used as the basis for the interpretation.

Some of these data are summarizedin the boreholecorrelationcharts given in

AppendixD for each weil. The locationsof these cross sections,along with

the well locations,are shown in Figure 5.3. The cross sectionsare shown in

Figures5.4 and 5.5, and a fence diagram is presentedin Figure 5.6.

5.3.1 Site Geoloqv

, Three geologicformationsare pre_entbeneaththe 200-EastArea: I) the

late-MioceneSaddle MountainsBasalt (ElephantMountainMember), 2) the

Miocene/PlioceneRingoldFormation,and 3) the PleistoceneHanfordformation

(Tallmanet al. 1979). Other units; such as the early "I'alouse"soil and the

Plio-Pleistoceneunit, have not been identifiedin the 200-EastArea. These

units may have been presentin this area at one time, but were eroded away by

the ancestralColumbiaRiver and/or Pleistocenecataclysmicflooding.

Becausethe new monitoringwells only extendapproximately20 ft into

the uppermostaquifer,the only informationavailableon the depth to basalt

and thebasal and/orlower Ringold units near the pond is from two previously
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A
existing wells. These wells are 299-E23-2, approximately 2100 ft to the

northeast, and 299-E19-I, approximately 1600 ft to the southwest (Fig-

ure 5.7). They will be used to discuss the deeper stratigraphic units, and

the new monitoring wells will be used to discuss those units in and above

the upper portion of the aquifer.

Well 299-E19-I intersected basalt at an elevation of approximately

212 ft. The basalt is overlain by I ft of coarse-grained basal Ringold sedi-

ments consisting of muddy sandy gravel to sandy gravel. Abuve the gravel is

15 ft of gray clayey sand grading up into a gray clay with plant material

that may correlate to the fine-grained basal Ringold, The gray clay is over-

lain by nearly 40 ft of blue-gray clay, which probably correlates to the

lower Ringold unit. The clays are in sharp contact with the overlying muddy

sandy gravel to sandy gravel of the middle Ringold, which continues up to an

elevation of 480 ft (Webster 1977; Tallman et al. 1979). ,

In contrast, the deeper stratigraphy of well 299-E23-2 has the top of

basalt at an elevation of 281 ft, overlain by 180 ft of muddy sandy gravel to

sandy gravel. There is no fine-grained basal/lower Ringold present this far

north, leaving the coarse-grained middle Ringold units in contact with the

indistinguishable basal Ringold, if present, lt is unknown whether the fine-

grained sediments, which form a confining layer within the unconfined aqui-

fer, extend beneath the 2101-M Pond. In the vicinity of the pond, the

maximumprojected elevation of the fine-grained sediment sequence is 365 ft

above mean sea level. If the fine-grained sediments do continue beneath the

pond, they would be present 40 ft or more below the water table. If the

clays do not continue beneath the pond, the base of the aquifer would be the

top of basalt, estimated from Figure 5.7 to be at a depth of 480 ft, or
170 ft below the water table.

Based on data from the new wells, the uppermost portion of the uncon-

fined aquifer beneath the pond occurs in the muddy sandy gravel to gravelly

sand (see Figures 5.4 and 5.5) of the middle Ringold. Nearly 100 ft of mid-

dle Ringold sediments dominated by unconsolidated to slightly consolidated

muddy sandy gravel to sandy gravel were penetrated by the four wells. A

5- to 10-ft-thick layer of slightly muddy gravelly sand to gravelly sand was
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interception of a clastlc dike. As discussed Irl Chapter 3,0, clastic dikes

are three-dimensional features associated with the glaciefluvial sediments of

the Hanford formation.

5.3,2 Mine_aloclv

The sand fractions of six sediment samples, one from each major textural

unit found beneath the 2101-M Pond, were petrographically inspected for their

mineralogical content. Although there were only six samples, these data

still provide information on the types of minerals present in the vadose and

saturated zones. In this analysis, it was not possible to distinguish

between the different types of feldspars or mafic (primarily amphibole and

pyroxene) minerals or the different rock types represented by tile iithic

fragments. The grains were categorized into one of 10 mineral types, as

shown in Table 5.2. The data show that quartz is the primary mineral present

in the sediments, followed in decreasing order by l ithic (rock) fragments of

various types, feldspars, biotite, and undifferentiated amphiboles and

pyroxenes. There are essentially only traces of zircon, sphene, muscovite,

calcite, and apatite present. Four of the sat_ples were collected from

TABLE 5.2. Quantity of Minerals as a Percentage of the Sample

299-E18-I 299:E18-03
265 ft 45 ft__ 90 ft 150 _ _0.5__f__L

_Rinqold Hanford Hanford H___D__o___d_rdH_apford

Feldspar 8.15 8 48 6 75 8.85 9.60 8.45

Quartz 61.80 66 08 72 52 66.22 66.00 72.37

Lithic fragments 29,18 16 96 14 78 15.01 16.60 11.42

Zircon -- I O0 0 18 .......

Sphene -- 1 25 0 73 0.27 1.17 0.23

Biotite 0.86 4 99 4 38 4.02 3.75 3.42

Muscovite -- 0 25 0 18 0.80 -- 0.91

Pyroxene/Amphi bol e -- I O0 1.28 3.75 2.34 2.75

Calcite - ...... 0.54 0.47 0,23

Apatite .... 0,18 0.54 0.47 0.23

0
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A
Hanford formation sediments (well 299-E18-3 at 45, 90, 150, and 2.05 ft) and

two from the Ringeld Formation (well 299.E18.1 at 265 ft and well 299-E18-3

at 330 ft). Based on a limited number of samples, there appears to be no

obvious difference between the two formations as represented by their sand

fractions.

5.3.3 _qeochemi_t_

Seven sediment samples, including a duplicate sample, were collected

during drilling from wells 299-E18-3 (six samples) and 299-E18-,I (one sample)

and analyzed using XRF to determine of potential metals contamination, A

laboratory duplicate was also run (see Appendix D). Nine other sediment

samples (three samples each from wells 299-E18-I, 299-E18-2, and 299-Ei8-4)

were also analyzed at a later date using ICP analytical methods for metals

(Appendix D). The latter samples were analyzed to provide data From the

vadose zone for comparison with results from the pond bottom samples (DOE

1989) and to provide data from the two wells not previously sampled. Results

using either method provide information on the chemistry of the sediments and

an indication of any gross metals contamination beneath the pond. No gross
metals cont_,l_nation of the vadose zone sediments was indicated_

The seven sediment samples collected during drilling were also analyzed

for VOCs, Results of these analyses (given in Appendix D) indicate no con-

tamination of those samples by VOCs.

Another indication of the lack of contamination in the vadose zone can

be seen by the soil pH measurements (Appendix D, borehole correlation charts)

taken in the field immediately after many of the samples were collected. Thet

pH ranged from 7.9 to 9,2 in sediments from the four monitoring wells.

Acidic waste waters may have been discharged to the pond, but as can be seen

by the relatively high pH values, there has been little or no neutralization

by acids of the normally alkaline sediments.



The potential for movement of contaminants originating from wastes dis.

charged to the 2101-M Pond is 'Influenced by the nature of the hydrogeologic

framework beneath the pond, An understanding of the hydrogeologic framework

is crucial, therefore, in evaluating the potential transport of these con-

taminants in the subsurface environment, At the 2101-M Pond, this hydro-

geologic framework can be broken down into the following three components;

i) natural and artificial recharge, 2.) fluid movement in the vadose zone, and

3) ground-water movement in the underlying, unconfined aquifer system Csatu-

rated zone), These components at the 2101-M Pond are discussed be'Jow.

6, I B._CHAJIGF_

Recharge to the pond and the ground-water system is derived from both

natural and artificial sources. Precipitation not removed from tile surficial

soils by evapotran.;piration provides natural recharge as it drains through

the vadose zone and into the underlying unconfined aquifer. Artificial

recharge is from steam condensate, cooling.-water, and other waste water

discharges to the 2101-M Pond.

6,1,1

Natural recharge from precipitation into and next to the 2101-M Pond is

negligible in comparison to the amount of water discharged to the porld. Gee

(1987) reviewed available information and concluded that recharge rates at

the semiarid Hanford Site vary widely. He concluded that minimum recharge

(<0.1 cm/yr) occurs where soils are fine textured and surfaces are vegetated

with deep-rooted plants, while maximumrecharge (10 cm/yr) occurs where there

are coarse soils or gravel, and no vegetation is present at the surface.

Much of the area adjacent to the pond has been cleared of vegetation in

the recent past. Somegrasses are now growing on the muddy fine sand and

gravelly sand found at the surface around the pond, and trees are growing

along the edges of the pond. Given the small size of the pond, the amount of

vegetation, and the type of surficial sediments present, natural recharge at

the pond would be minor compared to the amount of artificial recharge from

0
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the pond, In the vicinity of well 299.E18.I, sediment moisture contents were

very low, indicating virtually no natural or artificial recharge, probably

because of distance from the pond and the mature, deep-rooted sagebrush and
fine-grained sands near the weil,

6,1,2 Ar_tif_cialRecharclB

Since 1944, the unconfinedaquiferhas receiveda relativelylarge

volume of processcoolingwater that has been dischargedto variousponds by

waste managementoperationsat Hanford(Zimmermanet al, 1986), In addition

to these discharges,smallervolumesof low- and intermediate-levelradio-

active liquidwastes have been or are being dischargedto severalsubsurface

disposal cribs and ditches. These disposalponds and subsurfacecribs are

locatedin the vicinityof the 200 Areas (see Figure3.13), Some of these

facilities,such as U Pond, no longerreceivewater and are now inactive.

All of these facilitiesare scheduledto becomeinactiveby 1995.

Collectively,artificialrechargewas estimatedby Graham et al. (1981)

to be approximately10 times the naturalinflowof ground water from areas

upgradientof the 200 Areas, The total volumeof water dischargedFrom 'the i

facilities(see Figure3,13) from 1943to 1980 is estimatedto be approxl-

mately 1.7 x 1011 gal (Zimmermanet al. 1986), This amount of rechargehas

significantlyaffectedthe unconfinedaquifersystem,creatinglarge ground-.

water mounds near areasof large-volumedischargesand raisingthe water

table at least 15 ft beneaththe 200-EastArea. The mounds are dominant

featuresin the unconfinedaquiferand are most pronouncedbeneaththe former

U Pond in the 200-WestArea and B Pond near the 200-EastArea.

The U Pond facilitywas decommissionedin 1984. Althoughthe ground-

water mound beneathU Pond is slowlydeclining,ground-waterlevels are still

between470 and 475 ft abovemean sea level,which is approximately60 ft

above pre-Hanfordconditions(ERDA 1975). Ground-waterlevels have reached

an elevationbetween420 and 425 ft abovemean sea level beneathB Pond,

which is al_proximately35 to 40 ft above pre-Hanfordconditions. These two

mounds are the primary influerlces on the ground-water levels beneath the

200 Areas, although other ditches, ponds, and cribs also play an important
part.
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The water discharged to the 2101-M Pond has always been from the HVAC

system, with the addition of the drains from the BWIPlaboratories from 1981

to the present, Only the ._mount of steam going into the building is metered;

there are no measurements made of the total amount of water coming out of the

building. There is also no measurement of tile amount of water run through

the air conditioning system and discharged to the pond, Measurements cannot

be made at the outlet to the pond because the discharge pipe is usually below

the level of standing water in the pond.

The amount of steam metered at the building was converted into gallons

of condensate water and is used as the basis for the estimated amount of

water discharged to the pond, Before 1978, the measured steam use of tile

HVACsystem in the 2101-M Building was reported to be approximately

5,000,000 gal/yr. In 1979, the HVACsystem was upgraded, decreasing the

amount of steam required. Table 6.1 provides the best estimates for steam

condensate discharges to the pond from 1982 to 1988. This 'Is a minimum value

for water discharged to tile pond. The amount of water run through the air

conditioning units and discharged to the pond may be equal to or even greater

than the amount of steam condensate. The amount of water discharged by the

BWIPlaboratories is also unknown, but is considered to be minor in compari-
son to the other sources.

Y_A__LL_6._I.Steam Condensate Water Discharged to the 2101-M Pond
from 1982 to 1988 (from DOE1989)

1982 979,464
1983(a) 1,391,296
1984 2,437,116
1985 1,560,756
1986 1,220,856
1987 869,892
1988 !,279,692
Total 9,739,072

(a) The value for 1983 Is an average of the
values for 1982 and 1984 through 1988.

0
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6.2 HYDROLOGYOF THE VADOSEZONE 0

The movement of water through the vadose zone to the underlying aquifer

is controlled by m:ny factors, including the thickness of the vadose zone,

the hydraulic properties of the sediments in the vadose zone, and the mois-

ture content of these sediments. The data collected on these factors during

drilling of the monitoring wells at the 2101-M Pond are discussed below.

6.2.1 Physical Characteristics of the Vadose Zone

Moisture contents were measured for almost every sample collected using

thedrive,barrel drilling method. The data collected from the three down-

gradient boreholes 25 to 40 ft a;ay from the pond show moisture contents

ranging from 3.5% to 28.5% by weight. Fine-grained sediments inthese bore-

holes have saturation levels reaching 70%. In contrast, the moisture con-.
tents of the sediments from the upgradient well nearly 300 ft away from the

pond range from I.5% to 3.3% and represent background conditions (i.e., not

affected by pond discharges). This information suggests that water is

spreading laterally beneath the surface of the pond to distances of at least

40 ft in the fine-grained sediments but less than 300 ft. These da.ta also I

imply a saturation of the sediments directly beneath the pond equal to or
v

greater than 70%.

Sediments of both the Hanford and Ringold Formations occur beneath the

2101-M Pond. Sand dominates the upper 230 ft and muddy sandy gravel dominat-

ing the lower 80 ft of the vadose zone. The upper 230 ft of sand can be

grouped into two _ubtypes, "A" and "B," based on hydraulic conductivities

[which are related to particle size (Table 6.2)] and water retention curves

measured in the laboratory (Figures 6.1 and 6.2). The hydraulic conductivity

of the muddy sandy gravel occurring below 230 ft (subtype "C" 'in Table 6.2)

could not be measured in the laboratory because the sediments had been

drilled using hard-tool methods and were therefore not entirely representa-

tive. The hydraulic conductivity for the muddy sandy gravel, shown in

Table 6.2, is based on the aquifer tests conducted in the four monitoring
wells.

Two-dimensional computer modeling was used to evaluate the extent of

the wetted zone laterally beyond the edge of the pond. The PORFLO-3program
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TABLE 6.2. HydraulicConductivitiesof SedimentsBeneaththe 2101-M Pond

Hydraulic
Well Depth, Conductivity,(a) Lithologic
Number ft Litholoq.y cmJsec Subtype

299-E18-I 40 Coarse sand 1.11 x 10-2 A

150 Fine sand 4.52 x 10-3 A

299-E18-2 40 Coarse sand 1.10 x 10.2 A

150 Medium to fine sand 2.76 x 10-3 A

299-E18-3 40 Coarse sand 2.71 x 10.2 A

62 Gravelly,muddy very
fine sand 3.51 x 10-5 B

84 Muddy fine to very fine
sand 3.36 x 10-4 B

97 Muddy very fine sand 3.41 x 10-5 B

150 Medium to fine sand 2.63 x 10-3 B

193 Muddy very fine sand 1.44 x 10.4 B

210 Medium to fine sand 2.77 x 10.-3 A

235 Gravellycoarsesand 3.30 x 10-2 A

299-E18-4 40 Sl. muddy medium sand 1.17 x 10-3 A

165 Sl. muddy medium to fine
sand 6.48 x 10-4 A

All wells >230 Muddy sandy gravel 7.06 x 10-3 C

(a) Each value is an averageof at least two measurements,with the excep-
tion of 299-E18-3,150 ft, for which there was not enough sediment.
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used is currently being verified; consequently, the results of this modeling

effort are used only as estimates. Parameters used in the modeling included

the hydraulic conductivities for the three sediment subtypes, a pond 100 ft

long with a 50-ft-wide dry border on either side, the moisture contents and

particle sizes of the sediments beneath the pond, and a discharge of

1.2 million gal/yr of waste water to the pond° Based on this modeling, it is

estimated that water from the pond would be present in vadose zone fine-

grained sediments ("B" subtypes)Lip to 75 ft away from the pond.

6.3 SATURATEDZONE

The following subsections describe the ground-water hydrology beneath

the 2101-M Pond. The hydrogeologic description, potentiometric levels,

aquifer properties, ground-water chemistry, and direction and rate of

ground-water movement are discussed for the uppermost portion of the uncon-

fined aquifer.

6.3.1 Hvdrogeologic Description

The uppermost aquifer beneath the 2101-M Pond is contained entirely in

sediments of the Ringold Formation. The overlying Hanford formation does not

extend down to the water table. Water-level data indicate that the water

table immediately beneath the 2101-M Pond is at a depth of approximately 314

to 316 ft from top of casing, or 310 to 312 ft below ground surface

(Table 6.3).

The uppermost aquifer beneath the 2101-M Pond is unconfined. The thick-

ness of the unconfined aquifer is estimated to range between 40 ft and

170 ft, depending on whether the lower Ringold/basal Ringold Formation or the

Elephant Mountain Member basalt forms the base of the unconfined aquifer.

Geologic data (Chapter 5.0) indicate primarily muddy sandy gravel within the

uppermost unconfined aquifer across the site; however, aquifer test results

(discussed in Subsection 6.3.3) reveal some heterogeneity.

A water-table map of the Separations Areas for June 1989 (Kasza and

Schatz 1989) is shown in Figure 6.3. The regional flow direction in the

central portion of the Hanford Site is from west to east, but is affected by

the two ground-water mounds that have resulted from discharges to U Pond and
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0TABLE6.3. Water-Level Measurements and Elevation Data

Weft Top of Casing Correcti_ _ Measurement , Depth to Water-Lever
Num_____ber ElevatiOn,r ft Fa ctor Date Water, ft Elevat_on,_f__t

299-E18-I 720,24 +0.06 8/16/88 (b,c) .........
10/6/88 314.29 406.01
10/14/88 314.24 406 06
10/26/88, 314.32 405.98
11/I0/88 (c) 314.61 405,69
11/14/88 314.49 405.81
12/8/88 314.21 406.09
2/9/B9 314 47 405.83
2/15/89 (c) .-_ .....

2/21/89 314.56 405.74
4/24/89 314.70 405,60
7/13/89 315.10 405.20

299-E18-2 721.21 +0.22 8/16/88 (b,c) ........
10/6/88 315.52 405.91
10/14/88 315.52 405.91
10/26/88, 315.55 405.88

11/I0/88! c) 316.33 405,10
11/14/88 _d) 315.69 405.74
12/8/88 315.47 405,96
2/9/89 315,75 405.68
2/15/89 (c) ........
2/21/89 315.84 405.59
4/24/89 316.01 405.42
7/13/89 316.37 405.06

299-E18-3 722,04 +0.03 8/16/88 (b,c) .........
10/6/88 _b) ........
10/14/8 316.13 405°94

JJ J I0/26/tJ 316.10 405.97
11/10/ _9(c) 316.16 405,91
11/14,_ 316.21 405.86
12/8/88_ d) 316.02 406.05
2/9/89(d) 316.31 405.76
2/15/89 (c) .........
2/21/89 316.39 405.68
4/24/89 316.58 405.49
7/13/89 316.91 405..16

299-E18.4 721.57 +0.0 8/16/88(b, c) ........
10/6/88 315.59 405.98
10/14/88 315.66 405.91
I0/26/8_ 315.62 405.95
11/9/89 (c) 315.69 405.88
11/14/88 315.74 405.83
12/8/88 315.53 406.04
2/9/89 315.81 405.76
2/15/89 (c) .........
2/21/89 315.91 405.66
4/24/89 316.08 405.49
7/13/89 316.43 405.14

299-E13-I0 738.84 6/8/88 333.51 405.33
10/6/88 332,82 406.02
11/14/88 333,29 405.55
12/8/88 332.78 406,06
2/9/89 332.87 405.97
2/21/89 333.05 405.79
4/24/89 333.18 405_66
7/13/89 333,54 405.30



TABLE 6.3. (contd)

Well Top of Casing Correction Measurement Depth to Water-Level
Number Elevation (ft) Factor _a_ Date Water _ft) Elevation _ft)

299-E23-2(0) 720.91 6/8/88 315.80 405.11
10/6/88 315_12 405.79
11/14/88 315.21 405.70
12/8/88 314.92 405.99
2/9/89 315.31 405.60
2/21/89 315.35 405.56
4/24/89 315.'58 405.33
T/13/89 315.91 405.00

299-E24-7 716.32 6/8/88 310.81 405.51
10/6/88 310.09 406,23
10/26/88 310.17 406.15
12/8/88 309,93 406,39
7/13/_ 9 310.98 405,34

MW-lO 735.96 6/8/88 330.54 405',42
10/6/88 329.86 406.10
'12/8/88 329.67 406.29

89(e)2/21/ -.......
7/13/89 330.33 405.63

MW-13 724.10 10/6/88 315.5T 408.53
12/8/88 315.40 408.T0
2/21/89 315.92 408,18
T/13/89 315.71 408.39

(a) Based on inclinometer measurements. This has already been caloulated

into the water-level elevation.(b) Unable to make measurements.

(c) Measurements taken at time of sampling.
(d) Based on only one measurement instead of two.
(e) Could not get two measurements within 0.02 ft.

B Pond. Ground-water flow beneath the 200-East Area is poorly defined

because ground-water flow converges near the 2101-M Pond from both the west

and east and then diverges into two major components (see Figure 6.3). One

of the two components flows northward between Gable Butte and Gable Mountain

and the other flows southeast toward the Columbia River.

The high transmissivity of the unconfined aquifer beneath much of the

200-East Area is primarily responsible for the very small hydraulic gradient

in this area. In addition, the ground-water mound beneath B Pond partly

blocks eastward flow, causing a "stagnant" zone in the 200, East Area.

Because of the extremely small gradient, g_'ound-water flow directions may

shift as a result of changing rates oF waste water discharged into B Pond and

other disposal sites. Much of the ground-water regime beneath the 200-East

Area may actually be within a "mixing zone" caused by the repetitive changes

in ground-water flow directions. Gradually fluctuating water levels in the
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200-EastArea indicatethe influenceof B Pond as far west as the 2101-.MPond

and vicinity. These changesin flow paths and flowdirectionsallow ground

water moving from the 200-WestArea to mix with water moving from B Pond and

other facilitieswithin the 200-EastArea, creatinga diverseground-water

chemistry..

Verticalground-waterflow occurs beneaththe B Pond and U Pond ground-

water mounds and parts of the SeparationsAreas (Gilmore1989; Graham et al.

1981a;Last et al. 1989). On a regionalscale,verticalhydraulicgradients

are not expected in the unconfinedaquiferbeneaththe west,=.rnportionof the

200-EastArea becauseno large sourcesof rechargeare presentand the geome-

try and hydraulicpropertiesof the sedimentaryfacieswould not appearto

promotesuch verticalgradients.

Since at least 1970, regionalscale water-tablemaps (e.g.,Figure6.3)

have generallyindicatedgroundwater flows southwestto northeastbeneath

the southwestportionof the 200-EastArea, where the 2101-MPond is located.

This is supportedby water-tablemaps of the U.S. EcologySite (see Fig-

ure 1.1) southwestof the 2101-M Pond (Figure6.4). Rechargefrom 2101-M

Pond could potentially_resultin a small mound underthe site. A preliminary

numericalmodel simulationwas conductedbeforethe actualtransmissivities

were knownto examinethe possibilityfor ground-watermounding at the site

(Chamnesset al. 1989). This investigation,which assumeda transmissivity

of 20,000ft2/d beneaththe site, indicatedmoundingwould be insignificant.

Later,a two-dimensionalmode'l(McDonaldand Harbaugh1984) was run

based on an aquifertransmissivityof 4000 ft2/d,which is within the range

of valuesmeasured during aquifertests at the site (seeSubsection6.3.3).

The model was set up with one 50-ft layer and a 50- by 50-nodegrid with a

20-ft spacingbetweennodes. A horizontalhydraulicgradientof 5 x 10.4 was

imposedon the model. Constant-headboundarieswere set up at the upgradient

and downgradientends of the model, and no-flowboundarieswere set up on

each side. There was essentiallyno discrepancyin the mass balance. A

rechargerate of 18,000gal/d was inducedon an 80- by 120-ftarea in thc

center of the grid. The model was run to steady state. The model simulated

0
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a mound beneaththe region of recharge. At its highestpoint,the simulated

mound was approximately0.3 ft above the beginningwater level.

As discussedbelow,water-levelmeasurementsfrom the monitoringwells

at the pond cannot prove or disprovethe presenceof a shallowmound.

Becausenone of the wells were completeddeeperthan the upper 20 ft of

the aquifer,it will not be possibleto determinethe verticalgradientat

present.

6.3.2 PotentiometricLevels

Water-level measurements have been collected whenever possible at the

four monitoring wells before sampling. In addition, water levels in these

wells and several others within I mi of the site were also measured peri-

odically to try to better understand the ground-water flow regime in this

portion of the 200-East Area (Table 6.3). Because of better consistency in

measurements, only the latter data set is discussed in this report. These

data indicate that the water table immediately beneath the pond is at a depth

of about 310 to 312 ft below ground surface (approximately 405 ft above mean

sea level; Figure 6.5).

Hydrographs indicate water-level elevations reached a high between

December 1988 and January 1989 and have steadily declined since that time

(Figure 6.6). The hydrographs for all the wells in the area display very

similar trends, suggesting that the responses occur regionally and are not a

result of localized effects. These fluctuations are thought to be a result

of changes in the volume of waste water discharged to B Pond and other

facilities in the Separations Areas. The similar trends also indicate the

ground-water flow direction near the 2101-M Pond has not changed signifi-

cantly over time even when the elevation of the water table changes.

Evaluation of water-level measurements taken shortly after the new

wells were completed indicated an extremely small hydraulic gradient.

Therefore, it was necessary to reduce possible uncertainties caused by

measurement errors, surveying errors, or boreholes that may deviate from

vertical. After evaluating each of these possible sources of uncertainty, a

borehole deviation probe was run in each borehole to determine the extent of

deviation from vertical, if any. Three of the boreholes were found to

,
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FIGURE6.5. Water Table Map Jf the 2101-M PondArea

deviate from vertical and correction factors were applied to the water-level

measurement data. The correction factors range from 0 to 0.22 ft and are

given with the water-level data in Table 6.3. These factors are used each

time the water-level elevation is c,_Iculated. Even with these correction

factors included, the difference in water-level elevations in the four wells

at the site is generally less than or equal to 0.2 ft, and generally less

than 0.5 ft for all of the wells within nearly i mi of the site (Table 6.3;

Figure 6.6). Additional variati(,ns in the water table may be caused by

aquifer heterogeneities and variable discharge to the pond. Whenthe total

possible surveying and measurement errors of approximately +0.2 ft or more

are compared to the differences between wells, the distinctions between the

wells disappear.

