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EXECUTIVESUMMARY

Irrigationappliedwest of the Hanford Site and wastewatermanagement

practiceson the Hanford Site resulted in significantchanges in the configu-

. ration of the water table between December1979 and December 1989 In the

Cold Creek Valley,located in the western part of the HanfordSite, the water

, table rose more than 3 m (9 ft) betweenDecember 1979 and December 1989.

Since 1969, the water table in the Cold Creek Valley has been rising,primar-

ily in responseto irrigationpracticesin the Upper Cold Creek Valley. The

largestareal changeshave occurred in the vicinityof productionfacilities

in the 200 Areas where ground-watermounds have developedsince operations

began in 1943. During the 1940s and 1950s,two ground-watermounds developed

as a result of wastewatermanagement practicesin the 200 Areas, one beneath

216-U-I0Pond in the 200-WestArea and one beneath 216-B-3 Pond near the 200-

East Area. During the 1960s,the ground-watermounds grew moderatelybefore

reachingnear-equilibriumconditionsduring the 1970s. During the 1980s

(December1979 to December 1989), stressesimposedon the unconfinedaquifer

caused recurrenceof unsteady state conditions. In the 200-WestArea, the

water level declinedmore than 2.5 m (8 ft) betweenDecember 1979 and December

1989. Most of the declineoccurred after 1984, which correlateswith a

reductionin wastewaterdischargecaused by the decommissioningof 216-u-I0

Pond in 1984. The decline in the water table occurredmostly in the area

betweenthe 200-WestArea and the Yakima Ridge basalt,which outcropsabove

the water table to the south of the 200-WestArea.

The change in the water table beneath216-B-3 Pond and 216-A-25(Gable

Mountain)Pond, which, together,receivedover 90% of the wastewaterfrom the

200-EastArea during the 1980s, can also be correlatedwith changes in volumes
b

of wastewaterreleasedto these ponds. The ground-watermound expanded

beneath 216-B-3Pond during the 1980s,not only becauseof an increasedvolume

of wastewaterproducedby startupof operationsat the 200-EastArea Plutonium

UraniumExtractionplant in 1983, but also from redirectionof part of that

wastewaterfrom Gable Mountain Pond beginningin 1984. Three expansionpords,

216-B-3A, 216-B-3B, and 216-B-3C were added during the 1980s, increasing the

capacity for wastewater discharge. The elevation of the water-table beneath
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216-B-3 Pond increased more than 1.5 ni (5 ft) between December 1979 and Decem-

ber 1989. The ground-water mound beneath Gable Mountain Pond dissipated as a

result of decommissioning activities between 1984 and 1987. The elevation of

the water table beneath Gable Mountain Pond declined more than I m (3 ft)

between December 1979 and December 1989. Wastewater management practices in

the 200-East Area, particularly at 216-B-3 Pond, had a wide areal influence on

the unconfined aquifer southeast of 216-B-3 Pond. Water levels southeast of

216-B-3 Pond rose approximately I m (3 ft) between December 1979 and December
1989.

Water-level changes were also observed in the IO0-N Area, the area adja-

cent to the Columbia River, and in two individual wells. Pulses of wastewater

released to the 1325-N Liquid Waste Disposal Facility caused significant

changes in the elevation of the water table beneath the IO0-N Area between

1985 and 1990, resulting in ground-water mounding. In addition, the water

table adjacent to the Columbia River responded to temporal changes in the

river stage. Anomalous water-level changes were observed in well 699-59_80B,

located south of Gable Butte, and well 699-28-52A, located south of the

200-East Area.
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INTRODUCTION

Water levels in most of the wells open to the unconfined aquifer on the

Hanford Site are routinely measured every 6 months as part of the Ground-

. Water Surveillance Program. These measurements, used to generate water-table

maps of the Hanford Site, can also be used to determine water-level changes,

• which can be correlated spatially and temporally with changes in stresses

imposed by artificial recharge and river stage, The primary sources of arti-

ficial recharge that cause water-level changes at the Hanford Site are irriga-

tion practices adjacent to the Hanford Site and routine disposal of waste-

water. Wastewaler is produced by separations processing of spent nuclear fuel

at Hanford operating facilities (Serkowski et al. 1988). Natural recharge

contributes minimally to the unconfined aquifer (Newcombet al. 1972; Gee

1987).

The study area is located on the U.S. Departmentof Energy's (DOE)

Hanford Site in southeasternWashingtonState (Figure I). The HanfordSite

monitoringwell networkused for this study consists of over 200 wells that

are distributedover most of the site. The location and a descriptionof

wells on the HanfordSite is provided in McGhan (1989). These wells are

perforatedor screened in the upper part of the unconfined aquifer. Histori-

cally, the wells were designed primarilyfor radiologicaland chemicalmoni-

toring of groundwater, but they have also been used to monitorthe elevation

of the water table.

The purposeof this report is to evaluate,from a historicalperspective,

temporaland spatialchanges in the Hanford Site water table between1980 and

1990. This reportdescribesthe relationshipbetween stresses caused by the

concentratedsum of recharge sources appliedto the unconfinedaquifersystem

and the responseof the water table to those stresses.

• The responseof the water table to rechargedepends on severalfactors

includingthe transmittaland storagepropertiesof the aquifer and the

strength,duration,and frequencyof the rechargeevents. This study does not

attempt to includea descriptionof all areas known to receiverecharge,

either becauseI) the water table respondedinsignificantlyto rechargeevents

or 2) water-leveldata were lacking in those areas, and hence water-level
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changes could not be determined. Examples of such areas include various

cribs, trenches, and ponds in the 200, 300 and 400 Areas.

