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EXECUTIVESUMMARY

As required by the Hanford Federal Facility Agreement and Consent OrderI

(Tri-PartyAgreementMilestone M-17-OOA),this report assesses the impact of

wastewater discharged to the 284-WB PowerplantPonds on groundwaterquality.

The assessment reported herein expands upon the initial analysisconducted

2
between 1989 and 1990 for the Liquid Effluent Study Final Project Plan.

• Facility Description

The 284-WB Powerplant Ponds, located in the west-central200 West Area,

have been in use since 1984 to dispose of liquid effluents from the

284-W Powerplant. The 284-W Powerplantproduces steam for plant operations in

conventionalcoal-fired boilers. Wastewater consists chiefly of once-through

cooling water used in the powerplant. Other wastewater sources include boiler

blowdowns, filter backwash, and water softener regenerant (approximately

9% sodium chloride). Powerplantoperations include three operatingmodes"

routine operations,water softener regeneration,and boiler blowdown.

Wastewater dischargevolumes fluctuatedependingon operatingmode. Overall

long-termaverage discharge is approximately150 gal/min. AFter June 1995,

discharges to the ponds are scheduledto cease and powerplanteffluent will be

rerouted to the Treated Effluent Disposal Facility,which will be situated

east of the 200 East Area.

IEcology,EPA, and DOE, 1990, Hanford Federal Facility Agreement and
Consent Order, Washington State Department of Ecology,U.S. Environmental
ProtectionAgency, and U.S. Department of Energy, Olympia, Washington.

2WHC, 1990, Liquid Effluent Study Final Project Plan, WHC-EP-0367,
WestinghouseHanford Company, Richland,Washington.
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Impact Assessment

There are no local hydrogeologicor groundwaterchemistry data available

to directly support this assessment. Effluent data, vadose zone transport

predictions,and circumstantialevidence suggest the 284-WB Powerplant Ponds

contributeboth directly and indirectlyto groundwatercontaminationin the

200 West Area. The most likely groundwatercontaminantsare chloride,

fluoride,and possibly barium from disposal of water softener regenerant.

Process improvementsare expected to reduce this source in the near future.

Mobilizationof radioactiveconstituentsin the soil column beneath the ponds

before their construction,and/or interactionof perched water from the ponds

with adjacent sources is possible, but the magnitude and extent are unknown.

Discharge of water to the ponds now representsa substantialportion of the

artificial recharge to the 200 West Area, therefore some hydraulic influence

on local groundwaterflow paths is likely. The distributionpattern for

chloride in groundwaterprovides an indicationof the widespread influenceof

pond operations on water movement in the north-central200 West Area.

Conclusion

Continued short-termoperationof the 284-WB PowerplantPonds will

contribute to groundwatercontaminationin the 200 West Area. However, the

existing groundwatercontaminationfrom past-practicesources has greater

potential significancethan the contributionfrom the ponds. The groundwater

monitoring network for this facility is inadequate. Characterizationand

remediationactivitiesconducted under the ComprehensiveEnvironmental

Response, Compensation,and LiabilityAct of 19803 program should consider

3ComprehensiveEnvironmentalResponse, Compensation,and LiabilityAct of
1980, 42 USC 9601, et seq.
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the influenceof the pond on distributionof contaminantsin the

200 West Area. If discharges to the pond continue past the June 1995

cessationdate, a vadose and groundwatermonitoring network should be

installed. Installationof any wells would have to be coordinated through

existing 200 West Area operable unit work plans (T Plant, Z Plant, and/or

U Plant), as the 284-WB PowerplantPonds are located near the confluenceof

- these operable units.
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I

GROUNDWATERIMPACT ASSESSMENT REPORT
FOR THE 284-WB POWERPLANT PONDS

I.0 INTRODUCTION

Groundwater impact assessmentsare required for a number of liquid
effluent receiving sites accordingto the Hanford Federal Facility Agreement
and Consent Order (Tri-PartyAgreement) milestonesM-17-OOA and -OOB, as
agreed upon by the U.S. Departmentof Energy (DOE),the Washington State

" Department of Ecology (Ecology),and the U.S. EnvironmentalProtectionAgency
(EPA) (Ecology et al. 1991). This report assesses the impacts to groundwater
from the disposal of effluent to the 284-W Powerplant (or Powerhouse,the

- terms are used interchangeably)Ponds (284-WBPonds) in the 200 West Area.

1.1 BACKGROUND

In response to public comments on the original Tri-Party Agreement, and
at the request of the signatorieson the Tri-PartyAgreement, the DOE,
Richland Field Office (RL) conducteda study to assess the impact of liquid
effluents discharged to the ground at the Hanford Site (WHC 1990a, 1990b).
The EPA and Ecology expressed concerns regardinguncertaintiesin the
evaluationsmade by RL. Foremost among these concernswere the lack of
site-specificdata, the need to consider interactionswith adjacent liquid
discharge facilities,and the need for more rigorous models of contaminant
transport. Because of these concerns, the RL, Ecology, and EPA (the three
parties) created a series of Tri-PartyAgreementmilestones, including
M-17-OOA, M-17-OOB, M-17-13, and M-17-13A,which pertain to groundwater impact
assessments.

The Tri-PartyAgreement milestonesM-17-OOA and M-17-OOB require impact
assessmentsfor Phase I and II waste streams. Phase I and II waste streams
are defined in Stordeur and Flyckt (1988)o Effluentsdischarged to the
284-WB Ponds were defined as a Phase II waste stream. Tri-Party Agreement
milestone M-17-13 required the developmentof a methodology for assessingthe
impact of liquid effluent discharge on groundwater,which resulted in the
document A Methodologyfor Assessing Impacts to Groundwaterfrom Disposal of
Liquid Effluent to the Soil at the Hanford Site (Tyler 1991). Thirty days
after regulatoryapproval of the methodologydocument, as required by
Tri-Party Agreement milestoneM-17-13A, a schedule for performing the

- assessmentsat 13 receivingsites was completed. The 284-WB Ponds are
identified in the schedule as one of the receivingsites to undergo a
groundwater impact assessment.

1.2 METHODOLOGY

The methodology presented in Tyler (1991) was followed in preparing the
groundwater impact assessment for the 284-WB Ponds. Tyler (1991) included the
categorizationof each of the 13 receivingsites into one of three levels
based on the amount of effort needed to performthe assessment. A level I
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receiving site groundwaterimpact assessmentrelies on available information.
A groundwater impact assessmentof a level 2 receivingsite may require
nonintrusivefield work to verify the extent of existing contamination.
A level 3 site may require intrusivefield work. If it is discovered that
existing informationis inadequatethrough the course of performing a level I
impact assessment,the assessmentmay be raised to a level 2 or 3 assessment.

The methodologydocument (Tyler 1991) outlines several tasks to be
conducted as part of the groundwater impact assessment for level I receiving
sites:

• Prepare and present plan describing how the groundwater assessment
will be conducted

• Characterizethe liquid effluent stream

• Evaluate the site-specifichydrogeology

• Develop a site conceptualmodel

• Assess the hydrologic impact of the liquid effluent stream

• Assess the contaminant impact of the liquid effluent stream

• Evaluate the adequacy of the existing monitoringwell network

• Prepare a written report of the results.

The tasks required for level 2 and 3 receiving sites are similar to those
outlined above, but also include field work-relatedactivities. The
284-WB Ponds were categorizedas a level I receivingsite on the basis of the
low hazard potential of the wastewater (Tyler 1991).

Several key assumptionsinherent to all groundwaterimpact assessments
are explained in the methodologydocument (Tyler 1991) and warrant summarizing
here. For this impact assessment,the followingassumptions are relevant.

• The expected level of impact from use of the receiving site
determines how well the chemistry,geology, and hydrology need to be
understood.

• Modeling sophisticationis tailored to available informationand the
expected level of impact of the receiving site.

• Historical data are fully useable.
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2.0 FACILITIESDESCRIPTION

2.1 LOCATION

The Hanford Site is a 1,450-kmz (560-miz) tract of land located in
Benton, Franklin,and Grant Counties in the south-centralportion of
Washington State. The 200 West Area is located in the west-centralpart of
the Hanford Site, approximately37 km (23 mi) northwestof the city of
Richland (Figure I). The 284-WB Ponds are located in the east-centralpart of
the Hanford Site's 200 West Area, approximately610 m (2,000 ft) west of the
284-WB Ponds (Figure2). The ponds are elongated in a north-southdirection,
183 m (600 ft) long, and 50 ft (15 m) wide at the top. The ponds are divided
into a northern lobe approximately9_ m (325 ft) long; and a southern lobe
approximately73 m (240 ft) long (Figure3). Pond depth, from berm top to

- pond floor, varies between 6 and 7.6 m (20 and 25 ft).

Generally the north pond contains between 0.3 and 0.9 m (I to 3 ft) of
standing water. Currently the south pond is dry. A layer of pebbles and
cobbles covers the bottom, sides, and tops of the berms of the ponds. In
addition,the bottom of the north pond is carpeted by a layer of coal ash,
mud, and algae as deep as 46 cm (18 in.) in places, extending as much as I m
(3 ft) up the sides of the pond. The north pond also contains a variety of
aquatic vegetation and windblown vegetation (e.g., tumbleweeds). The surface
of the southern end of the north pond often is covered with floating algae and
fragmentsof unburned coal and coal ash.

A concrete weir box is located approximately6.7 m (22 ft) north of the
_ond outfall and spillway. The weir box is 2.4 by 1.5 i,i(8 by 5 ft) and 3.7 m
(12 ft) deep. The effluent line that runs out to the ponds is a 25-cm
(10-in.)pipe that discharges from the easternmostend, where the old laundry
(2723-W)and fabrication/machineshops (277-W Fabricationand Machine Shops
[277-W Complex]) tie in to the powerplantfilter plant (283-W). At this point
it increasesto a 91-cm (36-in.)line that runs from the filter plant (283-W)
to where the reservoir (282-W)ties in. A I07-cm (42-in.) line (Figure 4)
extends from the reservoir (282-W)to the weir box north of the ponds. There
are six manholes along the length of the line. The effluent line route, the
manholes along the line, and the weir box are all posted "Caution -
UndergroundRadiation." The pond outfall and spillway,,and the ponds
themselves are not posted. The outfall consists of four 51-cm (20-in.)steel
pipes; these pipes are set into the southernconcrete wall of the weir box on
the north end, span the 6.7 m (22 ft) of soil column to the pond, and are set
in the concrete wall of the pond outfall on their southern end.

2.2 HISTORY AND FACILITIES

Before constructionthe site now occupied by the ponds formed the head
end of the 216-U-14 Ditch. At this location the 216-U-14 Ditch received waste
streams from the laundries (2723-Wand 2724-W),mask cleaning station
(2723-W),fabricationshops (277-W Complex), and the powerplant facilities
(284-W,283-W, and 282-W). The old laundry (2723-W)operated from 1944 to
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Figure I. Location of the 200 West Area on the Hanford Site.
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Figure 2. Location of the 284-WB Powerplant
Ponds in the 200 West Area.
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Figure3. Plan Viewof the 284-WBPowerplantPonds.
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1952. In 1952, the old laundry became the mask cleaning station,when the new
laundry (2724-W) began operations. Over the years, the laundry (2724-W)has
expanded to includeannexes 2724-WA and 2724-WB.

Based on constructionspecifications(KEH 1982, RHO 1983) the ponds were
built directly upon the head end of 216-U-14 Ditch. According to pond
constructionspecifications,a minimum of 0.3 m (I ft) of potentially
contaminated216-U-14 Ditch soil was removed from the portion of the ditch
that the ponds would eventuallyoccupy. The contaminatedsoil was to be
placed in the 216-U-14 Ditch (south of the pond location and north of
16th Street) as backfill material. Clean fill was placed over the backfill
and the area revegetatedto control contamination. The length of the
216-U-14 Ditch backfilledwas posted as "SubsurfaceContamination"per the
radiologicalcontrols required at that time (KEH 1982). In addition,the
91- and I07-cm (36- and 42-in.) effluent pipes and manholes were scoured,
cleaned, and decontaminatedusing a "hydroblasttechnique" (Power Master
Company, Portland,Oregon). This technique used high-pressure
(68,950,000N/m2 [10,000psi] feed pressure)water jets to scour the surface
of the concrete, brick, mortar, and pipes. The nozzle head was designed so
the water jets are placed to push all the scour and fill debris backwards
through the system to where it is eventuallyremoved. The pipeline remains
posted as "UndergroundContamination"(becauseof fixed radiological
contamination),but posting of the ponds was not necessary. While it appears
that the residual near-surfacecontaminationwas removed as stated above,
there are no records (that could be found at this time) to verify these
statements. However, the radiologicalposting in this area is in concurrence
with the statements above.