0
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6.3.3 Aquifer Properties 0

Aquifer tests were conducted in the wells installed around the 2101_M

Pond. Pumpswere set close to the bottom of each weil. Results of the

aquifer test analyses, as well as the drawdown data trends, indicate that

heterogeneous aquifer materials underlie the 2101-M Pond. The wells were not

designed for aquifer testing but rather were designed as ground-water moni-

toring wells; therefore, the results are considered to provide qualitative

estimates of transmissivity and storativity. A summary of the test analyses

is presented in Table 6.4. The data used for analyses are included in

Appendix C. The tests for each well are summarized below. Equations used to

calculate transmissivity and storativity for each specific analysis method

are presented only on the first figure on which they are used.

6.3.3.1 299-E18-I Aquifer Test

A single-weil, constant-discharge test was conducted on August 3, 1988.

No response was measured in well 299-E18-2, which is located approximately
465 ft away.

The average discharge rate was approximately 13.3 gpm and fluctuated 0

between approximately 12.7 and 13_7 gpm. The discharge rate was calculated

by measuring the time it took to fill a bucket of known volume (5.73 gal).

An in-line flowmeter was not available. The duration of pumping was

236 min. A 1.5-hp submersible pumpwas used and was set at a depth of
approximately 327 ft below land surface.

Drawdownand recovery data were collected. Water-_level measurements for

both drawdown and recovery were made with an electric tape. The transducer

system that was used in support of aquifer tests at the 2101-M Pond could not

be lowered to the water level because the pump discharge pi#e and electrical
wires created an obstruction.

Data Analysis. The water level initially dropped slightly more than

i ft, then continued a consistent downward trend until the water level

stabilized about 140 min after pumping started. The initial rapid drop

6.18 e
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in water level is attributed to well losses. The maximumdrawdown was 0

approximately 3 ft. Borehole storage effects were calculated to be

dissipated after approximately I min.

Drawdown and recovery data were plotted on semilogarithmic paper and

analyzed using the Cooper-Jacob method (Figures 6.7 and 6.8). Drawdownwas

plotted against time (t), and recovery was plotted against time since pumping

started divided by time since pumping ceased (t/t'). Both the drawdown and

recovery data indicate a transmissivity of approximately 700 ft2/d.

Drawdowndata were also plotted on full logarithmic paper and analyzed

using the Theis type-curve fitting technique as a corroborative check of the

Cooper-Jacob analyses (Figure 6.9). Transmissivity was calculated to be

approximately 800 ft2/d, which is consistent with the results obtained using
the straight-line solutions.

Discussion. The major limitation is the well's partial penetration of

the aquifer; thus, the transmissivity could be greater than tile estimated 700

to 800 ft2/d. Tile actual value or the range of error, however, cannot be

determined because no information is available on the nature of the sediments 0
underlying the bottom of the well and the total thickness of the aquifer. In

addition, the effects of well losses could not be quantified.

The slope of the drawdown data changed about 140 min after the start of

pumping, when the water levels had apparently stabilized. The data beyond

this time were not analyzed. The stabilization of the water levels may be

caused by several factors including higher-permeability materials some dis-

tance from the weil, continued development of the weil, delayed-yield

response, and effects of partial penetration.

6.3.3.2 299-E18-2 Aquifer Test

A single-weil, constant-discharge test was conducted on November 4,

1988. This test was conducted in conjunction with redevelopment of the weil,

which was the primary purpose for pumping the weil. No response was measured

in _ell 299-E18-3, which is located approximately 128 ft away.
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FIGURE 6.7. Well 299-E18-I Semilogarithmic Plot and Cooper-Jacob Analysis
of Drawdown Data Measured with an Electric Tape
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FIGURE6.8. Well 299-E18-1 Semilogarithmic Plot and Cooper-JacobAnalysis
of Recovery Data Measuredwith an Electric Tape

The average discharge rate was approximately 9 gpm and fluctuated

between approximately 8.8 and 9.5 gpm. The discharge rate was calculated by

measuring the time it took to fill a bucket of known volume (5.73 gal). An

in-line flowmeter was not available. The duration of pumping was 220 rain.

A 1.5-hp submersible pump was used and was set at a depth of approximately

326.5 ft below land surface.
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No recovery water-level data were collected because the pump's check

valve had been removed, allowing water in the pump column to drain back into

the weil. Water-level measurements were made with an E-tape. The transducer

system was not used.

Data Analysis. The water level initially dropped about 1,5 ft, then

gradually declined until approximately 100 min after pumping began, at which

time the water level had apparently stabilized. The initial decline in water

level is attrludted to well losses. The maximum drawdown was approximately

1.8 ft. Borehole storage effects were calculated to be dissipated after

approximately 1.4 min.

O
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Drawdown was plotted against time on semilogarithmic paper and tile data

were analyzed using the Cooper-Jacob straight-line method (Figure 6,10), The

transmissivity was calculated to be approximately 2._000ft2/d,

Dis_s_.s_1_. The analyses provide an e:timate for transmissivity of

approximately 2000 ft2/d, One major limitation is the wellls partial pene-

tration of the aquifer; thus, the transmissivity could be greater than this.

The actual value, or the range of error, however, cannot be determined

because no information is available on the nature of the sediments underlying

the bottom of the well and the total thickness of the aquifer, Another limi-

tation is that the amount of drawdown was small (0,3 ft) after the initial

1,5 ft of drawdown occurred. In addition, the effects of well losses could

not be quantified.

-- t

Solution:

T = (2,3)(9gpm)(1440 rain/d)
4 _ (0.15 ft) (7.48 g/lP)

0,5 - T : 2200 ft"/d

o 1,0--

c_ 1,4 min,

_"- TimeAfterWhichBoreholeStorageEffectsAre Dissipated(Ramey1973)

_11o • ellQ • t qll°

2,o ....... 1 l
10 100 1000

Time After F_umpingSladed, rain

FIGURE6.10. Well 299-E18-2 Semilogarithmtc Plot and Cooper-Jacob Analysts
of DrawdownData Measured with an Electric Tape
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The slope of the drawdowndata changedabout 30 rainafter the start of

pumpingand again after 100 min. The water level apparentlystabilizedat

this later time, and the data beyondthis time were not,analyzed. 'The

stabilizationof the water levelsmay indicatehigher-permeabilitymaterials

some distance from the weil, continueddevelopmentof the weil, an(I/or

partialpenet;'ationeffects.

6.3,3.3 .2.99-E18-3A_r Test

Severalaquiferpumpingtests were attemptedat this weil. The first

attemptwas made when an 8-in. telescopingscreenwas in the well and before

the final well materialswere installed. On July 20, 1988, a 40-hp submersi-

ble pump was installedin the weil. lt was anticipatedthat the aquiferin

the vicinityof the 2101-M Pond had high transmissivity(100,000ft2/d or

more), and thus a high dischargerate would be necessaryto achievemeasur-

abledrawdown in the observationwells. This pump was too large, becauseit

presumablydrew the water level down to the intake,as indicatedby a highly

fluctuatingdischargerate that could not be sustainedat more than an esti-

mated 50 gpm, The discharge line cnuld net be kept full and thus the in-lina _b
flowmeter would not operate effectively, The 40-hp pumpwas removed, and a

25-hp pumpwas installed on July 21. This pumpwas also too large for the

possible well yield, and the flow could not be reduced by a valve because

the pressure that built up caused a rubber boot to blow out. To prevent

schedule delays, well completion was necessary before again attempting an

aquifer test,

A multiple-weil, constant-discharge test was cc_nducted on August 12,

1988, Water was discharged from well 299-E18-3. Wells 299-E18-2 and

299-E18-4 were used as observation wells. Well 299-E18-2 is located approxi-.

mately 128 ft from well 299.-E18-3, and well 299-E18-4 Is located approxi-

mately 61 ft from well 299-E18-3.

The averagedischargerate was approximately34 gpm. Dischargewas

measuredwith a 1.5 in, in-linetotalizingFlowmet;er.The durationof pump-

ing was 300 rain. A 5..hpsubmersiblepump was used, and the intakewas set at

a depth oF approximately323 Ft below land surface,

0
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O Drawdown and recovery measurements were taken for each weil. Measure-

ment methods for each well are indicated below,

• 299-E18-3: Drawdown and recovery data were collected with
E-tape. The pressure transducer would not fit into the weil,

• 299-E18-2: Drawdown data were collected with an E-tape and a
pressure transducer. Recovery data were collected with a pressure
transducel _ for 40 min only.

• 299-E18-4: Drawdown and recovery data were collected with E-tape
and a pressure transducer.

Data Ana]ysis, We...]]299,E18-'3, Water levels in the pumping well trended

downward during the first 10 min of the pumping test. Water levels continued

to decline after this time, although at a decreased rate. The maximumdraw-

down was approximately 2.9 ft. Borehole storage effects were calculated to

be dissipated at approximately 20 rain by the Earlougher method.

Drawdownand recovery data were plotted on semilogarithmic paper and

analyzed usinq the Cooper-Jacob method (Figures 6.11 and 6.12), Drawdown was

plotted against time (t), and residual drawdown was plotted against t/t _.

Both portions, or slopes, of the drawdown data were evaluated; however, the

late-time data are considered to represent true formation response. The

early-time data are dominated by borehole storage and well loss effects. The

late-time data results show a transmissivity of approximately 6000 ft2/d.

The late-time recovery data were also used for analysis, The data indi-

cate a transmissivity of approximately 3000 ft2/d. No explanation can be

given for the factor of two difference between results determined from draw-

down and recovery data; however, this is not a significant difference in

light of the qualitative nature of the results.

/he drawdown data were also plotted on full logarithmic graph paper

(Figure 6.13). The unit..slope straight line is plotted on the data, and the

approximate time beyond which borehole casing effects are dissipated is

shown. Data were not co;_sidered adequate for a Theis type-curve analysis.

®
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FIGURE 6.!_. Well 299-E18-3 Full Logarithmic Plot of Drawdown Data
Measured with an Electric Tape

Discussion. The analyses of' the data resu'It in a range For transmissiv-

ity of approximately 3000 to 6000 ft2/d, One major limitation is the well's

partial penetration of the aquifer, and these effects are unknown. The

actual value or the range of error cannot be determined because no informa-

tion is available on the nature of the sediments underlying the bottom of tile

well and the total thickness of the aquifer, The data may also be indicating

effects of delayed yield within 'the portion of the data set that was

analyzed.

The late-time data are considered to be most representative of the

aquifer properties surrounding the pumping weil. The early-time data are

considered to be affected by borehole storage and well-loss effects.
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#ata A[kalvsis, Observatlon Well 299-E!8,2. The E-tape and pressure

transducer drawdown data were not in agreement. The E-tape data did not

provide a trend and indicated a maximumdrawdown of 0.04 ft. A "stilling

pipe" was not used in this weil; thus, water cascading down the inside of

the screen from slowly draining aquifer materials may have "shorted out" the

E-tape above the actual water surface.

Drawdowndata obtained from the pressure transducer system were used for

analysis. The transducer data indicated a maximumdrawdown of approximately

0.2 ft. Recovery measurements were not recorded long enough to permit

analysis.

The drawdown data were plotted on semilogarithmic and logarithmic paper

(Figures 6.14 and 6.15), The Cooper-Jacob method of analysis was not valid

because the duration of the test was not long enough for 'u' to be _ 0.01.

The Theis type-curve fitting method results in a transmissivity of approxi-

mately 9000 ft2/d and a storativity of approximately 0.01.

o Q
°'"'" _ ', -_, , , i

to: 8ml_ _

•,-__, _ A_=o,12it0,1--

':: Solution: "__;tb- ")

•-,- =(2,3)(6545 ft_'/d) Test lot u _<,0,01:_ . __ ,,_ • •
r'_S

c3 T : 10,000 ft2/d t >0.2 .- 4 T (0,01)

(')
S : 2,25T _ o t ;_ (4)(10,000 ft2/d) (0,01)
S = (2.25) (10,000 ft_/d)(8 mln)

(127,9 ft)_ (1) (1440 rain/d) I >-0,31 d = 447 rain Solulion is Not Validl

S = 7,6X 10-" 1 I0,3
10 100 1000

-[lme After Pumping Slarted, rain

FIGUR.E6.14. Well 299-18-2 Semtlogarithmic Plot and Cooper-Jacob Analysis
of DrawdownData Measured with a Pressure Transducer (pumping
well was 299-E]8-3)
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FIGURE 6.15. Well 299..E18-2Full Logarithmic Plot and Theis Analysis
of Drawdown Data Measured with a Pressure Transducer
(pumping well was 299-E18-3)

Discussion. The analysis provides estimates for transmisslvlty and

storativity at well 299-E18-2 of approximately 9000 Ft2/d and 0.01,

respectively. However, because of the small amount of drawdown (0.2 ft)

resu_Itingfrom inadequate s'tressand an insufficient length of pumping, these

results are considered to be only qualitative.

Data Analysi___s,Observation Well 299-E!.8_-4. The amount of drawdown for

this observation well was also small (0.07 ft for E-tape, 0.08 ft for

transducer data) and somewhat erratic. Several questionable measurements

were made between 20 and 60 rain into the test. The drawdown data from

E-tape measurements are plotted on semilogarithmic paper (Figure 6.16).

These data are considered inadequate for analysis because the magnitude of

observed drawdown is less than two times the precision level of the E-tape

and is also less than the magnitude of daily fluctuations caused by

O
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FIGURE 6.16. Well 299-E18-4 Semilogarithmic Plot and Cooper-Jacob Analysis e
of Drawdown Data Measured with an Electric Tape (pumping well
was 299-E18-3)

i

barometric responses that were observed in well 299-E18-3. However a
,,

transmissivity on the order of 10,000 ft2/d or greater is possibly indicated.

The Cooper-Jacob equation wa_ used to calculate the change in drawdown at

various transmissivity values. For a transmissivity of I0,000 ft2/d, the

change in drawdown over a log cycle is 0.03 ft. The pressure transducer

drawdown data and analysis are not presented because the data exhibit a large

amount of variability and are therefore considered to be unreliable.

Both the E-tape and pressure tr, nsducer recovery data are plotted on

semilogarithmic paper (Figure 6.17). Electric tape measurements were made

during only a portion of the recovery period. Recovery water levels are

plotted against t/t'. Two slopes are indicated by the data.

The water level in the well recovered approximately 0.15 ft above its

original level during the period monitored after pumping stopped. This
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FIGURE 6.17. Well 299-E18-4 Semilogarithmic Plot and Cooper-Jacob Analysis
of Recovery Data Measured with a Pressure Transducer and an
Electric Tape (pumping well was 299-E18-3)

over-recovery indicates either external influences on the water level (e.g.,

rising water table or barometric effects) or transducer drift. These influ-

ences cannot be differentiated or quantified. Consequently, the recovery

data are considered questionable and were not analyzed.

The recovery data plotted on full logarithmic paper are shown in Fig-

ure 6.18. Recovery water levels are plotted against time rather than t/t I.

Plotting the data in this manner assumes that there were no residual trends

occurring at the time that pumping ceased. Extrapolation of the slope of the

drawdown data (see Figure 616) indicates less than 0.01 ft of change in

water level between 300 and 500 min after the start of pumping, which coin-

cides with the recovery period. A Theis curve-fit analysis of these data was

not performed for the reasons discussed above.

Discussion. Neither drawdown nor recovery data were analyzed due to

insufficient drawdown (0.08 ft) during pumping and questionable data during

recovery. However, drawdown data do indicate a transmissivity possibly

greater than I0,000 ft2/d.
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6.3.3.4 299-E18-4 Aquifer Test

A multiple-weil, constant-discharge test was conducted on November 2,

1988. This test was conducted in conjunction with well redevelopment, which

was the primary purpose for pumping the _II. Well 299-E18-3, which is

located 61 ft away, was used as an obser\'._tion weil.

The average discharge rate was approximately 9 gpm, fluctuating between

approximately 9.0 and 9.5 gpm. The discharge rate was calculated by meas-

uring the time it took to fill a bucket of known volume (5,.73 gal). An

in-line flowmeter was not available. The duration of pumping was 200 min.

A 1.5-hp submersible pump was used and was set at a depth of approximately

325 ft below land surface.

0
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No recovery water-level data were collected because the pump's check

valve had been removed, allowing water in the pump column to drain back down

into the weil. An E-tape was used to measure water levels in both wells.

The transducer system was not used.

Data Analysis. Water levels in the pumping well declined approximately

0.06 ft within the first minute of pumping and then remained nearly constant

throughout the test. Water levels in well 299-E18-3 began to decline after

about 90 min of pumping and declined slowly, to a maximumof OQ04ft, until

pumping ceased. A preliminary analysis of the observation well data indi-

cates that the test was not conducted long enough for 'u _ to be _0.01.

The pumping well data were not evaluated quantitatively because no

drawdown trend was established. However, a transmissivity on the order of

10,000 ft2/d or greater is possibly indicated. The Cooper-Jacob equation was

used to calculate the change in drawdown at various transmissivity values.

For a transmissivity of 10,000 ft2/d, the change in drawdown over a log cycle

is 0.03 ft. This magnitude of drawdown m_y be masked by uncertainties in

taking the water-level measurements or by external effects (e.g., barometric

effects).

Discussion. Data from this test cannot provide estimates of transmis-

sivity. This test was constrained by several factors including I) the well_s

partial penetration of tile aquifer, 2) the insufficient stress imposed (thus

no drawdown trend in the pumping weil), and 3) insufficient test duration to

allow analysis of observation well data.

6.3.3.5 Summaryof Aquifer Test Results

The results obtained from the aquifer tests conducted at the 2101-M Pond

provide estimates of hydraulic properties for the uppermost part of the

aquifer. A summary of the results is provided in Table 6.4. Limitations

were caused by well design (partial penetration), how the test was conducted

(insufficient stress and length of pumping), and uncertainties in measure-

ments of discharge rate and water levels.

The overall range of transmissivity values obtained is from approxi-

mately 700 ft2/d at well 299-E18-I to approximately 9000 ft2/d at
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well 299-E18-2. Transmissivity values for wells 299-E18-2 and 299-E18-3

range from approximately 2000 ft2/d to approximately 9000 ft2/d. The data

from well 299-E18-4 indicated the transmissivity at this location may be

greater than i0,000 ft2/d; however, the data were not analyzed for a quanti-

tative solution, lt is unknown whether the 'lower values determined at

well 299-E18-I represent actual aquifer characteristics or whether the

analysis was severely affected by well loss or other factors.

The value determined for storativity is 0.01 at well 299 E18.-2.

6.3.4 Ground-Wat....erChemistr_y

The chemistryof the groundwater beneaththe 2101-MPond can be divided

intotwo somewhatoverlappingcategories. The first consistsof the princi-.

pal chemicalcomponentsof th_ ground water, while the seconddeals with the

qualityof the groundwater as influencedby the pond and whetherit has been

adverselyaffectedby the pond. The former is discussedin this subsection,

while the latter is discussedin Chapter7.0.

To evaluatethe chemistryof the ground water upgradientof the 210]-M

Pond, data from wells up to 2 mi away were examined (Figures 6.19 and 6.20).

Cation and anion data from these wells were used to create Piper trilinear

diagrams (Figure 6.20), revealing similarities and differences between sam-

ples. The classification scheme of the ground water is then based on the

dominance of various cations or anions. Most of the wells plot fairly close

together on the Piper diagram, representing calcium or sodium-calcium/

carbonate ground-water types. The only well that appears to be significantly

different is well 299-E18-I, which has a lower carbonate and higher percent-

age of sulfate than the other wells and represents a calcium/ sulfate ground-
i

water type. The cause for the increased percentage of sulfate in this well

'is discussed in Chapter 7.0 in greater depth, The Piper diagram does indi-

cate a somewhat lower percentage of calcium in well 299-E18-2, which may be

caused by dilutionof t'_eaquiferthrough rechargefrom the pond.

Additionalindicationsof the differencesbetweenwell 299-E18-Iand the

wells adjacentto the pond (and consequentlythat well 299-E18-Iis unaf-

fected by rechargefrom the pond) are the consistentlyhigherconcentrations

of boron, sodium,strontium,selenium,magnesium,and calcium,and
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20 20 8 .- 699-35-68

the consistently lower concentrations of vanadium and silicon. One reason

for the differences in concentrations may be the leaching effects of the

water discharged to the pond on the elements naturally present, in the sedi-

ments. For instance, silicon may be present in greater concentrations in

the wells adjacent to the pond because the artificial recharge from the pond

is leaching silicon from the sediments and into the ground water. On the

other hand, str_a_um and magnesium are normally present in Hanford Site

ground water in concentrations similar to those in well 299-E18-1, and the
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lower values in the wells adjacent to the pond are probably due to the

dilution effect of artificial recharge, Constituents such as nitrate and

sulfate are also higher in well 299-E18-I than the other wells, but are

because of waste water discharges in the upgradient 200-West Area, These

constituents are discussed in more detail in Chapter 7,0,

6,3.5 Direction arld Rate_ of(_round_Water Moyemerlt.

As discussed in Subsection 6,2.1, regional ground-water flow is to the

northeast in the general vicinity of the 2101-M Pond (Figure 6,3), Because

the differences in the water-lavel elevations In the four monitoring wells at

the pond are equal to or less than the total possible error in measurement,

the flow direction beneath the pond is not immediately obvious. However, the

hydrographs (Figure 6,6) indicate that the wells southwest of the pond

(299-E18-I, MW..IO, and MW-13on Figure 6.3) show an increase in water-level

elevations proportional to the distance from the pond, while the rest of the

wells measured in other directions had elevations equal to or less than those

found beneath the pond. Well 299-E18-I consistently shows higher water

levels than the three other wells. In addition, tne presence of elevated
sulfate in well 299-E18-I is thought to come from an old well (299-E19-I)

located 1600 ft southwest of the pond, which was backfilled with drilling mud

containing petroleum by-products (see Chapter 7.0 for a more detailed discus-

sion). If well 299-E19-I is the source of the sulfate, then the ground-water

flow direction must be to the northeast to have carried a plume of sulfate to
well 299-E18-I.

As discussed in Subsection 6,3.1, there is a possibility of a small

ground-water mound beneath the pond. Based on modeling and the slight water-

level differences between the three wells adjacent to the pond and upgraclient

well 299-E18-I, it is thought that any mounding is probably on the order of

hundredths to a few tenths of a foot high. Consequently, any vertical gradi-

ent should be relatively insignificant in comparison to the horizontal

gradient.

Ground-water velocity was estimated for the vicinity of the 2101-M Pond.

Whenpossible, the values assigned to the parameters controlling ground-water

0
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velocity were based on tests or measurements nlade at the pond, Minimum and

maximumvalues for ground-water velocity are calculated and presented, based

on a range of 'Input values.

The equation frem which the ground-water velocity is calculated Is a

form of DarcySs Law taken froi_ Freeze and Ch_irry (1979), lt Is expressed as

v=_
n

where v : average linear velocity

K : hydraulic conductivity

I = hydraulic gradient

n : effective porosity.

Assumptions used for the calculation of ground-water velocity are

, K = 25 to 150 ft/d (based on an assumed "inost representative" range
of transmissivity from approximately 1000 to 5000 ftC-/d and an
assumed aquifer thickness of 40 ft)

• I = 4 x 10..4 ft/ft (based on several sets of water-level
measurements made in the wells near the pond)

• n : 0.1 (conservative estimate based on Grahamet al. 1981a).

Minimum and maximumcalculated values for ground-water velocity are

for K : 25 ft/d v = 0.] ft/d

and

for K : 150 ft/d v = 0.6 ft/d,

0
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This chapter discusses ground-water quality related to potential con-

tamination, while Subsection 6,3,4 discussed the chemical components repre-

senting ground-water types, Information on ground-water quality is derived

from two principal sources: I) chemical ana'ly._es of ground-water samples

collected from the four new wells for background and indicator evaluation

monitoring, and 2) data from other nearby wells, Appendix B provides a list

of all the constituents for which analyses were performed and their contrac-

tual detection limits (i,e,, detection limits accepted in the contract

between the analytical laboratory and PNL), Appendix B also provides all

results for any constituents detected at least once in any of the four wells,

If a constituent does not appear in Appendix B, it is because the consti-

tuent has never been detected in any of the samples from any of the four

wells. Each monitoring well has been sampled five times (August and

November 1988, and February, May, and August 1989) for the minimum required

constituents as required by 40 CFR265 and WAC173-303 and occasionally for

tritium, turbidity, and In addition, each wellal V.alinity, was sanlpled once

(November 1988) for the constituents listed in Appendix VIII of 40 CFR261

and WAC173-303-9905. Each well was also resampled for metals only 'In

September 1988. The interpretation of the results is discussed below,

7,1 .BA__A..C__G_o.B_Q.V.N_D_.G__.W__I'_EERItlUA!..I__T__

Background (upgradient) ground-water quality data provide a baseline

against which the clewngradient well data can be compared, This comparison

indicates whether the site is adversely affecting the ground water, The

background monitoring weil, 299-E18-I, has been sampled quarterly since

August 1988 for the contamination indicator, ground-water cluality, and

drinking water quality parameters required by 40 CFR265,92(b) and

WAC-173-303, Statistical analyses were performed as required by 'these

regulatiens for the contamination Indicator parameters, which are pl.l,

specific conductance, tetal organic carbon, and total organic ha'loqen,

It. should be noted that data are reported fer both field and laboratory
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measurements of pH and specific conductance, However, the 'laboratory meas-,

urements are presented as ancillary information only and are not, inc'luded 'lh

tile final statistical analyses to determine if the facility is affecting

ground-water quality, Table 7,1 provides tile background contamination

indicator data that were used for the background stat, istical analysis,

Tables 7,2 and 7,3 provide the average replicate statistics and the back-

ground statistics, respectively,

The statistical analyses presented here are based on guidance 'In Appel_-

dix B of tile RCRAGround-Water Monitoring Technical Enforcement Guidance

Document (TEGD) (EPA 1986a), The Bonferroni critical values given in Appen-

dlx B of the TEGDcontain several problems, l'hese include numerous typo-

graphical errors in the tables and the use of an approximation method for

computing the, Bonferroni critical values, which performs poorly For small

degrees of freedom, Consequently, a formula was used to calculat, e exact

Bonferroni critical values, and a more extensive set of tables was created

for use In the t-test.

The TEGDstates that there Is a statistical indication of' cont,amination

if the test statistic (t*) is larger than the Bonl;erroni critical value (tc),

(i,e., t,* > lc), Because of the nature of the test statistic (t*) given in

the TEGD(i,e., the results to be compared to background do not contribute to

the estirnate of the variance), the test can be reformulated in such a way

that a critical mean (mc) can be obtained, without waiting i;or t,he fifth

quarter oF data to be collected, Any subsequent average replicate (at) mean

that exceeds tile critical mean (ar > mc) then gives the identical indication

of contamination as t* > tc. The critical means and the information used to

construct them are giver in Table 7,4.