A description of the unconfined aquifer characteristics at the Hanford

Site, including changes in the shape of the water table, is found in several

' studies (Newcomband Strand 1953; Newcomb, Strand, and Frank 1972; Gephart

et al. 1979; and DOEi988). Well hydrographs of the Hanford Site water table

' from 1944 through 1973 are provided in Kipp and Mudd (1974). A report by

Zimmermanet al. (1986)documentedthe historicalchangesof the Hanford Site

water table between 1950 and 1980. Hydrographsof selectedwells in and

aroundthe 200 Areas representingthe period between1983 and 1985 are

presentedin Last et al. (1990). Between 1980 and 1990, semiannualwater-

table maps of the HanfordSite were generated and publishedby Rockwell

HanfordOperations (RHO) (1979,1980a, 1980b, 1981a, 1981b, 1982a, 1982b,

1983a,1983b, 1984a, 1984b, 1985a, 1985b, 1986a, and 1986b),'_Jestinghouse

HanfordCompany (WHC) (Schatzet al. 1987), and PacificNorthwestLaboratory

(PNL)(Evans et al. 1988; Evans et al. 1989; Newcomeret al. 1989; and

Newcomeret al. 1990). Data on the volume of wastewaterreleased to various

surfacedischargefacilitiesare documentedin annual reportsby RHO and WHC

(Aldrich1984, 1985, 1986, 1987; Aldrich and Sliger 1981; Cooney, Howe, and

Voigt 1988; Cooney and Thomas 1989; Law and Allen 1984; Law and Schatz 1986;

Law, Serkowski,Ammerman,and Schatz 1988; Law, Serkowski,and Schatz 1987;

Law, Schatz,Fuchs, and Dillon 1986; Sliger 1982, 1983; and Wilbur, Graham,

and Lu 1983).

This report was prepared by the Site Characterizationand Assessment Sec-

tion, EnvironmentalSciencesDepartment,PacificNorthwestLaboratory(a) as

part of the Ground-WaterSurveillanceProgram.

(a) Pacific Northwest Laboratory is operated for the U.S. Department of
Energy by Battelle Memorial Institute.
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PRE-1980 OPERATIONALHISTORYANDWATER-LEVELRESPONSES

Artificial recharge has caused significant water-level changes in the

unconfinedaquiferbeneath the HanfordSite since operationsbegan in 1943

. (Kipp and Mudd 1974; Zimmermanet al. 1986). Between 1943 and 1980, the pre-

dominantwater-levelchanges occurred in the form of ground-watermounds that

. developedunder major ponds in and around the 200 Areas. Ground-watermounds

beneath the ponds have risen considerablybetween 1943 and 1980; the greatest

of these changesis within 25 m (80 ft) beneaththe 200-WestArea and 10 m

(30 ft) beneaththe 200-EastArea. The difference in the height of the mounds '

beneath the 200-Westand 200-EastAreas reflects the differencein hydraulic

propertiesof the unconfinedaquifer. The unconfinedaquiferbeneaththe

200-WestArea lies primarilywithin the Ringold Formation,which has lower

transmissiveand sto_'agepropertiesthan the unconfinedaquiferbeneaththe

200-EastArea (DOE I!_88).The unconfinedaquiferbeneath the 200-.EastArea

consists primarilyof glaciofluvialdeposits of the Hanford formation. The

influenceof these mounds has also extendedlaterally, causingwater levels to

rise throughoutthe majority of the HanfordSite (Zimmerman1986). Ground-

water levels remainedelevated into the 1980s because of continuedartificial

recharge in and around the 200 Areas.

During the 1940s and 1950s, two ground-watermounds developedbeneath

major ponds in the 200 Areas, one beneath200-WestArea and one beneath

200-EastArea (Newcomb,Strand, and Frank 1972). The mounds grew progres-

sively at variousrates above the naturalwater table, reachingheights of

18 m (60 ft) beneaththe 200-WestArea and 9 m (30 ft) beneaththe 200-East

Area. Smallerground-watermoun_s developedat varioustimes beneath the

100 Area reactorsites along the ColumbiaRiver.

During the 1960s,water-levelchangeswere moderate,the rate of the

• change increasedslowly,as most of the 200-Area plants continuedoperation.

However,water levels rose to the south and east of the 200 Areas as effects

from the ground-watermounds beneaththe 200 Areas continuedto spread out-

ward. Zimmermanet al. (1986)reportedthat the greatestchanges in the con-

figurationof the water table beneaththe Hanford Site during the i960s

occurrednorth of Gable Butte. Water levels north of Gable Butte sharply
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decreasedas a result of reducedwastewaterdisposal from shutdownof the

IO0-B and I00-C reactors. Water levels also decreased in other areas north of

GabllaMountain,correspondingto the shutdownof other 100-Areareactors.

Water-levelchangesthroughoutthe HanfordSite were minor duringthe

1970s. Zimmermanet al. (1986) concludedthat the unconfinedaquifer system

was nearing equilibriumwith the rechargesourcesduring this time throughout

most of the site. One exceptionwas increasingwater levels at the west end

of the Hanford Site. lt was hypothesizedthat the water levels in this area

were respondingto irrigationpracticesthat occurrad in the Upper Cold Creek

Valley.

WASTEWATERDISCHARGEFACILITIES

Developmentof the ground-watermounds correspondsto dischargesto

wastewater facilitiesfrom T Plant, U Plant, Z Plant, and Redox facilities in

the 200-WestArea and B Plant and the PlutoniumUranium Extraction(PUREX)

plant in the 200-EastArea. The major ponds used during the 1980s for dis-

posal of wastewaterwere the 216-B-3(B) Pond and Gable MountainPond near the

200-EastArea and the 216.-U-I0(U) Pond in 200-WestArea. Figures2 and 3

show the locationsof these facilitiesin and near the 200-West and 200-East

Areas, respectively.

Wastewaterdischargefacilitiesat the HanfordSite includeponds,

trenches,ditches, and cribs. Ponds are shallow,unlined, surface-water

facilitiesthat were constructedby excavationand were often diked for

containment. Trenchesand ditches are open, elongated,earthen structures,

which may or may not convey wastewaterto other dischargefacilities. These

surface-waterfacilitieswere designed for evaporationas well as percolation

of wastewater into the underlyingsediments. Cribs are subsurfacefacilities

that typicallyconsistsof an elongated,rock-filledtrench coveredwith

plastic sheetingand backfillmaterial (Lawet al. 1986). A perforatedpipe

within the rock fill material distributesthe wastewaterthroughoutthe length

of the crib.