The ponds have been used continuouslysince their completion in 1984.
Two main facilities have contributedeffluent to the pond since its
construction,the 284-W Powerplant and the 277-W Complex, which are located
across Beloit Avenue to the northeastof the powerplant (Figures 4 and 5).
The effluent line, which feeds the ponds today, is the same line that fed into
the head end of the 216-U-14 Ditch before pond construction. When the ponds
were constructed this line was modified to discharge to the ponds. Concrete
wing walls were added to the existing concrete wall and effluent pipe outfall
(KEH 1982; RHO 1983). Although the effluent stream is considered "clean"or
nonradiologicalin nature, the effluent dischargeline is still posted as
"UndergroundRadiologicalContamination"along its entire length because of
the continued presence of "fixed" contamination.

Several other facilitiesare locatedwithin the immediatearea (within a
152-m [500-ft] radius) of the 284-WB Ponds.

• A number of tank farm transfer lines converge at the location _f two
diversion boxes located 62 m (200 ft) north/northwestof the north
end of the ponds (see Figure 5). DiversionBox 241-TX-155 is w

weatherproofedand isolatedfrom the transfer piping system. The
other diversion box, 241-TX-152,is still in service and all of its
valves/linescan be traced and accountedfor on the master board in
Building 272-WA. Subsurfacecontaminationwarnings are posted along
these tank farm transfer lines and at the diversion boxes. In the
spring of 1954, a leak occurred from one of the jumpers in Diversion





WHC-EP-0679

i

Box 241-TX-155,which caused an area 3 by 31 m (30 by 100 ft) west
of the diversion box to become contaminated(Table i). This area
was covered with clean soil and temporarilyposted as a radiation
zone. Other unplanned releases are related to these diversion boxes
(see Figure 5 and Table I).

• The 216-T-20 Trench (also known as the 216-T-20 Crib) is located
between these diversion boxes and the ponds (see Figure 5). This
trench measures 3 by 3 by 1.2 m (10 by 10 by 4 ft). In
November 1952, the trench was excavated to receive waste solution
from the Diversion Box 241-TX-155catch tank. The trench received
18,900 L (5,000 gal) of nitric acid contaminatedwith radionuclides
(Table 2). The trench was deactivatedthe same month by backfilling
the trench with about O.g m (3 ft) of clean soil and removing all
abovegroundpiping. At that time the trench was also fenced off and
posted with radiationzone signs. However, the fence and all
abovegroundmarkings of this trench are no longer present at the
site.

• A 49 by 61 m (160 by 200 ft) sanitar) tile field is located 152 m
(500 ft) east of the ponds (see Figure 5). The sewer and septic
tank (2706-WI)associatedwith this tile field are located
37 m (120 ft) southeastof the tile field, and 219 m (720 ft) east
of the north pond. The sanitary sewer effluent line runs parallel
(approximately9 m [30 ft]) to the powerplant pond effluent line on
the south side, along its entire length (from the east of the
2723-W Building to the septic tank). A former tile field is;shown
on maps that date from the IgSO's, located just south of the current
tile field (see Figure 5). This tile field is no longer marked
above ground; the entire area is covered with gravel, and is
sometimesused as an area to park equipment From nearby garage and
maintenancebuiIdings.

I0



Table 1. Summaryof Unplanned Releases Near the 284-WB Powerplant Ponds
(adaptedfrom DOE-RL 1992a).

Unp[ armed Release Asso_:iated
No. Location (operable unit) Date waste Report waste - related history

mana_e_t unit
UN-200-M-113 213 m (700 ft) east of the Mid-1950's NA • Discovered in 1977, when radioactive rabbit feces Mere

241-TX Tank Farm, just north fourKi near diversion box
of the 241-TX-155 Diversion • After soil removat, radioactivity increased and source
Box (200-TP-2) believed to be a leak in a waste transfer [ine

• Acid spilt from diversion box catch tank is a possibte
influence

• StabiLized with clean grave[
• Area is stabilized with soiL, sown with grass, and posted

with under_ro_ radiation hazard signs.,

UN-200-W-135 46 m (150 ft) northwest of 04105154 NA • Failure of the jun_r in the diversion box allowed Liquid
the 241-TX-155 Diversion Box to flow along the encasement and exit on the hillside
(200-TP-2) • Approximately 3,785 L (1,000 ga[) of su_rnatant Leaked;

MIDS document estimates 1,699 m" (60,000 ft')
• Dose rate of 5 r/h; 2.5 r/h at 0.6 m (2 ft)
• Access roads barricaded unlit contamination was covered,

area sea.Led, and covered with earth
UPR-2OO-M-5 Hillside to the west of the 1950 241-TX-155 * Resulted from Leaky jun_rs or overflow and contaminated =ES

216-T-20 Trench (200-TP-2) Diversion Box soil arot=nd the diversion box _-
• Area around the diversion box was covered with clean soil c_I
• Presently the diversion box is coated with weather- rn

_-= proofing foam -oI
• Light chain barricade with surface contamination placards o

surrouncLs the diversion box c_

UPR-2OO-W-2B West of the 241-TX-155 Spring 195/. 241-TX-155 * Resulted from Leaky jLznpers or overflow and contaminated _o
Diversion Box (200-TP-2) Diversion Box soil around the diversion box

• Area around the diversion box was covered with clean soil
® Presently the diversion box is coated with weather-

proof ing foam
• Light chain barricade with surface contamination placards

surrounds the diversion box

UPR-200-W-131 1.5-m (5-ft) diameter around 03/13/53 241-TX-155 • Resulted from Leaky jun_rs or overflow and contaminated
the 241-TX-155 Diversion Box Diversion Box soi t arour_l the diversion box
risers (200-TP-2) * Area around the diversion box was covered with clean soil

• Light chain barricade with surface contamination placards
surrounds the diversion box

NA = not applicable.
UN = release is treated as a distinct waste management unit for ren_=cliation purposes.

UPR = sites are not treated individually, but as part of closely" related units already covered by the Hanford Federal Facility Agreement and
Consent Order (Ecology. et at. 1991).

WIDS = Waste information Data System.
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Table 2. RadionuclideContent of the 216-T-20 Trench (Max?,ie!,,d19,7,9).

Radionuclide At time of discha,r,ge,,' As 0f 06.,/30/77

Plutonium (g) ,., None None

.........Beta activity (Ci) 50 <2.24

Strontium-gO(Ci).... o.gg . _,,.0.54 ,

Ruthenium-106,(Ci) ....2.I 6.g E-08

Cesium-137 (,Ci) 1.1 0.60

Cobalt-60 (Ci) None None

Uranium (k_l) 5.0 5.0

12



WHC-EP-0679

3.0 EFFLUENT CHARACTERISTICS

3.1 LAYOUTANDSYSTEMOPERATION

Water drawn from the Columbia River at the IO0-B or IO0-D Areas is pumped
to a 94,635,000-L(25,000,O00-gal)reservoir located in the 100 Areas
(Figure6). Water is then pumped from this reservoirto the 11,356,000-L
(3,000,O00-gal)282-W Reservoir in the 200 West Area (Figures6 and 7). Water
from the 282-W Reservoir is pumped to the 283-WasteTreatment Facility (WTF)
where alum is added to the water to neutralizeelectricallycharged suspended
particlesand colloids. The alum-treatedwater is sent through one of five
flocculationbasins and then into a settling basin. Overflow from the
settling basin is filtered throughone of four gravity-feedmultimedia
filters, consisting of four layers of material (ceramic,gravel, sand, and

• anthracite,from bottom to top, respectively). The filters are backflushed
four times a month to remove filteredmaterials and solids. The wastewater

from these flushes flows into the combined wastewater stream that discharges
to the 284-WB Ponds. The clean, filteredwater from the 283-W WTF is then
chlorinatedand stored in two covered clearwells,with a total capacity of
1,514,160L (400,000gal). This treated water provides potable water to the
200 West Area (Herman 1992).

The 284-W Powerplant is a coal-fired steam plant that provides steam for
200 West Area operations. In total, four facilitiescontribute to the process
wastewater stream: the 284-W Powerplant,the 283-WTF, the 282-W Reservoir,
and the 277-W Complex. In the past only the 284-W PowerplantwastesLream has
been sampled. Under the new Sampling and Analysis Plan for the 284-W Area
Powerplant and 277-W FabricationShop Process WastewaterStreams (284-W SAP) "
(Herman 1992), all the streamswill be sampledand a new b_Lselineestablished.

Effluent stream informationis summarized in Table 3 (WHC 1990a). Key
constituentsare given in Table 4 and loading estimatesare provided in
Table 5 (WHC 1990a). Dischargefrom the four sourcesmentioned above converge
near the 284-W Powerplant and then flow down the same pipeline to the ponds
(see Figure 7). The sample point for effluent to the ponds (used for the
Liquid Effluent Study Final Project Report [WHC 19gOal) is locateddownstream
of this confluence. Consequently,contributionsfrom the Four Facilities
could not be differentiatedfor this assessmentreport.

3.2 DISCHARGEVOLUME AND FLOW RATE

• Past-practicedischargevolumes and flow rates from the head end of the
216-U-14 Ditch are difficult to determine. The facilitiesthat contributedto
the effluent stream, namely the 284-W Powerplant,the 277-W Complex, the
283-W WTF, the 282-W Reservoir, and the 2723-W and 2724-W Laundries, did not
keep facility-specificrecordsof discharges. Before 1968, records of
discharge were documented in the 216-U-I0 Pond (U Pond) inventory. The flow
rates for the U Pond system before 1968 (which included several other
discharge sources), are shown in Figure 8.

13
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Figure 8. Flow Rates for the 216-U-Pond from 1944 tD 1967.
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Table 3. Effluent Stream Description,284-W PowerplantWastewater
(adapted and modified from WHC 1990a).

Total volume of effluent

discharged to subject No data available
receiving site"

,-,,, , i.., ,,.m , ,.,,,, , , , , ,,.,, , , ,, ,,

Average effluent discharge Routine: 1.23 E+07 L/month
rate, by operatingmode Softener regenerate" 5.68 E+05 L/month
(WHC 1990b, Addendum 27) Blowdown: additional 1.89 E+05 L/month

Current average effluent 1.31 E+07 L/month total average monthly flow
discharge rate (WHC 1990b, rate
Addendum 27)

Effluentdesignation Nondangerous,nonradioactive
(WHC 1990b, Addendum 27)

Effluent status Active discharge to 284-WB Powerplant Ponds

Table 4. Effluent Stream SamplingData, 284-W Powerplant
Wastewater (WHC 1990a) (2 sheets).

SampIe
Key Detection Detection/ concentration

constituents limit° analyses (90% confidence
interval)

,, ,, ,, ,i ,.....

September 1985 to January 1987, during blowdown
, ,,,

Aluminum NA 4/5 550
,. , ,.. ,, , •

Iron 30 5/5 980
, ., ,,, .

November 1987 to April 1988, during water softener regeneration
,,.. ,,.. , , ,,,,

Aluminum NA I/4 830
,., , ,,, ,, ,,,, ,,..

Barium 6 4/4 75,000
,,,, .. ,..... m .. _ ,

Chloride 500 4/4 6I,000,000
- i

• Fluoride 50 3/4 150,000
, ,...... ,,,

Lead 5 2/4 170

. Manganese ......5........... 3/4 380 .....
, , ,.. ,,,....... _

July 1988 to March 1989, during routineoperation
, ., ,,,. ,, _

Aiuminum NA I/5 160
, ,,,., , ,, .,. ,.

Chloride 500 5/5 3,600
,,..,., ...........

17
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Table 4. Effluent Stream Sampling Data, 284-W Powerplant
Wastewater (WHC IggOa) (2 sheets).

Sample
Key Detection Detection/ concentration

constituents Iimit' analyses (90% confidence
interval)

- October i"989"to March Iggo,'duringblowdown
-- , i i , , ,,,,. , ,,,,,,,,,,,,

Aluminum No data
,.... ,, ,, i ,. , ,,,.,,,

Iron No data
. i i

oc'tober"1989 to Ma"rch1990, during water soft"enerregeneration

....Alumi"'num ..... No data "
..,, ,,, ,l,.. ,- , , , . ,, , ,

Barium No data -

" chloride ..... No data .......

,,,, - ,, ,., ....,

Fluoride No data

Lead No data "
., , i , .,..

Manganese No data
llltllI l , ,,,,

October 1989 to March 1990, dur'ingroutine operation
i, , ,,, , ,. ,

Aluminum NA 3/4 292
,,,,

....Chloride 500 '" 4/4 I,920,000
....

aUnits: chemical--partsper billion, radionuclides--
pCi/L.

NA = not available.

Table 5. Radionuclideand Chemical Loading, 284-W Powerplant
Wastewater (WHC 1990a) (2 sheets).