7,2 _UN_D_-_WM__.&_.I_L[_C,_B[<N:Ef_TH_:F]:LIZ_.._2..,.I01-..H POND_

Each well has been sampled six times in the past year', fo_Ir times for

the indicator, drinking water quality, and ground-water quality parameters;

once for the list contained in WAC173-303-9g05, and the extra sampling per-

Formed In September 1988 For metals analysis only. Tile quallty of t.he
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_.L__LF,_,Z.=_,AverageReplicateSitatisticsfor Well 299-E18-I

Replic_e
constituent Collection Standard Coefficient

• Nam_,_units ..... Date....... N _Y___ta_q_D__.yiatior! :of_Variation.

Conductivity- 16 Aug 88 4 528,8 5.56 1.1
laboratory, pmho I0 Nov 88 4 582,0 7.62 1.3

15 Feb 89 4 513.3 2,99 0.6
26 May 89 4 489,8 13,23 2.7

Conductivity- 16 Aug 88 4 811,0 1,41 0.2
field,pmho 10 Nov 88 4 594.0 0,82 0.1

15 Feb 89 4 533.5 2.65 0,5
26 May 89 4 549.3 0.50 0.1

pH field 16 Aug 88 4 7,83 0.050 0.6
i0 Nov 88 4 8.55 0.058 0.7
15 Feb 89 4 6.95 0.058 0,8
26 May 89 4 7,89 0,000 0,0

pH "laboratory 16 Aug 88 4 7.9 0.00 0.0
10 Nov 88 4 7,9 0.05 0.6
15 Feb 89 4 7,8 0.08 1.0
26 May 89 4 8.0 0,00 0,0

'TOC, ppb 16 Aug 88 4 550 236 42.9
I0 Nov 88 4 32.5 50 15.4
15 Feb 89 4 200 0 0.0
26 May 89 4 475 126 26.5

TOX, ppb 16 Aug 88 4 4,9 8.1 165.3
10 Nov 88 4 2.5 1.7 69.3
15 Feb 89 4 3.8 2.5 66.7
26 May 89 4 3,3 0.5 15.4

ground water based on the statistical evaluation of indicator parameters

(per WAC173-303 and 40 CFR 265.93) is discussed separately from the

discussion of the rest of the overall ground-water quality to facilitate

regulatory review.

7,2.1 Statistic_lEvaluationoF the Cont_mina.t___d_o_Q11.Parameters

The regulationsrequirethe comparisonof the backgrounddata discussed

in Section7.1 with the data collectedeach quarterfrom the three down-

gradientwells. The three downgradientwells are withinthe area o("lateral

0
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TABLE 7,3, BackgroundStatisticsfor Well 299-E18-I

....Backqround
Constituent Standard '
Name_ uni s ......t, N Average. Dey_ Variance Covarialice

Conductivity- N
'Iaboratory,_umho 528.4 39.I I,532 7,4

Conductivity- 4
field,pJnho 621,9 128.6 16,543 20.7

pH field 4 7.80 0.66 0.431 8.4

pH laboratory 4 7.91 0,08 0.0068 1,0

TOC, ppb 4 387.6 156,2 24,402 40.3

TOX-lowdetection 4
limit, ppb 3,59 0,99 0.972 27,5

TABLE 7.4. CriticalMeans for SixteenComparisons

Constituent_unit Low Crit_eria High Criter__i.__

Conductivity-laboratory, pmhho NA 1052.9

Conductivity-
field, #mho NA 2345.2

pH laboratory 6,5076 9.3049

pH field -3,316 18,923

TOC, ppb NA 2480.5

TOX-Iow detection
limit, ppb NA 16.799

spreading in the vadose zone, as indicated by the moisture contents of the

sediments, and will detect contamination entering the ground water. A

statistical e_luation comparing the background weil, 299-E18-I, to the

downgradient wells was performed. Table 7,5 gives the contamination indica-

tor parameter data collected from the 2101-M Pond monitoring network in

August 1989, and Table 7.6 gives the statistical summaries for the repli-

cates, Comparison of the replicate averages (Fable 7,6) against the
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A
critical means (Table 7.4) indicates that none of the contamination indicator

parameters are statistically higher (or lower for pH) than background.

Therefore, according to 40 CFR265.93 (and WAC173-303-400), the 2101-M Pond

is not contaminating the ground water at 'this time.

7.2,2 Evaluation of Constituents Other than Contamination Indicator

Parameters

A variety of analyses other than those for the contamination indicators

were performed on samples from all four of the ground-water monitoring wells

to determine whether any contaminants were present in the ground water.

These analyses included quarterly analyses for ground-water quality and

drinking water quality parameters as required by 40 CFR265.92 and one set

of Samples from each well for analysis of constituents listed in Appen-

dix VIII of 40 CFR261 (Appendix IX of 40 CFR264 was not yet in place).

Except for some indications of low levels of acetone, none of the constit-

uents in Appendix VIII were detected. After resampling all of the wells for

volatile organic compounds and having both UST and PNL laboratories analyze

samples from each weil, it was decided the acetone was caused by labora%ory
contamination and was not present in the ground water. Results from both

laboratories are provided in Appendix B,

Analysis of the first ground-water samples collected from 2101-M Pond

monitoring wells in August 1988 detected levels of chromium, arsenic,

selenium, manganese, and iron above or near drinking water standards, which

were confirmed by the extra samples taken in September 1988 (Table 7.7). In

addition, aluminum, nickel, and radium trends are also higher, although far

below any drinking water standards, in these first samples compared with

later samples. Although all of these metals are naturally present in the

sediments (see Subsection 5.3.3 and Appendix D), the concentrations found in

the ground water were higher than anticipated. Although there is no docu-

mented information indicating any discharges of these metals to the pond,

further investigation of the source of the metals was desired. A simple one-

dimensional calculation was performed to determine whether these metals could

have reached the ground water beneath the pond, if they were discharged to

the pond during the years the BWIP laboratory was in operation (1981 to

Q
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TABLE7,7. Results of Specific Metals Analyses (ppb)

Ars,_nic _ _ LI_/__8__ _ _
299-E18-I <5 <5 <5 <5 <5 <5
299 E18-I(a) <5
299-E18-2 5 5 6 6 7 6
299 E18 2(a) 6
299-E18-3 51 11 11 13 14 11
299 E18-3(a) 13
299-E18-4 11 9 II II 11 I0
299 E18-4(a) I0
Drinking water standard of 50 ppb

Arsenic (F) _d____ _ 11/88 _ _ 8/89
299-E18-I <5 <5 <5 <5 <5 <5
299 El8 I(a) <5
299-E18-2 5 ,5 5 6 5 6
299 E18 2(a) 6
299-E18-3 12 12 14 12 14 11
299-E18-3(a) 13
299-E18-4 9 8 9 10 12 10
299-E18-4(a) 9
Drinking water standard of 50 ppb

Chromium _ 9_/__88 ,11/8,8 2/89 _ 8/89
299-E18-I 30 104 30 22 20 100
299-E18-I(a) 20
299-E18-2 30 87 20 50 28 18
299-E18-2(a) 79
299-E18-3 62 67 21 104 30 95
299-E18-3(a) 36
299-E18-4 54 159 21 42 24 65
299-E18-4(a) 80
Drinking water standard of 50 ppb

Chromium (F) _ 9/88 11/88 _ _
299-E18-I <10 <i0 <10 <I0 <I0 <I0
299-E18-I(a) <I0
299-E18-2 <I0 <10 <10 <I0 <10 <10
299-E18-2(a) <10
299-E18-3 <10 <10 <10 <I0 <I0 <10
299-E18-3(a) 12
299-E18-4 <I0 <10 <I0 <10 <10 <I0
299 E18 4(a) <10
Drinking water standard of 50 ppb
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TABLE 7.:7. (contd) 0

Iron _ _ !1/88 2y_8_99 5j_89 8_/_89
299-E18.1 1250 1810 355 162 546 531
299-E18-,I(a) 265
299-E18-2 250 535 142 303 124 156
299-E18-2(a) 423
299-E18-3 963 1440 325 858 284 574
299-E18-3(a) 294
299-E18-4 493 1580 261 325 121 412
299-E18-4(a) 465
Drinkingwater standardof 300 ppb

Iron (F,[ _ _ 11/8,8 _ .5_Z___
299-E18-I 33 <30 <30 <30 <30 <30
299 E18-I(a) <30

29R E18-2 39 <30 <30 39 <30 <3029_[E18-2(a) 40
299-E18-3 40 32 53 41 39 <30
299-E18-3(a) 31
299-E18-4 67 68 ,'30 <30 32 31
299-E18-4(a) 32
Drinkingwater standardof 300 ppb

Manganese 8J_88 _ _ _ _ ._L89
299-E18-I 70 46 12 <5 12 12
299-E18-1(a) 12
299-E18-2 6 13 <5 8 9 <5
299-E182(a) 9
299-E18-3 15 22 <5 18 7 12
299-E18-3(a) 7
299-E18-4 13 32 5 10 <5 10
299-E18-4(a) 12
Drinking water standard of 50 ppb

Manganese(F) 8_/_88 9/88 _ _ 5/89 8_Z__9
299-E18-I 51 19 <5 <5 <5 <5
299.-E18-I(a) <5
299-E18-2 <5 <5 <5 <5 <5 <5
299-E18-2(a) <5
299-E18.-3 <5 <5 <5 <5 <5 <5
299-E18-3(a) <5
299-E18-4 8 11 <5 <5 6 <5
299-,E18-4(a) 5
Drinkingwater standardof 50 ppb
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.TABLE7,7. (contd)

Selenium 8_/88 9_/._88_ !I/88. _ _
299-E18-I 14.9 10 7 7 6 7
299 E18-I!4) 7
299-E18-2 8.9 <5 <5 <5 <5 <5
299 E18-2(a) <5
299-E18-3 48.6 <5 <5 <5 <5 <5
299 E18-3(a) <5
299-E18-4 <5 <5 <5 <5 <5 <5
299 E18-4(a) <5
Drinking water standard of 10 ppb

.Selenium,(F) 8/88 9/88_ II/88 '2/89 5/89
299-E18-I 10.7 8.6 7 7 7 7
299 El8-1(a) 6
299-E18-2 7,0 <5 <5 <5 <5 <5
299 E18-2(a) <5
299-E18-3 <5 <5 <5 <5 <5 <5
299 E18-3(a) <5
299-E18-4 <5 <5 <5 <5 <5 <5
299 E18-4(a) <5
Drinking water standard of 10 ppb

(a) Duplicate sample collected in the field.

1988). To support the calculation, retardation factors for the three pri-

mary drinking water constituents (chromium, selenium, and arsenic) were

calculated using soil columns and spiked water solutions. A sample of a

slightly muddy medium sand (from well 299-E18-4 at 40 ft) and a coarse sand

(from well 299-E]8-4 at 70 ft) were packed into two separate soil columns.

Ground water collected from well 299-E18-3 was run through the soils to

determine whether these metals could be leached from the sediments naturally.

Spiked mixtures of the ground water were then run through the sediments to

determine how much of the metals would sorb onto the sediment particles,

thereby slowing their movement through the sediments. This provided the

retardation values (Tab'le 7.8) used in the model to determine the time it

would take for chromium, arsenic, and selenium to travel from the surface of

the pond to the ground water, assuming an annual discharge of 1.2 million gal

of water to the pond each year.

0
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TABLE 7.8. RetardationFactorsfor Chromium,Arsenic, and Selenium

__ RetardationFactors
Constitqent. 40-ft Sample 70-ft Sample

Chromium 1.2 0°67

Arsenic 18.9 3.73

Selenium 10.8 3.87

Using the hydraulicconductivityvalues,moisturecontents,and retarda-

tion factorsfor chromium(themost mobile of the three metals),a rough

estimateof the time it would take water to move from the pond to the uncon-

fined aquiferwas calculated. A key assumptionused was the amountof

lateralspreadingof water beneaththe pond. Two differentassumptionswere

used. The first assumptionwas that the sedimentsdirectly beneaththe pond

were 90% saturated,with minor lateralspreadingout to the wells indicated

by the 70% saturation, lt was assumedthat this minor lateralspreadingdid

not contributesignificantlyto the flow. The second assumptionwas that

spreadingoccurredout to the distanceof the wells, and that the sediments

both beneath and adjacent to the pond were 70% saturated. Under these two I
assumptions, water containing chromium could reach the water table in 0.2

and 0.45 yr, respectively, while the other metals would take between 0.9 and

3.8 yr depending on the amount of lateral spreading assumed and the retar-

dation factor of the metal. Chromium and iron have continued to be elevated

in at least one well each sampling period. There is no evidence of a plume

of metal-bearing ground water migrating from other sites in the vicinity.

The high concentration of the metals all occurred in the unfiltered

samples and are generally below detection limits in the filtered samples.

'This difference indicates that the metals are occurring in particulate form

rather than in solution. Several different possibilities for the source of

the metals are given below.

• The metals can all occur naturally in Hanford Site sediments (see
Tables 5.2, 5.3, and 5.4). They may be naturally occurring sedi-
ment particles small enough to fit through the screen and filter
pack.
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• The metals may be derivedfrom piecesof metal abradedfrom the
carbon and stainlesssteel casing and drillingtools, or slag
generatedduringcuttingof casingused duringtiledrillingand
installationof the monitoringwells.

• The metals may be leachedout of the stainlesssteelcasing and
pump, adsorbingonto ironhydroxide. Colloidaliron hydroxidehas
a high affinityfor adsorbingthese metals. The colloidalhydrox-
ide then would be filteredout as a particulate.

Becausethe elevatedmetals have been noted sporadicallyin a number of the

new RCRAwells drilledin the 200 Areas (but almostnever in older carbon

steelwells), it is assumedthat one of the lattertwo possibilitiesis the

most likely source. The first possibilityis not consideredthe source,

becausemetals would be exPectedto be found in both carbonand stainless

steelwells, lt also does not seem probablethat the metals originatedin

the pond dischargewater, becausethe upgradientwell has elevatedmetal

concentrationseven though it is not affectedby the pond.

As discussedin Chapter6.0, the ground-waterchemistryin well

299-E18-Iis differentfrom that of the downgradientwells,another indica-

tion that it is not affectedby the pond. The differenceis becauseof the

high concentrationof sulfate(S04). The sulfateconcentrationis 153 ppm in

the backgroundweil, while the downgradientwell'sconcentrationsrange from

14 to 45 ppm (Figure7.1 and AppendixB).

The sulfatesource in well 299-E18-Iis believedto be from a nearby

well (299-E19-I). This well is approximately1600ft southwestof the pond,

in the presumedupgradientdirection. Cored to the top of basalt in 1977,

the borehole of well 299-E19-I was then partially filled with drilling mud,

This drilling mud contained a natural bitumen, a petroleum by-product. Sam-

ples were taken of the drilling mud and the water standing above it as a part

of this characterization effort. These samples were analyzed for metals and

VOCswith both the mud and water showing relatively high concentrations of

sulfur (Table 7.9). lt is not known what the original concentration of

sulfur in the mud was, but the sulfur may have been leached from the mud,

undergoing oxidation into sulfate in the process. Sulfate concentration data

from other wells around the pond (Figure 7.1) were reviewed to examine the

0
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O possibility of a widespread sulf'ate plume migrating Into the'pond area, Con-

centrations are similar to those found in the pond's downgradient wells,

Using the ground-water velocities given in Subsection 6,,3,5, sulfate

would take between 4 and 25 yr to reach well 299-E18-I, assuming the flow

path Is directly fronl one to the other, Because the drilling mud was added

to well 299-E19-I in 1977, there has been adequate time for the movement of

mobile contaminants to the area near the pond, Given the lack of elevated

sulfate anywhere else in the vicinity and the ground-water velocity in the

area, lt is believed the sulfate 'Is migrating from well 299-E19-I, This also

helps refine the flow direction as being from the southwest, as discussed in

Subsection 6,3,1,

Barium was noted to be consistently higher in the three downgradient

wells than tile upgradient weil, although below drinking water standards,

Because barium was the primary contaminant reported to have been discharged

to the pond, the differences were evaluated to determine whether they were

caused by natural chemical reactions or contan)lilation from the pond. The

geochemical code MINTEQ(Felmy et al. 1984) was used to estimate the mineral
equilibria for the ground-water/sediment system within the aquifer. Based

on the data from two separate sampling periods, MINTEQdetermined that the

ground water in all of the wells is in equilibrium with the mineral barite

(BaS04). Consequently, changes in tile sulfate concentration would result in

an opposing change in the barium cnncentration. The downgradient wells show

less sulfate and more barium than does tile upgradient weil, Whensufficient

sulfate is added to MIN'FEQ's downgradient ground-water chemistry to be equal

to that found In the upgradient weil, the concentration of barium decreases

to levels similar to those found in the upgradient weil. These data suggest

that the differences in the barium concentrations are associated with tile

natural system influenced by the clifferences In sulfate concentration as

discussed above and not a barium source Introduced via the 2101-M Pond. Tile

higher concentration oF nitrate in the upgraclient well may be the front edge

of a nitrate plume moving e:_st from the 200-West Area, as shown in Serkowski

et al. (1988). Figure 7,1 Indicates the nitrate levels at a number of wells
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I_I_LLLZ___, Results of Mud and Water Ana'lys_}s from We'll _99-E19,.1

....._Ga_EE ,_i_t m....  C_J3 LEuILJ  ..
Beryllium <5,0E+2 <5,0
Strontium 62,5E+3 84.0
ZInc 2I,6E,I.B IO,5E.F2
Ca'lciklm 27 OE.I,6 13.BE+3
Barium 35 8E+4 31.8E+I
Cadmium 14 iE+3 <2,0
Chromium 73 9E+3 16,0
Silver <i OE+3 <10,0
Sodium 73 IE+4 23,2E+3
Nickel 47 IE+3 <10,0
Copper 20 7E+5 11.0E+I
Vanadium 26,IE+3 12,0
Antimony <I0,OE+3 <iO,OE+i
Aluminum 16,2E+6 89,OE+2
Manganese 93,4E+4 42,5E+I
Potassium 74 3E+4 50.2E+2
Iron 17 4E+7 64,0E+3
Magnesium 89 OE+5 82.6E+2
Arsenic 99 IE+2 <5,0
Selenium <0 5E+3 <5.0
1,2-dichlorobenzene <I OE+3 <i0.0
1,3-dichlorobenzene <I OE+3 <10.0
1,4.-dichlorobenzene <I OE+3 <10.0
hexachlorobenzene <I OE+3 <i0,0
pentachlorobenzene <I OE+3 <10,0
I,2,4,5-tetrachlorobenzene <i OE+3 <10,0
I,2,4-trichlorobenzene <I OE+3 <10,0
hexachlorophene <i OE+3 <10,0
napthalene <i OE+3 <10,0
I,2,3-trichlorobenzene <I OE+3 <10,0
phenol <I OE+3 <10,0
],3,5-trichlorobenzene <i OE+3 <10,0
I,2,3,4-tetrachlorobenzene <i OE+3 <10,0
1,2,3,5-tetrachlorobenzene <I OE+3 <10 0
kerosene <10 OE+7 <10 OEr3
tributylphosphoricacid <I OE+3 <I0 0
molecu'larsulfur 2 IE+3 94 0
unknown .... 53 0
unknown ..... 12 0
bis(2-ethylhexyl)phthal ate 3,9E+3 ......
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upgradient of and closer to the 200-West Areal these levels corroborate this

hypothesis, Unfortunately, there are no reliable analyses for nitrate from

well 299-E19-I,

Interpretation of the ground-water quality at the 2101..M Pond 'Is compli-

cared by three factors:

I, Thepond lies above an area where water,from the 200-WestArea and
the 200-EastArea converge, This createsa changingpatternof
flow paths that can affectthe qualityof the groundwater as water
from contaminatedsourcesmoves in differentdirectionsat
differenttimes,

2, The water dischargedto tilepond is of drinkingwater quality,
which has a dilutioneffecton the naturalground-waterchemistry,

3, There may be a plume of constituentsfrom upgradientsourcesthat
are being detectedby the 2101-M Pond upgradientweil,

Consequently,the chemistryof the water in well 299-E18-Iis not only a

differenttype, but also of a poorer (lower)qualitythan the groundwater

nearby, Well 299-E18-Iprovidesrepresentativechemistryof the groundwater

before it is dilutedby rechargefrom the pond, Nonetheless,'Itappearsthat

tile2101-M Pond has not adverselyaffectedthe qualityof the groundwater,

7,3 .(___Pd___.E_AND_QUALITY CONTROL

The qualityof the analyticalresultshas been evaluatedand documented

in a number of'ways, A qualitycontrol (QC)programhas been in place since

the beginningof the project,providingduplicates,blanks, standards,and

interlaboratorychecks for the primaryanalyticallaboratory, Additional

efforts have been made to check on training and certain aspects of the

analyses to provide quality results, The WHCQuality Assurance (QA) group

has also per formed surveillances of nearly all of the sampling events at the

2101-M pond, Only two cleficiencies were found: one concerning calibration

of a digital thermometer used to measure the temperature of the ground water,

and the other the failure to collect water-level measurements before the

first sampling event, These deficiencies were resolved by providing a ther-

mometer for calibration purposes and by using water-level measurements taken

approximately I to 2 weeks before the sampling event.
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'There is a large amount of data generated by the different QA and QC

activities, all of which occur in various forms, Consequently, the raw data

used below to evaluate the overall quality of the analytical results are not

provided In this report. These raw data are maintained at PNL,

7,3,1 Q_la]Ity _Qg.n____Z__P_1?o_._q!IP__m

The ground-water monitoring program is covered by a QA plan designed in

accordance with QAMS-O05/80(Stanley and Verner 1983), The PNL QCprogram to

assess both the sampling and analysis aspects includes I) submission of blind

standards, blanks, and duplicate samples to tile primary analytical labora-

tory, 2) submission of replicate samples to alternate 'laboratories, and

3) participation of the prinlary analytical laboratory in interlaboratory

comparison programs, The QCprogram is based on guidance from EPA Region 10

and the TEGD(EPA 1986a). Analyses are performed by the primary analytical

laboratory in accordance with the current edition of !est Me.t_Zo_]:

Evaluat'[_ig Solld Waste: Phvslcal/Chemlcal Metho_ (EPA 1986b).

Blind standard samp'les, where the'concentration is known, are considered

acceptable when the results fall within ±2 standard deviations of the 0
expected value. If' the results fall outside the 95% confidence interval, a

request for data verification is warranted (ASTM1987). Values from inter-.

'laboratory comparisons of field samples must fall within 2.8 standard devia-

tions, based on EPAWater Supply or Water Pollution Laboratory Performance

Evaluation Studies, to be considerecl equivalent analyses. These calculations

take into account the uncertainties associated with two sources of analyses.

In addition to the above QCprogranl, the analytical laboratory also has

their own QCprogram requiring blanks, matrix spikes, surrogates, and start-

clards. The U.S, Testing Company, Incorporated, also submitted analytical

results to EPAWater Pollution and Water Supply Performance Evaluations

studies starting irl 1986. The laboratory also submitted analytical results

to the Washington State Water, Certification Program. These data are used to

evaluate the quality of the resu'Its and the laboratory's accuracy and preci.
slon using the var lous analytical methods.
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7,3,2 T_'alnlng

Training documentation for the Radiation Protection Technologists per-

forming the sampling at the 2101-M wells was reviewed for completeness. Ali

personnel involved in the sampling process have been trained on the PNL pro-

cedures applicable at the time for performing sampling activities and have

received the Occupational He_Ith and Safety Administration 40-h hazardous

worker training and any pertinent refresher courses.

7.3.3 Holding Times

Holding times for anions, arsenic, mercury, ICP metals, lead, selenium,

and VOCswere evaluated for samples collected during August 1988 through

August 1989. Ali holding times met the requirements given in SW-846 (EPA

1986b) or Test Method 300.0 (EPA 1984) for that time.

7.3.4 Frequency Qf_D_£tIp_]_Lcates,B]__nks,Matrix Spikes, and surrogate_Es

To evaluate whether tlle analytical laboratory was performing the neces-

sary QCchecks, the chemists' sheets were reviewed for the frequency at

which duplicates, blanks, matrix spikes, and surrogates were performed for
August 1988 through August 1989. The criteria used were those specified in

the appropriate SW-846 procedures (EPA 1986b)or Test Method 300.0 (EPA

1984). The constituents evaluated were those considered to be of concern

(i.e., those constituents discharged to the pond or found in the ground water

in higher than expected concentrations). These constituents consist of

anions, arsenic, mercury, ICP metals, 'lead, seleniunFl, and VOCs. As can be

seen in Tab'l,e 7.10, all duplicates, blanks, matrix spikes, and surrogates met

the frequency criteria of their respective procedures.

7.3.5 Qua!itr of the Analytical __

To help evaluate the quality of the analytical results, data from the

blanks, matrix spikes, and surrogates provided by the laboratory were evalu-

ated. Evaluation of these QCanalyses provides important information on

overall problems with the analytical technique for a given time at the

laboratory.
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Q Surrogaterecoveryrangesfor volatile and semivolatileorganiccom-

poundswere comparedto the rangesspecifiedin SW-846 (EPA 1986b)for the

third quarterof 1988, when theseanalyses were runon samplesfrom the

2101..MPondgroundwater. All resultsfor the quarterwere within the

specifiedrecoveryranges.

Matrix spikesrecoverieswere evaluatedfor volatileand semivolatile

organiccompounds,ICP metals,arsenic,selenium,and anionsbecausethey are

the primaryconstituentsof concern. There are no recovery ranges specified

in the proceduresfor volatileand semivolatileorganicmatrix spikes;there-

fore, recoverypercentagesfrom the third calendarquarterof 1988 (when

volatileand semivolatileorganiccompoundswere sampledat the pond) were

comparedto QC acceptancecriteriafor spiked reagentwater providedwith

each appropriateprocedurein SW-846 (EPA 1986b). This comparisonoffers a

more stringentdeterminationof the qualityof the analysesthan would norm-

ally be expected. All of the constituentslisted in the QC acceptance

criteriatablesmet those criteria.

Recoveryranges for the metalsmatrix spikes are specifiedin their

respectiveprocedures. Most of the matrix spike recoveryoutliersreported

in the laboratoryquarterliesfor the time betweenAugust 1988 and August

1989 were found in the metals. Most of these outliersappearedto be caused

by one of two things: I) the spike concentrationwas too low comparedto the

_oncentrationfound in the sample,or 2) the analysiswas affectedby the

matrix of the sample,causing a yield of less than 100%. The one exception

occurredin antimonymatrix spikesperformedbetweenJuly 9 and September30,

1988, when four low resultswere attributedto a volatilecompoundforming

during analysis, lt is unclearwhat happenedin this case, but it is not

considereda problembecausethe interlaboratoryresultsdo not indicate

unusualconcentrationsof antimony,and becausethis constituentis not

expectedto be of concernat the2101-M Pond. Blanks for metals in November

were apparentlycontaminatedwith zinc, calcium,and iron, and the duplicate

samplesfrom well 299-E18.-2had a discrepancyfor zinc. This discrepancyis

thoughttohave been caused by samplepreparationor laboratory

contamination.