Ponds, trenches,ditches and cribs that have receivedlarge volumes of

wastewaterduring the 1980s are summarizedin Table I. The summarytable
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informationpresentedin this table is taken from annual reports. Maps

showingthe locationsof these facilitiesin the 200-Westand 200-EastAreas

are shown in Figures 2 and 3.
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TABLE,I,,Summary of the Major 200 and 100 Area Discharge
FacilitiesThat OperatedDuring the 1980s

Location FaciIity

200-WestArea and Vicinity 216-S-I0Ditch
• 216-S-10Pond

216-S-19Pond
216-S-25Crib

• 216-S-26Crib
216-U-I0 (U Pond)
216-U-12Crib
216-U-14Ditch
216-U-17Crib
216-W-LWCCrib
216-Z-20Crib

PowerhouseSeepage
and Settling Basin
Ash Pit

200-EastArea and Vicinity 216-A-8-Crib
216-A-10Crib
216.A-25 (Gable Mountain Pond)

, 216-A-29Ditch
216-A-30Crib

, 216-A-37-ICrib
216-A-37-2Cribs
216-A-36BCrib
216-A_45Crib

216-B-3Pond (B Pond)
,216-B-55Crib
216-B-62Crib
216-B-63Trench

IO0-N Area 1301-N Liquid Waste Disposal
Facility

, 1325-N Liquid Waste Disposal
Facility



DATA PREPARATION

Water levels are routinely measured in wells that are completed within

the unconfined aquifer at the Hanford Site. Water-level data are then stored

• in a computerized data base, called the Hanford Ground-Water Data Base (HGWDB)

PNL (1990). Ali water-level data used for evaluating the changes in the water

. table were extracted from this data base. Most of the water-level measure-

ments used to evaluate water-table changes were collected as part of PNL_s

Ground-Water Surveillance Program. Someof the water-level measurements

stored in the data base were collected as part of Resource Conservation and

Recovery Act (RCRA) activities.

Documented procedures were followed to measure water levels in wells

during the period 1980 to 1990. The first formal written procedure, Procedure

No. TP-O&EP-39-1, was issued in late 1985 and can be found in Last et al.

(1990). Other water-level measurement procedures were issued in July 1986 and

June 1989 (PNL 1989). Although no written PNL water-level measurement

procedure was issued prior to late 1985, a procedure similar to Procedure No.

TP-O&EP-39-1 was informally followed.

Review of the data base indicated that most of the wells open to the

unconfined aquifer were measured biannually (June and December of each year)

during the 1980s. The water-level data were examined to determine the eleva-

tion change over the 10-year period 1980 to 1990, and 5-year periods 1980 to

1985 and 1985 to 1990. Therefore, to closely approximate the water-level

change for theseperiods and yet maximize the number of wells in which water

levels were measured, water-level data commonto December 1979, December 1984,

and December 1989 were selected to evaluate water-level changes.

• The number of data points is slightly reduced because some of the wells

were not measured in December 1979, December 1984, or December 1989. For

• example, if wells were measured for water "levels in December 1979 and December

1989, but not in December 1984, then they were not used in both the 5-year and

10-year comparisons. An exception to this restriction is well 699-43-104.

The water levels in this well were measured in December 1979 and December

1989, but not in December 1984. However, this well is located at the west end

of the Hanford Site in the Cold Creek Valley where fewer monitoring wells

11
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exist, and providesa strategiclocationfor determiningwater-levelchanges

that may be affectedby activitiesoutsidethe HanfordSite boundary. There-

fore, water-leveldata for this well were used to determinethe water-level

change over the 10-year period,but not for the two 5-yearperiods.

Water-levelchangesattributedto seasonal fluctuationswere determined

to be insignificantbetween 1950and 1980, relativeto water-levelchanges

over other 5-year periods (Zimmermanet al. 1986). Zimmermandetermined this

by calculatingthe water-levelchange for the spring and fall data separately.

The water-leveldifferencesover the 5-year and 10-yearperiodsfor the 1980s

were, therefore,not correctedfor seasonalvariations. Except near the

river, seasonalchanges in the water table (i.e.,naturalrechargeevents) are

negligibleat the Hanford Site comparedto changescaused by artificial

recharge. Natural recharge rates at the HanfordSite range from less than

0.1 cm/yr to 10 cm/yr or more, dependingupon specific site conditions (Gee

1987).

Water-leveldata in the form of hydrographsfor a numberof wells at the

HartfordSite are presentedthroughoutthis report. Some of the wells used for

plotting the hydrographsare the same as those presentedin Zimmerman et al.

(1986)to provide a level of continuitybetweenreports. Hydrographsof other

wells are also includedto further illustratethe water-levelresponsesin

those areas that were affectedduring the 1980 to 1990 period.
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WATER-LEVELCHANGES

A contourmap showing changes in the elevationof the water table for

the Hanford Site betweenDecember 1979 and December 1989 is presentedin Fig-

. ure 4. Contourmaps for the changesover the two 5-year periods between

December 1979 and December 1984 and betweenDecember 1984 and December 1989

• are shown in Figures5 and 6, respectively.

These maps were contouredby the softwarepackage, UNIRAS®, using a

linear inversedistanceweightingtecnnique. This techniqueuses the

irregularlyspacedwater-leveldata to generate interpolateddata points on a

regularly spacedgrid. The interpolateddata are used to draw the contours.

The techniqueis based on applicationof a weighting schem6 for all data

points within the limits of a specifiedsearch radius such that inte_rpolated

data points close to measured data points receiVegreaterweight than those

farther away.

The portionof the unconfinedaquiferbetweenthe Yakima Ridge and the

RattlesnakeHills was not contouredbecausethere are no data points within

this area from which to interpretthe contours. The regularlyspaced data

points in this regionwere interpolatedprimarilyfrom measured data points

north of the ridge because the specifiedsearchradius extendedacross the

ridge. However,the Yakima Ridge is expectedto act as a relativelyimperme-

able barrierto ground-waterflow, and therefore,the portionof the uncon-

fined aquiferbetweenthe Yakima Ridge and the RattlesnakeHills may not

respond to influencesnorth or east of this barrier.