Flow rate" 1 31 E+O7 LImonth

Constituent kg/L' kg/mo' Constituent kg/La kg/mo"

Aluminum 2.08E-07" 2.72E+001 Potassium .......8"i74"E-06 I.14E+02
,

Barium 2.43E-07 3.17E+00 Silicon 2.87E-06 3.75E+01'

Boron 6.02E-08 7.86E-01 Sodium 2.92E-04 3.81E+03 "
,,,. ,, ,,.,, , ,

Cadmium 4.25'E-09 5.55E'-02 Strontium 1.01E-06 1.32E'+01
,, .,. ,,, ,,,, , ,

Calcium 1.98E--04 2.59E+03 Sulfate 2.68E-05 3.50E+02 "
,,,, ,,, ,. ,,,, ,

Chloride 7.31E-04 g.55E+03 Uranium 5.18E-I0 6.76E-03
, , ,,, ,..,

Cobalt 2.65E-08 3.46E-01 Vanadium 5.00E-Og 6.53E-02
-- ,, ,. .,, ,, , ,,,,, , ,

Copper I.12E-08 1.46E-01 Zinc 2.20E-08 2.87E-01
,, , ,,,

18
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Table 5. Radionuclideand Chemical Loading, 284-W Powerplant
Wastewater (WHC 1990a) (2 sheets).

Flow rate: I 31 E+07 L/month

Constituent kg/L" kg/mo' Constituent kg/L' kg/moa
ii I It I I I I I I I lit

Fluoride 1.64E-07 2.14E+O0 Trichloromethane 6.25E-09 8.16E-02
w . , , i., i. i ,,,.,,,, i i ,,,,, ,,, , ,,,,,,,,..,,, ,,.,,.,, , t

Iron 1.04E-07 1.36E+00 Beta activitys 3.15E-12 4.11E-05

Lithium 1.72E-08 21'2SE-01 Suspended'solids 7.2SE-06 9.47E+01
,,,, l ,,., , ,,,., , , ,,, ,i , ,,,,, _ ,,,,.,, ,,

Magnesium 7.23E-05 g.44E+02 Total dissolved 9.69E-04 1.27E+04
solids

I, , , , ,,,, , ,,. ,,., ,. , "

Manganese 9.50E-09 I.24E-01 Total organic 1.30E-06 1.70E+01
carbon

,,,, , ,, , , , ,,, , ,,,,.,., , L,., ,,,, i ,f,,.,, .

Mercury 4.10E-I0 5.35E-03 Total carbon 1.55E-05 2.02E+02

Nitrate 5.75E-07 7.51E+00 Total organic 5.15E-08 6.72E-01
halogens (as
chloride)

...................

'Concentrationunits of these constituentsare re)orted as curies per
liter. Loading units of these constituentsare reported as curies per
month.

Notes:
1. Data collected from October 1989 throughMarch 1990.
2. Flow rate is average of rates from the Hanford Site Stream-

Specific Reports (WHC 19gOb,Addendum 27).
3. Constituentconcentrationsare average values from the

statistics in the Hanford Site Stream-SpecificReports
(WHC 1990b,Addendum 27).

Recent flow rates into the ponds were measured with a flow meter
installednear the ponds and averaged 443 L/min (117 gal/min) (Herman 1992).
These flow rates do not agree with the flow rates reported by the
284-W Powerplant operations;the flow rates From the separate facilitieswill
be measured as a part of the effluent samplingefforts (Herman 1992). Flow
rates vary with the season;higher rates occur during the colder months, as
more steam is needed for heat throughoutthe 200 West Area.

The largest contributorsto the discharge at the ponds are the
• 284-W Powerplant,the 283-W WTF, and the 282-W Reservoir. Table 6 gives a

breakdown of wastewater contributors,sources, estimated amounts of wastewater
contributedby each source, and the approximatefrequencyof discharge by each

. source (Herman 1992).
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Table6. FacilitiesthatContributeto Dischargeinto
the 284-WBPonds"(adaptedfromHerman1992).

.......... , ...........................

FaciLitY" Source Discharge b Estimated /_,_ountContril:_Jted
(fLow rate during discharge) c

..... ,,, _ ,,.,.- i i ill i ,,,., ± i.i i

282-W Coating water C 1,325 L/min (350 gat/mfn
Reservoir P_lBpstrainer back flush water B --

Heater corw_ensate C --

Reservoir overft'ow .......... B ........... 26,498 L/min (7;'000 pt/min)

z_-ww.' F|'tter
I I ,,, . i

backwash' B 8,831 L/mtn (2,333 gat/min)/fitter x
4 filters x 30 min/filter = 1,059,720 L

(279,900 geL) x 4 backwashes/month =
4,238,880 L/month (1,119,840 gat/month)

Ftoor drains B --
Heater condensate C -- -
Cooltng water C --
aaiin wash down water S --
Ctearwet t overflow B --
Basin overflow B --

h

Water testing and smpttng station 6 --
Continuous turbidt ty meter C --

284-W Cooling water C 189 L/mtn (50 gat/mtn) with 2 boilers
Powerptent online; 8,327,880 L/month

(2,200,000 get/month) with 2 baiters
online

|

Continuous btowdownd C 34 to 80 L/,in (9 to 21 gat/mtn); varies
from 11,340kg/h (25,000 tb/h) steam
toad using 2,044 L/h (540 get/h) to

27,216 kg/h (60,000 tb/h) steam toad
using 4,717 Llh (1,246 get/h)

Mud drum blowdown" C 4.32 L/man (1.14 get/mtn)/btowdown;
189,270 L/month (50,000 get/month)

Water softener regeneration' @ 2i2 to 254 L/min (56'"to 67 gat/min) for
3 hours, 8 times/month - 305,280 to

365,760 L/month (80,640 to
96,480 gat/month)

ii ll,i ,i i, ,,, i ,

Stem heater co_w:lensate C --
,, ii i, i ,,, ,i, ,,, ,,,,,,. ,, ,. ,,,! i,,, ,., i ,,,.. ,

277-W Floor drains B Volume unknown, but drains washed down
Complex three to four times per year

,,, i

Coating water C 1.7 L/man (0.44 gat/min); 7,912 L/week
(2,090 gel/week) + 9,085 L/week
(2,400 gat/week) = 16,656 L/week

(4,400 get/week) total
i ,l=l , i

Steam jet condensate B --

Fire water btokclot,_n B 189 L/year (50 get/year)

Hydrate, ling B 37,854 L/test (10,000 get/test)

283-W WTF= Waste Treatment Facility.
"Art flow estimates taken from WHC1990¢.
=Identification of discharge type: B = batch, C = continuous.
=Flow ties not shown are nominal. •
=aasedqUantion information supplied by plant operations. There are four filters In the 28]-W WTF.
"Based on 189,270 L/month (50,000 gat/month; information provided by plant operations.
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3.3 EFFLUENTCONSTITUENTS

The effluent analyticaldata indicatethat all modes produce metallic
ions and anions exceedingWashington AdministrativeCode 173-200, "Groundwater
Quality Standards of the State of Washington"or Washington Water Quality
Standards (WWQS),by large margins, the predominantspeciesbeing chloride.
The samp'_ingresults for water softeneroperations are typical for such
systems.

Recent discharges to the ponds generallyhave a high total salt
concentrationand a neutral to moderately basic pH. Aluminum, calcium,
chloride, fluoride, iron, magnesium, nitrate, sodium, strontium

" (nonradiological),sulfate, potassium, barium, and total dissolved solids have
been detected in effluent entering the ponds. Of these, chloride, fluoride,
barium, and total dissolved solids exceed the WWQS limits. 284-W SAP data for

• the ponds indicate aluminum sulfate, sodium chloride, and <4% potassium
hydroxidemay also be present.

3.4 CONSTITUENTSOF INTERESTANDKEY INDICATORS

Data presented in WHC (1990a)indicate constituentsfound in the effluent
stream at that time were derived from water softener regeneration(Table 7).
During regenerationactivitiesaluminum,barium, chloride, fluoride, lead, and
manganese are detected in the effluent. Additionaldata indicate that most of
the calcium, sodium, strontium (nonradiological),sulfate, potassium, and
cerium found in the waste stream also are generated during water softener
regeneration. These data (see Table 4) indicatethat only aluminum and iron
are found in effluentsgeneratedduring boiler blowdown activities. During
normal operationsonly aluminum and chloride are detected.

The amount of salt used by the 284-W Powerplantfor a 5-year period was
tabulatedto determine an average amount of salt used in a year (Table 8).
This average was then used to calculatea revised estimate of chloride
concentrationfor the 284-WB Ponds. The revised estimate is 250,000 parts per
billion (ppb) chloride based on the salt usage data. This is significantly
lower than the value of 1,500,000ppb given in Table 7, and is believed to be
a more accurate estimate than those previouslyused for the ponds.
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Table7. MajorChemicalConstituentsin ContributorStreams
and Weighted Average Concentrations for the Combined

ZB4-WPowerplantEffluentStream(WHC19g0a).
......................................

Blowdown Softener Normal Weighted
Constituent flush(1.5%)' regeneration operations(4.5%)' (94%)a average(ppb)

A1uh_inum 340 830 160 193

Calci um 18,000 23,000,000 17,000 i, 100,000

......Ch'l'ori"cle ..........3,800 ' 331000,000 ....................................3,100 1,'500,000
-- ,, ,. iH,,., ,,,r H , ,,,,,.,, , , , , . , , ,,,..,, , , ,

Fluorlde 100b 85,000 130 4,000 -
..... i , ,i,., i, i, , , l ,. H ,,if,.

Iron 630 210 120 132

Magnesium 4,200 I I,000,000 3,800 ,7,000 ,
........ , ,,,, , , ,, H ,H j , ,,,, , H, , ,H..,

Nitrate(NO}) g00 1006 900 B60_H,.,, , ,,.,,

Sodium 38,000 gO,000,000 20,000 4,I00,000

strontium i00b 29,000 Bg 1,400

Sulfate(S04) 30,000 65,000 24,000 26,010

Potassium 11600 170,000 1,000 8,600
, ,,, ,,,,,, _ ,,,,_ : ,,, , ,,,,,,,, ,L ,,, ,,, ,_,,, _ ,, I,,,, ,,,,,,, ,,, , ,r,, ,_

Barium 34 32,000 25 i,500

Cerium 240 270 15 30

'Based on _ercent of total effluent discharge rate contr buted by each
mode _see Table3).

"Assigned value for purpose of calculating weighted average.
ppb = partsper billion.
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Table 8. Amountof Salt Used to Nake Brine for 284-W Powerplant Water Softeners.
1988 1989 1990 1991 1992

Week kmunt" Week l_munt" Week M.x_t" Week l_.3unt" Week lUmunt"

12121187 to 20,962 12119188 to Data missing 12119189 to 7.274 12120/90 to Data missing 12/19/91 to 25.6g_
1125188 1122_189 1123190 1122./91 l lZZ/_

1125 to 2127 13.706 1122 to 2122 0 1123 to 2./15 10,502 1/22 to 2119 11.518 I122 to 2/18 Oata
m_ssing

2127 to 3122 10,672 2122 to 3120 17,204 2115 to 3115 Data missing 2119 to 3120 6,114 ?./18 to 3123 12,404

3122 to 4119 10,632 3120 to 4124 11.538 3115 to 4123 14.176 3/20 to 4123 4,430 3/23 to 4/21 Data
missing

4119 to 5117 22,150 4124 to 5123 10,632 4123 to 5122 6,202 4123 to 5120 Data missing 4121 to 5/27 7,974
t

5117 to 6120 Data missing 5123 to 6/19 7.088 5122 to 6119 12,404 5120 to 6125 12,404 5/27 to 6/23 8.860

6/20 to 7126 7,088 6/19 to 7126 13,290 6/19 to 7124 4,430 6125 to 7/24 31.896 6123 to 7/21 630

7126 to 8122 2,658 7126 to 8116 6,202 7124 to 8/21 4,352 7124 to 8115 3,544 7/21 to 8119 Data
=issing =E

(-3
8122 to 9126 7,974 8116 to 9127 18,606 8112 to 9/26 1,7/2 8/15 to 9125 886 8119 to 9123 79,449 t

r_) rrl
"O

_) 9/26 to 7,974 9/27 to 11,518 9/26 to 13,290 9125 to 18,880 9123 to 6,202 i
10124 10123 10124 10123 10121 o

10124 to 8,860 10123 to 20,378 10/24 to 9,746 10123 to 17,720 10121 to 7,088 _o
11/21 11 121 11120 11119 11124

11/21 to 14,176 11121 to 1.142 11/20 to 12.404 11/19 to 11,518 !1/24 to 886
12119 12119 12/20 12119 12/17

t

11,S32 [b/month b 11,759 [blmonth ° 8.777 tb/month b 11,882 [b/month ° 16.576 [b/month _ I
(5,231 kg/month) (5.334 kg/month) (3,981 kg/month) (5,390 kg/month) (7,519 kglmonth)

......