0
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FromAugust 1988 throughAugust 1989,mean recoveriesof matrix spikes

for anionswere generallywithin +25%, which is the targetrecoveryrange

used by the analyticallaboratorybecausethere are no rangesspecifiedin

the test method (EPA 1984). The only exceptionwas in September1988,when

nitrate,sulfate,and phosphateWere all above 25%. These outlierswere

based on the mean of only two samples,however,while the mean of the other

82 samplesrun during the same time are all acceptable. Consequently,the

outliersdo not seem to indicatea consistentproblem

Last to be evaluatedwere the blanksfor the ICP metals,arsenic,

selenium,and anions. Only one of the blanksreportedin the quarterlies

duringthe periodAugust 1988through August 1989 was found to contain

levels above the method detectionlimit set by PNL for UST. This was for

boron,from April 5 throughJune 30, 1989,when the mean blank concentration

for 37 sampleswas 14.4 ppb while the methoddetectionlimitwas 10 ppb.

This 'isthoughtto be becauseof the dissolutionof boron from the glassware

used in the laboratoryand is not of concernwith regardto the qualityof

the 2101-M Pond ground-watersamples.

0
Overall,the qualityof the data from the 2101-M Pond samplesappearsto

be good. Although there have been individualinstancesof resultsfa'lling

outsidethe target ranges,overall trendsof the data appearto be consistent

over time, with no abrupt changesor outliersin the 2101-M Pond results.

This conclusionis confirmedby the interlaboratoryresultsperformedby PNL,

which generallyconfirmthe UST resultsand help point out any problems.

Appendix B providesthe tables of analyticalresultsfor all data above

detectionlimits. For selectedconstituents,plots of these data have also

been providedto allow easier comparisonof the trends in the data. These

plots also make it easier to see the differencesin the upgradientwells

versusthe downgradientwells and the consistencyof those differences.
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O 8.0 CONCLUSIONS

Four ground-watermonitoringwells have been installed,one southwestof

the pond and three east, northeast,and north of the pond. The followingare

the conclusionsderivedfrom the installation,sampling,and water-level

measurementscollectedfrom these wells for the five quartersbetweenAugust

1988 and September30, 1989.

All four wells were drilledapproximately17 ft into the uppermost

unconfinedaquiferbeneaththe 2101-M Pond, which resides in a muddy sandy

gravel to gravellysand of the RingoldFormation. The three wells closest

to the pond, 299-E18-2,299-E18-3,and 299-E18-4,all penetratedpartially

saturatedsediments,while well 299-E18-I,the well farthestfrom the pond,

encountereddry sediments. The elevatedmoisturecontentsof the three wells

indicatethey are within the influenceof the pond and can detect any con-

taminantsreachingthe ground water from the pond. In addition,the dryness

of the sedimentsin 299-E18-Iindicatesthat the vadose zone of this well is

not affected by the pond.
Transmissivities were estimated from aquifer tests performed on all four

of the wells and range from 700 to approximately 9000 ft2/d. Storativity is

estimated to be approximately 0.01 to 0.04. Based on modeling efforts_ it is

estimated that water discharged to the pond can reach the ground water within

0.2 to 0.45 yr and that the vadose zone may be affected up to 75 ft away

laterally. Horizontal ground-water velocities in the region near the pond

are estimated to be 0.1 to 0.6 ft/d.

Water-level measurements have been made at least once a quarter, and

often more frequently since August 1988. These data indicate the water table

in the region around the 2101-M Pond is very flat_ with a gradient on the

order of 8 x 10.4 ft/ft. Hydrographs show that well 299-E18-I consistently

appears to have slightly higher water levels than any of the other three,

which is consistent with the overall regional ground-water flow direction to

the northeast. This helps demonstrate that well 299-E18 1 is upgradient of

the 2101-M Pond, although it cannot provide conclusive evidence that water

flowing through this well will flow directly beneath the pond. Hydrographs
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also indicate the water level in all four wells is dropping uniformly

throughout the nearby area, apparently in response to decreased artificial

rechargein other portionsof the 200 Areas.

Analyticalresultsand samplingtechniquesgenerallyappearto meet

federaland state regulationsnecessaryto evaluatethe effect of discharges

to the 2101-MPond on the groundwater. Sporadic,anomalouslyhigh concen-

trationsof chromium,iron, arsenic,selenium,and manganesehave been

detectedin all four of the wells; these metals are thoughtto be from mate-

rials used duringthe drillingand constructionof the monitoringwells and

do not reflectthe true qualityof the ground water beneaththe pond. The

only other constituentdetectedto date at levelsof concernis acetone.

Resamplingof the wells and runningthe second set of samplesthroughtwo

differentlaboratoriesindicatesthe acetonewas introducedthrough inci-

dentalcontamination,which was confirmedby the presenceof acetone in the

blanks. Statisticalevaluationof the fifth quarterof data againstthe

first four quartersindicatesno contaminationof the groundwater is

occurringbeneaththe 2101-M Pond. The ground-waterchemistryalso il'lu-

stratesthat well 299-E18-Ihas a sligh{lydifferentchemistrythan the three

wells adjacentto the pond, probablycaused by the introductionof consti-

tuents irlwells or at facilitiesto the southwestof this weil. Thiscon-

firms that well 299-E18-Iis not affectedby the pond.

Groundwater will continueto be monitoredsemiannuallyat the four

monitoringwells until the 2101-M Pond site is closedunder RCRA regulations.

At a minimum,the ground-waterquality,drinkingwater quality,and contami-

nation indicatorparameterswill be analyzedeach time the ground water is

sampled.
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APPENDIXB

TABLEB.!. Predevelopment Sample Results

Well Numbers (Dre_xed by 299-)
Constituent and Units E18-I E__!__:_ E18-3 E!8-,4

Gross Alpha (pCi/L) 2.85 13,2 4.90 3.04
Gross Beta (pCi/L) 8,23 27,2 10.3 6.96
Cobalt-60 (pCi/L) BDL BDL BDL BDL
Cesium-137 (pCi/L) BDL BDL BDL BDL
Ruthenium-106 (pCi/L) BDt. BDL BDL BDL
lodine-129 (pCi/L) NA NA 2.97 NA
Zinc (ppb) 25.0 107 20.0 41.0
Calcium (ppb) 65900 32200 29900 31700
Barium (ppb) 44.0 277 108 109
Cadmium (ppb) BDL BDL BDL BDL
Chromium (ppb) BDL 38.0 11o0 15.0
Silver (ppb) BDL BDL BDL BDL
Sodium (ppb) 28300 17900 6460 7590
Nickel (ppb) 32.0 37.0 12.0 30.0
Copper (ppb) 10.0 21.0 13.0 38,0
Vanadium (ppb) BDL 58.0 24.0 30.0
Aluminum (ppb) BDL 16200 4000 4320
Manganese (ppb) 267 1160 280 362
Potassium (ppb) 7350 7790 5820 6210
Iron (ppb) 9078 4500 21000 25800
Magnesium (ppb) 16100 12900 9350 9950
Carbon Tetrachloride

(ppb) BDL BDL BD BDL
Methyl Ethyl Ketone

(ppb) BDL BDL BD BDL
1,1,1-Trichloroethane
(ppb) BDL BDL BD BDL

1,1,2-Trichloroethane
(ppb) BDL BDL BD BDL

Trichloroethylene
(ppb) BDL BDL BD BDL

Tetrachloroethylene
(ppb) BDL BDL BD BDL

Xylene-o,p (ppb) BDL BDL BD BDL
Chloroform (ppb) BDL BDL BD BDL
Methylene Chloride

(ppb) BDL BDL BDL BDL
Xylene-m (ppb) BDL BDL BDL BDL
Methyl Isobutyl Ketone

(ppb) BDL BDL BDL BDL

B.I



_i___.L_, Constituents and AsSociated Contractual Detection Limits (ppb)
Analyzed for in the Ground Water for the 2101.-MPond

.... _s_tituent Long N.a__ _____..... P__ELte.__Gijo_QZtLimi,t

i, l, l, 2-tetrachlorethane I 0000E+01

l, l,l-trichloroethane 5 0000E+00
i, 1,2,2--tetraohlorethane 5 0000E+00

I, 1,2-trichloroethane S 0000_+00
i, l-dichloroethane 5 0000E+00
l, l-diohloroethylene i 0000E+01

I_2,3,4-tetrachlorobenzene i 0000E+01
1,2,3,5-tetrachlorobenzene 1.0000E+01
i,2,3-trichlorobenzene I 0000E+01

1,2,3-trichloropropane I 0000E+01
1,2,4,5-tetrachlorobenzene 1 0000E+01

1,2,4-trichlorobenzene I 0000E+01
1,2-dibromo-3-chloropropane 1 0000E+01
1,2-dibromoethane 1 0000E+01

1,2-dichlorobenzene I 0000E+01
1,2-dichloroethane 5 0000E+00

1,2-dichloropropane 5 0000E+00
1,2-diphenylhydrazine 1 0000E+01
1,3,5-trichlorobenzene I 0000E+01

1,3-dichlorobenzene 1 0000E+01
1,3-dichloropropene 5 0000E+00
1,4-Dioxane 5 0000E+02

1,4-dichloro-2-butene 1 0000E+01
i, 4-naphthoquinone 1 0000E+01
l- (o-chlorophenyl) thiourea 2 0000E+02

1-Butanol ] 0000E+04
l-acetyl-2-thiourea 2 0000E+02

l-chloro-2,3-epoxypropane 1 0000E+01
l-naphthyl- 2-thiourea 2 0000E+02

l-naphthylamine 1 0000E+01
2, 3,4, 6-tetrachl.orophenol I 0000E+01
2,4,5-T 2 0000E+00

2,4,5-TP silvex 2 0000E+00
2, 4,5-Trichlorophenoi 1 0000E+01
2,4, 6-trichlorophenol 1 0000E+01

2,4-D 2 0000E+00
2,4-dichlorophenol 1 0000E+01
2, 4-dimethylphenol 1 0000E+01

2, 4-dinitrophenol 1 0000E+01
2, 4-dinitrotoluene 1 0000E+01
2, 6-dichlorophenol 1 0000E+01

2, 6-dinitrotoluene 1 0000E+01
2-Propanol 1 0000E+04

2- acetyl amino fluorene _l.0000E+01
2-chloroethyl vinyl ether .5 0000E+00

2-chloronaphthalene I 0000E+01
2-ch/.orophenol I 0000E+01
2-cyclohexyl-4, 6-dinitrophenol 1 0000E+01

" 2-methyl-2-(methylthio) propionaldehyde- i 0000E+01
2-methylaziridine i 0000E+01
2-methyllactonitrile 1 0000E+01

2-naphthylamine 1 0000E+01
2-picoline 1 0000E+01 g
2-propyn- i-oi 1 0000E+04

B.2



._I_L.B__, (contd)

2-sec-butyl-4,6-dlnitrophenol 1 0000E+01
3,3'-dichlorobenzldine 1 0000E+01

3, 3'-dimethoxybenzidine 1 0000E+01

3,3'-dimethylbenzidine 1 0000E+01
3- chloroproplonitrile 1 0000E+04
3-methylcholanthrene 1 0000E+01
4,4'-methylenebis (2-chloroaniline) 1 0000E+01
4, 6-dinitro-o-cresol and salts 1 0000E+01

4- aminobyphenyl 1 0000E+01
4-bromophenyl phenyl ether 1 0000E+01
5- (aminomethyl)-3-isoxazolol 1 0000E+01
5-nitro-o-toluidine 1 0000E+01

7, i2-dimethylbenz [a] anthracene 1 0000E+01
7H-dibenzo [c, g] carbazole 1. 0000E+01

Acetone b_ VOA 1 0000E+01
Acetonitrile 1 0000E+01

Acetophenone 1 0000E+01
Acrolein 1 0000E+01

Acrylamide 1 0000E+04
Acrylonitrile 1 0000E,+01
Aldrin I. 0000E-01

Alkalinity 2 0000E+04

Allyl alcohol 1 0000E+04

O Alpha, High Detection Level 4 0000E+00Alpha, alpha-dimethylphenethylamine 1 0000E+01
Alpha-BHC i 0000E-01
Aluminum 1 5000E+02

Aluminum, filtered 1 5000E+02
Amitrole 1 0000E+01

Ammonium ion 5 0000E+01
Aniline 1 0000E+01

Antimony i. 0000E+02

Antimony, filtered 1.0000E+02
Aramite i. 0000E+01

Arochlor 1016 1.0000E+00
Arochlor 1221 I. 0000E+00
Arochlor 1232 I. 0000E+00

Arochlor 1242 l_0000E+00

Arochlor 1248 1.0000E+00
A.rochlor 1254 i. 0000E+00
Arochlor 1260 i. 0000E+00
Arsenic 5. 0000E+00

Arsenic., filtered 5. 0000E+00
Auramine I. 0000E+01
Barium 6.0000E+00

Barium, filtered 6 0000E+00

Benz[a]anthracene 1 0000E+01
Benz [c]acridine 1 0000E+01
Benzene 5 0000E+00

Benzene, dichloromethyl 1 0000E+01
Benzenethoil i 0000E+01

O Benzidine 1 0000E+01
Benzo[a]pyrene 1 0000E+01
Benzo [bi fluoranthene 1 0000E+01
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(contd)

Benzo IJ] fluoranthene i, 0000E+01-

Benzyl chloride 1,0000E+0I
Beryllium 5,0000E+00
Beryllium, filtered 5,0000E+00
Beta-BHC .I,0000E-01

Bis (2-ohloroethoxy) methane i 0000E+01
Bis (2-chloroethyl) ether 1 0000E+01
Bis (2-ohloroisopropyl)ether i 0000E+01

Bis (2-ethylhexyl) phthalate .i.0000E+01
Bis (chloromethyl) ether 5 0000E+00
Boron i 0000E+01

Boron, filtered ' 1 0000E+01
Bromide i 0000E+03
Bromoaoetone 5. 0000E+00

Bromoform 5 0000E+00

Butyl benzyl phthalate .I.0000E+01
Cadmium 2 0000E+00

Cadmium, filtered 2 0000E+00
Calcium 5 0000E+01

Calcium, filtered 5 0000E+01

Carbon Tetrachloride by GC/MS 5 0000E+00
Carbon disulfide 1 0000E+01

Carbophenothion 2 0000E+00
Chlordane i 0000E+00
Chloride 5 0000E+02

Chlornaphaz ine .I 0000E+01
Chloroacetaldehyde 1 6000E+04

Chloroalkyl ethers 1 0000E+01
Chlorobenzene 5 0000E+00

Chlorobenzilate 3. 0000E+02
Chloroform 5 0000E+00

Chloromethyl methyl ether 1 0000E+01
Chromium 1 0000E+01

Chromium, filtered 1 0000E+01

Chrysene 1 0000E4.01
Citrus red i 0000E+03
Cobalt 2 0000E+01

Cobalt, filtered 2 0000E+01
Coliform (Membrane Filter) 1 0000E+00
Coliform bacteria 2 2000E+00

Conductivity, Laboratory -i 6543E+37
Copper 1 0000E+01

Copper, filtered 1 0000E+01
Cresols 1 0000E+01

Crot onaldehyde 1 0000E+01

Cyanide 1 0000E+01
DDD 1 0000E-01
DDE 1 0000E-01
DDT 1 0000E-01

Delta-BHC 1 0000E-01

Di-n-butyl phthalate 1 0000E+01
Di-n-octyl phthalate ] 0000E+01
Di-n-propylnitrosamine 1 0000E+01
Dibenz [a, h] acridine 1 0000E+01
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I EABLE_B,_,(contd)
............... Cons_j.eELLL_q_ Name . Det.ect'lo.nLtm'i&

Dibenz [a, h] anthracene 1.0000E+01
Dibenz[a, j]acridine 1.0000E+01
Dibenzo [a, e] pyrene 1,0000E+01

Dibenzo [a, h] pyrene 1,0000E+01
Dibenzo la, i] pyrene I. 0000E+01
Dibromomethane 1.0000E+01

Dibutyl Phosphate 1.0000E+04
Dichlorodifluoromethane 1.0000E+01

Dieldrin 1,0000E..01

Diethyl phthalate 1.0000E+01
Diethylarslne 1 0000E+01

Diethylstilbesterol 2 0000E+02
Dihyd_osafrole 1 0000E+01
Dimethoate 2 0000E+00

Dimethyl phthalate 1 0000E+01
Dinitrobenzene 1 0000E+01
Dioxin 1 0000E-01

Diphenylamine 1 0000E+01
Disulfoton 2 0000E+00
Endosulfan I 1 0000E-01
Endosulfan II 1 0000E-01

Endrin 1 0000E-01
Ethanol 1 0000E+04

Ethyl carbama'i_e i 0000E+04

Ethyl cyanide 1 0000E+04
Ethyl methacrylate 1 0000E+01

Ethyl methanesulfonate i 0000E+01
Ethylene oxide 1.0000E+01
Ethyleneimine 1.0000E+01

Ethylenethlourea 2.0000E+02
Fluoranthene 1.0000E+01

Fluoride 5 0000E+02
Formalin 5 0000E+02
Gamma-BHC i 0000E-01

Gross alpha 4 0000E+00
Gross beta 8 0000E+00

Heptachlor 1 0000E.-01
Heptchlor epoxide 1 0000E-01
Hexachlorobenzene 1 0000E+01

Hexachlorobutadiene 1 0000E+01

Hexachlorocyclopentadiene 1 0000E+01
Hexachloroethane 1 0000E+01

Hexachlorophene 1.0000E+01

Hexachloropropene 1.0000E+01
Hydrazine 3.0000E+03
Hydrazine, Low Detection Level 3.0000E+01

Hydrogen sulfide 1.0000E+01
Indeno(l,2,3-cd)pyrene 1.0000E+01
Iodomethane i 0000E+01
Iron 3 0000E+01

Iron, filtered 3 0000E+01
Isobutyl alcohol 1 0000E+04
Isosafrole i 0000E+01

Kerosene 1 000UE+04



Lead (graphite furnace) 5,0000E+00
Lead, filtered 5.0000E+00
Lithium I, 0000E+01

Lith._um, filtered I 0000E+01

Magnesium 5 0000E4.01
Magnesium, filtered 5 0000E+01

Maleic hydrizide 5 0000E4.02
Malononitrile i 0000E+01

Manganese 5 0000E+00

Manganese, filtered 5_0000E+00
Meiphalan 1 0000E+01
Mercury 1 0000E-01

Mercury, fi.].tered 1 0000E-01
Methacrylonitrile 1 0000E+01
Methanetblol 1 0000E+01

Methapyrilene 1 0000E+01

Metholonyl i 0000E+01
Methoxyohlor 3 0000E+00
Methyl Isobutyl Ketone I 0000E+01

Methyl bromide 1 0000E+01
Methyl chloride I 0000E+01
Methyl ethyl ketone 1 0000E+01

Methyl methacrylate 1 0000E+01
Methyl methanesulfonate 1 0000E+01

Methyl parathion 2 0000E+00
Methylene Chloride (by VOA GC/MS) 5 0000E+00
Methylthiouracil 1. 0000E+01

Molybdenum 4 0000E+01
Molybdenum, filtered 4 0000E+01

Monobutyl Phosphate 1 0000E+04
N,N-dl.ethylhydrazlne I 0000E+01
N-nitroso-N-methylurethane I 0000E+01
N-nit rosodi- n-butyl amine I 0000E+01
N-nitros odiethanolamine i 0000E+01

N-nit ros odiethylamine 1 0000E+01
N-nit rosodimethyl amine 1 0000E+01

N-nit rosomethylethyl amine 1 0000E+01
N-nit rosomethy lvinyl amine 1 0000E+01
N-nitrosomorpholine i 0000E+01
N-nitrosonornicotine 1 0000E+01

N-nitrosopiperidine 1 0000E+01
N-}_henylthiourea 5 0000E+02
N-propylamine 1 0000E+04
Naphthalene 1 0000F,+01
Nickel i 0000E+01

Nickel., filtered i 0000E+01
Nicotinic acid 1 0000E+02
Nitrate 5 0000E+02
Nitrite I 0000E+03

Nitrobenzine 1 0000E+01

Nitrosopyrrolidine 1 0000E+01
O, O, O-triethyl phosphorothioate 1 0000E+01

O-toluidine hydrochloride i 0000E+01
P benzoquinone 1 0000E+01

8.6



IABLE_.B,_2.,(contd)

Constituen% t.onq Name....._ , j _ _ _ , _etectJ,on Limit
P-chloro-m-cresol i 0000E+01
P-chloroaniline i 0000E+01

P-dimethylaminoazobenzene 1 0000E+01
P-nitroaniline i 0000E+01

Paraldehyde I 0000E+04
Parathion 2 0000E+00
Pentachlorobenzene i 0000E+01

Pentachloroethane i 0000E+01
Pentachloronitrobenzene I 0000E+01

Pentachlorophenol 5 0000E+01
Perchlorate 5 0000E+02
Phenacetin i 0000E+01
Phenol 1 0000E+01

Phenol, low DL 1 0000E+01

Phenylenediamine 1 0000E+01
Phosphate i 0000E+03
Phthalic acid esters I 0000E+01
Potassium 1 0000E+02

Potassium, filtered 1.0000E+02
P:_onamide 1.0000E+01

Pyridine 5.0000E+02
Radium 1.0000E+00

Reserpine 1.0000E+01
Resorcinol 1 0000E+01

O Safrol i
0000E+01

Selenium 5 0000E+00
Selenium, filtered 5 0000E+00
Silicon 5 0000E+01

Silicon, filtered 5 0000E+01
Silver 1 0000E+01
Silver, filtered i 0000E+01

Sodium 2.0000E+02
Sodium, filtered 2 0000E+02

Specific conductance i 0000E+00
Strontium 1 0000E+01
Strontium, filtered 1 0000E+01

Strychnine 5 0000E+01
Sulfate 5 0000E+02
Sulfide 1 0000E+03

Sym-trinitrobenzene I 0000E+01

Tetrachloroethylene 5 0000E+00

Tetraethylpyrophosphate 2 0000E+00
Tetrahydrofuran 1 0000E+01
Thallium 5 0000E+00

Thallium, filtered 5 0000E+00
Thiofanox 1 0000E+01
Thiourea 2 0000E+02

Thiuram 1 0000E+01
Tin 3 0000E+01
Tin, filtered 3 0000E+01

Titanium 6 0000E+01

O Titanium, filtered 6 0000E+01Toluene 5 0000E+00

Toluenediamine 1 0000E+01



_ABLE B.2..(contd)

Constituent Lonq,,,,,Name Detection Limit

Total Organic Halogen, Low Det. Level Io0000E+01
Total carbon Io0000E+03
Total organic carbon 2o0000E+03

Toxaphene Io0000E+00
Trans-l,2-dichloroethene 5o0000E+00

Tributylphosphoric Acid Io0000E+01
Trichloroethylene 5_0000E+00
Trichloromethanethiol Io0000E+01

Trichloromonofluorome'L_ane 1.0000E+01
Trichloropropane 1.0000E+01

Tris(2,3-dibromopropyl) phosphate Io0000E+01
Tritium 5.0000E+02
Turbidity 1.0000E-01

Vanadium 5.0000E+00
Vanadium, filtered 5.0000E+00
Vinyl chloride 1.0000E+01

Warfarin Io0000E+01
Xylene-m 5.0000E+00
Xylene-o,p 5o0000E+00

Zinc 5o0000E+00
Zinc, filtez:.._d 5.0000E+00

Zirconium 5°0000E+01

Zirconium, filtered 5.0000E+01
p-Dichlorobenzene l_0000E+01

p-Nitrophenol I00000E+01 O
pH, Field Measurement 1.0000E-01
pH, Laboratory Measurement 1.0000E-02
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TABLEB.3. Constituents That Were Detected at Least Once at the 2101_M Pond
(data collected between August 1988 and August 1989)

De_ec_d Constltuents are reported below. 'l

The constltuents are presented in alphabetical order accordlng _o _he_r hor_ name
, (wlth overrldlng rules of: unf11_ered me_als reported flrs_, _hen fIT_ered

fleld measurements reported flrs_, %hen laborabory)

The followlng _able' llsts _he column headers, whab _Ime perlod _hey covered, and
the purpose of _he sampllng

l

Header Sample dates Purpose

AUC88 18 Aug, 1988 Firs_ quarterly background sample
SEP88 22 Sep, 1988 Mebals resample for Selenium
NOV88 9-10 Nov, 1988 Second quarterly background sample
NOV88x 22-Nov, 1988 B-3 Pond background sample (2-E18-2 only)
NOV88y _ 23-28 Nov, 1988 Volattles resample for Acetone
FEB89 15-18 Feb, 1989 Third quarterly background sample '
MAYJUN89 28 May-1Jun, 1989 Fourth and flnal quarterly background sample
AUG89 8-11 Aug, 1989 First Con_amlnatlon Indicator Parameter Evaluation sample

Data flags
• - Not sampled for
< - Less than Contractual Detection Limit, reported as Limit
# -Less than Contractual Detection Limit, measured value reported
* - For radioactive constituents, reported value is tess than 2-sigma error
M - AnaLysis performed by PNL.



,,TABLEB.3. (contd) 0

Cons_Ituent,=I01 ACETONE ppb Long name=Acetone by VOA

WELLNAME DUPNUM AUGB8 SEPB8 NOVB8 NOVBBX NOVBBY FEBB9 MAYJUNB9 AUG89

2-E18-I #2 , <I0 <IO <10 <10

2-E18-1 1 _! ....
2-E18-1 2 ° . .
2-E18-1 3 .
2-E18-I M . . <5 .
2-E18-2 _2 . 11 .

2-E18-2 1 i)'_ o

2-E18-2 M.. . <5
2-E18-3 #4 . <102-E_8-3 I <1o . . .
2-E18-3 M . . <5 .
2-E18-4 #5 . <10 .
2-E18-4 1 #3 . . .
2-E18-4 M . . <5 .

Constltuent,=HS8 ALKALIN ppb Long name=Tot, al alkalln'lty, as CaC03 (Method B)

WELLNAME DUPNUM AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 N_AYJUN89 AUG89

2-E18-1 ...... 102000 108000
2-E18-2 ...... 90500 90000
2-E18-3 ...... 96600 98000
2-E18-4 .... . . 105000 105000

Constituent,=212 ALPHA pCi/L Long name=Gross alpha

WELLNAME DUPNUM AUG88 SEP88 NOVS8 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 2.210 . 3.830 . ....
2-E18-1 1 3.900 ....
2-E18-2 01416 . 1.590 1'81 ....
2-E18-3 ,0.352 . *0.2'32 ......
2-E18-4 0.917 . 1.900 .....