The contourmaps of the water-levelchangesin Figures4, 5, and 6 indi-

cate that significantchanges in the configurationof the water table occurred

• beneath the 200-WestArea, beneath B Pond, locatedeast of the 200-EastArea,

beneath Gable Mountain Pond, and beneaththe Cold Creek Valley area, located

• at the west end of the Hanford Site. The maps also indicatethat other iso-

lated anomaliesin water-levelchangeswere observed in well 699-59-80B,

located south of Gable Butte, and well 699-28-52A,located south of the

200-EastArea.
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The water table adjacent to the Columbia River changes in response to

cyclical river stage fluctuations ranging between hourly and annually, These

changes may not be indicative of any long-term tren(l because the water levels
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used tO determine the change over a long period (e.g., 5 or 10 years) may have

occurred during different amplitudes during different cyclical periods.

Therefore, the 5-year or 10-year water-level changes adjacent to _he river on

the contour maps must be interpreted with caution,

' Water level changes that have been observed at the IO0-N Area are not

apparent on the contour maps. Water levels in the IO0-N Area were not meas-

' ured in December 1979 nor December 1984, therefore, water-level changes over

the 5-year and 10-year periods could not be determined, However, water-level

measurements collected between 1985 and 1990 indicate that the water table

responded significantly to pulses of recharge from wastewater released to

facilities in the IO0-N Area,

The water-table changes for each of the above mentioned areas are

discussed individually below.

2O0 WESTAREA

Since the mid-1940s, the water table rose approximately 26 m (85 ft)

beneath the 200-West Area, which caused ground-water mounding to develop (DOE

1988). Throughout the 1980s, the ground-water mound beneath the 200-West Area

declined, although it continues to be a prominent feature of the Hanford Site

water table. This mound is caused by liquid wastes recharging tile unconfined

aquifer at or near the 200-West Area. Water-table maps of the Hanford Site

for December 1979 and December 1989 show the configuration of the ground-

water mound beneath the 200-West Area (Figures 7 _Jd 8).

For tile purposes of this report, wastewater facilities in and around the

200-West Area were grouped together as Areas I, 2, 3, 4, and 5 (Figure 9) to

correlate areas of concentrated discharge to the unconfined aquifer witht

changes in water level. Area 1 includes 216-W-LWCCrib, the Powerhouse Seep-

age and Settling Basin, and Ash Pit; Area 2 includes 216-U-I0 Pond and the

ditches feeding it (e.g., 216-U-14 Ditch), and cribs 216-S-25 and 216-Z-20;

Area 3 includes 216-S-I0 Pond and Ditch; Area 4 includes cribs 216-S-19 and

216-S-26; and Area 5 includes cribs 216-U-12, 216-U-16, and 216-U-17,

Figure 10 is a bar graph showing the annual discharge of wastewater

between 1980 and 1990 at the 200-West Area, including ponds and ditches
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F_IGURE]. Water-Table Map of the Hanford Site,
December 1979 (After RHO1979)
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Annual Discharge at 200-West Area
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FIGUREI0. Annual Volume of Wastewater Discharged at tile
200-West Area _-nd Vicinity Between 1980 and 1.990

located just south of the 200-West Area geographic boundary. The total volume

of wastewater decreased between 1980 and 1981, increased between 1981 and

1983, and then decreased significantly between 1983 and 1989.

Figure 4 indicates that the elevation of the water table declined sig-

nificantly beneath the 200-West Area between December 1979 and December 1989.

During the last half of the 1980s, the water table declined in excess of 3 m

(9.8 ft), primarily the result of decommissioning U Pond in the fall of 1984.

The greatest change is centered in the vicinity of the decommissioned U Pond,

as shown in Figure 6.

Figure 4 also indicates that the unconfined aquifer south of the

. 200-West Area was more responsiveto wastewater management practices than the

unconfined aquifer north of the 200-West Area. The unconfined aquifer south

of the 200-West Area is less extensive because of the basalt ridge (Yakima

Ridge) and, therefore, may be holding less water in storage. Also, applica-

tion of irrigation water in the Upper Cold Creek Valley has caused water
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levels to rise at the west end of the Hanford Site and may be responsible for

maintaining elevated water levels north of 200-West Area as weil.

Figure 11 includes a hydrograph of well 699-49-79 that indicates water

levels declined very little between December 1979 and December 1989. The
i

location of this weil, shown in Figure 9, is north of the 200-West Area.

Hydrograph of several wells in and around the 200-West Area represent-
i

ing the period December 1979 to December 1989 are presented in Figure II.

Plots of water levels for wells near the decommissioned U Pond (699'32-77,

699-35-78A, 299-W19-I, and 299-W23-4) indicate that the water table generally

declined between 1980 and 1982, rose between 1982 and 1984 approximately to

its 1980 level, and fell steeply thereafter. Hydrographs of these wells

exhibit a similar pattern as the bar graph presented in Figure 10. Hydro-

graphs of wells 699-25-70, 699-45-69A, 699-43-87, and 299-WI0.-5, also silown in

Figure 9, display the water-level pattern farther from the decommissioned U

Pond.

Prior to decommissioning U Pond in 1984, approximately 60% of the total

volume released to 200-West Area facilities went to the U Pond complex, which

includes U Pond and the ditches (e.g., 216-U-14 Ditch) feeding it. Figure 12

illustrates that most of the wastewater discharged to facilities within Area 2

went to U Pond, thereby contributing to the ground-water mound beneath U Pond.

Furthermore, the highest elevation of the mound beneath the 200-West Area is

under U Pond.

Between 1980 and 1985, wastewater was rerouted from the U Pond complex

to other 200-West Area facilities (e.g., 216-W-LWCand 216-Z-20 cribs). This

rerouting of wastewater reduced the total volume discharged to U Pond between

1980 and 1982. Reduction in released wastewater to U Pond correlates with the

decline of the water table between 1980 and 1982.