12.105 tb/month = (5,502 kg/month)

_Pounds (tb) of rock satt (sodium chtoride).
=Average for the catendar year.
CAverage for the 5-year period. 1988 to !992.
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4.0 CONCEPTUAL MODEL OF HYDROLOGIC RESPONSE
AND CONTAMINANTMIGRATION

4.1 HYDROGEOLOGiCFRAMEWORK

4.1.1 Regtonal and Hanford Stte Geology

The Pasco Basin and the Hanford Site are underlain by pre-Miocene
sedimentary and crystalline rocks (Campbell 1989), Miocene-aged (17.5 to 6 Ma)
basalts of the Columbia River Basalt Group (CRBG) (Myers et al. 1979; Reidel

" and Fecht 1981; DOE 1988; Tolan et al. 1989; Reidel et al. 1989, 1992) and
interbeddedsedimentsof the EllensburgFormation (Reideland Fecht 1981;
DOE 1988; Smith 1988), and a late Miocene to Holocene-aged(<8.5 Ma to

• present) suprabasaltsediment sequence (Myerset al. 1979; Tallman et al.
1981; DOE 1988; Smith et al. 1989; Lindsey 1991a, 1991b; Reidel et ai. 1992).

4.1.1.1 Columbia River Basalt Group. The CRBG is an assemblageof
tholeiitic,continentalflood basalts that cover an area of more than

163,157 km2 (63,000miz) in Washington,Oregon, ]nd Idaf;oand have an
estimatedvolume of about ]74,356 km= (40,800mi ) (DOE 1988; Reidel and
Hooper 1989; Tolan et al. ]989). The CRBG is divided, from oldest to
youngest, into five formations: Imnaha Basalt, Picture Gorge Basalt, Grande
Ronde Basalt,Wanapum Basalt, and Saddle Mountains Basalt (DOE 1988; Tolan
et al. 1989) (Figure9). The Saddle Mountains Basalt (the uppermostbasalt at
the Hanford Site) is divided into (from oldest to youngest) the Umatilla,
Wilbur Creek, Asotin, Esquatzel,Pomona Mountain, ElephantMountain, and
Ice Harbor Members (Reideland Fecht 1981).

4.1.1.2 Ellensbur9Formation. The EllensburgFormationconsists of
volcaniclasticand siliciclasticdeposits that occur betweenCRBG basalt flows
(DOE 1988; Smith 1988). At the Hanford Site the three uppermostunits of the
Eilensburg Formationare, from oldest to youngest, the Selah, the Rattlesnake
Ridge, and the Levy interbeds. A detailed discussion of the Ellensburg
Formation at the Hanford Site is given in Reidel and Fecht (1981).
Smith (1988) and Smith et al. (1989)discuss the Ellensburg Formationand
correlativeunits throughout the region.

4.1.1.3 SuprabasaltSediments. Discussionsof various aspects of suprabasalt
sediment geology are found in Myers et al. (1979);Tallman et al. (1979,
1981); PSPL (1982);Bjornstad (1984);Fecht et al. (1987);DOE (1988);
Baker et al. (]991);Smith et al. (1989);Delaney et al. (1991);

• Lindsey (]991a, ]992); Lindsey et al. (1991, 1992); and Reidel et al. (1992).
Delaney et al. (1991),Lindsey (1991a), and Reidel et al. (1992) provide the
most recent synopsis of suprabasaltsediment geology for the Hanford Site.

. The followingdiscussion is summarized from these recent reports.

The suprabasaltsedimentarysequence (Figure10) is up to 229 m (750 ft)
thick at the Hanford Site. It is dominatedby the laterallyextensive late
Miocene to PlioceneRingold Formationand the PleistoceneHanford formation.
Laterallydiscontinuousunits, referred to as the Plio-Pleistoceneunit, early
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Figure g. GeneralizedStratigraphyof the Pasco Basin
and SurroundingArea.
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Figure 10. GeneralizedStratigraphyof the Suprabasalt
Sedimentsin the Pasco Basin.
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"Palouse" soil, and pre-Missoulagravels, separate the Hanford formationand
Ringold Formation locally. Holocene-agedalluvial and eolian deposits cap the
suprabasaltsequence.

The Ringold Formation is up to 183 m (600 ft) thick within the Pasco
Basin; it pinches out against basalt ridges around the edge of and within the
basin; and it consists of semi-induratedclay, silt, fine- to coarse-grained
sand, and pebble to cobble gravel. Ringold Formationdeposits are grouped
into five sediment facies associations(fluvialgravel, fluvial sand,
overbank-paleosol,lacustrine,and ba._alticalluvium) that are defined on the
basis of lithology, petrology, stratification,and pedogenic alteration. The
associationsare summarizedas follows"

(I) Fluvial gravel--consistsof clast and matrix-supportedpebble to
cobble gravel with a fine- to medium-grainedsand matrix. Grain
size distributionstend to be bimodal with granules and coarse-
grained sand being rare. Crude to well-defined stratificationand
low-angle lenticular beddinggeometries generallydominate.

(2) Fluvial sand--fine-to coarse-grainedquartzo-feldspathicsands
displayingwell-definedstratificationdominate. Fining upwards
packages less than one to severalmeters thick are common.

(3) Overbank-paleosol--laminatedto massive silty sand, silt, and clay,
displaying evidence of pedogenic alteration.

!

(4) Lacustrine--characterizedby well stratifiedclay with interbedded
silt and silty sand.

(5) Basaltic alluvium--massiveto crudely stratified,weathered to
unweathered, basaltic, pebble to cobble gravel, commonly with a mud-
rich matrix.

The distribution of facies associations within the Ringold Formation
forms the basis for stratigraphic subdivision (Lindsey 1991a, 1991b). The
lower half of the Ringold Formation is characterized by fluvial gravel and
sand-dominated intervals designated units A, B, C, D, and E (see Figure 10)
that interfinger with fine-grained deposits typical of the overbank-paleosol
and lacustrine facies associations. The lowest of these fine-grained
intervals is designated the lower mud unit (see Figure i0). Interstratified
deposits of the fluvial sand and overbank-paleosol facies associations and
strata dominated by the lacustrine facies association form the upper half of
the Ringold Formation (commonly referred to as the upper Ringold).

Several localized, informal units separate the Ringold Formation from the
Hanford formation. These units are the: (I) Plio-Pleistocene unit,
(2) pre-Missoula gravels, and (3) early "Palouse" soil (see Figure 10)
(Myers et al. 1979; Tallman et al. 1979, 1981; DOE 1988; Reidel et al. 1992).
The Plio-Pleistocene unit and early "Palouse" soil consist of loess, pedogenic
calcium carbonate, and basaltic sands and gravels. Uncemented mixed lithology
gravels with a quartzo-feldspathic matrix dominate the pre-Missoula gravels.
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The Hanford formationconsists of uncementedgravel, sand, and silt
deposited by Pleistocenecataclysmicflood waters (Fecht et al. 1987;
DOE 1988; Baker et al. 1991). The Hanford formation is thickest in the
vicinity of the 200 West and 200 East Areas where it can be up to 107 m
(350 ft) thick. The Hanford formation is divided into three facies (gravel,
sand, and silt dominated)that are gradationalwith each other. The facies
are summarized as follows:

(I) Gravel-dominatedfacies--generallyconsists of cross-stratified,
coarse-grainedsand and granule to bouldergravel that contain minor
intercalatedsilt-rich horizons. These gravels generally are
uncemented and matrix poor, displaying an open-frameworktexture.

(2) Sand-dominatedfacies--well-stratified,fine- to coarse-grained
sand, and granule gravel dominate. Silt content is variable, but

, where it is low an open-frameworktexture is common. Small pebbles
and rip-up clasts in addition to lenticular,pebble-gravelinterbeds
and silty interbedsmay be present.

(3) Silt-dominatedfacies--interbeddedsilt and fine- to coarse-grained
sand formingwell-stratifiednormallygraded rhythmites are
characteristic.

In addition to the three facies, clastic dikes also are commonly found in
the Hanford formation as well as locally in other sedimentaryunits at the
Hanford Site (Black 1979). These clastic dikes are structuresthat generally
cross cut bedding, although they do locallyparallel bedding. The dikes
usually consist of thin, alternatingvertical to subverticallayers of silt,
sand, and granules. Where the dikes intersectthe ground surface a feature
known as patterned ground can be observed.

Holocene surficialdeposits consist of silt, sand, and gravel that form a
thin (4.9 m [<16 ft]) veneer across much of the Hanford Site. These sediments
were deposited by a mix of eolian and alluvialprocesses.

4.1.1.4 StructuralGeology. The Columbia Plateau is divided into three
informal structural subprovinces: Blue Mountains, Palouse, and Yakima Fold
Belt (Reidelet al. IgB9; Tolan and Reidel 1989). These structural
subprovincesare delineated on the basis of their structural fabric. The
Hanford Site is located in the eastern Yakima Fold Belt near its junction with
the Palouse subprovince.

The Yakima Fold Belt consists of a series of segmented, narrow,
. asymmetric,and generally east-westtrending anticlines that separate broad,

low-amplitudestructural basins (Reidel1984; Reidel et al. 1989). The Pasco
Basin (where the Hanford Site is situated) is one of the largest structural

. basins within the Yakima Fold Belt. The Pasco Basin is bounded on the north
by the Saddle Mountains antic,ine, on the west by the Hog Ranch-NaneumRidge
anticline, and on the south by the RattlesnakeMountain anticline. The
Palouse slope, a west-dippingmonocline, bounds the Pasco Basin on the east.
The Pasco Basin is divided into the Wahluke and Cold Creek synclines by the
Gable Mountain anticline,the easternmostextension of the Umtanum Ridge
anticline.
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4.1.2 284-WB Ponds Geology

The boreholes nearest the ponds (299-W14-5 and 29g-w14-6) are located 198
to 22g m (650 to 750 ft) to the west. Consequently,site-specificgeologic
data for the immediatearea of the ponds are lacking. The following
discussion of the geology in the vicinity of the 284-WB Powerplant Ponds is
derived from these two wells, geologic informationfrom other boreholes
(2gg-w14-7,29g-wII-6, and 2gg-w14-10),and from studies of outcrops analogous
to strata thought to occur in the pond area. However, because of the lack of
site-specificdata this discussion is necessarilygeneralized. A generalized
stratigraphiccolumn for the central 200 West Area is illustratedin
Figure 11.

Geologic trends in the 284-WB Ponds area are similar to those typically
seen in the 200 West Area (Figures12 and 13). The Hanford formation, the
Plio-Pleistocene/early"Palouse"interval,and the Ringold Formationcomprise
the unsaturatedzone in the ponds area. Holocene-agedeolian sands are found
west of the site, but examinationof the area immediatelysurroundingthe
ponds location suggests that these deposits have been removed by human
activity.

Gravel, sand, and silt of the Hanford formation form the majority of the
vadose zone in the central 200 West Area and are divided into two main

intervals,an upper coarse unit and a lower fine unit. Strata typical of the
gravel-dominatedfacies form most of the upper coarse unit (Lindsey et al.
1992). Borehole data and outcrop studies elsewhere in Hanford gravels suggest
minor occurrencesof the sand- and silt-dominatedfacies may occur as
lenticular interbedswithin the upper coarse unit. In the area of the ponds
the unit is somewherebetween 6 and 12 m (20 and 40 ft) thick and generally
appears to thicken to the north.

The lower fine unit of the Hanford formationconsists oF interbedded

strata typical of both the sand- and silt-dominatedfacies. Based on drilling
logs elsewhere in the 200 West Area, gravelly interbedsmay be present. The
lower unit is between 20 and 32 m (66 to 105 Ft) thick in the central 200 West
Area around the ponds and borehole trends indicate it thickens to the
southwest. The nature of the contact between the upper and lower units is not
known, and could be sharp or gradational.

The Hanford formation is underlain in the central 200 West Area by the
early "Palouse" and Plio-Pleistoceneinterval. This interval is dominated by
basaltic sands and gravels containing variable amounts of pedogeniccalcium
carbonate, in the form of concretions,nodules, and discontinuouslayers less
than 0.3 m (I ft) thick. Loess-like silts, such as are thought to typify the
early "Palouse" soil (DOE 1988; Last et al. 1989), probably are not present
beneath the ponds. Recent data indicate that the loess-like silts may be less
common throughout the 200 West Area than originally thought. The combined
early "Palouse" and Plio-Pleistoceneinterval is between 3.3 and 10.6 m
(10 and 35 ft) thick in the area and thins and dips to the south.

The thickest unit in the central 200 West Area around the ponds is the
Ringold Formation. At this location it consists of the upper unit, unit E,
the lower mud unit, and unit A. Each of these units generally dips to the
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Figure 11. Generalized Stratigraphic Column
for the Central 200 West Area.
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Figure 12. North to South Geologic
Cross Section of the Central

200 West Area.
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Ftgure 13. Westto East Geologtc
Cross Sectton of the Central

200 WestArea.
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south. The upper unit probably is less than 4 m (13 ft) thick and consists of
strata typical of the fluvial sand and overbank-paleosol facies. Rtngold
unit E is approximately 82 m (269 ft) thick and consists largely of the
fluvial gravel factes although minor tnterbedded occurrences of the fluvial
sand and overbank-paleosol Facies also maybe present. The lower mudunit
typically consists of: the overbank-paleosol and lacustrine facies and ts
between3 and 12 m (10 and 40 ft) thick tn the area. Unit A displays
lithologtes like those found in unit E and is between 17 and 23 m (56 and
75 ft) thick.