Constituent=112 ALPHAHI pCi/L Long name=Gross alpha, high DL

WELLNAME DUPNUM ALi<_88 SEP88 NOVB8 NOV88X NOVBBY FE889 MAYJUN89 AUQ89

2-.E18-I .... 4 870 5.530 5 530
2-E18-2 .... 1 720 3.010 2 200
2,-E18-2 1 .... ,1 200
2-E18-3 .... 2 420 0 931 *0 846
2-E18-3 1 .... 1.100
2-E18-4 .... ,0 879 2.330 1 880
2-E18-4 1 ..... 3 490

0
B.iO



4

TABLEB.3. (contd)

Cons'_l_uen_=A%8 ALUMNUM ppb Long name=Aluminum

WELLNAME DUPNUM AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 351 809 <160 . <160 <1B0 <150
2-E18-1 1 . <150
2-EZB-_ <z_6 <ZBO<ZBO <ZB6 <ZB6 <ZB6 <ZB6
=-EzB-2 I . <15o
2-E18-3 <156 <156<156 , <15o <156 ,<156
2-E18-3 1 . <15o
2-E18-4 <156 17_<156 . <156 <15o <156
2-E18-4 1 ...... <150

Cons_l_uen_=A20 ARSENIC ppb Long name=Arsenic

WELLNAME DUPNUM AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 <B <5 <5 . <5 <B <5
2-E18-1 1 <5

2-E18-2 1 8
2-E18-3 5£ 1£ 1£ i 13 1;, 1£
2-E18-3 ' I 13
2-E18-4 i£ _ I£_ '. I£ 11 16
2-E18-4 I ...... 10

Constltuent=H$7 FARSENI ppb Long name=Arsenic, fl It, ered

WELLNAME DUPNUM AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUGB9

2-E18-1 <5 <5 <5 . <5 <5 <6

2-E18-I 1 <5
2-E18-2 1 8
2-E18-3 1_, 1_, lk i 12 1; li
2-E18-3 1 13
2-E18-4 G _ _ i 16 12 16
2-E18-4 I ...... g

Constl_uent=A08 BARIUM ppb Long name=Barium

WELLNAME DUPNUM AUG88 SEP88 NOV88 NOVB8X NOV88Y FEBB9 MAYJUN89 AUG89

2-Ei8-1 41 54 42 . 29 28 25
2-E18-1 1 38
2-_18-2 4_ 5; 51 5_ 86 8£ _
2-E18-2 1 . 81
_-E18-3 56 8£ 5_ . 82 5.'_ 5;
2-E18-3 I . 53

2-E18-4 1 ...... 57



TABLE,B.3. (contd)

Conmtltuent=H20 FBARIUM ppb Long name=Barium, filtered

WELLNAME DUPNUM AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 41 48 43 , 31 26 34
2-E18-1 I 38
=-E18-2 5_ 5_ 81 5_ s_ sl 7_
2-E18-2 1 82
2-E18-3 _ s_ s_ 83 5_ 8{
2-E18-3 1 . 88
2-E18-4 52 65 B2 . 52 57 84
2-E18-4 1 ...... 65

Constituent=H33 FBERYLL ppb Long narne=Beryll]um, ftltered

WELLNAMEDUPNUM AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-I <6 <6 . <B <5 <5
2-E18-1 1 <5

2-E18-2 1 <5
2-E_8-3 <_ <_ <5 <_ <_
2-E18-3 1 . <6
_-E_8-4 <s <_ . <_ <5
2-E18-4 1 ..... <5

Constituent=li1 BETA pCI/L Long name=Gross beta

WELLNAMEDUPNUM AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 3.89 8 45 . 6.85 8.58 7.48
2-E18-1 1 . 10 70 . .
2-E18-2 ,1 13 6 22 4 97 . 5148 4 70 9144
2-E18-2 1 . ,1.78 . .
2-E18-3 1187 5 68 . 5.12 8 81 10 80
2-E18-3 1 . 5.38 .
2-E18-4 2105 7 80 . 5185 8.08 3 37
2-E18-4 1 .... 8.84

Constituent=P01 BORON ppb Long name=Boron

WELLNAME DUPNUMAUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18'1 33 37 38
2-E18-2 24 19 19
2-E18-2 1 13
2-E18-3 14 l_ l_
2-E18-3 1 13
2-E18-4 <16 17 15
2-E18-4 1 . . 15

0
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T_ABLEB.3. (contd)

Constituent=H88 FBORON pp6 I.ong.,nmme=Boron, ftlbered

WELLNAMEDUPNUM AU088 SEP88 !,_QV_;'NOV88X NOV88Y FEB89 MAYJUNSg AU089
/

* = _ iI :2-E18-1 , , . . 38 34 42
2-E18-2 , . / , , 18 23 29
2-518-2 1 .... 34
2-E18-3 ..... <10 <16 20
2-E18-3 1 .... 11
2-E18-4 .... 14 16 14
2_E18-4 1 . . .. • • . '19

Cons_lbuen_=H21FCADMIU ppb Long name=Cadmium, filtered '

WELLNAMEDUPNUMAUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 <2 <2 <2 . <2 <2 <2
2-518-1 1 <2
2-518-2 <_ <_ <2 <_ <_ <_ <_
2-E18-2 1 . <2
2-518-3 <_ <_ <_ . 2 <_ <_
2-518-3 _ . <2
2-E18-4 <2 <2 <2 • <2 <2 <2
2-E18-4 I ...... <2

Cons_l_uenb=A05 CALCIUM ppb Long name=Calclum

WELLNAMEDUPNUM AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-518-1 67300 72800 67400 . . 55700 68000 57000

2-518-1 1 . 67700 .2-E18-2 22906 25400 24300 24306 . 25706 27706 27106
2-E18-2 1 . . 25400
2-E18-3 24806 29606 27006 • • 29600 27806 27106
2-E18-3 1 . .
2-E18-4 2750631OO629006 . . 27806 316oo277°°32306
2-E18-4 1 ...... 32000

Consti_uent=H19 FCALCIU ppb Long name=Calcium, filtered

WELLNAMEDUPNUM AUG88 SEP88 NOVB8 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 70800 73700 63200 . 57800 60400 69600
2-E18-1 1 .58400
2-E18-2 25706 25600 25500 24606 25306 26306 32306
2-E18-2 1 . 28800
2-E18-3 26806 31006 28006 . 29800 28506 29906
2-E18-3 1
2'E18-4 30706 31306 28706 . 27406 317002790035006
2-E18-4 1 ...... 34900!

@
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_. (contd) @

Constltuent:CT5 CHLORID ppb Long namemChlorlde

WELLNAMEDUPNUM AUQ88 SEPS8 NOV88' NOVSBX NOVSBY FEB89 MAY,JUNSgAUQSg

2-E18-1 66B0 8BOO , 8900 7100 60002-E18-1 1 8200
2-E18-2 2086 28002706 4906 800670062-E18-3 4470 4400 , 8500 7000 5800
2-E18-3 1 . 8900
2-E18-4 8286 84o6 , 95o6148oo70062-E18-4 I ..... 7000

ConstiCuent=A08 CHROMUMppb Long name=Chromium

WELLNAMEDUPNUM AUGB8 SEPBB NOVBB NOVBBX NOVBBY FEBS9 MAYJUNB9 AUQB9

2-E18-1 30 104 30 . 22 20 100
2-E18-I I 202-E18-2 36 8_ 2o 41 66 2_ I_
2-E18-2 I . 79_-E18-3 8_ 8_ 2i . Io4 a6 9_
2-E18-3 1 . 36
2-E18-4 6; 1_ 2i . 4_ 24 8_
2-E18-4 1 ...... 80

Constituent=H22 FCHROMI ppb Long name=ChronJlum, filtered

WELLNAMEDUPNUM AUG88 SEPSB NOVB8 NOVBBX NOVBBY FEB89 MAYJUN89 AUQ89

2-E18-I <I0 <10 <I0 , . <I0 <lO <I0

2-.E18-II <1o ,2-E18-2 <16 <16 <1o ii . <16 <16 <16
2-E18-2 I , . <10
2-E18-3 <16 <16 <16 . , <1o <_6 <16
2-E18-3_ . . _2
2-E1B-4 <16 <16 <16 . . <16 <1o <16
2-E18-4 I ....... <I0

Constituent=Pl9 COLIMF lOOmL Long name=Collform (Membrane Fllter)

WEL.LNAMEDUPNUMAUG88 SEP88 NOV88 NOVBSX NOVBSY FEBS9 MAYJUN8g AUQB9

2-E18-2 ....... 1

@
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,]',,ABLE.B,3.(contd)

Constl_uen_=191 CONDFLD umho Long name=Speclfla aonduc_ance_ fleld

WELLNAMEDUPNUMAUG88 SEP88 NOV88 NOVBBX NOVB8Y FEB89 MAYJUN89 AUGB9

2-E18-1 812 , B96 , 833 B37 560 B84
2-E18-1 1 812 . 594 , , 534 549 667
2-E18-1 2 811 . 593 , , 532 649 B88
2-'E18-1 3 _09 . 594 , , 531 549 B87

2-E18-2 352 . 283 267 279 268 244 2BB
2-E18-2 1 354 , 282 260 , 258 244 285
2-E18-2 2 355 . 282 260 , 256 243 2B5
2-E1B-2 3 355 , 282 260 , 256 244 2B6

2-E1B-3 279 . 232 , 247 207 178 158
2-EZB-3 1 279 , 232 , , 208 178 156
2-E18-3 2 280 , 232 , , 205 17B 1B8
2-E18-3 3 280 . 232 , , 205 178 157

2--E18-4 303 , 270 , 252 248 2BB 171
2-E18-4 1 303 , 271 . , 248 255 171
2-E18-4 2 303 , 271 . , 248 285 171
2-E18-4 3 303 , 270 , , 248 255 171

Constltuen_=088 CONDLAB umho Long name=Specific conductance, laboratory

WELLNAMEDUPNUMAUGB8 SEPB8 NOV88 NOV8BX NOVB8Y FEB89 MAYJUN89 AUGB9

2-E1B-1 534 . BT1 , . 514 503 633
2-E18-,1 1 531 . 586 . . 512 474 532
2-E1B-1 2 529 , 588 . . 510 484 534

2-E18-1 3 _21 . 583 . . 617 498 63_2-E18-2 251 . 289 . , 252 247 28B
2-E18-2 1 249 , 271 . . 283 223 284
2-E18-2 2 249 . 270 . . 266 249 288
2-E18-2 3 248 . 271 . . 268 252 288

2-E18-3 200 . 229 , , 235 183 232
2-E18-3 1 200 . 233 . , 232 178 233
2-E18-3 2 204 . 233 , , 224 178 232
2-E18-3 3 204 , 234 o , 230 201 234

2-EIB-4 219 . 242 . , 22B 298 263
2-E18-4 1 220 . 260 . . 283 282 254
2-E18-4 2 219 . 251 , , 281 294 254
2-E18-4 3 21B . 250 , . 242 293 251

0
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!___L_E__B.____3,(contd)

Cons_ltuent=A13 COPPER ppb Long name:Copper

WELLNAME DUPNUMAUQ88 SEP88 NOV88 NOVBBX NOVBBY FEB89 MAYJUNBg AUQBg

2-E18-1 <10 <10 <10 , <10 <lO <lO
2-E18-I i 12
2-E18-2 <16 <16 <_o <_6 _ i_ <16=-E_8-2 _ , <_o
2-E18-_ <_6 <_6 <_6 , <_O <16 <162-E18-3 _. , <_o
2-E_8-4 <16 <16 <16 . 1_ _.8 <16
2-E18-4 1 ...... <I0

Constituent:H28 FCOPPER ppb Long name:Copper, filtered

WELLNAME DUPNUMAUQ88 SEP88 NOV88 NOVBBX NOVBBY FEB89 MAYJUNB9 AUQB9

2-EIB-I <I0 <10 <I0 , <I0 <10 <I0
2-E18-I I <10
2-E18-2 <16 <16 _2 <_6. <_ <16 <162-E18-2 _ . <_o2-E_8-3 <16 <16 <_6 . <_o <_6 <_6
2-E_8-_ z . <io
2-Ele-4 <!6 <16 <16 . ii ii ii
2-E18-4 1 ...... <10

Constituent=C74 FLUORID ppb Long name=Fluoride

WELLNAME DUPNUMAUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-I <600 <600 . <500 600 800
2-EiS-i i <SO0
2-Ei8-2 sT_ soo so6 _o6 _o6 _o6
2-Ei_-3 <SO0 <SO0 . <SO0 <SO0 <SO0
2-E18-3 I . <500
2-E18-4 <506 <500 . <SO0 <SO0 <500
2-E18-4 1 ..... <500

Constituent=Al9 IRON ppb Long name=Iron

WELLNAWE DUPNUM AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AU089

2-E18-I 1250 1810 355 . 182 548 531
2-E18-1 1 285
2-E18-2 256 535 142 218 303 12; 158
_-E18-2 I . 423
2-E18-3 983 1446 325 . 8S8 284 57;
2-E18-3 I . 294
2-E18-4 49; 1B80 281 . 32_ 121 41_
2-E18-4 1...... 485

@
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e _TABLEB,3., (contd)

Const, lt, uent,=H31 FIRON ppb Long name=Zronj fllt, ered

WELLNAMEDUPNUMAU(;188SEP88 NOVSB NOVBSX NOVB8Y FEB8g I_AYJUN8g AUGBg

2-118-1 33 <30 <30 , <30 <30 <30
2-118-1 I <302-_18-_ s_ <36 <30 <3_ 3_ <3_ <36
2-118-2 1 , 40
2-_18-3 4_ 3_ 6_ , 41 3_ <36
2-118-3 I . 312-118,4 8_ 8_ <36 , <3d 32 3i
2-E_ 3-4 I ...... :12

Conat, lt, uenf,=AB1 LEADQF ppb Long name=Lead (graphlt, e furnaoe)

WELLNAMEDUPNUMAUGB8 SEP88 NOV88 NOVSBX NOVBBY FEBS9 MAYJUNS9 AUQB9

2-E18-I <5 0 <B , , <5 <B <5
2-118-1 1 <B ,
2-118-2 <so <5 <_ , <_ <_ <_
2-E18-3 <so <_ , , <6 <_ <_2-118-3 1 , , <_2-118-4 9._ _ , , <_ <_ <_
2-118-4 1 ...... <5

Conat, lt, uenb=ASO MAGNES ppb Long name=Magnesium

WELl.NAME DUPNUMAUQB8 SEPB8 NOVB8 NOVBBX NOVBBY FEB89 MAYJUN89 AUQB9

l 2-E18-1 15300 17000 15200 , , 13900 14600 137002.-E18-1 1 , 14700 ,
2-118-2 6756 8790 8480 8896 . 7196 7806 73362-118-_ I , , 7_2o
2-118-3 7176 7906 7186 . , B320 7726 7406
2-118-3 1 . , 7790
2-E18-4 781(_ 807(] 785C) . . 7936 8850 8586
2-E18-4 1 ....... 8470

Const, l t, uent,=H32 FMAQNES ppb Long name=Magnes 1um, f IIt, ered

WELLNAMEDUPNUMAUG88 SEPB8 NOV88 NOVBSX NOVBBY FEB89 MAYJUN89 AUG89

2-E18-1 17100 16600 15300 , 14400 15100 182002-118-1 1 . 14700
2-E1B-2 7346 8710 7170 8916 7156 7i46 8876
2-E18-2 1 . 7510
2-118-3 755C} 808(] 785C) , 8270 774(3 800[)
2-E18-3 1 , 7!]00
2-E18-4 8340 808() 794l] . 785{3 9350 9086
2-E1B-4 1 ...... 8970

e
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B__&_LLB_, (contd)
q

Conm_ltuent=A17 MANGESE ppb Long nlme=Minginele

WELLNAME DUPNUM AUQB8 SEPS8 NOV88 NOVBBX NOVSBY FEB8g MAYJUNBg AUGBg

2-E18-1 70 46 12 . <B 12 12
2-E18-1 1 12

2-E18-2 1 , 9

2-E18-3 1 , 7
=-Ezs-4 z_ 3_ _ , 16 <s z6
2-E18-4 1 ...... 12

Conmtltuent=H29 FMANGAN ppb Long name=Manganeaes filtered

WELl.NAME DUPNUMAUQB8 SEPBB NOV88 NOV8BX NOVB8Y FEBSg MAYJUNBOAUGSO

2-EIB-I 61 19 KS , <B <B K6
2-E18-1 1 <B

2-E18-2 1 , <5

2-E18-3 1 , <5
2-E18-4 _ ii <_ , <_ 8 <_
2-E18-4 1 ...... B

Constituent=Al2 NICKEL ppb Long name=Nlckel

WELLNAMEDUPNUM AUG88 SEPBB NOV88 NOV88X NOVBBY FEB89 MAYJUNBg AUG89

2-E18-1 15 48 25 , <10 13 44
2-E18-1 1 , 19
2-E_8-2 ,_ 4_ 2o 26 2_ ii i_
2-E18-2 1 , 40
2-E18-3 3i 3_ 26 . 54 2£ 4_
2-E18-3 1 , 22

2-E18-4 1 ...... 41

Cons_l_uent=H25 FNICKEL ppb Long name=Nickel, filtered

WELLNAME DUPNU_ AUG88 SEP88 NOV88 NOVSBX NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 <10 <10 18 , <10 <10 <10
2-E18-1 1 15
=.-E_8-2 <i_ <I_ _ _6 <i_ <16 <16
2-E18-2 1 , <10
_-Eis-_ <1o <16 i_ , 13 I_ <16
_-EIs-_i . <_o
2-E18-4 13 i_ ii . <16 17 ii
2-E18-4 1 ...... <10

B.18 0



0 :[AELL[L_, (contd)

Conm_l_uonb=C72 NITRATE ppb Long nlme=Nlbrm_m

WELLNAME DUPNUMAUQB8 $EP88 NOVB8 NOV88X NOVBBY FEBB9 MAYJUNBg AUQB9

2-E18-1 10100 8400 , 11400 12000 12800
=.E18-z 1 a4oo
_-E_.8-2 <_o6 <soo <506 <so6 _o6 so6
2-E18-3 <600 <BOO , <600 _00 <500
=-E_8-3 I , <500
2-Els-4 <so6 <so6 , 806 1ooo <so6
2-E18-4 I ..... 570

Con=_l_uen_=199 PHFIELD Long name:pH, fleld

WELLNAMEDUPNUM AU088 SEP88 NOVAS NOV88X NOV88Y FEB89 MAYJUNa9 AUQ89

2-E18-1 7,8 , 8,8 , 8,5 7,0 7,8g 7,89
2-E18-1 1 7,8 , 8,8 , , 7,0 7,89 7,89
2-E18-1 2 7,9 , 8,S , , 8,9 7,89 7,88
2-E18-1 3 7,8 , 8,5 , , 8,9 7,89 7,88

2-E18-2 7,9 , 8,4 8,0 8,5 8,0 7,4S 8,01
2-E18-2 1 7,9 . 8,4 8,1 , 8,0 7,46 8,00
2-E18-2 2 7,9 . 8.4 8,1 , 8,0 7,48 8.00
2-E18-2 3 7,9 , 8,4 8,1 , 8,0 7,46 8.00

2-E18-3 7,9 8,1 , 8,4 8,0 7,39 8,20
2-E18-3 1 7,9 8,1 , , 8,0 7,40 8,20
2-E18-3 2 7,9 8,1 , , 8,0 7,40 8,20
2-.E18-3 3 7,9 , 8,1 , . 8,0 7,41 8.20

2-E18-4 7,8 , 8,2 , 8,4 7,0 8,05 8,09
2-E18-4 1 7,9 , 8.2 , , 7,0 8,OS 8,08
2-E18-4 2 8,0 , 8,2 , , 7,0 8,06 8,08
2-E18-4 3 8,0 . 8,2 , , 7,0 8,06 8,09

0
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alhi

_. (contd)

Con=tltuen_=207 PH-LAB Long na_=pH_ labor=tory

_LLNAME DUPNUMALIQ88 SEPB8 NOVB8 NOVBBX NOVBBY FEBB9 MAYJUNB9 AUQ89

2-E18-1 7,9 , 7,9 ° , 7,9 8,0 8,0
2-E18-I I 7,9 , 7,9 , , 7,8 8,0 8,0
2.,E18-1 2 7,9 , 8,0 _ . 7,7 8,0 8,0
2-E18-1 3 7,9 , 7,9 . . 7,8 8,0 8°0

2-E18-2 8,0 . 7,8 . , 8,1 8,1 7,9
2-E18-2 1 8,0 , 7,8 . , 8,1 8,1 B,O
2-E18-2 2 8,0 , 7,9 , , 8,1 8,1 8,0
2-E18-2 3 8,0 , 7,9 , , 8,1 8,1 B,O

2-EZB-3 8,0 , 7,8 , , 8,2 8,1 8°1
2-E18-3 _ 8,0 , 7,8 , , 8,2 8,2 8,1
2-E18-3 2 8,0 , 7.9 , o 8,2 8,1 8,1
2-E18-3 3 8,0 , 7,9 . , 8.1 8.2 8,2

2-E18-4 800 , 7,9 , 0 8,1 8,2 B°O
2-E18-4 1 8,0 , 7°9 0 , 8°1 8,1 8,1
2-E18-4 2 8,0 , 8,0 , . 8,0 8,1 8,0
2-E18-4 3 8,0 , 8,0 , , 8,0 8,1 8°1

Con=tltuen_=A18 POTASUM ppb Long n=me=Potas=lum

_LLNAME DUPNUM AUG88 SEPEJBNOV88 NOVBBX NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 8350 7200 8330 . 5570 6780 6340
2-E18-1 1
2-E18-2 4920 6090 64104580 48s6 _216 51_6 4926
2-_1.-2 1 , 52202-E18-a 4886 5146 4826 . 5soo 4966 5o26
2-E18-3 1 , 6100
2-E1e-4 5256 s646 6406 , s_76 5490 se56
2-E18-4 1 ...... 5460

Constituent=H30 FPOTASS ppb Long name=Pobass_um, f_l_ered

WELLNAME DUPNUMAUQ88 SEP88 NOV88 NOV8BX NOV88Y FEB89 MAYJUN89 AUQB9

2-E18-1 6980 6870 8540 . 5800 5810 82102-E18-1 1 638o
2-E18-2 B286 4930 5220 4856 5100 4796 B776
2-E18-2 I , 5350
2-E18-3 5036 5226 S2gO , 5310 5056 5106
2-E16-3 I , 5olo
2-E18-4 s586 5676 _456 , 5396 59o0 _576
2-E_8-4 I ...... 5.o0

0
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_.__I_._.B._, (contd)

Conmtl_uent=181 RADIUM pCI/L Long n=me=Radlum_ to_ml

WE.LLNA_EDUPNUMAUOB8 SEPB8 NOVB8 NOVBBX NOVBBY FEBBg MAYJUNSg AU099

2-E1B-1 2,180 0,272 0 247 0,471 0 312
2-E18-1 1 , 0,207
2-E18-2 1,_40 0,174 0 14 0 222 ,0,042 0 ?B7
2-E18-2 1 , , 0 343 ,
2-E18-3 0,701 0,289 0 302 0,252 0 239
2-E18-3 1 , , 0,138
2-E18-4 0,763 ,0,031 0 27fi *0,147 0 378
2-E18-4 1 , , , $0 121

Con=_l_uen_=A22 SELENUM ppb Long namemSelentum

WELLNAME DUPNUMAUGB8 SEPBB'NOVg8 NOVBBX NOVBBY FEBBg MAYJUNB9 AUOBg

2-E18-1 14,9 10 7 , 7 6 7
2-E18-1 1 , ?

2-_1o-2 1 , , <5
2-_18-3 1 , , <.
2-_8-4 <50 <_ <_ <_ <5 <_
2-.E18-4 I ...... <B

Consbtbuent=H39 FSELENZ ppb Long name=Selentums fll_ered

WELLNAMEDUPNUMAUOB8 SEPSB NOVB8 NOVBSX NOVSBY FEB89 MAYJUNBg AUOB9

2-E18-1 10 7 8,8 7 , 7 7 7
2-E18-1 1 , 8
2-E18-2 7 o <5,0 <5 <_ <_ <_ <_
2-E18-2 1 , , <B
2-E18-3 <5 0 (B,O <B . <5 <5 <_
2-E18..3 1 , , <5
2,-E18-4 <B 0 (5,0 <B , <B (B <B
2-E18-4 z ..... <5

Cons_1_uen_=P05 SILICON ppb Long nmme=Slilcon

WELLNAME DUPNUM AUQ8B SEPBB NOVBB NOVBBX NOVBBY FEBB9 MAYJUNB9 AUQBg

2-E18-1 13800 18000 14900
2-E18-2 19800 19800 18900
2-E18-2 1 19800
2-E18-3 19800 178o6 17_o6
2-E18-3 1
2-E18-4 17100 1810018300 19100
2-E19-4 1 , , 18800



TA_BLEB.3. (contd)

Constltuen_=HgO FSILICO ppb Long name=Silicon, filtered

WELiNAME DUPNUMAUG88 SEP88 NOV88 NOV88X NOVBSY FEB89 MAYJUNB9 AUG89

2-E18-1 ..... 14000 18400 17300
2-E18-2 ..... 19600 18300 22600
2-E18-2 1 ...... 20700
2-E18-3 . . . . . 19000 18106 19306
2-E18-3 1 . . . . .
2-E18-4 17206 17600...... 17800 20206
2-E18-4 1 ........ 20300

,

Cons_ituent=All SODIUM ppb Long name=Sodium

WELLNAMEDUPNUMAUG88 SEP88 NOV88 NOV88X NOV88Y FEBS9 MAYJUN89 AUGS9

2-E18-1 28700 28800 25900 _ . . 25800 27800 26100
2-E18-II .27000
2-E18-2 18006177001660017606 : 1920618706 17506
2-Ei8-21 . . ,z9ooo .
2-E1_-_ 5676 5316 5286 . . 6560 5716 5646
2-E18-3 1 . . 6930
2-E18-4 8016 6766 8746 . ° 11406 6790 6136
2-E18-4 1 ....... 6900

Constituen_=H24 FSODIUM ppb Long name=Sodium, filtered

WELLNAMEDUPNUMAUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 31S00 27400 28100 . . 27100 28500 30500
2-E18-1 1 , 26700 .