Between 1982 and 1984, the volume of wastewater discharged to U Pond

increased, primarily because the discharge of make-up water (nonwastewater) to

U Pond increased. Addition of make-up water was necessary to maintain the

level of the pond to keep contaminated sediments on the bottom of the pond

wetted before U Pond could be decommissioned (Law et al. 1986). The increased

release of water to U Pond correlates with the rise in the water table between

1982 and !984.
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The abrupt change in the water table after 1984 is the result of decom-

missioning of U Pond in the fall of 1984 when discharges were stopped and the

pond was covered over. After 1984, process wastewater continued to be routed

to the 216-U-14 Ditch; however, the load on the unconfined aquifer in the area

of U Pond was significantly reduced. This reduction was primarily because

make-up water was no longer added to U Pond. After 1984, only 40% of the

total volume of wastewater released to all 200-West Area discharge facilities

went to the U Pond complex (Figure 12).

The effect of discharges to Areas I, 3, 4, and 5 on the water table has

been masked by the effect of discharges to U Pond in Area 2. This is evident

in Figure 13, which shows a hydrograph of a well in or near each of the Areas

I, 3, 4, and 5. The locations of these wells are shown in Figure 9.

Annual Discharge at 200-West Area
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FIGURE12. Comparison of Annual Volume of Wastewater Discharged at the
200-West Area, Area 2. and U Pond Between 1980 and 1990
(Aldrich and Sliger 1981; Sliger 1982; Wilbur et al. 1983;
Law et al. 1984; Law et al. 1986; Law 1986; Aldrich 1986;
Aldrich 1987; Law et al. 1987; Serkowski et al. 1988; Cooney
et al. 1988; Cooney 1989)
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Hydrographsof these wells exhibita simi'larpatternas the hydrographsof

wells near U Pond (299-W19-I,299-W23-4,and 699-35-78A)presented in

Figure 11 and the bar graph in Figure 10.

Hydrographsof severalwells in the 200-WestArea, shown in Figure 11

' and 13, exhibit an approximateexponentialdecay curve, reflectingdecommis-

sioningof U Pond in 1984. These hydrographsindicatethat the ground-water

' mound beneathU Pond diminishedabruptly between1984 and 1986, but diminished

slowly thereafter. The hydrographfor well 299-W18-15,located adjacentto

the decommissionedU Pond on the northeastside, shows the greatest water-

table change after 1984, fallingapproximately5 m (16 ft) betweenJune 1984

and December 1989 (Figure14).
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FIGURE 13. Hydrographsof Wells 299-W14-I,299-W22-22,699-32-72,
and 699-32-77Between December 1979 and December 1989
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FIGURE14. Hydrograph of Well 299-W18-15 Between
December 1979 and December 1989

A water-table map of the 200-West Area for 1989 (Figure 8) indicates

that, although the ground-water mound has diminished since U Pond was decom.-

missior, ed in 1984, mounding continues to exist beneath the U Pond area. The

highest elevation of the ground-water mound, previously beneath U Pond,

shifted slightly to the nu,_heast beneath the 216-U-14 Ditch between 1984 and

1989 (Newcomer et al. 1990). This shift is reflected by the majority of the

water disposed to the 216-U-14 Ditch after U Pond was decommissioned.

; 200- EASTAREA

Over 90% of all wastewater from the 200-East Area production facilities

was discharged to either Gable Mountain Pond or B Pond during the 1980s (Fig-

ure 15). The impact of wastewater released to other 200-East Area discharge

facilities on water level has always been influenced by discharges to Gable

Mountain Pond or B Pond. This is due largely to the ability of the aquifer to
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FIGUR_ 15. Comparison of 200-East Area Annual Discharges and Sumof B
Pond and Gable Mountain Pond Annual Discharges Between 1980
and 1990 (Aldrich and Sliger 1981; Sliger 1982; Wilbur et al.
1983; Law et al. 1984; Law et al. 1986; Law and Schatz 1986;
Law et al. 1987; Serkowskiet al. 1988; Cooney and Thomas
1989)

transmit large volumes of water. Water-level changes during the 1980s, if

. any, could not be correlated to recharge events caused by discharges to other

200-East Area discharge facilities because the water-level measurements were

not frequent enough to record tile change or because water-level changes were
•

masked by influences from the two ponds. Most of the discussion will, there-

fore, be focused on the recharge effects from wastewater released to Gable

Mountain Pond and B Pond.

216-B-3 Pond (B Pond__

Since the m_d-1940s, the water table rose in excess of 6 m (20 ft)

beneath B Pond, which caused ground-water mounding to develop (Gephart et al.

1979). Throu_i_:Jt the 1980s, a ground-water mound was p_'esent beneath B Pond
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and continues to be a prominent feature of the Hanford Site water table, This

mound is caused by liquid waste recharging the aquifer at B Pond, Water-

table maps of the Hanford Site for December 1979 and December 1989 show the

configuration of the ground-water mound under B Pond (Figures 7 and 8).
6

The 216-B-3 Pond is located east of the 200-East Area (Figure I). This

pond began receiving wastewater in 1945. Two expansion ponds (216-B-3A and

216-B-3B) were added in 1984, adding 50%more capacity. A third basin

(216-B-3C) was added in 1985 (Serkowski et al. 1988). The location of B Pond

is shown in Figure 16, Wastewater previously discharged to Gable Mountain

Pond was rerouted to B Pond in the 1980s. Together, Gable Mountain Pond and

B Pond received wastewater from the 242-A Evaporator, A Tank Farm, AR Vault,

B Plant, and PUREX(Serkowski et al. 1988).

,58 -56 -54 -52 -50 -48 -46 -44 -42 -40 -38 :36 -34

:J!'' .
._ _

_] i B Pond
42. 200-East Area -42

..... I / L-J "216'BaC40- -40
-_,,___.__J 216-B-3B

& 699-39-39
,,h,

38 _ -38
:Z: - I I
¢:_
(::

_ 36" -36
o,
Z -

34 .... w I 1 I l i _ I l I I I I I v 1 1 I l 1 w 1 I 34
-58 -56 -54 -52 -50 48 -46 -44 -42 -40 -38 .36 -34

Westing Hanford Coordinates in feet x 1,000

Generalized Outcrop of Basalt
Above lhe Water Table _) 2000 4000 Feeti

t -1
& Existing Well with Hydrograph 0 1000 Meters

x99-xx-xx Well Number

FIGURE16. Map of B Pond Showing the Locations of Wells 299-34-I,
699-39-39, 699-43-42, 699-45-42, and 699-47-35B

3O



The map of water-table changes in Figure 4 indicates that the waterl

levels rose over 1,5 m (5 ft) beneath B Pond between December 1979 and

December 1989, The majority of this rise in water level occurred between 1983

and 1986, during which time the anr,ual discharge of wastewater to B Pond

. increased, This increase was attributed to decommissioning of Gable Mountain

Pond between 1984 and 1987 and to greater volumes of wastewater produced by

, the restart of PUREXin 1983, Annual volumes of wastewater discharged to

B Pond between 1980 and 1990 are plotted as a bar graph in Figure 17, The bar

graph indicates thai; the annual volume of wastewater discharged to B Pond

increased from 5,17E+09 L in 1982 to 2,29E+I0 L in 1986.