The uppermostbasalt beneath in the area is the Elephant Mountatn Member
of the Saddle Mountains Basalt (Retdel and Fecht 1981). The top of the basalt

- lies between approximately 155 and 162 m (510 and 530 ft) below the surface
and generally dips to the south.

4.1.3 Regional and Hartford Site Hydrology

Delaney et al (199i) presents a synopsis of regional and Hanford Site
hydrology. Conneliy et ai. (1992) summarizesthe hydrology of the 200 West
Area. This section ts summarizedFromDelaney et al. (1991).

4.1.3.1 SurfaceWater. Primarysurface-waterfeaturesnear the HanfordSite
are the Columbiaand YakimaRivers,and the two tributariesof the Columbia,
the Snake,and the WaliaWallaRivers. The free-flowingstretchof the
ColumbiaRiveradjacentto the HanfordSite is knownas the HanfordReach. It
extendsfrom PriestRapidsDam to the headwatersof LakeWallula(the
reservoirbehindMcNaryDam). Flowalongthe HanfordReachis controlledby
PriestRapidsDam. Approximatelyone-thirdof the HanfordSite is drainedby
the YakimaRiversystem. ColdCreekand its tributary,Dry Creek,are
ephemeralstreamswithinthe YakimaRiverdrainagesystem. Both streamsdrain
areasalongthe westernpartof the HanfordSite and crossthe southwestern
partof the HanfordSite towardthe YakimaRiver. West Lake,about40,470mz
(10 acres)in size and lessthan I m (3 ft) deep,is the only naturallake
withinthe HanfordSite (DOE1988). Wastewaterponds,cribsand ditches
associatedwith nuclearfuelreprocessingand wastedisposalactivitiesare
alsopresenton the HanfordSite (Figure14).

4.1.3.2 Groundwater.The PascoBasinis characterizedby a multiaqulfer
systemthat consistsof fourhydrogeologicunitsthat correspondwith the
upperthreeformationsof the CRBG and the suprabasaltsediments.

The basaltaquifersgenerallyare confinedand foundwithinsedimentary
. interbedsof the EllensburgFormationand interflowzonesthat occurbetween

basaltflows. Rechargeto the shallowbasaltaquifersresultsfrom
infiltrationof precipitationand runoffalongthe marginsof the PascoBasin.

. Rechargeof the deep basaltaquifersis inferredto resultfrom interbasin
groundwatermovementoriginatingnortheastand northwestof the PascoBasin:n
areaswherethe Wanapumand GrandeRondeBasaltscrop out extensively
(DOE1988). Groundwaterdischargefrom shallowbasaltaquifersis probablyto
the overlyingaquifersand to the ColumbiaRiver. Dischargeareasfor the
deepergroundwatersystemsare uncertain,but flow is inferredto be generally
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Figure 14. Location of Water Disposal
Sltes on the Hanford Site.
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southeastwardwith discharge speculatedto be south of the Hanford Site
(DOE 1988). Erosional"windows"through dense basalt flow interiorsallow
direct interconnectionbetween the unconfined and uppermost confined aquifers
(Grahamet al. 1984).

The suprabasaltsediment aquifer is containedwithin glaciofluvial
deposits of the Hanford formationand alluvial/lacustrinesedimentsof the
Ringold Formation. This aquifer lies at depths ranging from less than 0.3 m
(I ft) near West Lake and the Columbia and Yakima Rivers, to greater than
107 m (350 ft) near the center of the Hanford Site. The position of the water
table beneath the western portion of the Hanford Site generally is within
Ringold unit E. In the northern and eastern portions of the Hanford Site the

- water table generally is within the Hanford formation. Hydraulic
conductivitiesfor the Hanford formation (610 to 3,050 m/day [2,000 to
10,000 ft/day]) are much greater than those of the gravel facies of the

. Ringoid Formation [186 to 930 m/day (610 to 3,050 ft/day]). The main body of
the unconfined aquifer occurs within the Ringold Formation.

The base of the uppermostaquifer system is defined as the surfaceof the
uppermostbasalt flow. However, overbank and lacustrinedeposits in the
Ringold Formation locally form confining layers for the underlyingRingold
Formationfluvial gravel and sand. The uppermost aquifer system is bounded
laterallyby anticlinalbasalt ridges and is approximately152 m (500 ft)
thick near the center of the basin.

Natural recharge to the uppermostaquifer consists of rainfall and run-
off from the higher bordering elevations,water infiltratingFrom small
ephemeral streams, and river water along influent reachesof the Yakima and
Columbia Rivers. The movement of moisture from precipitationthrough the
unsaturated(vadose) zone varies with vegetativecover, soil type, and depth
to water table. Gee (1987) and Routson and Johnson (1990) indicatethat water
movement is nonexistentacross much of the Hant'ordSite while Rockhold et
al. (1990) suggest that downward water movement below the root zone is common
in the 300 Area. Artificial recharge occurs from the disposal of wastewater
on the Hanford Site (principallyin the 200 Areas), and from large irrigation
projects surroundingthe Hanford Site.

4.1.4 200 West Area Hydrology

The hydrostratigraphicunits of most concern in the 200 West Area are
the: (i) RattlesnakeRidge interbed, (2) Elephant Mountain Basalt,
(3) Ringold Formation, (4) Plio-Pleistocene/early"Palouse" interval,and

. (5) Hanford formation. The RattlesnakeRidge interbed forms the uppermost
confined aquifer in the area; ranges from 15 to 25 m (50 to 82 ft) in
thickness; and consists of the flow bottom of the Elephant Mountain Basalt,

. the flow top of the Pomona Basalt, and the RattlesnakeRidge interbed.
Groundwater flow generally is toward the northeastbeneath the 200 West Area.

Graham et al. _1981, 1984) report transmissivityvalues of 0.7 to 108 m2/day
(8 to 1,165 ft'/day)for the RattlesnakeRidge Interbed.

The RattlesnakeRidge aquifer is separatedfrom the overlyinguppermost
unconfined aquifer system by the ElephantMountain Member of the Saddle
Mountains Basalt. The basalt has low hydraulicconductivities(0.009m/day
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[0.03 ft/day]). The surface of the ElephantMountain Member dips south-
southeast toward the axis of the Cold Creek syncline from a high just north of
the 200 East Area.

The suprabasaltaquifer beneath the 200 West Area is containedwithin
Ringold Formation units A and E and the lower mud unit. These strata exhibit
locally confined to unconfinedconditions. The saturated thicknessof the
unconfined aquifer ranges from approximately67 to 112 m (220 to 368 ft)
beneath the entire 200 West Area. Hydraulicconductivitiesfor the gravels
and sands of units A and E range from 0.02 _o 61 m/day (0.06)o 200 ft/day).
A mean hydraulic conductivityof 1.58 x 10"_m/day (5.19 x 10.7ft/day) is
reported for the lower mud unit by Last et ai. (1989).

The thickness of the unsaturatedzone beneath the 200 West Area ranges
from approximately55 to 100 m (180 to 32B ft) (Connellyet ai. 1992). Less
than 12 to greater than 43 m (<40 to >140 ft) of Ringold unit E extends above
the water table. This variation in thicknessis the result of erosionaland
depositionalvariationswithin these sediments,structural relief within the
Ringold Formation, and the sustainedgroundwatermounds derived from
wastewater disposal. The upper unit is discontinuousthroughout the 200 West
Area, reaching a maximum thicknessof 11 m (35 ft).

The Plio-Pleistocene/early"Palouse" interval reaches a thickness of
11 m (35 ft) in the central 200 West Area. The top of the unit dips
approximately1.5 degrees to the southwestbeneath the northern portion of the
200 West Area and flattens to the south. Pedogenic,calcium carbonate-
cemented horizons within the intervalmay create locally perched conditions.
However, lateral discontinuitieswithin this interval suggest these perched
zones, if they exist, will be of relativelylocal extent. No perched water
was reported by Last et al. (Ig89) above this unit.

Hanford formationstrata (upper coarse and lower fine units) form the
uppermost, continuous unit in the unsaturatedzone. Recent investigationsat
the 216-U-14 Ditch indicate significantperching of water occurs locally
within the interbeddedsands and silts of the lower unit. Experience gained
at the 216-U-14 Ditch indicatesthese interbeddedstrata probably have a
greater influenceon the migration of water through the vadose zone than the
underlying Plio-Pleistocene/early"Palouse" interval. The only barriers to
fluid migration within the upper coarse unit may be silty interbedsthat have
been shown to occur in the gravels that characterizethe unit elsewhere.
Hydrologic properties for the Hanford formation are summarized in Connelly
et al. (1992).

4.2 HYDROLOGICRESPONSESTO EFFLUENTDISPOSAL

Because of the absence of groundwater monitoring wells in or near the
284-WB Ponds, it is not possible to directly determine if water discharged to
the ponds has influencedgroundwater. Consequently, it is only possible to
speculateon the nature of groundwaterconditions beneath the ponds. Based on
experience elsewhereat the Hanford Site a very general conceptualizationof
water movement through the ground beneath the ponds is presentedhere.
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Water from the 2B4-WB Ponds probably percolatesgenerallydownward,
experiencinglittle spreadingthrough the uppermost 12 m (40 ft) of the
Hanford formation strata,which is characterizedby the open-frameworkgravels
of the gravel-dominatedfacies. When water reaches the interbeddedsand- and
silt-dominatedfacies of the lower unit, lateral spreadingmay occur. Because
lateraldiscontinuitiessuch as plnchouts and clastic dikes are common in the
silt-richhorizons, lateral spreading is inferredto be of a relatively local
extent on individualbeds. However, because of the presence of multiple silt-
rich horizons and the cumulativethicknessof this interbeddedinterval,
lateral spreadingmay be quite pronouncedthrough the entire interval.

Lateral spreadingof moisture may also occur on the underlying Plio-
- Pleistocene/early"Pa!ouse"interval.

Carbonate-cementedhorizonswithin the Plio-Pieistocene/early"Palouse"
, interval,as well as interbeddedsilts within the underlying upper Ringold

unit, and the presence of laterallyvariable cemented zones in Ringold unit E
may contribute to continuedlateral movement of waters. If lateralmovement
occurs across these horizons, a preferentialmigrationoF vadose waters to the
south (oppositegeneral groundwater flow directions in this area) may exist
because of the marked southwardstructuraldip into the Cold Creek syncline.

4.3 GROUNDWATERQUALITY

Contaminant plume maps have been compiled for the entire 200 West Area
for the 200 West Aggregate Area Management Study programs (Connellyet al.
1992). This informationindicatesthat any plumes present beneath the ponds
area probably are derived from contaminantsourceswithin the 200 West Area.

4.3.1 Hanford Site and the 200 West Area

The purpose of this section is to list potential contaminant plumes in
the vicinity of the 284-WB Ponds, as derived from Connelly eL al. (1992).
Because of the absence of groundwatermonitoringwells near the ponds, it is
not possible to determine the true extent of plumes beneath the site. The
nearest wells to the site are over 183 m (600 ft) away. However, examination
of Figures 15, 16, and 17, and comparison to the regulatory limits indicate
eight major contaminantplumes may be present beneath the ponds area
including: carbon tetrachloride,chloroform,trichloroethylene,fluoride,
nitrate, tritium, gross alpha, and gross beta (arsenicand chromium are minor
plumes, considerablysouth of the ponds). The apparent groundwater flow

• direction beneath the site is from the southwestto the east-northeast. Only
two wells (299-W15-5and 29g-WIB-7)for which data are available are situated
upgradientof the ponds. These wells are over 274 m (900 ft) away. The

. closest wells to the ponds (299-W14-5,299-W14-6,and 299-W15-4, a cluster of
three) are situated 183 to 274 m (600 to 900 ft) to the west, and as such are
not truly upgradient. Only one downgradientwell (299-W14-I0)exists.
However, that well is over B28 m (2,700 ft) away and may not be screened in a

' representativeinterval of the aquifer. The concentrationsof the eight
constituentsupgradient and downgradientof the pond site are given in the
followingparagraphs.
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Figure 15. ContaminantPlume Map for Carbon Tetrachloride,Chloroform,
and Trichloroethylene--200West Area.
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I

FiguY'e 17. Contaminant Plume Map for Tritium, Gross Alpha, and
and Gross Beta--200West Area.
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• Carbon tetrachlorideis found in highly variable concentrationswest
and southwestof the ponds. Concentrationsin the first three wells
to the west range from 301 to 1,960 ppb while a concentrationof
4,744 ppb is found in the closest well (299-W14-7)to the southwest.
Plume reconstructionseast of the ponds suggestvalues as low as
10 ppb are possible. The one monitoring well in this region has a
concentrationof less than 5 ppb.

• The chloroform plume map indicatesconcentrationssouthwest of the
ponds are highest at 1,595 ppb. Concentrationsdue west of the
ponds range from 4 to 18 ppb while the one well east (29g-w14-10)of
the ponds yields values of 4 ppb.

• Trichloroethyleneconcentrationseast and west of the ponds show
little variation. Concentrationsdue west of the ponds range from 5

. to 12 ppb, those to the southwestrange from 3 to 8 ppb, while the
single value east of the ponds is 5 ppb.