2-E18-2 19706173o01900017606 . 18706 17406 20806 02.-E18-2 _ . . 19800
2-E18-3 5486 $360 6026 . . 6460 5986 5806
2-E18-3 1 . • 5890
2-E18"4 83i6 6686 ,6626 . . 9646 14400 6256
2-E18-4 1 ....... 6180

Cons_ituent=A03 STRONUM ppb Long name=S_rontium

WELLNAMEDUPNUM AUQ88 SEP88 NOV88 NOV88X NOVB8Y FEB89 MAYJUN89 AUG89

2-E18-1 249 . 249 , . 240 257 231
2-E18-1 1 . 241 .
2-E18,-2 13i . 129 135 . 146 16i 147
2-E18-2 1 . . 147
2-E16-3 12_ . 136 . . 161 14_ 14i
2-E18-3 1 • • • 149
2-E18-4 146 . 148 . . 156 173 169
2-E18-4 1 . . .' . . . 185

0B.22



, TABLE B.3. (contd)

Consti_uent=H35 FSTRONT ppb Long nmme=S_ron_ium, filtered

WELLNAMEDUPNUMAUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 277 255 . . 241 259 283
2-E18-1 1 241 . •
2-E18-2 14_ 144 1W . 14_ 147 18_
2-E18-2 1 . . 153
2-E18-3 13_ 14_ . . 158, 14_ IW
2-E18-3 1 . . 143
2-E18-4 163 ' ISl . ,. '145 17,1 183
2-E18-4 1 ...... • 181

Constituent=C73 SULFATE ppb Long name=Su!fate

WELLNAMEDUPNUM AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-Ei8-1 188000 . 172000 . . i49000 151000 ]L53000

2-Ei8-1 1 23S00 . 169000 28106 ' 31600 I 44006 14_0002-E18-2 . 28600 .
2-E18-3 13000 . 14700 . . 12600 12500' 13900
2-E18-_ z . 12600
2-E18-4 13506 . 17006 i i, 22106 35400 14906
2-E18-4 1 ....... 14800

Constituent=H18 TC ppb Long name=Total carbon

WELLNAMEDUPNUMAUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUNB9 AUG89

2-E18-1 . . 21500 . . _23800 . 24200
2-E18-2 , . .22900 .....

2-E18-3 . . 21200 .....2-E18-4 . , 22200 ......

B.23



TABLEB.3. (contd) @

Constltuent=CS9 TOC ppb Long name:Total organlc carbon

WELLNAME DUPNUM AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 #532 . #400 . , #200 #500 #300
2-E18-1 1 #890 . #300 . _ #200 #500 #400
2-E18-1 2 #382 . #300 . . #200 #300 #300
2-E18-1 3 #397 . #300 . , #200 #600 #300

2-E18-2 #341 . #200 #200 ° #E00 #400 #300
2-E18-2 1 #358 . #300 #300 , #700 #600 #700
2-E18-2 2 #717 . #300 #300 . #900 #500 #SNO
2,-E18-2 3 #543 . #500 #200 o #1000 #400 #800

2-E18-3 #548 . #400 ° o #800 . #600 #600
2-E18-3 1 #531 . #500 . . #800 #500 #600
2-E18-3 2 #498 . #600 , . #500 #400 #700
2-E18-3 3 #492 , #600 , . . #600 #400 #600

2-E18-4 ,#453 . #600 . , #600 #900 #500
2-E18-4 1 #503 . #600 . . #600 #900 #400
2-E18-4 2 #440 . #500 . , #600#1000 #500
2-E18-4 3 #642 . #500 . . #600 #900 #400

Constituent=H42 TOXLDL ppb Long name=Total organic halogens, low DL

WELLNAME DUPNUM AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 #1.3 . #4 o . #5 #4 #3
2-,E18-1 1 #11.5 . #0 . . #E #3 #4
2-E18-1 2 #11.4 . #3 . • #0 #3 #4
2-E18-1 3 #-4.8 o #3 . , #5 #3 #2

2-E18-2 #-4.7 . #7 #7 . #4 15 #5 W
2-E18-2 1 #-0.9 . #1 #7 , #3 14 13
2-E18-2 2 #-1.8 . #2 #2 . #5 12 12
2-E18-2 3 #9.9 . #7 #8 . #3 13 13

2-E18-3 #2.9 . #5 . . #8 11 #8
2-E18-3 1 #13.7 . #7 . . #5 #g #7
2-E18-3 2 37.2 . #2 . . 12 21 #3
2-E18-3 3 #5.1 . #8 . o 11 15 #8

2-E18-4 #0.9 . #4 . . #8 #5 #6
2-E18-4 1 #7.7 . #2 . , #9 #7 10
2-.E18-4 2 #-3.2 . #3 . . #9 12 #5
2-E18-4 3 #12.7 . #2 o . #8 16 14

B.24 @



O TABLE B.3. (contd)

Constituent:lOB TRITIUM pCl/L Long name=Trltium (H-3)

WELLNAMEDUPNUM AUG88 SEP88 NOV88 NOV88X NOVB8Y FEB89 MAYJUN89 AUGS9

2-E18'1 • . $-287 . $-6_,. 7 . $-0.96
2-E18-2 . . $-216 $39i . . . $35.40
2-E18-3 • . $-341 .... $-58.80
2-E18-4 . . 847 .... $-48.00

Constituent=H60 TURBID ntu Long name=Turbidity, nephelometrlc

WELLNAMEDUPNUM'AUG88 SEP88 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

. .2-E1,-1 ..... 1.4 19.5 3.0
2-E18-1 1 ..... 19.2
2-E18-2 . • . 1 6 . . 0.9 2 7
2-E18-3 ....... 3.0 2.2
2-E18-4 • I 4 2 1

Consti_uent=A14 VANADUM ppb Long name=Vanadlum

WELLNAMEDUPNUM AUGS8 SEPO8 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUGS9

2-E18-1 <5 5 8 . <6 8 12
2-E18-1 1 <5
2-E18-2 1_ 1_ 12 26 2_ 2"_ 2;
2-E18-2 1 • 20
=-E18-3 2_ 2_ 2_ . 32 3i 36
2-E18-3 1 . 29
2-EIB-4 26 22 25 . 22 27 2_J

O 2-E18-4 1 ...... 29
Constituent=H27 FVANADI ppb Long name=Vanadlum, fl Itered

WELLNAMEDUPNUM AUG88 SEPB8 NOV88 NOV88X NOV88Y FEB89 MAYJUN89 AUG89

2-E18-1 <5 (5 <5 . 8 14 14
2-E18-1 1 <5

2-E18-2 1 . 27
2-E18-3 2_ 2_ 2; . 31 3_ 3;
2-E18-3 1 . 34
2-E18-4 1_ 1_ 2_ . ')2 2_ 3_
2-E18-4 1 ...... 32
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A
TABLE B.3. (contd) (_l

Cons_l_uen_=AO4 ZINC ppb Long nime=Zlnc

WELLNAME DUPNUM AUG88 SEP88 NOV88 NOVBBX NOVBBY FEBB9 MAYJUN8g AUGB9

2-E18-1 181 73 79 . 23 30 22
2-E18-1 1 63

=-_18-2 <_ <6 332 g_ 2_ 16 i_
2-E18-2 1 . 22
2-E18-3 8; 3; 3_ . 22 2_ 2;
2-E18-3 1 o 9

2-E18-4 1 . • ..... 12

Conm_lCuen_=H18 FZINC ppb Long name=Zlnc_ filtered

WELLNAME DUPNUM AUG98 SEP88 NOV88 NOVSBX NOVBBY FEB89 MAYJUN89 AUG89

2-E18-1 145 46 28 . . 30, 12 19
2-E18-1 1 41
2-E18,2 <_ <_ 235 6_ i 1i <_ 1i
2-_18-2 i . . 2o

=-E18-s I . . <5
2--E18-4 1 ........ 14

B.26 0
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,APPENDIXC

AQUIFERTEST DATA



DISCHARGE,DRAWDOWN_AND RECOVERYDATA,
FOR THE TEST AT WELL 299-E18-I

0



ab, TABLE,,..C.I. Discharge Rate Data for the Constant Discharge Test at
Well 299-E18-I

page ...... [ of .... 2-

Aquifer Test Data T//_ s/_.t :c.._,b _--/,.>_e O,taforWe,,_-E/8-.!
Loc.t_on.tZO//../ po,,,/ ",'lc"_,7_#,_ .,.Iv. / PumpingWe,_..._' ' Observation Wells __,,,,4z_-_
Type of Aquifer Test Co^s_.,# b.'.rt_,,_f, "' ,,
How a Measured ._...__*'_-_-( 0/_-¢/(_'//,_'_','_fc_ ("5'?J2's"-) "2.-/."/_--2-.

How W,L,'s Measured ' -.-- , ' ' _,'_ , Depth of Pump/Alrplpe. _0,2)" /,,_

Rad,/Dtst, of/From Pumping Well _i --"", /j["A Pump On: date _ time ._."a'n_
Meas, Point for W,L,'s _ /,//A, Pump Off', date _ _/',",/&',._" time I_, "_

Elevation of Meas. Point ff/'_ Duration of Aquifer Test _24 :.. ',
, ,

,,, , ..... J , , ..........

Time water Level Data -a 34.j._
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" "" _" Zz ,,
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!:ABLE C.l. (contd) 0

Aquifer Test Data __z._.- _. o,__v po_e__ , _of 2,
Data for Well "z-_. EIg.I.

Location _j"Z- I 01 h\ ?n-d'P Pumping Well ,,_ .Y,L_._._

Type of Aquifer Test, G,or_<,,'_,,,J'r, ,_ Observation Wells a _'._-/,',,r" "Z

How a Measured. O _,"rR,.--_,O _.c.u.-'._ / _-_:_e v. aT=. (Z_.;_j,/#/')
How W,L,'s Measured -- _]//_" Depth of Pump/Airptpe. g'zn '

Rad,/Dtst, of/From Pumping Well - .{_/.4 , Pump On: date _/'_ /_'_ time Dci 3 6

Meas. Point for W.L.'s .- ,,//A Pump Off: date '_/._ z? ? time _ _ _

Elevation ofMeas Point--_ &'/_, - Duration of AqulferTest _?'; ......

........... , ,, __

Time Water Level Data ._

t = -- at t' = 0 Static Water Level __'z'l_, q "z J Discharge "_,.>.

l r/ . i_ng Conve,s/_dn',Wa', ,/or / Read. _ Comments
Clock R or C_$dctions L_vel s' ing (rG, rc Tt_ue q_ ....Day Time I : , ,_ i_x:.-r• _ _ C-'^t.

, I.Soo_so .. 7s._'.J/lZ 2.<f-<:.<"<,<./L.<,dW._.

II J.__mS_,-_ hd "_.._/L/._s._'r,,'/s,,.<.A,z"'a_._ a._c_ ............. ,/.Z'// z ,',..¢r-,

-i__Is_-_ .... .... ,,,_it/<_, _,r<,"i-//,,.,.6__
I _ ,.,

I ..... , ............._ ,....

J ,, , , ,, , .
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!
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O TABLE.C.2. Drawdownand RecoveryData for the ConstantDischargeTest at' Well 299-E18-I

AquiferTestData
page__..__/__of

Data for Well _2"E/9"/

Location. 9 /C7/ /L./ . . Pumping Well _-:¢'/,-Z,-/ .
• ...,.

( , Type of Aquifer Test _'o_?,_o_4" cl_/rr_7_ ...... . Observation Wells 2-_/E-/8-

" "' 14owe Measured _p///._r,_f/_,_c_._ d(.S'_3'..;],_.(,) j/21_/L/I, p. _r_na/_s_ - I7";,/,/_rr" ......S/ee/ P.,'V>
How W L's Measured /_..-"-/',v,.,r, ('_.'Hf' Lt,/,,,?]._,].P' Depth of Pump/Airplpe.__ 3'2,7.' " --

' ' / VA4 "-- ' (9,7 >ORad,/Dlst, of/From Pumping Well _ -"r'. ,,' ,,'7 . . Pump On: date_ __/]t/6'_; time .__ _,c
Meas PointforWL's _,r, ,.,,/Z f, ,r,. ,_(__-__,_-, PumpOff: date _'_/_" ,,, tlme,,/,,32_C

..... / / / ///j J ,Elevation of Meas, Point Duration of Aquifer Test _ _ _z ,.. ,'.

.... " Water Level Data _ ?rt_r_: _^

t _t t' = 0 Static Water Level, ._ / _- 9 2. .... u,scnarge _ >.

Conversmn_Water Reed. c__ CommentsClock
Day Time t t' _/1' Reading or Correction_Level s ot ,=' ing O

, ,

_.h o_o _ s,.._ ...... o. d_,: .......

.,_,_,r't, St_.Ct ._;9 . . _

..I O,:_ _; "._, '..,s ...... I"7¢, _. .....
./ o,,,, , ",',,._ '_" i1 -_-• ., , | ,f .....

I
....

I o'-_:,_,_, _/_ qG "z,eS .;,-;
, ,,, ....... , ,., , , _ ,.,,

,,, :,,'-_"

L_> I o,,,I,o ,_,-,.o, ......_.o'_ -,._-,,, .,.

,' .

I Io'_G-,C._ _/_,C_ ...... _, 't.q ......... _,.
i o'1";,'_¢_-. _1q'2..7 .3,3S" ";:-• ,, ,,

iii

,_,,__'*,, .?/-7.L_2 _- Co _ Z
I

.......

., .....

I ,o't_'_ '_,:q.5"3 _,.(_ . _(_ ,., ,,,, , ,,

, ,.... = ..... ,,

' / II la 0o g_-_ nj "Z.,,.,3"c SC_........... , __

/ ,',l'zo Io S,,.,'_ .... .? '_'¢ I q(_

I 11o _.o I_1 11 l.q,5 '_& ...................

ilb'iq; '_n.q _ q.c_q SG

-- /_.,cc15o _-_,li/- z__lz,_a1// .... ,_,!,-/ ......
, . , - ,'% ,, ,, ,

_¢,_ ,_r, c,_'?q I .. . 'Zq'_ " _d.. .. .

I.-Io i-_,, I_ ?.q ...... fL.g'1 .... GC,_
.. }_c,ol.:}, St"_q '_ qfl SG,,

_, i'_o_ _ $17 qp "L.q_ (_G• ._,,' ....

?_1"' "_'::'_/ ___ ' _ _'_" _/ /_'?_'-":'-'_" _"'r'/
. _, _ . ,,, ,,, ..... - , .

v

C,3



,TABLEC.2. (contd)

Aquifer Test Data p_,_ t of 2_
Data fol Well _.e(q, _1_/

Location _...Io I bA _,._ca_3 Pumping Well 'L'_ • _. s

Type oi Aquifer Teat (_mi_,_,_,'_ (_ Observation Wells _,_c( . e:'l3 . z,

How Q Measured. C_P,k_,,.iz,_.r_o _,.,.l_., r (q, _,_.V) <.,,_,. ?_.¢
How W,L,'s Measured E. "r._,'_ ( _,,_v,c ,G,.,t.,_t-, _._,T. Depth of Pump/Airpipe %.t.-1'

Rad,/Dist, of/From Pumping Well -- J'//'_t -- Pump On: date ,3 I-.t I_,,. time oq "._

Meas, PointforW,L,'sZ...2£ '_" _'" " ¢. C(,,,,.4,'. Pump Off' date '_/-;'/'?-_" .time /32.,'

Elevation of Meas, Point __ . . _ /l'//4 Duration of Aquifer rest 2z c .. '.

Time Water Level Data x_

t =_, at,,t',=O, Static Water ....Level,_ q,_-I,qz,' Discharge_ _ >" Comments
Clock I Conversions Walet ".]:'.'' Read. _ =
Time I t' t/l' Reading Io¢ Cotte_lion9 Level I or s" ing Q I_

....

.... , , i ¢, I

• ._ .... ,t , ,

I ,:;, .:' '.',_'t,-f2.,y,')_ ..... _,/3 . .j'.:,',C,"-:

t 11_2._"#,o., _; (0 2/.C. 72_. 2,./'@" /,',L_..'_
I I._'3/ :;ul t _._ _."- _1£,..z7 2,_3 /,,,", .......... , , :._¢_..z"

. ,.., , ,,,

-.

I )73', :-'3 7,_, _'_,_2/_'.d/ 2,.z9 _tr/A..
--. _ - ,.-'_ ......... ,

I !/.',L 7:__,)o:_,'.,L_z_. -_J. 2,Z7 Y/X,,.'#
I '$'.'J, ;._11/;.". _g.1 31_'.,_, 2.## ' ,v///L I-- " "- - ,..... .d.._¢...%

I I?_.: 2,"_ i;::_ D._ ";/5,'JI 2./49 /,,/i:..

: :1%_/, t:_, "_o t.',_ "_q.'!S , "Zc,n />&. ' ' -, ,, _:

II'_o" i".."_, "Jo ', '_ %_" 11 "Z63 _ 4,", o . ._
,., _. .__ _.,,_....-I ----

I L;-._, ...... --[_-_ ,',o 'tq';lS'< )", .... "Z,'_Z ,- 5<.'" l,
.......

I£I_, .._,d_,llo "_.I_ 3)¢.oq ,, 1'2.,S_ , Sd.,.. .,,

lq'uu "b,;_ Iz_ z,q7 ".'3,_, o3 Iq-'_6'_ , _G. .... ('-c,'J_:_._-r.-Oizc_._w.(,q

• _ .... , .... 1"-¢: t'l,O I_G ,(
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__L__G____,(contd) 0

' Aquifer Test Data . page.... _ of =-
Datafor Weil__ ._-yl _-2.

Loaatlon ,2I.::,_i/.,i,:_./ Pumping Well,___" ':,_'-,.,z.

Type of Aquifer Test _,:',..r .... / rj,,,_,_,,++..._._¢_'_ ObBervBtlonWells O-FIg-2
How Q Measured __::.b.

,' Depth of Pump/Alrplpe _ :2.J, _"

Flow W.L,'s Measured I /_ _"t .l Pump On, date Ii _-2-"_---llme__,._ £..Rad,/Dlst, of/From Pumping Well I,' ,' .,

7_,J .,/ "" . _' ' " Pump Off', date II -.- 7 z, /.in
Meas, Point for W,L,'s ._.._,= _-_-----7---T-- _ _.__=--__ time 5-
Elevation of Meas, Point XJ/_ ...... Duration ot Aquifer rest _ _ _ .'-/-'._,,-;._ ,

..... ,j,, ._

.... Time Water Level Data "u

t = _...__ al t' = 0 Slatlc Water Level Dlsaharge -_. ell_
........... "' ' ' .... o _ _.,omments

' CIo_k Conver'=ionslWater Read, u©
Day Time t t' Ill' Reading of Correetlon,,I Level s or 1' Ing 0 rr"

i , ,, ,

!7.-.o 'o ...... C'J,','t,,_FF, , ,,

_." ,i,- _'fr ,)r,'tt-J ,p-I __' ..,-,' "- ", _ .. U 1#_ .... ,'1

*_ _/_" r.._ irt". , ', ,,, ,., ._---., .... 1 ,,,___ ,, ,,

..... , ,, ,,

(,, _', S _ _ ............ rf? __,_ . ....

"7 a'_,,,,_,q ....... U.T

rE 'Z_x ,'_2 ...... _r" ...
,,, ,........

" .... 0
,, I 0 ?lr, _ k , , , ,rr"( .......

....

....

__ . _ , ........ .............

, ,, ....

I

....... _.. i .,_., ,.....

, , ,

__ -- , i _: .... ,,, i , ,

, _ ._ _. _,

_ , , ........... ,., l ..... , .........I
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DRA_WDOWN.ANDRECOVERYDATA_FQ_._T.J/_
TEST AT WELL..299-E18-3, DATA..FQ.R..WELL299-E18-2



Q TABLE C,._,,Discharge,Drawdown and RecoveryData for Well 299-EIB-3Duringthe Constant-DischargeTest at Well 299..E18-3

Aquifer Test Data pao._/ _of'/
,_ Ca/c,I,.Itd ,._1_: .s,rvtyn'l c.,Jp,14,.,tt_Data for Well ..._'_-7. d,'/,_"2_

_¢,v q-7-_ Pumping Well 22/_', --/?/_"'$_ .

Looatlon /_/O/ ?4 './ " '"_ ObservatlonWells 2_'_-_';;Y-'.z
:-h Typ.ofAqu,._T..,,.(:."_/!''_d,_,__,,.,-__ .,,., _.,./__ -C,'._-

./ , . .J',,_'_pll "_.4.,,,_.,s_, "r_p_u.,.dhb; ('l>_ J_'#_ :', ' "_ .....

• . How O Measured -ZL_/_2-=_ "" -" " -',(&' ------_'?O. _' urn' 4 o_.Z7._/a.AtrleL2/'!,-""_rL/' '_ "_f (.................. 4 iT'" t_c,nr .... , = Depth of P p/ p p _ , . ..,
_OW _'I_' _ IV|BI:I_UlgU -- ' I .l l,#.'7,r_ i_ _ _1_."2 -- *p..._.¢l't - I "

Rad,/Dlst, obLFromPumplngWell_._l._l ?__ _'_ Pump On: dale - _," _" time lu,..o _,o

Meas, Point for W,L,'s ,_ ._'uc Mt/'_ -. Pump Off',date <<'-/.;-'q'__., time./Lh",2£.Y__ ....Elevation of Meat,, Point . Duration of Aquifer Test .... ,3;",'I _',,'i .......

Tlm'o" ' Water Level Data "u ._-'_

............ 9(_'_, "t = _L.__.Z"at t' = 0 Static Water Level 2,16,q_ . Discharge _ Comments
_,oo_ _.oo.,,,oo,w,,., ,,,o. __ C__-o_/.-/,'--:-_ '

I/t' Reading or Corteotlon$ Level s or !' ing Q I_ -"'

Day T_meI,_t,_ t'

I .7.. ']_760 I, IG U/"_; _'_,,,.. {_.

..... [ . J ._/_ 7¢ LJ_ _...'U "
I ,4 _/7.77 /,sJ ,J;_/ _..i',_,-a _oz'f..&.t

I q_/,J, 3/_.o7 ;,(,J : _/,,I"', , .... - , . i __,. ,

.-'m _ . t0 R_.'t'l _,s5 ;>1 ;,/;/.{....
.L__.,/ _ _, ,,,_ .,,

.,. _

--'-- 5_¢o; . ;.c_ ..... j..',
.... c_o) _I'L£7 _._,_ /s_.¢ ,>?.v ,

_'o I )/'?. 2.",L . _._J ,).e,j j.c_,,.., .0 ///Y.. ?',,-., .....:"

i , _, v /I 1116.'" ,,_._ i:_o .;,_,._S .... _ qq 2,e,v . _;/ _, • .,,. ,

/,va[ :,s_._, 2._ .... _._q7 u,,f/ ......
z_ol ;/2;; ..... [ ?.gr .... 7",'_'o_,_,_'2._,,,3",'..,./,,.,£,;_,.'_,,.;.

.....

..:Tel _/Z, Pl Z.X7 _/.5..,:_, :/:,£d J'/... .... _ /fS./.,',,:.

,_::.o_}q _,?.:_ ...... z,qo '_': """ .£'_,,-" _(e@/,_2o,,

..... --' 517,3# 0':_"_ _,,_ ....

R____ '(./,Z.',$;._¢.>,$"2",._:"_Z,;.'31_.:/(, V' I.'7Z ZT.a,d_u
/ . I ._o¢ 3_,__17,7-,c /,51 ...........

Z. iJ_ /5/ ,1i7,¢7 _ h I3 .....
"_ "2.5"12m._/_1 lh, ;0 Log ..........

-- _ iJ_3 ,o, .]/7..zt ' ' o.7_ -" ' '
, _-f_cb_.i _j 311,1_' .... o. 75 ] ... " ....
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TABLE C.6 (contd)

Aquifer Test Data pagez.__A___of__
Data for Well Z- _'7-(.._/_-3

, ,,

Location ' "_ /0/ A-1 Pumping Well z._'?-_'_/a='-3, , - , ' ,

"") Aquifer Test C'=,*,,._/_,D,;;c/_,,._',/'_ = --(...._' Typeof /,/_.d=,_,.e,.7 ObservationWells._..../ .zq'q-,c/d'zt?-?_/_'_l_'-2"
" HowQMeasured f_/_,,.., A4¢¢¢_ y _"r'_"z')°_2"/LIZ/r 2;.,'..J"1'5 ,..,,.,, =,.,¢;_,,,.

How W.L.'s MeasUred l..__ _.,.z,e ...- _'_. Zt> _

Rad./Dist. of/From Pumping W/ell A.//A. -- Depth of Pump/Airpipe 32"7 fr.,,., "TL'cPump On: date d"_/f_'./d",," time /o ."_ o .o_,

Meas.' Point for W.L.'s /"'oc Pump Off: date 8"/_z.//_-'../' time /_-," '_o..,.,o
Elevation of Meas. Point _f///r Duration of Aquifer Test _ _,T /,.,,,.j.

,,,

Time Water Level Data ._

t = _0_),,,',1at t' = 0_. Static Water Level 31_'.4/'_' Discharge _ >, Comments,, , , ,, , ,.,,

' 8=Clock _. ' _ ' %'_' Conversions Waler Read. _}

Day Time ..t" t/tl Reading or Corrections Level s or s' ing Q CC

i _o 3_o 31 _/6._'_-: 0.3_ .......
,, ,. ,......

/ /_ 3,F .z_ 5/g.7,/ 0.33 , -
( zo j;o I(,, 5/_,,Zo o,z(,, ]

i _ 330 I.I. )i(, _'/ t_,_, O.0"7 i
...... • ,,/

) _'u,3'.1.o_.5 ._6,_'o . o, IG '
,,,

"'"',, _ ,, ,.

.....

l ..... . ,,. ,,
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TABLE_______C'.7.DrawdownData for Well 299-E18-2During the Constant-Discharge
Test at Well 299-E18-3

Aquifer Test Data ..
DataforWell E _'._'Z/_'-2 'a

Pumping Well 2r_-#/,f'--_
Location _ _/_?/t/ ObservationWells_ _ _'_'-E/'_-;z-
Type of Aquifer Test " C,_,-,.c,Jq_?', _,_,'._,_,__ o _,::/ z<./c,/-E/_ -g_-
Ho'_ O Measured _F.-4,;_ ICoc#,_erl ._.1,_z_,,t_'/P/o.,,.-_#r(li '_- E=r*. 40D2 7d'14.

How W.L.'s Measured 50 v" _. - _'_,.¢_.f".3./,',_Yt ) _" ?DDepth of Pump/Atrpipe 3'..,"2'F'_-_ TD6'.
Rad./Dist. of/From Pumping Well ] ")--')"''1 _ Pump On: data ._'!.z--:_f.... time /c_.'g.o.oo
Meas, Point for W.L,'s "Tor Pump Off:'date f--iz-_'f time /,_','jo'uo
Elevation of Meas. Point _ /,a Duration of Aquifer Test '_" A,,,.,,s

Time Water Level Data ._

t = -------- at t' = O . Static Water Level .._/_..., pc_, _ Discharge_ _ .,, Comments_

I Clock Conversions Watef Read. _=

DaylTime t t' t/t' Reading or Correctmns Level s or s' ing..... Q

_IG 27 3/g.l_ ¢.83"_ p__,' ....
_ (.,:. _L£./3 o._4- . 2,_.t_

__/ 2_/ J/_.,3 o.oq. ¢_,,v,¢] J/O, J o.oq_ _,,,_-.-

I i/23 :_/G,(J _.,.,,_- ,vmc
.......

- _,),_. )/o,/3 o.o_- ,, :d,_e-

, ,

£,"re¢,,¢_,b./ 1,0,_
,,,

" £r _/o..,'..

•,, , ....

, ...... ,,,

,, , i , _ _

_ _ ,., : ..... _._

....