Annual Discharges to B Pond
30

25

2o

O
15

..Q

v

E 10

5

0
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

• Date
$9007062,37

• FIGURE17. Annual Volume of Wastewater Discharged at B Pond Between
1980 and 1990 (Aldrich and Sl iger 1981; Sl iger 1982; Wilbur
et al. 1983; Law et al. 1984; Law et al. 1986; Law and
Schatz 1986; Law et al, 1987; Serkowski et al. 1988;
Cooney and Thomas 1989)
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Hydrographsof wells 299-E34-I,699-39-39,699-43-42,699-45-42,and

699-47-35B,located in the vicinityof B Pond, representingthe period

December 1979 through December 1989, are shown in Figure 18. The locationsof

these well are shown in Figure 16. These hydrographsshow that the water-

level responded primarily to increased discharge to B Pond between 1983 and

1986 (see Figure 17). Figure 16 indicates that the water levels rose I m

(3 ft) to 1,5 m (5 ft) between 1983 and 1986.
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FIGURE 18. Hydrographsof Wells 299-E34-I,699-39-39,699-43-42,
699-.45-42,and 699-47-35BBetweenDecember 1979 and
December 1989
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The greatest net change in water levels between December 1979 and

December 1989 was observed at well 699-39-39, where the water level rose

1.99 m (6,5 ft). During 1988, the water level increased over 2 m (7 ft) and

then, in early 1989, it dropped approximately 1.5 m (B ft). This large pulse,

not observed in other wells in the vicinity of B Pond, was probably due to the

increase in discharge to B Pond in 1988 (see Figure 17).

' The maps of the water-level changes from December 1979 to December 1984

and from December 1984 to December 1989 (Figures 5 and 6, respectively) show a

delayed response of the unconfined aquifer southeast of B Pond. The water

table rose approximately I m (3 ft) near B Pond over the 5-year period between

December 1979 and December 1984 (Figure 5). The water table southeast of

B Pond exhibits an increase between 0.5 m (1.5 ft) and I ni (3 ft) during the

period of December 1984 to December 1989 (Figure 6).

To graphically illustrate the delayed response of the unconfined aquifer

southeast of B Pond, hydrographs (and their locations) of six wells are pre-

sented in Figure 19. Hydrographs of four of these wells, 699-2-3, 699-20-20,

699-34-51, and 699-41-23, indicate that a distinct increase in water levels

did not begin until 1984 to 1985. The water level in wel'l 699-2-3, located

farthest from B Pond, continued to rise as late as 1989 while water levels in

wells 699-20-20, 699-41-23, and 699-34-51, located closer to B Pond, began to

decline by 1989.

The hydrographs in Figure 19 show that the water levels increased as

much as 1.5 m (5 ft) between December 1979 and December 1989. These water

levels correlate with total 200-East Area discharges (Figure 15) as well as

B Pond discharges (Figure 17). These data indicate the wide areal influence

that wastewater management practices in the 200-East Area, particularly at

' B Pond, have on the unconfined aquifer.

Gable Mountain Pond

Gable Mountain Pond (216-A-25 Pond) is located north of the 200-East

Area near Gable Mountain (Figure I).

During the early 1980s, a distinct ground-water mound was present

beneath Gable Mountain Pond; howeveY, it was not laterally extensive (RHO

1980b, 1981b, 1982b, 1983b, 1984b). The mound began to dissipate following
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the start of decommissioningactivitiesin 1984, after which, Gable Mountain

Pond continuedto receivereduceddischarges until deftc,'t.ivationwas complete

in the fall of 1987 (Serkowskiet al. 1988),

Annual volumesof wastewaterdischargedto Gable Mountain Pond between

' 1980 and 1990 are plottedas a bar graph in Figure 20. The bar graph indi-

cates that discharge increasedin 1983, probablyas a result of the startup of

° PUREX, and then decreasedthereafter. With the diversionof wastewaterfrom

Gable Mountain Pond to B Pond in 1986, the volume of water dischargedto Gable

Mountain Pond was 1,36E+09 L, an GO% reductionfrom the effluentdisposed

there in 1985 (Law et al, 1987).
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FIGURE20. Annual Volume of' Wastewater Discharged at Gable Mountain
, Pond Between1980 and 1990 (Aldrichand Sliger 1981;

Sliger 1982; Wilbur et al. 1983; Law et al. 1984; Law
et al, 1986; Law and Schatz 1986; Law et al. 1987;
Serkowskiet al, 1988; Cooney and Thomas 1989)
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Figure 4 shows that the water level declined over 1.5 m (5.0 ft) between

December 1979 and December 1989. Figure 6 shows that the water level declined

over 0,5 m (1.5 ft) between December 1984 and December 1989. A hydrograph of

well 699-53-47A, shown in Figure 21, indicates that this decline occurred

after mid-1984. This well is located along the northeast perimeter of Gablo

Mountain Pond.