• Fluoride is not detected southwestor east of the ponds. However,
due west of the ponds fluoride concentrationsranging from 2 to
12 parts per million (ppm) are measured.

• Nitrate concentrationseast and west of the ponds are variable. The
wells just to the west have values ranging from 25 to 520 ppm.
Concentrationsto the southwestdisplay similar variability,with
two values at 105 ppm and 563 ppm. The only downgradientvalue is
39 ppm.

• Tritium concentrationsaround the ponds are relatively low compared
to much of the rest of the 200 West Area. Concentrations
immediatelyto the west range from 4 to 178 pCi/L while none is
reported to the southwest. A concentrationof I pCi/L is given for
the single downgradientwell (east).

• Gross alpha values are lowest in wells to the west and highest in
wells to the east, although the range of values is small. All of
the wells immediatelyupgradientof the ponds (west and southwest)
have readings of 0 or ! pCi/L. The downgradientwell has a value of
6 pCi/L.

• A range of values characterizesthe gross beta plume in the ponds
area. Values immediatelyto the west range from 9 to 33 pCi/L.
Those to the south are 4 and 79 pCi/L, while the single downgradient
value (east) is 12 pCi/L.

4.3.2 Potential Local Influenceson GroundwaterQuality

With few exceptions effluent entering the ponds contains few chemicals or
waste products of concern (Table 9). Consequently,the water in the ponds was
not thought to have a significantinfluenceon groundwaterquality in the
area. However, because of the lack of any site-specificdata, it is not
possible to verify this conclusionfor groundwater near the ponds.
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Table 9. Statistics on EffluentChemistry Data--284-WBPowerplant Ponds
Wastewater (WHC19gOc). (3 sheets)

,,, .....

Constituent N MDA Meth Mean StdErr 90%CILim Maximum
i H , li,,,,, i i..., '

Aluminum 4 1 DL 2.08E+02 5.11E+01 2.92E+02 3.61E+02
ii im i i ii i , i,,,,

Arsenic (EP 4 4 NA <5.00E+O2 O.00E+O0 <5.00E+02 <5.00E+02
toxic)

i ,,..,, ,.,. , ,

Barium 4 0 NA '2.43E+02 1.97E+02 5,6'5E+02 8.33E+02
,, , i,, .. ,.i, ,,

Ba'rium(EP 4 3 DL 1.01E+03 1.00E+01 1.03E+03 1.04E+03
toxic)

,, , i ,, ,, ,

Boron 4 0 NA 6.02E+01 3.07E+01 1.10E+02 1.50E+02
, ,, , , , ,,,,,

Cadmium 4 3 DL 4.25E+00 2.25E+00 7.g4E+O0 1.10E+OI
,,,,, ,,,,

Cadmium (EP 4 4 NA <1.00E+02 O.OOE+O0 <1.00E+02 <1.00E+02
toxic)

............. , i , ,.

Calcium 4 0 NA 1.98E+05 1.80E+05 4.93E+05 7.39E+05

Chlori'de ' '4 '"0 NA 7.31E+O5 7.26E+05 1.92E+06 2.91E+06
, iii ,i .,

Chromium (EP 4 4 NA <5.00E+02 O.OOE+O0 <5.00E+02 <5.00E+02
toxic)

, ,, , ,| ,,

Cobalt 4 3 DL 2.65E+01 6.50E+00 3.71E+01 4.60E+01

Co'pper 4 2 DL 1.12E+01 1,25E+00 1.33E+01 1.50E+01
, i , ,,, ,.

Fluoride 4 0 NA 1.64E+02 4.13E++00 1.71E+02 1.74E+02
, i , ,,,,,,,, ,,,, , ,

Iron 4 0 NA 1.04E+02 3,28E+01 1.58E+02 1.71E+02
..,,,, , , ,,,

Lead (EP
toxic) 4 4 NA <5.00E+02 O.OOE+O0 <5.00E+02 <5.00E+02
, , ,,,,,, ,, ,,,,, , ,

Lithium 4 3 DL 1.72E+01 7.25E+00 2.91E+01 3.90E+01
,,,, , ....

Magnesium 4 0 NA 7.23E+04 6.86E+04 1.85E+05 2.78E+05
......

Manganese 4 3 DL 9.50E+00 4.50E+00 1.69E+01 2.30E'+01
,, ,,., ,., ,,i

Mercury 4 3 DL 4.10E+01 3.10E-01 9.18E-01 1.34E+00
, ,,,,, ,,,,

Mercury (EP 4 4 NA <2.00E+OI O.OOE+O0 <2.00E+OI <2.00E+OI
toxic)

, ,, ,,,.,,. ,,,,,, ,,

Nitrate 4 3 DL 5.75E+02 7.50E+01 6.98E+02 8.00E+02
,,,,, ,,

Potassium 4 0 NA 8.74E+03 7.82E+03 2.16E+04 3.22E+04 ,
, , ,, ,

Selenium (EP 4 4 NA <5.00E+02 O.OOE+O0 <5.00E+02 <5.00E+02
toxic)
, , ,,,,

Silicon 4 0 NA 2.87E+03 2.08E+02 3.21E+03 3.22E+03

Silver '(EP .....4 4 NA <5.00E+02 O.OOE+O0 <5.00E+02 <5.00E+02
toxic)

...,,

Sodium 4 O' NA' 2.g2E+05 2.73E+05 7.39E+05 i'.liE.06
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Table g. Statisticson Effluent ChemistryData--284-WBPowerplant Ponds
Wastewater (WHC 1990c). (3 sheets)

.....Constituent N MDA ....Meth Mean StdErr 90%CILim Maximum
,,., HH i i ' i "'"'

Strontium 4 0 NA I.OIE+03 7.22E+02 2.20E+03 3.16E+03

Sulfate 4 0 NA 2.68E+0'4 5.'12E+03 3.52E+04 4.17E+04
,,,_ i i i ill ..nl. i , in,

Uranium 3 0 NA 5.18E-01 7.40E-02 6.58E-01 6.15E-01
...... .,, i ,, i , ii i.,.m.,

Vanadium 4 3 DL 5.00E+O0 O.OOE+O0 5.00E+O0 5.00E+O0
....... ,,,, ii i., i i,

Zinc 4 2 DL 2.20E+01 1.48E+01 4.62E+01 6.60E+01

" Trichloro-
methane 4 2 DL 6.25E+00 1.25E+00 8.30E+00 I.OOE+01

. '"Alkalinity 4 0 NA 7.12E+04 3.20E+03 7.65E+04 7.80E+04
(MethodB)

Beta
activity 3 I DL 3.15E+00 1.16E+00 5.33E+00 5.37E+00
(pCi/L)

Conductivity 4 0 NA 4.14E+02 2.00E+02 7.42E+02 1.01E+03
(_mhos/cm)

Ignitability 4 0 NA 2.05E+02 3.30E+00 2.00E+02 1.98E+02
(°F)

,,,,,,,., , .,,,

pH (dimen- 4 0 NA g.O4E+O0 1.4gE-Ol g.29E+O0 9.35E+00
sionless)

Reactivity
cyanide 4 4 NA <I.00E+02 O.OOE+O0 <I.00E+02 <I.00E+02
(mg/kg)

Reactivity
sulfide 4 4 NA <I.OOE+02 O.OOE+O0 <I.00E+02 <].OOE+02

(mg/kg)
, , ,, ,, ,.

Suspended
solids 4 3 DL 7.25E+03 2.25E+03 1.09E+04 1.40E+04

Total .... I ....
dissolved 4 0 NA 9.69E+05 8.57E+05 2.37E+06 3.54E+06
solids

Temperature 4 0 NA 1.39E+01 3.53E+00 1.97E+0! 2.42E+0!
, (°C)

Total
organic 2 0 NA 1.30E+03 O.OOE+O0 1.30E+03 1.30E+03
carbon
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Chlorideconcentrationsare elevatedin the pond effluent(Table10),and
wellsto the west and northeast(upand downgradient)showevidenceof
elevatedchlorideconcentrations.An extensivesearchof the varioussources
in the 200 West Area was performedusingthe T Plant,U Plant,Z Plant,and
S PlantAggregateArea ManagementStudyreports(DOE-RL1992a,1992b,1992c,
and 1992d,respectively),to determineif thereare othersourcesof chloride.
The pondsappearto be the only knownsourceof chloridein excessof normal
groundwaterconcentrationsand, therefore,the causeof the chloride"plume."

Anothersourceof potentialgroundwatercontaminationis relateddirectly
to the ponds,but was not examinedin the originaleffluentsreport
(WHCIggoa). Thispotentialsourceof contaminationis the radioactive

" materialin the pre-existing216-U-14Ditch. The 284-WBPondswere
constructedon top of the headend of the 216-U-14Ditch. The construction
plansspecifiedthat a minimumof 0.3 m (I ft) of contaminatedsoilwas

. removedfrom the sidesand bottomof the ditch (KEH1982;RHO 1983). Although
the top layerof contaminatedsoil is assumedto have beenremoved,the soil
columnbeneaththe pond may containcontaminationfrompre-1984dischargesto
the 216-U-14Ditch.

4.4 SOIL COLUMNCHEMICALFACTORS

Spills and liquid wastes discharged to the head end of the 216-U-14 Ditch
before construction of the pondsmayhave contributed unknownamountsof
chemical and radioactive wastes to the soil column. These liquid wastes
includedeffluentfrom the "radioactive"laundryas well as fromthe
284-WPowerplant,whichwere both slightlybasic(pHof "8 to 9). A soil of
basicpH usuallyis conduciveto retentionof many metalsand radionuclides.
However,earlystudies(Knoll1957)showeda markedreductionin radionuclide
sorptionby HanfordSite soilsin the presenceof laundrydetergentsand
relateddecontaminationchemicals.For example,0.1 weightpercentsolutions
of variousdetergentsreduceddistributioncoefficients(Kd values)
significantlyfor long-livedradionuclidessuch as strontium-gO,cesium-137,
and plutonium(Table11). Apparentlydetergentseitherform a complexwith
the radionuclidesor blockthe sorptionsiteson the soil.

The potentialsignificanceof the abovestatementis that contaminant
retentionpropertiesof the soil columnbeneaththe pondsmay have been
altered. Consequently,the potentialradionuclideinventoryin the soil
columnmay be distributedto a much greaterdepththanexpected. The altered
Kd values(seeTable11) are used to assessthe magnitudeof thiseffect
(Section5.2.3)

4.5 CONCEPTUALMODEL

Basedon the limiteddata available,a conceptualmodelof potential
impactsof effluentdischargesto the 284-WBPondsis summarizedbelow.

• Unknownamountsof long-livedradionuclidesfromthe 200 West Area
laundry(2723-Wand 2724-W)releasedto the 216-U-14Ditchare
assumedto have been presentin the soilcolumnbeneaththe head end
of the ditchnow occupiedby the ponds.
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Table ]0. Field Chemistry Data for the 284-WB Powerplant Ponds Effluent and Pond Water.
Location= 2B4-WB P_rpiant Ponds Test equifme_t _ calibration r_.-
Test type: NA
Test interval : North pond . IIA£11 One portable pII meter - P/II 43800-_; 4
Depth intervat: Surface S/li 930200019612

HACH _ivity/TOS meter - S/11 910706830
HACH Dret/2OOQ Spectrofd_tameter - P/ll 44_00-00;

Sl_ 910815701

Sampte Time Ft ovm_ter/ Tamp Cond. Cr _ lion" SO, CI Sampt• Sampte
number Date (PST) wei r _ (Oc) (/4mhos/ (rag/L) King/L) (m/L) (_L) ceil t type

reading c:m) numer

28_-93-1 8-Z-93 1340 NA 9.17 24.1 168 .......... Pond

284W-93-2 8-6-93 1649 NA 9.51 25.1 17'0 .......... Pond
e

28_-93-3 8-6-93 1653 NA 9.&3 26.4 355 0.01 0.8 70.0 3.5 Z78 Efftuent

28t_W-93-4 8-6-9] 1751 ILA 9.41 27.4 172 0.00 0.6 17.0 134 278 Pond

28_&/-93-5 8-6-93 1826 IIA 9.48 26.3 363 0.00 0.8 18.0 36.5 Z78 EffLuent

28_-93-6 8-6-93 1903 NA 7.61 25.& 979 0.08 0.1 21.0 48.5 278 Eff'_nt" _:
:Z:

284W-93-7 8-6-93 1915 NA 7.50 Z6.2 1,065 0.01 0.7 18.0 37 864 Efftuent= ¢'_
, J

ul rrl
o 28_-9]-8 8-6-93 1957 NA 8.64 25.5 5,720 0.01 0.7 18.0 860 Z78, -o

864 P°nd= Jo

284W- 93- 9 8-6-93 2027 IIA 8.54 25.8 I ,&55 0.00 1.0 18.0 121 864 Pond" -,4
I=o

286U-93-10 8-6-9] 2027 NA 8.69 25.3 %690 0.01 35.8 14.0 >5,000 278 Poncr'18.0

Cowaents: (1) Temperature = 98 OF, surrey, windy (from the ld); (2) art salutes ere unfittered.
HAQi = laJtCItCampany, Love[and, CoLorado.