, ,, ,

......

,,,p,,,,

.......

......

,, ,, ....

, ,

' i _ "' " ' ....
6

I
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DRAWDOWNANDRECOVERYDATA FORTHETEST
AT WELL299-E18-3, DATA:FORWELL299-E18-4



TSBLEC,8, Drawdown Data, Measured by a Pressure Transducer,
Well 299-E18-2 During the Constant-Discharge Test at
Well 299-E18-3

Date Time t (min) head(ft) s (ft) Comments

08/12 10:05:38,10 10,741 Baseline
08/12 10:06:51.10 10.741 Data
08/12 10:07:51.00 10.718
08/12 10:08:50.90 10..718
08/12 10:09:50.90 10.718
08/12 10:10:50,90 10,718
08/12 10:11:50.90 10.718
08/12 !0:12:50,90 10.718
08/12 10:13:50.90 10.718
08/12 10:14.:50,90 10.695
08/12 10:15:50.90 10,718
08/12 10:16:50,90 10.695
08/12 10:17:50.90 10,695
08/12 10:18:50.90 10.695
08/12 10:19:51,10 10,695
08/12 10:20:00,30 0.000 10.695 0 Pumpon
08/12 10:20:01.70 0.023 10.695 0
08/12 10:20:03.00 0.045 10.695 0
08/12 10:20:04.30 0.067 10.695 0
08/12 10:20:05.70 0.090 10.695 0
08/12 10:20:07.00 0.112 10.695 0
08/12 10:20:08.40 0.135 10.695 0
08/12 10:20:09.70 0.157 10.695 0
08/12 10:20:11.00 0.178 10 695 0
08/12 10:20:12.40 0.202 I0 695 0
08/12 10:20:18.90 0.310 I0 695 0
08/12 10:20:23.90 0.393 10 695 0
08/12 10:20:28.90 0.477 10 695 0
08/12 10:20:33.90 0.560 10 695 0
08/12 10:20:38.90 0.643 I0 695 0
08/12 10:20:43.90 0.72i 10.695 0
08/12 10:20:48.90 0.810 10,695 0
98/12 10.20.53 90 0.893 10.695 0
08/12 10:20:58 90 0.977 10.695 0
08/12 10:21:03 90 1.060 i0.695 0
08/12 10:21:13 90 1 227 10 695 0
08/12 10:21:23 90 1 393 10 695 0
08/12 10:21:33 90 1 560 10 695 0
08/12 10:21:43 90 1 727 I0 695 0
08/12 10:21:53 90 1 893 10 695 0
08/12 10:22:03 90 2 060 10 695 0
08/12 10:22:13 90 2_227 10 695 0
08/12 10:22:23.90 2.393 10 695 0
08/12 10:22:33.90 2.560 10 695 0
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_ABLE C,8. (contd)

08/12 I0:25:33.90 5.560 10.672 0.023
08/12 i0:26:03.90 6.060 10.672 0.023
08/12 10:26:33.90 6.560 10.672 0.023
08/12 i0:27:03.90 7.060 10.672 0.023
08/12 I0:28:03.90 8.060 10.672 0.023
08/12 10:29:03.90 9.060 10.672 0.023
08/12 10:30:03.90 10.060 10.672 0.023
08/12 10:31:03.90 11.060 10.649 0.046
08/12 i0:32:03.90 12.060 10.672 0.023
08/12 10:33:03.90 13.060 10.649 0_046
08/12 i0:34:03.90 14.060 10.649 0.046
08/12 i0:35:03.90 15.060 10.649 0.046
08/12 10:36:03.90 16.060 10.649 0.046
08/12 10:38:03.90 18.060 10.649 0.046
08/12 10:40:03.90 20.060 10.649 0°046
08/12 I0:42:03.90 22.060 10.649 0.046
08/12 10:44:03.90 24.060 10.626 0.069
08/12 i0:46:03.90 26.060 10.626 0.069
08/12 10:48:03.90 28.060 10.626 0.069
08/12 10:50:03.90 30.060 10.626 0.069
08/12 10:52:03.90 32.060 10.626 0.069
08/12 I0:_4:03.90 34.060 10.626 0.069
08/12 10:59:03.90 39.060 10.626 0.069
08/12 11:04:03.90 44.060 10.603 0.092
08/12 11:09:03.90 49.060 10.603 0.092
08/12 ii:14:03.90 54.060 10o603 0.092
08/12 11:19:03.90 59.060 10.58 0.115
08/12 11:24:03.90 64.060 10.58 0.115
08/12 11:29:03.90 69.060 10.58 0.i15
08/12 ii:34:03.90 74.060 10.58 0.115
08/12 11:39:03 90 79.060 10.58 0.115
08/12 11:49:03 90 89.060 10.58 0.115
08/12 11:59:03 90 99.060 10.557 0.138
08/12 12:09:03 90 109.060 10.557 0.138
08/12 12:19:03 90 119.060 10.557 0.138
08/12 12:29:03 90 129.060 10.534 0.161
08/12 12:39:03 90 139.060 10.534 0.161
08/12 12:49:03.90 149.060 10.534 0.161

08/12 12:59:03.90 159.060 10.534 0.161
08/12 13:09:03.90 169.060 10.534 0.161
08/12 13:29:03.90 189.060 10.534 0.161
08/12 13:49:03.90 209.060 10.51 0.185
08/12 14:09:03.90 229.060 10.51 0.185
08/12 14:29:03.90 249.060 10.534 0.161
08/12 14:49:03.90 269.060 10.51 0.185
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TABLE C,9.. Recovery Data, Measured by Pressure Transducer, for
Well 299-E18-2 During the Constant-Discharge Test at
Well 299-E18-3

,.

Recovery Aquifer Test of Observation Well 299-E18-2
.

Date Time t (min) t'(min) t/t' head(ft) s'(ft) Comments

08/12 15:04:45.20 284,748 10.534 Baseline
08/12 15:05:06.10 285.097 10.534 Data
08/12 15:06:06.00 286.095 10.51
08/12 15:07:05.90 287.093 10.51
08/12 15:08:05.90 288.093 10.51
08/12 15:09:05,90 289,093 10.51
08/12 15:10:05,90 290.093 10..534
08/12 15:11:05.90 291.093 10,51
08112 15:12:05.90 292.093 10.534
08/12 15:13:05,90 293.093 10.534
08/12 15:14:.05.90 294,093 10.534
08/12 15:15:05.90 295.093 10.534
08/12 15:16:05.90 296.093 10.534
08/12 15:17:05.90 297,093 10.534
08/12 15:18:05o90 298.093 10.534
08/12 15:19:06.10 299.097 10.534

08/12 15:20:00.40 300.002 0.000 10.534 0.161 Pumpoff
08,/12 15:20:01,80 300.025 0.023 12858.21 10.534 0,161
08/12 15:20:03.10 300,047 0.045 6667.70 10.51 0.185
08/12 15:20:04.40 300.068 0.067 4501,03 10.534 0 161

08/12 15:20:05.80 300.092 0,090 3334.35 10.534 0 16108/].2 15:20:07.10 300.113 0.112 2687,58 10.534 0 161
08/12 15:20:08.40 300.135 0.133 2251.01 10.534 0 161
08/12 15:20:09.80 300.158 0.157 1915.90 10,534 0 161
08/12 15:20:11.10 300.180 0 178 1683.25 i0 534 0 161
08/12 15:20:12.50 300.203 0 202 1488.61 I0 534 0 161
08/12 15:20:18.90 300.310 0 308 973.98 I0 534 0 161
08/12 15:20:23.90 300.393 0 392 766.96 i0 534 0 161
08/12 15:20:28.90 300.477 0 475 632,58 i0 534 0 161
08/12 15:20:33.90 300.560 0 558 538.32 10 534 0 161
08/iS 15:20:38.90 300.643 0 642 468.54 I0 534 0 161
08/12 15:20:43.90 300.727 0 725 414.80 i0 534 0 161
08/12 15:20:48.90 300.810 0.808 372.14 10 534 0 161
08/12 15:20:53.90 300.893 0.892 337.45 10.534 0 161
08/12 15:20:58.90 300.977 0.975 308.69 10.534 0 161
08/12 15:21:03.90 301.060 1.058 284.47 10.534 0 161
08/12 15:21:13.90 301.227 1.225 245 90 10.534 0 161
08/12 15:21:23.90 301.393 1.392 216 57 10.534 0 161
08/12 15:21:33.90 301.560 1.558 193 51 I0 534 0 161
08/12 15:21:43.90 301.727 1.725 174 91 I0 534 0 161
0_/12 15:21:53.90 301.893 1.892 159 59 I0 557 0 138
08/12 15:22:03.90 302.060 2.058 146 75 10 557 0 138
08/12 15:22:13 90 302.227 2.225 135.83 I0 557 0 138
08/12 15:22:23 90 302.393 2.392 126.44 I0 557 0 138
08/12 15:22:33 90 302.560 2.558 118.26 10.557 0 138
08/12 15:23:03 90 303.060 3.058 99.09 10.557 0 138
08/12 15:23:33 90 303.560 3.558 85.31 10.557 0 138
08/12 15:24:03 90 304.060 4.058 74.92 10.557 0 138
08/12 15:24:33 90 304.560 4.558 66.81 10.557 0 138

08/12 15:25:03 90 305.060 5.058 60.31 10.557 0 138
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_ABLE C___9,(contd) 0

08/12 15:25:33,90 305.560 5.558 54.97 10.557 0.138
08/12 15:26:03,90 306,060 6.058 50.52 10.534 0o161
08/12 15:26:33,90 306,560 6,558 46,74 10.557 0,138
08/12 15:27:03,90 307.060 7.058 43.50 10.557 0.138
08/12 15:28:03.90 308,060 8.05B 38.23 10.557 0,138
08/12 15:29:03.90 309 060 9,058 34.12 10.557 0,138
08/12 15:30:03.g0 310 060 10,058 30.83 10.557 0,138
08/12 15:31:03.90 311 060 11,058 28.13 i0.557 0,138
08/12 15:32:03.90 312 060 12.058 25.88 10.557 0.138
08/12 15:33:03.90 313 060 13,058 23.97 10.557 0.138
08/12 15:34:03.90 314 060 14.058 22.34 10,557 0.138
08/12 15:35:03.90 315 060 15.058 20.92 10,557 0.138
08/12 15:36:03,90 316 060 16.058 19.68 10.557 0,138
08/12 15:38:03,90 318 060 18,058 17.61 10.557 0.,138
08/12 15:40:03.90 320 060 20 058 15.96 10.557 0,138
08/12 15:42:03.90 322 060 22 058 14.60 10.557 0,138
08/12 15:44:03.90 324 060 24 058 13.47 10.557 0.138
08/12 15:46:03.90 326.060 26 058 12.51 10o557 0,138
08/12 15:48:03,90 328.060 28 058 11.69 10.557 0.138
08/12 15:50:03.90 330.060 30 058 10.98 10.58 0.115
08/12 15:52:03.90 332.060 32 058 10.36 10.557 0.138
08/12 15:54:03.90 334.060 3_.058 9.81 10.58 0.115
08/12 15:59:03.90 339.060 39.058 8.68 10.58 0.115
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_r2_l__lo, Drawdownand Recovery Data for Well-299-E18-4 During theConstant-Discllarge Test at Well 299-E18-3

Aquifer Test Data ,t
" Data for Well e2_:) r_l?"'4,

"" ., Pumping Well .,.7, -E/_"._,.. ,

Location ..... _ O, "{_. _"'/' 'Y'- Y :" Ob_ervatlop Weil, __Type of Aquifer Test ._ (+._,.,.,_/:_.1:!J;¢¢,{',_,__.__
, d ..z, /. :e /¢u_.,_'_,(/t " ,,/eY,,uFI fX,,,,,,mA'./-/('._ " ., :.,_do Y'/£r_._Y- 4_Flow Q Mea ure _ .' ..,.' ........ _-- " ._",-' " ,,._J_,t2"/_,

HoW W.L,,'s Measured _.__.t___ 7._'' lO," Depth 0f PumplAitplpe __Lt_, :L__"_ "_' :' To,c,
Rad./Dist. of/FtomPumplngWell__+ Pump Onl date.'2-/2- _!'......... time /u..,to.,.,u

Meas. Point for W.L.'s "poe. Pump Off', date ..._.__._._&' Itme _&._.__..___,uu
Elewatlon oi MQas, Point N,_ Duration of Aquifer Test S h.,.,,'_'

Time Water Level Data ,_ ............... :--"

t...___= _°aI t' = O..... Slattc Water .Level_'_1_,, yr..,1 --?, Discharge _ >. Commenls
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TABI.EC,11, Drawdown Data, Measured by a Pressura Transducer, for
We'll2-99-E18-4 During the Constant.,Discharge'I'E_st_lt:
Well 299-E18-3

t (mln) head(ft) torr _ (ft:) Commerlt:s
Date Time head(ft)

08/12 10:05:38.10 15,292 7.646 Baseline
08/12 10:06:51,10 15,315 7,6575 Data
08/12 I0:07:51.00 15,292 7,646
08/12 i0:08:50,90 15,2C9 7.6345
08/12 ,i0:09:50.90 15,269 7.6345
08/12 I0:I0:50.90 15,246 7,623
08/!,2 10:11:50.90 15,246 7.623
08/12 i0:12:50_90 15.292 7,646
08/12 I0:13:50,90 15 246 7.623
08/12 i0:14:50.90 15 269 7.6345
08/12 I0:15:50.90 15 246 7.623
08/12 1,0:16:50.90 15 269 7.6345
08/12 i0:17:50,90 15 269 7,6345
08/12 I0:18:50.90 15 246 7.623
08/12 i0:19:51,i0 15 269 7,6345
08/12 i0:20:00,30 0,000 15 246 7,623 0.0115 Pumporl
08/12 i0:20:01,70 0,023 15 246 7,623 0,0115
08/12 i0:20:03.00 0.045 i5 269 7,6345 0
08/12 i0:20:04,30 0,067 15,292 7,646 -0,0115
08/12 i0:20:05,70 0,090 15,223 7,6115 0,023
08/12 10:20:07.00 0.112 15,338 7.669 -,0,0345
08/12 I0:20:08 40 0.135 15,246 7,623 0.0115
08/12 I0:20:09 70 0.157 15,223 7.6115 0.023
08/12 I0:20:Ii O0 0,178 15,338 7.669 -0.0345
08/12 i0:20:12 40 0 202 15,292 7,646 -0.0115
08/12 I0:20:18 90 0 310 15,246 7,623 0,0115
08/12 i0:20:23 90 0 393 15.315 7,6575 -0,023
08/12 i0:20:28.90 0 477 15,269 7,6345 0
08/12 i0:20:33.90 0 560 15 292 7,646 -0.0115
08/12 i0:20:38,90 0 643 15 292 7.646 -0.0115
08/12 I0:20:43.90 0 727 15 292 7.646 -0.0115
08/12 i0:20:48,90 0 810 15 431 7 7155 -0,081
08/12 i0:20:53,90 0 893 15 269 7 6345 0
08/12 10:20:58.90 0 977 15 315 7 6575 -0.023
08/12 I0:21:03.90 1 060 15 361 7 6805 -0,046
08/12 i0:21:13.90 1 227 15 408 7 704 -0,0695
08/12 10:21:23.90 1 393 15 315 7 6575 -0.023
08/12 i0:21:33,90 1 560 15 246 7 623 0,0115
08/12 I0:21:43.90 1 727 15 246 7 623 0,0115
08/12 i0:21:53.90 1.893 15 223 7 6115 0,023
08/12 i0:22:03.90 2.060 15.292 7 646 -0.0115
08/12 10:22:13.90 2.227 15,246 7 623 0.0115
08/12 I0:22:23.90 2 393 15.269 7 6345 0
08/12 10:22:33.90 2 560 15.246 7 623 0,0115
08/12 10:23:03,90 3 060 15.292 7 646 -0.0115
08/12 10:23:33.90 3 560 15.315 7 6575 -0.023
08/12 10:24:03,90 4 060 15,315 7 6575 .-0.023
08/12 i0:24:33,90 4 560 15.269 7 6345 0
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_/._11, (contd)

08/12 I0:25:03,g0 5,060 15 385 7,6925 -0,058
08/12 lO:25z33,go 5,560 15 26g 7 6345 0
08/12 10:26:03,90 6,060 15 315 7 6575 -0.023
08/12 lOz26:33,gO 6,560 15 292 7 646 -0,0115
08/12 I0:27:03.90 7,060 15 246 7 623 0,0115
08/12 lOz28:O3.gO 8,060 15 26g 7 6345 0
08/12 I0:29:03,g0 g,060 15 292 7 646 -0,0115
08/12 10:30:03,90 i0,060 15 385 7 6925 -0,058
08/12 i0:31:03,g0 11,060 15 223 7,6115 0,023
08/12 I0:32:03,90 12 060 15,246 7,623 0,0115
08/12 I0:33:03,90 13 060 15,246 7,623 0,0115
08/12 I0:34:03,g0 14 060 15.154 7,577 0,0575
08/12 i0:35:03,90 15 060 15 2 7.6 0,0345
08/12 10:36:03,90 16 060 15 292 _7,646 -0,0115
08/12 I0:38:03 go 18 060 15 246 7,623 0.0115
08/12 I0:40:03 90 20 060 15 223 7,6115 0,023
08/12 i0:42:0390 22,060 15 246 7,623 0,0115
08/12 I0:44_0390 24,060 15 26g 7,63,15 0
08/12 10:46:0390 26,050 15 223 7.6115 0,023
08/12 10:48:0390 28,060 15 246 7.623 0.0115
08/12 I0:50:0390 30.060 15 246 7,623 0,0115
08/12 10:52:03gO 32,060 15 26g 7,_345 0
08/12 10:54:0390 34.060 15 223 7,6115 0,023
08/12 I0:59:03 90 39 060 15 246 7,623 0,0115
08/12 11:04:03 90 44 060 15,223 7,6115 0,023
08/12 ii:09:03 gO 49 060 15,223 7.6115 0,023

" 08/12 11:14:03 90 54 060 15.2 7,6 0.034508/12 Ii:19:03 90 59 060 15.223 7 6115 0,023
08/12 Ii:24:03 90 64 060 15.223 7 6115 0,023
08/12 Ii:29:03 gO 6g 060 15 177 7 5885 0,046
08/12 11:34:03 90 74 060 15 2 7 6 0,0345
08/12 ii:39:03 90 79 060 15 246 7 623 0,0115
08/12 ii:49:03 90 89 060 15 177 7 5885 0,046
08/12 11:59:03 90 99 060 15 154 7 577 0,0575
08/12 12:0g:03 90 109 060 15 177 7 5885 O,Oa6
08/12 12:19:03 90 119 060 15 154 ,7.577 0,0575
08/1.2 12:29:03 90 129 060 15 13 7 565 0,0695
08/_2 12:39:03.90 139 060 15 13 7 565 0.0695
08/12 12:49:03 90 149 060 15 015 7 5075 0.127
08/12 12:59:03 90 159 060 15 13 7 565 0,0695
08/12 13:09:03 90 169,060 15 107 7 5535 0,081
08/'12 13:2g:03 go 189,060 15,154 7 577 0,0575
08/12 13:49:03 90, 209,060 15,13 7,565 0,0695

08/1,2 14:09:03 90 229 060 14,899 7,4495 0,185
08/12 14:29:03 90 249 060 15.13 7,565 0,0695
08/12 14:49:03 90 269 060 15,13 7,565 0.0695
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_[_B],_,_.G_Li_.Recovery Data, Measuredby _ Pressure Transducer, for
Well 200-E-18-4 DLlrlng the Constant-Discharge Test at
Well299-EI8-3

Date ]'ime t (min) t'(min) t/t' head(ft) s'(ft) Comments

08/12 15:04:45,20 284.748 7,565 Baseline
08/12 15s05:0610 285,097 7,577 Data
08/12 15:06:06.00 286,095 7,554
08/12 15:07:05 90 287,093 7,542
08/12 15z08:05 90 288.093 7,542
08/12 15:0g:05 gO 289,093 7,565
08/12 15:10:05 90 290,093 7,554
08/12 15:11,:0590 291,093 7.542
08/12 15:12:0590 292,093 7,565
08/12 15_13:05,90 293,093 7,542
08/12 15:14:05,90 294,093 7.542
08/12 15:15:05.90 295,093 7,554
08/12 15:16:05,90 296,093 7.542
08/12 15:17:05,90 297,093 7,542
08/12 15:18:05,90 298.093 7.542
08/12 15:19:06,10 299,097 7.542

08/12 15_20:00,40 300,002 0,000 7,577 0,058 Pumpoff
08/12 15:20:01,80 300,025 0.023 12858,21 7.565 0,069
08/12 15_20:03.10 300.047 0,045 6667,70 7.565 0.069
08/12 15:20:04 40 300,068 0,067 4501,03 7.554 0.080
08/12 15_20:05 80 30o,092 0,090 3334,35 7,577 0 058
08/12 15:20:07 I0 300 113 0,112 2687,58 7,623 0 011

08/12 15:20:0_ 40 300 135 0,133 2251.01 7,565 0 06908/12 15:20:09 80 300 158 0,157 1915 90 7,577 0 058
08/12 15:20:11 10 300 180 0,178 1683 25 7,577 0 058
08/12 15:20:12 50 300 203 0,202 1488 61 7.565 0 069
08/12 15:20:18 90 300 310 0,308 973 98 7,588 0 046
08/12 15:20:23 90 300 393 0,392 766 96 7.542 0 093
08/12 15:20:28 90 300 ,177 0,475 632 58 7,554 0 080
08/12 15:20:33 90 300 56C 0,558 538 32 7 565 0 069
08/12 15:20:38 90 300 643 0,642 468 54 7 565 0 069
08/12 15:20:43 90 300 727 0,725 414 80 7 542 0 093
08/12 15:20:48 90 300,810 0,808 372.14 7 6 0 035
08/12 15:20:53 9() 300,893 0,892 337,45 7 588 0 046
08/12 15:20:58 90 300 977 0,975 308.69 7 554 0 080
08/12 15:21:03 90 301 060 1,058 284 47 7.531 0 104
08/12 15:21:13.90 301 227 1.225 245 90 7.554 0.080
08/12 15:21:23 90 301 393 1,392 216 57 7,577 0,058
08/12 15:21:33 90 301 560 I 558 193 51 7.531 0.104
08/12 15:21:43 90 301 727 1 725 174 91 7,565 0.069
08/12 15:21:53 90 301,893 1 892 159 59 7,577 0 058
08/12 15:22:03 gO 302,060 2 058 146 75 7,565 0 069
08/12 15:22:13 90 302.227 2 225 135.83 7,611 0 024
08/12 15:22:23 90 302,393 2 392 126,44 7,565 0 069
08/12 15:22:33 90 302,560 2 558 118,26 7,542 0 093
08/12 15:23:03 90 303.060 3 058 99,09 7.554 0 080
08/12 15_23:33 90 303,560 3 558 85,31 7,565 0 069
08/12 15:24:03 go 304,060 4 058 74,92 7,565 0,069
08112 15:24:33 90 304,560 4 558 66,81 7,554 0,080
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]_ABLE_Co18, (contd)
J

08/12 15:25:03,90 305,060 5,058 60,31 7,565 0,069
08/12 15:25:33,90 305,560 5,558 54,97 7,6 0.035
08/12 15:26:03,90 306,060 6,058 50,52 7,565 0,069
08/12 15:26:33,90 306,560 6,558 46,74 7,519 0.115
08/12 15:27:03,90 307,060 7,058 43.50 7.577 0,058
08/12 15:28:03,90 308,060 8,058 38,23 7,542 0.093
08/12 15:29:03,90 309,060 9,058 34.12 7,565 0.069
08/12 15:30:03,90 310,060 10,058 30,83 7,565 0,069
08/12 15:31:03,90 311,060 11,058 28.13 7.554 0 080
08/12 15:32:03,90 312,060 12,058 25,88 7.577 0 058
08/12 15:33:03,90 313,060 i3,058 23,97 7,588 0 046
08/12 15:34:03,90 314,060 14,058 22,34 7,565 0 069
08/12 15:35:03,90 315,060 15,058 20.92 7,577 0 058
08/12 15:36:03,90 316,060 16,058 19.68 7,588 0 046
08/12 15:38:03,90 318,060 18,058 17,61 7,577 0 058
08/12 15:40:03,90 320,060 20,058 15,96 7,565 0 069
08/12 15:42:03,90 322,060 22,058 14,60 7,577 0 058
08/12 15:44:03,90 324,060 24,058 13,47 7,611 0 024
08/12 15:46:03.90 326,060 26,058 12,51 7.588 0 046
08/12 15:48:03,90 328,060 28,058 11.69 7,6 0,035
08/12 15:50:03,90 330,060 30,058 10,98 7.554 0.080
08/12 15:52:03,90 332,060 32,058 10,36 7.588 0,046
08/12 15:54:03,90 334,060 34,058 9,81 7.6 0.035
08/12 15:59:03.90 339,060 39.058 8.68 7.6 0,035
08/12 16:04:03.90 344,060 44.058 7.81 7.623 0,011
08/12 16:09:03,90 349,060 49.058 7,12 7,635 -0,000
08/12 16:14:03.90 354,060 54.058 G,55 7,669 -0.034 g
08/12 16:19:03,90 359,060 59,058 6.08 7.669 -0,034
08/12 16:24:03.90 364,060 64,058 5.68 7,669 -.0,034
08/12 16:29:03,90 369,060 69.058 5,34 7,692 -0.058
08/12 16:34:03,90 374.060 74,058 5.05 7,692 -0.058
08/12 16:39:03,90 379,060 79,058 4.79 7,692 -0,058
08/12 16:49:03,90 389.060 89,058 4,37 7.704 -0.069
08/12 16:59:03.90 399,060 99,058 4,03 7.715 .-0.080
08/12 17:09:03,90 409,060 i09,05_ 3,75 7,727 -0.093
08/12 17:19:03.90 419.060 119,058 3.52 7,727 -0.093
08/12 17:29:03 90 429.060 129,058 3,32 7,727 -0.093
08/12 17:39:03 90 439.060 139,058 3.16 7,738 -0.104
08/12 17:49:03 90 449,060 149,058 3,01 7,75 -0.115
08/12 17:59:03 90 459,060 159.058 2,89 7,75 -0,115
08/12 18:09:03 90 469,060 169,058 2.77 7.75 -0,115
08/12 18:29:03 90 489.060 189,058 2,59 7 762 -0.127
08/12 18:49:03 90 509.060 209,058 2.44 7 762 -0.127
08/12 19:09:03,90 529.060 229.058 2.31 7 773 -0,138
08/12 19:29:03,90 549.060 249.058 2.20 7 773 -0,138
08/12 19:49:03,90 569,060 269.058 2.12 7 773 -0,138
08/12 20:09:03,90 589,060 289 058 2,04 7 762 -0.127
08/12 20:29:03.90 609.060 309 058 1.97 7.773 -0 138
08/12 20:49:03 90 629.060 329 058 1.91 7 762 -.0 127
08/12 21:09:03 90 649.060 349 058 1,86 7 75 -0 115
08/12 21:49:03 90 689.060 389 058 1.77 7 75 -0 115
08/12 22:29:03 90 729.060 429 058 1.70 7 796 -0 162
08/12 23:09:03 90 769.060 469 058 1,64 7 796 -0 162
08/12 23:49:03 90 809.060 509 058 ].,59 7 796 -0.162
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_TABLEC,12, (contd)