6

To illustrate the areal influence of Gable Mountain Pond discharge on

the unconfined aquifer, hydrographs of wells (and their locations) in the

vicinity of Gable Mountain Pond are presented in Figure 22,

The hydrographs indicate that water levels in the vicinity of Gable

Mountain Pond peaked in early 1985. The greatest responses, as much as 0.6 m

(2 ft), were observed in wells located nearest Gable Mountain Pond. Responses

were also observed in wells located hydraulically downgradient from the pond

to the northwest in the gap between Gable Mountain and Gable Butte, but, as

expected, appeared to diminish with greater distance from the pond.
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IO0-N AREA

The IO0-N Area is locatedalong the Columbia River north of Gable Moun-

tain (FigureI). The 1301-N Liquid Waste Disposal Facility (LWDF)and 1325-N

LWDF were the primarywaste disposalfacilitiesfor the N Reactorin the

IO0,N Area during the 1980s. The locationof these facilitiesare shown in

Figure 23.
o

The 1301-N LWDF operateduntil 1985 before it was shutdown (Smith and

Gorst 1990). The 1325-N LWDF began receivingwastewatervia pipeline in Sep-

tember 1985 (Jensen1987). The volume of liquid wastewaterdisposedto the

facility,and consequently,the rise and fall of the water table beneaththe

1301-N and 1325-N LWDFs,were dependenton the operationalstatus of the

N Reactor. The N Reactorwent back into operationin October1985 and then on

cold standby in January 1988 (Frulandand Lundgren1989).

No water-leveldata exist for the period the 1301-N LDWFwas operating

(1980 and 1985). Therefore,dischargesto the 1301-NLDWF will not be pre-

sented here. Monthly volumesof wastewaterdischargedto the 1325-N LWDF

betweenSeptember1985 and December1989 are plottedas a bar graph in

Figure 24. Large volumes of wastewaterreleasedto the 1325-N LWDF between

September1985 and September1986 are indicativeof the operationalstatus of

the N Reactor. Water-leveldata, however,are not completeduring this

period.

The bar graph in Figure 24 indicatesthat after September1986 monthly

volumesof wastewaterdischargedto the 1325-N facilitywere significantly

reduced. As a result,the water levels beneaththe 1325-N LWDF declined.

A hydrographof well 199,N-27,locatednear the 1325-N facility (see Fig-

ure 23), is shown in Figure 25.

Followingcold standbyof the N Reactor in January 1988, 3.7E+7 L

(9.9E+6gal) of wastewaterwere disposed to the 1325-N facilityin approxi-

mately 3.5 days in February 1988 (PNL 1988). This rate resulted in a water-

: table rise in February 1988, as indicatedby the spike in the hydrographshown

in Figure 25.

A more detailed hydrographshowingthe water-levelresponse in well

199-N-27during February1988 is illustratedin Figure 26. Water levels were
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recorded by a continuous recorder in weil 199-N-27 during the February 1988

discharge pulse. This hydrograph indicates that the water table rose sharply,

as much as 3.5 m (11.5 ft) in 3.5 days between February 22 and 26, "1988.

After disposal was terminated, the elevation of the water level in this well

began to decay.
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In January 1989, the N Reactorbegan defuelingoperations,which

resulted in increasedrates of dischargeto the 1325-N facility. Beginning in

May 1989, a large pulse of wastewaterwas known to have been releasedto the

1325-Nfacility. The hydrographin Figure 25 also indicatesthat the water

table rose significantly,as much as 4.5 m (14.9 ft) in May 1989. Although

minimumdetectionlevels of the flowmeterwere measuredand reported for the

monthlydischargevolume,the spike on the hydrographis probably attributed

to recharge from the 1325-N facility. A water-tablemap in Figure 27 adapted

from Smith et al. (1989),shows the configurationof the ground-watermound

• beneath the 1325-Nfacilityfor June 1989.

• IMPACTSFROMIRRIGATION IN UPPERCOLDCREEKVALLEY

The water-level changes contour map in Figure 4 indicates that the water

levels rose over 3 m (10 ft) between December 1979 and December 1989 in the

Cold Creek Valley at the west end of the Hanford Site. Zimmerman et al.

(1986) postulated that, after 1969, the water table rose as a result of
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irrigation activities in the Upper Cold Creek Valley west of the Hanford Site.

A hydrograph of well 699-43-i04 in Figure 28 indicates that the water table at

the west end of the Hanford Site rose during the 1970s and continued to rise

through the 1980s. The location of well 699-43-104 is shown in Figure 29.

, During the 1980s,the net water-levelrise was 3.24 m (10.63ft) between

December 1979 and December 1989, and peaked in December 1987.

' The water-levelmeasurementin well 699-43-104for December 1985 does

not fit with the trend in the rest of the water-leveldata and may be an

"outlier." This measurementappearsto be on the order of 3 m (10 ft) to 4 m

(13 ft) below the trend of the data (see Figure 28). One possibleexplanation

for this nontrendingmeasurementis that a small-diameterpiezometer,desig-

nated "P," insidethe well may have been mistakenlymeasured. The water level

in this piezometer,open to a deeper interval,is currentlyover 3.2 m

(10.5 ft) lower than the water level in the weil.

Well 699-43-104
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FIGURE28. Hydrograph of Well 699-43-104 Between 1957 and 1990
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The major irrigationusers in the upper Cold Creek Valley currentlyare

St. Michelle Vineyardsand SportfisherOrchardCompany. The locationof these

irrigationusers with respectto the west end of the HanfordSite is shown in

Figure 29. The sourcesof irrigationfor these operationsare deeper, con-

fined aquifers. Irrigationwater appliedin excess of evapotranspiration

rechargesthe unconfinedaquifer.

St. Michelle Vineyardshas 665 acres of vineyardsin productionthat

have been irrigatedsince they replantedin 1979. The sources of irrigation

are two wells that produce from underlyingconfined aquifers,one (designated

well #I) yielding approximately2500 gpm and the other (designatedwell #2)

yielding approximately1800 gpm. Between1982 and 1983, St. Michelle

Vineyardsconvertedtheir irrigationsystem from a sprinklersystem to drip

irrigation,which reducedconsumptiveuse by 40% to 50%. Consequently,use of

well #2 was stoppedand only well #I was utilized as a source of irrigation

water. Well #I continuedto pump at a flow rate of approximately2500 gpm.

SportfisherOrchard Companybegan operating in 1987 with 120 acres of

orchards,which were irrigatedby a sprinklersystem during the summermonths.