NA = not appt icabte.
P/It = part number.
PST = Pacific Standard Time.
SIN = ser iat number.

•Discharge event began at -18/,5 PST, uater very yettou and stightty cloudy, ftou is two to three times as much as usuat
discharge rate.

_/ater is flowing slower than at beginning of discharge, stitt higher than usual flow, 10 minutes after discharge began _ter
uas ctear again.

"After discharge event was over (-1942 PST) and ftou returned to normat; pond tevet raised -I ft by disd,_rge event.
"DupLicate saaptes, taken side by side, -0.5 ft apart, -15 ft south of spittu=y into pond.



Table 11. Kd Values for Strontiuu-90, Cesium-]37, and P1utoniI-239 in Soils
Treated with Various Detergents (adapted from Knol] 1957).

Stront iui-90 Cesiui- 137 PiudmnitI-Z]9

Detergent pil of pit 8t I_, of I_l It I_, of pll It r_ ofDeter. Equii. K, of pll ofrater Equit. I_, of pU ofUeter Eqml. _ °4= Slier
vi th Deter. et _, Deter. Deter. _ Deter. Deter.
Soi I Sotn. Equi I. I_, Sotn. uith =t Ur_ Sotn. uith =t

Sot ft.

Soil Sotn. Equit. Sol L Soln+ Equi l.
p. pe

Dcq:xx_t" 6.5 8.8 19.8 110 0.18 6.5 8.8 2& 356 0.07 6.5 8.8 6 30 O.S

Lanokteen" 9.7 8.2 26.0 72 0.)6 9.7 8.& 59 _ O. 14, 9.7 8.4 7 42 O.16

Catgod_ 8.6 8.6 3.8 86 0.04 8.6 8.4 60 420 0.14 8.6 8.4 9 _Z 0.21

Trisodium 9.8 11.7 8.9 3441 O.OZ 11.7 9.6 34 ZSO 0.13 11.7 9.6 10 45 O.ZZ
phosphate

Sutfamic 2.3 8.4 7.6 86 0.09 2.3 8.4 31 4_0 0.07 Z.3 8.4 >160 &Z >3.8
acid

Tide" 10.0 9.0 9.8 lZZ O.OO 10.6 8.7 40 3?5 0.1 10.0 6.7 36 30 1.2
=¢:

Kerfu[" 12.0 10.7 16.6 Z70 0.05 2.1 8.& _ 420 _0.0 12.0 10.7 10 86 0.11 -r
9 i

(31 I'rl

•-_ Oakite g32' 2.1 8.4 14.1 8.6 1.65 11.7 9.9 60 200 0.3 2.1 8.& >_ &2 >3.8 "_!
• o

TriangLe 11.7 10.0 35.0 210 0.16 2.1 8.3 >180 &N _0.4 11.7 9.9 8 62 0.13 O_
100" "_

i ii Q_

Bouteme" 2.1 8.3 9.4 78 O. 12 12.0 10.9 25 65 0.38 2.1 8.3 >160 45 >3.5

BLast' lZ.O 10.7 24.8 270 0.09 1Z.0 10.7 Z5 60 0.38 12.0 10.9 16 94 0.17

Turco 2.5 7.0 6.8 34 O. 14 2.5 8.0 /,_.7 &,iS) 0.9 2.5 8.0 >2.500 55 _J)
4306-B_ !

...... ....

"l)up(xtat is a tradenark of E. I. duPont de _ & Company.
=Lanokieen is a trademark of Uest Disinfecting Company.
"Catoon is 8 trlrk of CaLgon. inc.
"Tide is 8 t_ of Proctor & Gamble.
"Kerfut is I trademark of CLayton Iqanufacturing _.
'Oakite #32 is 8 trademark of Oakite Products Company.
"Triangle 100 is a trademark of L. If. Butcher CompmN.
"Boulene is a trademark of Ctimtine Company.
_iast is a trademark of PuTois CompmN.
_rurco &306-B is 8 tradmark of Turco Products. Incorporated.
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, Historical discharges of laundry effluent containing low-level

radioactive wastes contributed to the soil column inventory. Based
on laboratory sorption studies, it is also assumedthe detergent s
present in the laundry wastewater enhancedradtonucltde mobility.

, Discharge of powerplant-related wastewater to the pondsaccelerated
downwardtransportof contaminantslocateddirectlybeneaththe
ponds(i.e.,from the former216-U-14Ditchsections).

• Becauseof the relativelyhighdischargeratesto the ponds,a
perchedwaterzonemay have formed. Interactionof perchedwater
with residualcontaminationbeneathadjacentdisposalfacilitiesand
downwardmigrationto the watertablevia unsealedmonitoringwells
is a potentialsecondarygroundwatercontaminationpathway.

• The moderatelylargedischargevolumescreatea localized
groundwatermound. The mound,in combinationwith a zone of high
transmissivity,resultsin movementof hlgh-chiorldepondwater in a
southwest-northeastdirectionalongthe surfaceof the unconfined
aquifer. Exceedanceof the secondarywaterqualitystandardis
possiblefor chloride(250ppm)withinthe core of the resulting
groundwaterplume. A schematicillustrationof the conceptualmodel
and potentialimpactsare shownin Figure18.

The impact assessmentpresented in the following section addresses these
issues ustng a combination of contaminant migration modeling, groundwater
sampllngand analysisresults,and existinggroundwaterhydraullcdata from
other ongoing programs.
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5.0 IMPACTASSESSMENT

As indicated in the assessmentmethodologydocument (Tyler 1991) and
Section 1.0, the impact of continuedwastewaterdischarge to the ground
involvesconsiderationof mass movement of water as well as contaminant
transport factors. Hydrologic impactsare discussed first, followed by
evaluationof the contaminanttransport and behavior issues summarized in
Section 4.5.

5.1 HYDROLOGICIMPACTS
b

5.1.1 Water Table Elevation

The hypothesizedoccurrenceof a localizedgroundwatermound
(Section4.5) is difficultto discern from water table maps of the area
(Figure19). The multiple sourcesof water in this area and changing
hydraulic conditionsobscure the extent and magnitude of the potential effect.
However, an indicationof the magnitude of the possible increase in water
table elevation can be estimatedby comparison of historicaldischarge records
with changes in water table elevation. For example, as illustratedin
Figure 20 (a,b), an increase in elevation of approximately3 m (10 ft) is
equivalent to wastewaterdischarge rates of about 5,678 L/min (1,500 gal/min).
Assuming a similar hydrologicresponse in the vicinity of the 284-WB Ponds, an
incrementalincrease in water table elevationof a few feet (a meter) should
result from a maximum discharge of approximately757 L/min (200 gal/min)
(maximum infiltrationcapacity of the north pond).

5.1.2 Moundin9 Effects

Regardlessof the actual contributionto the local water table
elevations,the importantquestion is whether or not the ponds influence
groundwatermovement and contaminantdispersal. The high chloride
concentrationof the pond water should provide evidence of water originating
from this source. For example, the average chloride content of groundwater
for the Hanford Site is less than ]0 ppm. Thus, the dispersal of a plume
containingan average chloride concentrationgreatly in excess of 10 ppm
should be apparent.

Chloride data with which to test the above inferenceare available from
, the various monitoring programs. Accordingly,chloride concentrationcontours

for the 200 West Area were prepared using a computerizedcontouring program
(Figure21). As shown, elevated chloride concentrationsoccur both to the
west and to the north-northeastof the ponds. While well locationsare very
limited in the near-fieldportion of 200 West Area (east of the ponds), wells
that lie in the hypotheticaldowngradientdirectionnear the T Plant and
vicinity (north and northeastof the ponds) have concentrationsof chloride
that are clearly elevated. Assuming that the ponds are the source of elevated
chloride concentrations,then these data supportthe hypothesis that the ponds
influencegroundwatermovement to the west (normallyan upgradientdirection),
as well as in the known downgradienteasterlydirection.
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Figure19. WaterTableMap for 200 West Area
and SurroundingAreas,December1991.
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Figure 21. Chloride ConcentrationMap for the 200 West Area.
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5.2 CONTAMINANTIMPACTS

The absence of monitoringwells at th_ 284-WB Ponds limits the
contaminantimpact evaluation to model predictionsbased on flow and transport
analysis, as described in this section.

5.2.1 One-Dimensional Flow and Transport
Analysis (Analytical Methods)

The same one-dimensionalanalyticalmethod described in the Liquid
Effluent Study Final Project Report (WHC 1990a) was employed to estimate the

" rate of moisture and contaminantmovement through the soil column beneath the
ponds. The method considers only flow in the vertical direction and does not
allow for lateral spreading. Thus it is expected to provide migration rates

- that are faster than those that occur under actual conditions.

The method is based on steady-stateflow conditions in the unsaturated
zone and assumes a unit hydraulicgradient. The basic equation for any layer
of sediments is

t = L x Olq (I)

where:

t = time of travel through layer, seconds
L = thickness of layer, centimeters
O= moisture content of sediment, related to hydraulic conductivity
q = Darcy velocity or moisture flux in layer, centimeter/second.

The total travel time, T, is determined as the summationof the travel
times for each of the "i" layers"

n

T = _ Li x @ilqi (2)
i=I

where n is the number of sediment layers. For transportcalculationpurposes,
the soil column beneath the settling pond was treated as a five-layer system
(Figure22).

The relationshipbetween hydraulicconductivity,K, and moisture content,
• 0, is described graphically in Figure 23. These curves were derived

empirically from laboratory tests on over 20 differentHanford Site sediment
types and were used to establish 5 major sediment types, as noted in the

. figure.

The one-dimensionalflow analysis embodied in equation 2 was carried out
on a SymphonyI spreadsheet. The total travel time, T, obtained with

ISymphonyis a registeredtrademarkof Lotus DevelopmentCorporation.
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Figure 22. Lithology of Well 299-W14-9 South of the
284-WB Powerplant Ponds (WHC 1990a).
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Figure 23. HydraulicConductivityVersus Moisture Content (WHC 1990a).
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equation 2 is divided into the vadose zone thickness to provide an estimate of
the rate of moisture migration from the disposal facility to the groundwater.

To obtain an estimate of the rate of contaminantmigration, the

retardationfactor, Rf, for each of the contaminantsidentifiedwas estimated
from the following approxlmationfor Hanford Site soils"

Rf = 1 + 5Kd (3)

The Kd values were selected from Ames and Serne (1991). When the rate of
moisture migration is divided by the Rf for the contaminantof interest,the
result is an estimate of the contaminantmigrationrate. These computations
were also carried out using the Symphony spreadsheetmethod.

s

The effluent dischargerate, as described previously, is entered as
liters per month in the spreadsheetcomputationalmethod. Effluent volumes
through 1987 listed in WHC-EP-0287,Vol. 3, were updated to include 1988 and
1989 (WHC 1989) for the Liquid Effluent Study Final Project Plan (WHC Ig90a;
the same average infiltrationrate was also assumed for the time period
subsequentto 1989). The total volume (liters)was divided by the
correspondingoperating period (months) to establish an average rate of inflow
(L/month). This effluent discharge rate was divided by the effective pond
area to obtain an estimate of the average infiltrationrate. Because the
ponds are only partiallywetted, an estimate of this area was used.

More details and an illustrativeexample for applicationof the overall
computationalapproach are provided in WHC (1990a).

5.2.2 Results of InitialAnalytical Solution

The followingdiscussion summarizesthe results from the Liquid Effluent
Study Final Project Report (WHC IggOa).

Based on general effluent characteristicsand correspondingsorption
parameters (Section 5.2.1) for the key constituentsidentified in Table 3, the
calculated migration rates (Table 12) are 31 cm/day (12 in./day) for mobile
constituents(fluorideand chloride),0.6 cm/day (0.2 in./day) for less mobile
constituents(barium,manganese, and iron), and 0.3 and 0.2 cm/day (0.1 and
0.08 in./day),respectively,for the least mobile constituents(aluminumand
lead). These migration rates suggest that after a 10-yeardischarge period
(1984 to @resent), and assuming a continuous average discharge rate of
2.38 x 10" L/month (6.29 x 106 gal/month) (see Table 12), the maximum depth of
penetrationof the least mobile constituentsis about 3 m (10 ft). Break-
through of the mobile constituentsoccurs after less than I year and after
27 years for the less mobile constituents(see Table 12). Breakthroughof the
least mobile constituentswould occur after 55 and 82 years, respectively.

Migration rate estimates for most of the key constituentsin the effluent
stream (see Table 12) suggest that they are retained on the soil column.
Aluminum and chloride are significantlyabove the WWQS (i.e., approximately
three and six times higher than the WWQS, respectively).
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Table 12. Initial Analytical Solutior Results for the 284-WB Powerplant Ponds _WHC1990a).