08/13 00:29:03,90 849,060 549,058 1,55 7,796 -0.162
08/13 01:09:03.90 889,060 589 058 1,51 7,808 -0,173
08/13 01:49:03,90 929,060 629 058 1.48 7,819 -0,184
08/13 02:29:03.90 969,060 669 058 1,45 7,842 -0.207
08/13 03:09:03,90 1009,060 709 058 1,42 7,854 -0,220
08/13 03:49:03,90 1049.060 749 058 i,40 7.842 ..0,207
08/13 04:29:03.90 1089,060 789 058 1,38 7,831 -0,197
08/13 05:09:03,90 1129,060 829,058 1,36 7.819 -0.184
08/13 05:49:03.90 1169,060 869.058 1,35 7,819 -0,184
08/13 06:29:03.90 1209,060 909,058 1,33 7.819 -0.184

,
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I_LO._STURECONTENT



WELt.NUMBER DEPTH MOISTURE % WELL NUMBER DEPTH MOISTURE
-29g-Ei8_I/.....-'-5"r" ....3,28........ 2gg--Ei8-2-_ -"_j"r-.... 11.i3-"-

10 1,81 10 5,27
15 1,79 15 7,36
20 1,48 20 5,22
25 i,93 25 4.42
30 i,66 30 4.82
35 i,91 35 4,52
45 1,67 40 4,42
50 1,48 45 4,66
55' 1,61 50 7,09
60 1,69 55 5,94
65 1,72 60 6.62
70 1,76 65 4,90
80 i,98 70 6,14
85 1,92 75 5,45
90 1.81 80 5,44
95 2.34 84 27.01
100 1,81 85 7,02
105 2,61 90 5.87
ii0' 2,22 95 7,43
115 1.92 99 28,68
120 1,86 100 7,50
125 2,11 105 6.46
130 2,12 109 26,39
135 1,94 110 21,52
140 1,87 115 6,04

145 1,67 120 25,89155 2.06 125 10.29
160 2,35 130 6.59
165 2,36 135 19.22
170 1,85 140 4.37
175 2.38 145 4.78
180 1.84 150 5.45
186.5' 2,12 155 6.41
190' 1.91 160 21.08
195' 2,50 165 6.12
200' 2,30 170 I0,06
205' 2,53 175 6.86
210' 2,46 180 6.96

185 7.95
190 5.67
193 25.25
195 8,01
200 9.15
205 7.14
210 7.91
215 6.76
220 6.21
225 7.29
230 8.53
234 23.04
235 14.76
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WELL.NUMBER DEPTH MOISTURE_6 WELLNUMBER DEPI'H MOISTURE_
"-_._-g=E-i8-3_ -Tr- ..........6,62- -_g-7l_. 4- T ..............6;g8-

i0 6,66 I0 4,95
15 4.05 15 4.45
20 0,08 20 5,89
25 7,42 25 5,23
30 6,21 30 9.86
35 7,05 35 5,82
40 6,05 40 9,31
45 5,36 45 14,13
50 4,78 50 3,45
55 6,45 55 5,72
58 20,73 60 10.04
60 6,77 65 6.09
62 17,25 70 4.91
65 5,25 75 7,30
70 5.22 80 9,63
75 5,17 85 21,24
80 6,75 90 17,34
84 20.44 95 20,52
85 3,84 I00 8,82
90 4,93 105 7.41
95 6,73 Ii0 6.13
97 26,77 115 6.41
100 6,44 120 4.29
105 8.16 125 7,38
110 6.03 130 9.67
115 6 76 135 20.69
120' 5 ]4 140 5.64
1251 6 43 145 5.62
1301 7 89 150 6.28
135' 6 13 155 6.97
1401 6 42 160 7.40
145 6,79 165 7,63
155 7.47 170 8.71
160 8.38 175 6.30
165 8.37 180 7.93
170 9.67 185 9.63
175 6,89 190 6.58
180 8,06 195 7.42
185 8,31 200 5.95
190 5,72 205 5.77
195 28,42 210 7.90
200 9.44 215 4.62
205 8.49 221 6.89
210 9,06 225 6.39
215 6.34 230 6.43
220 8.59 233 4.26
222 22,14
225 6.74
230 9,87
235 5,98
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TABLE D.I. Results of the Vadose Zone Sediment Analyses Using XRF
Metals Resutts

Constituent (a) 2-E18-I (195 ft) 2-E18-3 (45 ft) 2-E18-3 (45 ft)_b;'

Aluminum (%) 6.79 _ 0.39 6.63 _ 0.38 6.56 _ 0,38

Silica (%) 30,0 ± 1.5 30.4 ± 1.5 31.7 ± 1.6

Phosphorus (%) <0.069 <O.Ob4 <0.068

Sulfur (%) <0.019 <0.018 <0.019

Chlorine (%) <0.010 <0.010 <0.010

Potassiumr(%) 1.833 ± 0.093 2.07 ± 0.10 2.12 ± 0.11

Calcium (%) 2.64 ± 0.13 2.26 ± 0.12 2.27 ± 0.12

Titanium (%) 0.385 ± 0.020 0,292 ± 0.0i5 0.291 ± 0.015

Vanadium (ppm) 98 ± 23 65 ± 20 58 ± 20

Chromium (ppm) 34 ± 12 32 ± 11 24 ± 11

Manganese (Pl:m) 625 ± 34 484 ± 27 459 ± 26

Iron (pp_) 3.33 ± 0.17 2.57 ± 0.13 2.52 ± 0.13

Cobalt (ppm) <35 43 ± 16 <31

Nickel (pgm) 19.3 ± 4.1 21.4 ± 3.7 15.4 + 3.6

Copper (ppm) 19.6 ± 1.8 14.7 _ 1.5 15.8 ± 1.6

Zinc (ppm) 57.0 ± 3.3 45.0 ± 2.7 45.1 ± 2.6

Gallium (pl:m) 14.5 ± 1.1 13.2 ± 1.0 13.4 ± 1.0

Mercury (ppm) <2.5 <2.4 <2.4

Selenium (ppm) <0.89 <0.87 <0.86

Lead (ppm) 13.1 ± 1.4 11.1 ± 1.4 10,6 + 1.3

Arsenic (ppm) 4.63 ± 0.74 4.46 ± 0.72 5.11 ± 0.74

Bromine (ppm) <0.84 <0.80 0.83 ± 0./,0
RubidiL_ (Ppm) 70.5 + 3.6 87.5 ± 4.5 87,0 ± 4.4

Strontium (ppm) 412 ± 21 358 ± 18 352 ± 18

2-E18-3 (62 ftl 2"E!8-3 (84 ft_...... 2-E!8-3 (97 ft)

Aluminum (%) 6.74 ± 0.39 6.73 ± 0.39 6.92 ± 0.40

Silica (%) 30.0 ± 1.5 29,9 ± 1.5 30.8 _ 1.6

Phosphorus (%) <0.066 <0.066 <0.066

Sulfur (%) <0.0!8 <0.018 <0.018

Chlorine (%) <0.010 <0.009 <0.010

Potassium (%) 2.02 ± 0.10 2.00 ± 0.10 1.971 ± 0.099

Calcium (%) 2.23 * 0.11 2.32 ± 0.12 2.26 ± 0.12

Titanium (%) 0.386 ± 0.020 0.355 + 0.019 0.34'7_ 0.018

Vanadium (Rom) 121 + 23 92 ± 22 91 + 21

Chromium (ppm) 32 + 11 38 ± 11 40 ± 11

Manganese (ppm) 593 ± 32 546 ± 30 542 ± 30

Iron (ppm) 3.14 ± 0.16 2.93 ± 0.15 2.73 ± 0.14

CoDaLt (pl:wf1) <34 <33 <32

Nickel (pgm) 23.0 ± 4.0 20.4 ± 3.9 23.5 ± 3.8

Copper (pgm) 18.7 ± 1.7 17.9 ± 1.7 18.0 ± 1.7

Zinc (ppm) 58.1 ± 3.3 58.8 ± 3.4 59.3 ± 3.4

Gallium (pp_) 13.5 ± 1.0 14.9 ± 1.1 14.5 ± 1.1

Mercury (ppm) <2,5 <2.5 <2.4

Selenium (ppm) -0.88 <0.87 <0.86

Lead (ppm) 13.4 ± 1.4 15.5 ± 1.5 13.3 ± 1.5

Arsenic (ppm) 6.58 ± 0,82 6.34 + 0.81 9.60 ± 0.90
A D,-,_;,_,. t,_,-,n_ -./3 _/. --/3 '_7 ..'¢3 9_

L.,, ,...,,,,,,,.. _l...r.,,,, # -_,.w -,.,.,..,, -_._,..,

Rubidium (ppn) 79.5 .+4.1 86.4 ± 4.4 80.7 ± 4.1

Strontium (ppm) 363 ± 19 352 ± 18
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TABLED.I. (contd)

Metals Results

Constituent 2-E18-3 (194 ft) 2-EI_,3 (!94 ft)_I3T

Aluminum (%) 6.68 ± 0.39 6.53 ± 0.38

Silica (%) 29.3 ± 1.5 30.0 ± 1.5

Phosphorus (%) <0.067 <0.067

Sulfur (%) <0.018 <0.018

Ch[orine (%) <0.010 <0.010

Potassium (%) 2.01 ± 0.10 1.98 ± 0.10

Calcium (%) 2.50 ± 0.13 2.51 ± 0.13

Titanium (%) 0.347 ± 0.018 0.344 ± 0.018

Vanadium (ppm) <41 93 ± 22

Chromium (ppm) 46 ± 12 48 ± 12

Manganese (ppm) 473 ± 27 481 ± 27

Iron (ppm) 2.85 ± 0.14 2.84 ± 0.14

Cobalt (ppm) 47 ± 17 <33

Nickel (ppn) 30.4 ± 4.0 25.1 ± 2.4

Copper (pgm) 19.5 ± 1.8 19.6 ± 1.7

Zinc (ppm) 58.5 ± 3.3 60.3 + 3.4

Gallium (ppm) 14.6 ± 1.1 13.8 ± 1.1

Mercury (ppm) <2.4 <2.5

Selenium (pl:m) 1.14 ± 0.43 <0u87

Lead (Pl:m) 13.8 ± 1.4 15.1 + 1,5

Arsenic (Pgm) 10.08 ± 0.92 i0.00 ± 0.92

Bromine (pp(n) <0.85 <0:86

Rubidium (ppm) 81.1 ± 4.2 79.8 ± 4.1

Strontium (ppm) 383 ± 20 374 + 19

(a) % : weight percent

(b) Duplicate anlaysis.

A
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_ABLE D.2. Resultsof BoreholeSedimentAnalysisUsing ICP Method

Well Depth,
Number ft Constituent Result,DDm

299-E18-I' 80 Beryllium <5.00E-01
299-E18-I 80 Strontium 3.61E+01
299-E18-I 80 Zinc 2.73E+01
299-E18-I 80 Calcium 8.82E+03
299-E18-I 80 Barium 5.65E+01
299-E18-I 80 Cadmium <2.00E-01
299-E18-I 80 Chromium 1.02E+01
299-E18-I 80 Silver <I.00E+O0
299-E18-I 80 Sodium 1.59E+02
299-E18-I 80 Nickel 8.30E+00
299-E18-I 80 Copper 3.30E+00
299-E18-I 80 Vanadium 2.42E+01
299-E18-I 80 Antimony <I.00E+01
299-E18,1 80 Aluminum 6.05E+03
299-E18-I 80 Manganese 2.96E+02
299-E18-I 80 Potassium 1.14E+03
299-E18-I 80 Iron 1.39E+04
299-E18-I 80 Magnesium 4.72E+03
299-E18-I 80 Arsenic 3.30E+00
299-E18-I 80 Selenium <5.00E-01

299-E18-I 110 Beryllium <5.00E-01
299-E18-I 110 Strontium 2.53E+01
299-E18-I 110 Zinc 2.97E+01
299-E18-I 110 Calcium 7.10E+03
299-E18-I 110 Barium 5.81E+01
299-E18-I 110 Cadmium <2.00E-01
299-E18-I 110 Chromium 1.25E+01
299-E18-1 110 Silver <I.00E+O0
299-E18-I 110 Sodium 1.24E+02
299-E18-I 110 Nickel 1.10E+01
299-E18-I 110 Copper 5.40E+00
299-E18-I 110 Vanadium 2.52E+01
299-E18-I 110 Antimony <I.00E+01
299-E18,1 110 Aluminum 6.08E+03
299-E18--I 110 Manganese 2.65E+02
299-E18-I 110 Potassium 1.31E+03
299-E18-I 110 Iron 1.37E+04
299-E18-I 110 Magnesium 4.68E+03
299-E18-I 110 Arsenic 4.90E+00
299-E18-I 110 Selenium <5.00E-01

299-E18-I 190 Beryllium <5.00E-01
299-E18-I 190 Strontium 2.71E+01
299-E18-I 190 Zinc 3.04E+01
299-E18-I 190 Calcium 9.19E+03
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_ABLE D,,,2. (contd)

Well Depth,
Numbe_...... ft Constituent Result,pp_l

299-E18-I 190 Barium 7.11E+01
299-E18-I 190 Cadmium <2o00E-01
299-E18,,I 190 Chromium 1,18E+01
299-E18-I 190 Silver <I.00E+O0
299-E18-I 190 Sodium 1.52E+02
299-E18-I 190 Nickel 9.OOE+O0
299-E18-I 190 Copper 1.20E+GO
299-E18-I 190 Vanadium 3o66E+01
299-E18-I 190 Antimony <I.00E+01
299-E18-1 190 Aluminum 8.51E+03
299-E18-I 190 Manganese 2.95,E+02
299-E18-I 190 Potassium 1.71E+03
299-E18-I 190 Iron 2.14E+04
299-E18-I 190 Magnesium 6.03E+03
299-E18-I 190 Arsenic 2,10E+00
299-E18-I 190 Selenium <5.00E-01

299-E18-2 84 Beryllium <5.00E-OI
299-E18,-2 84 Strontium 3,21E+01
299-E18-2 84 Zinc 4o15E+01
299-E18-2 84 Calcium 9,90E+03
299-E18-2 84 Barium 9.93E+01
299-E18-2 84 Cadmium <2o00E-01
299-E18-2 84 Chromium Io49E+01
299-E18-2 84 Silver <I.00E+O0
299-E18-2 84 Sodium 1.27E+02
299-E18-2 84 Nickel 1.21E+01
299-E18-2 84 Copper 2.78E+01
299-E18-2 84 Vanadium 3.15E+01
299-E18-2 84 Antimony <I.00E+01
299-E18-.2 84 Aluminum 9.67E+03
299-E18-2 84 Manganese 3,90E+02
299-E18-2 84 Potassium 2.25E+03
299-E18-2 84 Iron 1,94E+04
299-E18-2 84 Magnesium 6.71E+03
299-E18-2 84 Arsenic 4,30E+00
299-E18-2 84 Selenium <5,00E-01

299-E18-2 99 Beryllium <5_00E-01
299-E18-2 99 Strontium 3.31E.01
299-E18-2 99 Zinc 4 73E+01
299-E18-2 99 Calcium I 03E+04
299-E18-2 99 Barium 7 67E+01
299-E18-2 99 Cadmium <200E-.01
299-E18-2 99 Chromium I 66E+01
299-E18-2 99 Silver <I OOE+O0

/
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TABLE,D.2. (contd)

Well _ Depth,
Nq.,mber,...... ft constit._uent Resul,t_ppnl

299-E18-2 99 Sodium I.24E+02
299-E18-2 99 Nickel I,47E+01
299-E18-2 99 Copper 5.60E+OI
299-E18-2 99 Vanadium 3,39E+01
299-E18-2 99 Antimony <I,OOE+OI
299-E18-2 99 Aluminum 9.28E+03
299-E18-2 99 Manganese 3.IOE+02
299-E18-2 99 ' Potassium ,I.96E+03
299-E18-2 99 Iron 2.OOE+04
299-E18-2 99 Magnesium 6.38E+03
299-E18-2 99 Arsenic 7.80E+00
299-E18-2 99 Selenium <5.OOE-OI

299-E18-2 109 BerylIium <5.OOE-OI
299-E18-2 109 Strontium 3.11E+OI
299-E18-2 109 Zinc 4.33E+01
299-E18-2 109 CaIcium 9.55E+03
299-E18-2 109 Barium 7.95E+01
299-E18-2 109 Cadmium <2.OOE-OI
299-E18-2 109 Chromium i.58E+01

299-E18-2 109 SiIver <I.OOE+O0299-E18-2 109 Sodium 1.23E+02
299-E18-2 109 Nickel I.34E+01
299-E18-2 109 Copper 4.21E+OI
299-E18-2 109 Vanadium 3.01E+OI
299-E18-2 109 Antimony <I.OOE+OI
299oE18-2 109 Aluminum 9.45E+03
299-E18-2 109 Manganese 2.95E+02
299-E18-2 109 Potassium 2.43E+03
299-E18-2 ,109 Iron I.95E+04
299-E18-2 109 Magnesium 6.80E+03
299-E18-2 109 Arsenic 5.20E+O0
299-E18-2 109 SeIenium <5.OOE-01

299-EIU-4 45 Beryllium <5.00E-01
299-E18-4 45 Strontium 2.91E+01
299-E18-4 45 Zinc 3.65E+01
299-E18-4 45 Calcium 1.29E.04
299-E18-4 45 Barium 7.69E+01
299-E18-4 45 Cadmium <2.OOE-OI
299-E18-4 45 Chromium I.09E+OI
299-E18-4 45 Silver <I.00E+O0
299-E18-4 45 Sodium I.04E+O2
299-E18-4 45 Nickel 1.28E+01
299-E18-4 45 Copper 7.60E+O0
299-E18-4 45 Vanadium 2.40E+01

/
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TABLE D.2. (contd) 0 _

Well Depth,
._N±tm,b.,__r_.,;L' Const ituent___f____. IResult DDm

'(' t"' '/,

29,1__E.,.LS,4 45 Antimony <i.OOE+OI29g E]s],-4.. 45 Aluminum 8.67E+03
299-E18-4 45 Manganese 2,91E+02
299,E18-4 45 Potassium Io78E+03
299-E18-4 45 Iron Io 79E+04
299-E18-4 45 Magnesi um 6.30E+03
299-E18-4 45 Arseni c 3.90E+O0
299-E18-4 45 Selenium <5.00E-OI

299-E18-4 85 Beryllium <5.00E-01
299-E18-4 85 Strontium 2.93E+01
299-E18-4 85 Zinc 3.17E+01
299-E18-4 85 Calcium 9,71E+03
299,,E18-4 85 Barium 6.63E+01
299-E18-4 85 Cadmium <2.00E-01
299-E18-4 85 Chromium 1.16E+01
299-E18-4 85 Silver <I.00E+O0
299-E18-4 85 Sodium 1.04E+02
299-E18-4 85 Nickel 1.08E+01
299-E18-4 85 Copper 3.80E+00
299-E18-4 85 Vanadium 2.64E+01
299-E18-4 85 Antimony <I.00E+01
299-E18-4 85 Aluminum 7.38E4.03
299-E18-4 85 Manganese 2.79E+02
299-E18-4 85 Potassium 1.81E+03
299-E18-4 85 Iron 1.68E+04
299-E18-4 85 Magnesium 5.54E+03
299-E18-4 85 Arsenic 3.70E+00
299-E18-4 85 Selenium <5.00E-01

299-E18-4 95 Beryllium <5_00E-01
299-E18-4 95 Strontium 3.27E+01
299-E18-4 95 Zinc 3.16E+01
299-E18-4 95 Calcium 9.19E+03
299-E18-4 95 Barium 8.53E+01
299-E18-4 95 Cadmium i <2.00E-01
299-E18-4 95 Chromium 1.32E+01
299-E18-4 95 Silver <I.00E+O0
299-E18-4 95 Sodium 1.05E+02
299-E18-4 95 Nickel 3.66E+01
299-E18-4 95 Copper 3.90E+00
299-E18-4 95 Vanadium 3.30E+01
299-E18-4 95 Antimony <I.OOE+01
299-E18-4 95 Aluminum 7.31E+03
299-E18-4 95 Manganese 3.15E+02
299-E18-4 95 Potassium 1.44E+03

D.40 0



O TABLE D..2. (contd)

Well Depth,
.._umber_ ft __ _su]t,.. ppm

299-E18-4 g5 Iron I.g7E+04
299-E18-4 g5 Magnesium 5.58E+03
299-E18-4 .95 Arsenic 2.20E+00
299-E18-4 95 Selenium <5,00E-OI



TABLE.D,3.. Analytical Results for Drilled Sediment Samples

Sample Analysis
e_L_]_LNumber, Depth Cons.tituent R__esul.t,_/g _ _ Date _

299-E18-I . 1951 Tetrachloromethane <5.00E-03 6/21/88 6/24/88
Methyl Ethyl Ketone <I,00E-02 6/21/88 6/24/88
I, I, 1-Trichl oroethane <5,00E-03 6/21/88 6/24/88

, ],I,2-Trichloroethane <5.00E-03 6/21/88 6/24/88
Trichloroethylene <5.00E-03 6/21/88 6/24/88
Perchloroethylene <5.00E-03 6/21/88 6/24/88
Xylene-O,P <5,00E-,03 6/21/88 6/24/88
Chloroform <5,OOE..03 6/21/88 6/24/88
MethyleneChloride <I.JOE-02 6/21/88 6/24/88
Xylene-M <5.00E-03 6/21/88" 6/24/88
Hexone <I,OOE-02 6/21/88 6/24/88

299-E18-3 45' Tetrachloromethane <5.00E-03 6/8/88 6/17/88
Methyl Ethyl Ketone <I.00E-02 6/8/88 6/17/88
I,I,1-'Frichloroethane <5.00E-03 6/8/88 6/17/88
i,I,2-Trichloroethane <5,00E-03 6/8/88 6/17/88
Trichloroethylene <5.00E-03 6/8/88 6/17/88
Perchloroethylene <5.00E-03 6/8/88 6/17/88
Xylene-O,P <5.00E.-03 6/8/88 6/17/88
Chloroform <5.00E-03 6/8/88 6/17/88
MethyleneChloride <I.00E-02 6/8/88 6/17/88
Xylene-M <5.00E-03 6/8/88 6/17/88

Hexone <I.OOE-02 6/8/88 6/17/88

299-E18-3 62' .Tetrachloromethane <5.00E-.03 6/8/88 6/17/88
Methyl EthylKetone <I.00E.-02 6/8/88 6/17/88
I,I,1-Trichloroethane <5.00E.-03 6/8/88 6/17/88
I,I,2-Trichloroethane <5.00E-03 6/8/88 ' 6/17/88
Trichloroethylene <5.00E-.03 6/8/88 6/17/88
Perchloroethylene <5.00E-03 6/8/88 6/17/88
Xylene-O,P <5.00E_03 6/8/88 6/17/88
Chloroform <5.00E-03 6/8/88 6/]7/88
MethyleneChloride <I.00E-02 6/8/88 6/17/88
Xylene-M <5.00E-03 6/8/88 6/17/88
Hexone <I,O0E-02 6/8/88 6/I7/88

299-E18-3 84' Tetrachloromethane <5.00E-03 6/9/88 6/17/88
Methyl Ethyl Ketone <I.00E-02 6/9/88 6/17/'88
I, I, 1-Trichl oroethane <5.00E-03 6/9/88 6/17/88
I, 1,2-Trichl oroethane <5.00E-03 6/9/88 6/17/88
Trichl oroethylene <5.00E-03 6/9/88 6/17/88
Perchl oroethyl ene <500E._03 6/9/88 6/17/88
Xylene-,O, P <500E-03 6/9/88 6/17/88
Chloroform <500E-03 6/9/88 6/17/88
Methylene Chloride <I OOE...02 6/9/88 6/17/88
Xylene-M <500E-03 6/9/88 6/17/88
Hexone <100E-02 6/9/88 6/17/88

D.42 0



Z_B.LED,3, (contd)

O . Sample Analysis
.WellNumber _ __ co..nstituent.____ Be.sult(_!gl -]J_ __ et_L

299-E18-3 97_ Tetrachloromethane <5.00E-03 6/9/88 6/20/88
Methyl EthylKetone <I,00E-02 6/9/88 6/20/88
I,I,l-Trichloroethane <5,00E-03 6/9/88 6/20/88
I,I,2-TrichloroethanB <5,00E-03 6/9/88 6/20/88
Trichloroethylene <5,00E-03 6/9/88 6/20/88
PerchIoroethylene <B,OOE-03 6/9/68 6/20/88
Xylene-O,P <5.00E-03 6/9/88 6/20/88
Chloroform <5.00E-03 6/9/88 6/20/88
MethyleneChloride 2.IOE-O;.. 6/9/88 6/20/88
Xylene-M <5.00E...03 6/9/88 6/20/88
Hexone <I.OOE-02 6/9/88 6/20/88

299-E18-3 195' Tetrachloromethane <5.00E-03 6/14/88 6/21/88
Methyl Ethyl Ketone <I.00E-02 6/14/88 6/21/88
I,I,1-Trichloroethane <5,00E-03 6/14/88 6/21/88
I,I,2-Trichloroethane <5.00E-03 6/14/88 6/21/88
Trichloroethylene <5,00E-03 6/14/88 6/21/88
Perchloroethylene <5.00E-03 6/14/88 6/21/88
Xylene-O,P <5.00E-03 6/14/88 6/21/88
Chloroform <5.00E-03 6/14/88 6/21/88
MethyleneChloride 2.90E-02 6/14/88 6/21/88
Xylene-M <5.00E-03 6/14/88 6/21/88
Hexone <I.OOE-02 6/14/88 6/21/88

299-E18-3 195' Tetrachloromethane <5.00E-03 6/14/88 6/21/88DUPLICATE Methyl Ethyl Ketone <I.00E-02 6/14/88 6/21/88
I,I,1-Trichloroethane <5.00E-03 6/14/88 6/21/88
I,I,2-Trichloroethane <5.00E-03 6/14/88 6/21/88
Trichloroethylene <5.00E-03 6/14/88 6/21/88
Perchloroethylene <5.00E-03 6/14/88 6/21/88
Xylene-O,P <5.00E-03 6/14/88 6/21/88
Chloroform <5.00E-.03 6/14/88 6/21/88
MethyleneChloride <I.00E-02 6/14/88 6/21/88
Xylene-M <5.00E-03 6/14/88 6/21/88
Hexone <I.00E-02 6/14/88 6/21/88

D.43
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