Their holdingshave since increasedto a current420 acres. The source of the

irrigationwater is a singlewell open to an underlyingconfined aquifer

between60 m (190 ft) and 80 m (270 ft) below land surface. This well is

currentlybeing pumped at a flow rate of approximately2800 gpm.

RIVER STAGE INFLUENCES

The primarysurface-waterfeatureat the Hanford Site is the Columbia

River. The river is hydraulicallyconnectedto the unconfinedaquifersystem

and changes in river stage strongly influencethe elevationof the water table

in adjacentareas. The ColumbiaRiver stage,which varies cyclically,is

controlledprimarilyby the Priest RapidsDam upstreamof the Hanford Site and
i

by seasonalchangesas a result of springrunoff. The frequencyof the river-

level cycles ranges from hourly to annually.

Hydrographsthat illustratethe influenceof the river stage on the

unconfinedaquiferare presentedby severalauthors. Prior to 1980_ the

effectsof river stage on the unconfinedaquifer at the Hanford Site was
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s ,'ledby Newcomb and Brown (1961). Hydrograpnsshowingthe influenceof the

riv, _tage on the unconfinedaquifer in the IO0-N Area, IO0-H Area, and

300 Area during the 1980sare presented in Jensen (1987),Liikallaet al.

(1988),Schallaet al. (1988),and Frulandand Lundgren (1989),respectively.

_NOMALOUSWATER-LEVELCHANGES

J

Anomalouswater-levelchanges for December 1979 to December 1989 were

observed in two wells, 699-59-80Band 699-28-52A. These are discussedin

detail below.

Well 699-59-80B

The water-levelchangescontour map in Figure 4 shows that the water

level irlthe vicinityof well 699-59-80B rose as much as 2 m (6.6 ft) between

December 1979 and December 1989. Figure 30 shows a hydrographand the loca-

tion of well 699-59-80B. The hydrograph indicatesthat this rise in water

level is much greaterthan water-levellises in four neighboringwells,

numbered699-55-70,699-55-76,699-55-89,and 699-57-83A. The hydrographsand

locations of these four wells _:_realso shown in Figure 30. The water-level

rise in 'these neighboring wells ranged between 0,4 m (I,3 ft) and 0.6 m

(2.0 ft).

The hydrographsin Figure 30 indicatethat the water levels in the four

neighboringwells have been rising since Hanfordoperationsbegan in the

1940s. However, the water level in well 699-59.-80Bhas continuedto rise

steadily into the 1980s,but at a greater rate than the water-levelrises in

the four neighboringwells. Examinationof geologic and well construction

logs indicatesthat well 699-59-80B is partiallycompletedin a low-

permeabilityzone while the four nearby wells are completedin higher-

permeabilityzones. A possible explanationfor the dissimilartrends observed

in the hydrographsbetweenwell 699-59-80Band its four neighboringwells is
i

that the low-permeabilityzone present at well 699-59-80Bmay cause a delay in

propagatingareal water-tablechanges to this weil.

Well 699-28-52A

Figure 4 shows that the water level in the vicinity of well 699-28-52A

declined as much as I m (3.3 ft) between December 1979 and December 1989,
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Figure 31 shows hydrographs and locations of wells 699-28-52A, 699-25-55, and

699-34-51. The hydrograph in Figilre 31 indicates tha:; the w_ter level in

well 699-28-52A declined during the 1980s, while the water levels in two

neighboring wells, numbered 699-25-55, and 699-34-51, rose. The water-level

rise in these neighboring wells was 0.5 m (1.6 ft) and 0.7 m (2.3 ft), ,

respectively.

Historically, the wa!:,r-level trend in well 699-28-52A was similar to

the water-level trends of the two neighboring wells until about 1977 (Fig-

ure 65). Beginning in 1977, the water level in this well changed on three

differenL occasions on the order of 1,5 m (5 ft) to 2 m (7 ft) over a period

of I year or less (Figure 31).

The significant water-level changes observed in well 699-28-52A are

related to well-completion activities and does not reflect actual water-level

changes in the aquifer,
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_UMMARYAND_ONCLUSIONS

During the 1980s,wastewaterdischargeand irrigationpracticescaused

significantchanges in the configurationof the water table at the Hanford

Site, The near-equilibriumconditionsobservedduring the 1970swere dis-

rupted by stressesprimarilyimposedon the unconfinedaquifersystem during

the 1980s. This disruption, associated with changes in magnitudes of

recharge, caused unsteady state water-level conditions, The greatest change

in the water level was observed in the western part of the Hanford Site,

Water levels rose more than 3 m (10 ft) in response to irrigation practices

west of the Hanford Site in the Upper Cold Creek Valley,

The major ground-water mounds that developed because of wastewater

discharge practices prior to 1980, either diminished or grew in the 1980s.

The total annual discharge of wastewater in the 200 Areas can be correlated

with changes in water level. The ground-water mound beneath the 200-West Area

began to dissipate iii 1984, primarily in response to decommissioning at

U Pond. The water table beneath the 200-West Area declined more than 2,5 m

(8 ft) during the 1980s. Decommissioning at U Pond also caused the water

table to decline between the 200-West Area and the Yakima Ridge basalt, which

outcrops above the water table to the south of the 200-West Area. The ground-

water mound beneath B Pond, however, grew after the startup of PUREXin 1983.

The height of the ground-water mound beneath B Pond increased more than 1.5 m

(5 ft) during the 1980s. [he mound grew primarily in response to changes in

wastewater discharge practices in the 200-East Area, particularly at B Pond.

Wastewater discharge practices in the 200-East Area also influenced the uncon-

fined aquifer southeast of B Pond during the 1980s, causing water levels to

rise approximately I m (3 ft).t

The ground-water mound beneath Gable Mountain Pond completely dissipated

, in response to decommissioning activities at Gable Mountain Pond. The water

level declined more than I m (3 ft) in the vicinity of Gable Mountain Pond

during the 1980s. The total monthly discharge of wastewater at the IO0-N Area

can also be correlated with changes in water level, The water table beneath

the IO0-N Area responded significantly to temporal wastewater activities at

the 1325-N LWDF. Water levels in the unconfined aquifer adjacent to the

Columbia River responded, as expected, to river stage fluctuations.
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