Disposal Rate f NumberofArea (mz) (infiltration Thickness (m) Soil type
facility (L/month) rate, cm/s) layers,,

1 18 A
2 9 B

284-WB 3 8 D
Powerplant 2.38 E+07 3,642 2.49 E-04 4 3 E

Ponds 5 24 A
62

Moisture q t T Estimatedmoisture
_ Ks 8 state (cm/s) (s) (d) migration (cm/day)

0.5 5.0 E-03 0.26 Unsaturated 2.49 E-04 1.88 E+06
0 5 I 0 E-03 0 33 Unsaturated 2.49 E-04 1 19 E+06

• . • .

0.4 I.O E-04 0.4 Saturated 1.00 E-04 3.20 E+06
I

0.4 5.0 E-05 0.4 Saturated 5.00 E-05 2.40 E+06 m
0.5 5.0 E-03 0.18 Unsaturated 5.00 E-05 8.64 E+06

0

1 73 E+07 200 31 o_
"

Rf Estimatedcontaminant Contaminanttransport
Constituent (retardatlonfactor) migration (cm/day) to water table (year)

Barium 50 0.6 27
Chloride I 31 0.55
Fluoride I 31 0.55
Lead 150 0.2 82

Manganese 50 0.6 27
Aluminum 100 0.3 55

Iron 50 0.6 27
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Basedon the aboveconsiderations,the estimatedtraveltime and the
. volumeof waterdischargedto thi._site,it was concludedthatchloridein

groundwaterwithinthe vicinityof thisdisposalsitemay haveexceededits
secondarywaterqualitystandard. Mitigatingconditionsincludedilutionand
dispersion.

5.2.3 Results of Revised Analytical Solutton

This sectionsummarizescontaminanttransportestimatesusingrevised
infiltrationrates,soil chemicalfactors(seeSection4.4),and inclusionof
key radioactivecontaminantconstituentsof interest.

b

5.2.3.1 InfiltratlonRateAssumptions.Uncertaintiesin historicaldischarge
ratesto the ditchand pond systemare resolvedby assumingthe wateris
appliedat the infiltrationcapacityof typicalsoilsin the 200 West Area.
For exampl the 216-U-17Crib was designedbasedon an assumedcapacity
factorof _4.72x 10.6m/s) (I0gal/day/ft2)(Reidelet al. 1993)

The aboyeinfiltrationcapacityfactorimpliesa steady-statedischarge
of 3.27 x 10"L/month(8.64x I0'gal/month)ok757 L/month(200gal/month)
(northpond onlywith a wettedareaof 1,057m" (11,375ft'). This rate seems
consistentwith the dischargehistoryfor 200West Area and operator
recollectinn.Duringpeakperiodsthe overflowpond wouldhave receivedany
flow in excessof the above.

5.2.3.2 RadioactiveContaminantsand Kd Assumptions.Althougheffluent
recordsfor historicaluse of the 216-U-14Ditchare somewhatobscure,it is
knownthat the principalradioactiveconstituentsof concernin laundry
wastewaterincludedplutonium,strontium-gOand cesium-137(Knoll1957).
Becausethe laundrywastewaterenteredthe Former216-U-14Ditchwherethe
pondsare now located,it is assumedthe soilcolumnbeneaththe pondswas
loadedwith theseradioactiveconstituentsas well as with the otherchemical
contaminantsincludedin the originalanalysis(Table13). It is further
assumedthat detergentseithermodifiedthe soilor formedcomplexeswith the
radioactivecontaminantsand this resultedin an assumed20-foldreductionin
the Kd for strontium-gOand a 5-foldreductionfor cesium-137an_ plutonium
(baseaon the lowerDKd/WKd factorsin Table11 and assumingTide'and
Calgon"were the most representativedetergentsused). Thesefactorsare
appliedto the best judgment(conservative)K valuesfrom Ames and
Serne(1991)for wastestreamswith a basicp_, low organic,and high salt
content.

The influenceof detergenton the Kd valuesfor the otherchemical
constituentsof concernconsideredin the originalanalysis(seeTable12) is
unknown. However,certainconstituentsare chemicalanalogsof the
radionuclidesconsidered.For example,bariumis chemicallysimilarto
strontium(i.e.,both are alkalineearthmetals). Thus the samedetergent
factorused for strontiumaboveis assumedto applyto barium. The effectof

ITideis a trademarkof Proctor& Gamble.
2Calgonis a trademarkof Calgon,Inc.
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Table 13. Revised Analytical Solution Results for the 284-WB Powerplant
Ponds--Worst-Case Scenario/Laundry Detergent Hodified Sorption.

Disposal " Rate f
Area (m2) (infiltration Numberof Thickness (m) Soil type

facility (L/month) rate_ cm/s) layers...... ,, , ,,,,, •

284-WB
Powerplant 3.27 E+O7 1,057 ].2 E-03 ! 62 N/A

Ponds

8s Ks 8 Moisture q t T Estimated moisturewigration rate
state (cm/s) (s) (d) (cm/day)

N/A N/A N/A Saturated ].2 E-03 5.18 E+06 60 ]04,.

Estimated contaminant Contaminant transport
Rf migration (ca/day) to water table (year) =:=_

Constituent (retardation factor) (rounded to nearest (rounded to ! signf.
whole nmaber) digit) r_i

0
Barium 6 20 0.8

Chloride ! ]00 0.2
Fluoride ] ]00 0.2

Lead 30 4 4
Manganese 10 lO 2
Aluminum 20 5 3

Iron lO lO 2
Plutonium 50 2 8
Strontium 6 20 0.8

Cesium 10 10 2

N/A = not applicable.
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pointsourceimmediatelywest of the T-ig Crib. Additionaldiscussionand
alternativesto perchedwaterfromthe pondsare in the followingsections.

5,2.4.1 NaturalProcesses.The largevolumeof processcondensateand
second-cyclesupernatantdischargedto the T-19Crib was sufficientto
completelywet the entiresoilcolumn. The mobileconstituentsassociated
with thiswastesourceincludetritium,technetium-gg,carbontetrachloride,
chloroform,and trichloroethylene,Followingterminationof inputto the
T-19 Crlb approximately13 yearsago, the remainingliquidwouldhave drained.
Mobilecontaminantsassociatedwith liquidwastewouldbe held in pore spaces
of the soilcolumnby surfacetension. Continueddownwardmigrationof the
residualcontaminationmay occurby diffusionand enhancednatural

- infiltrationbecauseof disturbanceof the soil and removalof vegetationfrom
the cribarea.

. 5.2.4.2 SurfaceWaterand PreferentialPathways. Snowmelt and seasonal
"ponding"of surfacewaterduringmeltsand heavyrainsmay migratedownward
betweenthe boreholeand casing. This processcouldcarryresidual
contaminantsto groundwateron a continuingbasis.

Additionalvadosezone testboringswouldbe neededto determineif
perchedwaterfrom the 2B4-WBPondsis involvedin what appearsto be a
continuing(minor)sourceof groundwatercontaminationnear the T-Ig Crib.
However,regardlessof the drivingforce,the wellsadjacentto the crib
(2gg-WI4-Band 2gg-W15-4)shouldbe sealedas a groundwaterprotection
measure.

5.3 EVALUATIONOF MONITORINGNETWORKADEQUACY

The completeabsenceof groundwatermonitoringwellsin the immediate
vicinityof the 284-WBPondsshouldbe remediedif continuoususe of the ponds
(beyondthe June 1995cutoffdate)becomesnecessary.OngoingComprehensive
EnvironmentalResponse,Compensation,and LiabilityAct of 1980 (CERCLA)
characterizationand remediationactivitiesshouldaddressthe potential
influenceof the 284-WBPonds,and the lack of monitoringwellsand
groundwaterchemistrydata for the centralportionof the 200 West Area.

67



WHC-EP-O679

Thispa_l_intentionallyleft blank.

68



WHC._EP-O67g I6.0 SUMMARYANDCONCLUSIONS

Effluent data, vadose zone transportpredictions,and circumstantial
evidence suggest the 284-WB Ponds contributeboth directly and indirectlyto
groundwatercontaminationin the 200 West Area. The most likely groundwater
contaminantsare chloride,fluoride,and possibly barium from disposal of
water softener regenerant. Process improvementsare expected to reduce this
source in the near future. Mobilizationof radioactiveconstituentsin the
soil column beneath the ponds before their construction,and/or interactionof
perchedwater from the ponds with adjacent sources is possible, but the
magnitude and extent are unknown.

6.1 GROUNDWATERQUALITY IMPACTS

Laboratory sorptiondata combined with flow and transport estimates
suggest laundry detergentsmay have enhanced the mobility of strontium-g0,
cesium-137,and isotopesof plutonium in the soil column from disposal
operations before constructionof the ponds. Calculated transport times to
the water table, based on worst-case assumptions,were all less than 10 years.
It is thus theoreticallypossible that breakthroughto groundwaterhas
occurred or will occur soon. However, it is not possible to confirm this
predictionwithout groundwater sampling and analysis data from near the ponds.
Such data are necessary to evaluate impactsfrom continued operation in the
unexpectedevent that the terminationdate (June 1995) for discharge to the
284-WB Ponds cannot be met.

6.2 HYDROLOGICIMPACTS

Discharge of water to the ponds now represents a substantialportion of
the artificial recharge to the 200 West Area, and so some hydraulic influence
on local groundwater flow paths is likely. The distributionpattern for
chloride in groundwaterprovides an indicationof the widespread influenceof
pond operations on water movement in the north-central200 West Area.

6.3 CONCLUSION

Continued short-termoperationof the 284-WB Ponds will contribute to
groundwatercontaminationin the 200 West Area. In addition,a slow migration
drainage will continue to occur after dischargescease. However, the existing
groundwatercontaminationfrom past-practicesources has greater potential
significancethan the contributionfrom the ponds. Ongoing CERCLA
characterizationand remediationactivities should consider the potential
influenceof the 284-WB Ponds on contaminantdistribution,and the lack ofQ

hydrogeoiogicand groundwaterchemistry data (causedby the lack of monitoring
wells) for the central portion of the 200 West Area. IF discharges to the
284-WB Ponds continue beyond the scheduledcessationdate of June 1995, a
groundwatermonitoring network should be installedfor this site.

69



WHC-EP-0679

=

This page intentionally left blank.

70



WHC-EP-0679

7.0 REFERENCES

Ames, L. L. and R. J. Serne, 1991, Compilationof Data to Estimate Groundwater
Migration Potential for Constituentsin Active Liquid Discharges at the
Hanford Site, PNL-7660, PacificNorthwest Laboratory,Richland,
Washington.

Baker, V. R., B. N. Bjornstad,A. J. Busacca, K. R. Fecht, E. P. Kiver,
U. L. Moody, J. G. Rigby, D. F. Stradling, and A. M. Tallman, 1991,
Quaternary Geology of the ColumbiaPlateau, in Quaternary Nonglacial
Geology; ConterminousUnited States, R.B. Morrison (editor),

- Geological Society of america, The Geology of North America, v. K-2,
p. 215-250, Boulder,Colorado.

. Bjornstad, B. N., 1984, Supr_basaltStratigraphyWithin and Adjacent to the
ReferenceRepository Location,SD-BWI-DP-039,Rockwell Hanford
Operations, Richland,Washington.

Campbell,N. P., 1989, Structural and StratigraphicInterpretationof Rocks
Under the Yakima Fold Belt, Columbia Basin, Based on Recent Surface
mapping and Well Data, in Volcanism and Tectonism in the Columbia Flood-
Basalt Province,Special Paper 239, edited by S. P. Reidel and
P. R. Hooper, Geological Society of America, Boulder, Colorado,
p. 209-222.

ComprehensiveEnvironmentalResponse, Compensation,and LiabilityAct of 1980,
42 USC 9601, et seq.

Connelly,M. P., B. H. Ford, and J. V. Borghese, 1992, HydrogeologicModel for
the 200 West GroundwaterAggregateArea, WHC-SD-EN-TI-014,Rev. O,
WestinghouseHanford Company, Richland,Washington.

Delaney, C. D., K. A. Lindsey, and S. P. Reidel, 1991, Geology and Hydrology
of the Hanford Site: A StandardizedText for use in WestinghouseHanford
CompanyDocuments and Reports, WHC-SD-ER-TI-O03,Rev. O, Westinghouse
Hanford Company, Richland,Washington.

DOE, 1988, Site CharacterizationPlan, ReferenceRepository Location,Hanford
Site, Washington, ConsultationDraft, DOE/RW-0164,U.S. Department of
Energy, Washington,D.C.

DOE-RL, Ig92a, T Plant AggregateArea Management Study Report, DOE/RL-91-61,
. U.S. Department of Energy, Richland OperationsOffice, Richland,

Washington.

• DOE-RL, 1992b,U Plant Source AggregateArea Management Study Report,
DOE/RL-91-52,U.S. Department of Energy,Richland OperationsOffice,
Richland, Washington.

DOE-RL, 1992c,Z Plant Source AggregateArea ManagementStudy Report,
DOE/RL-91-58,U.S. Department of Energy, Richland OperationsOffice,
Richland,Washington.

71

i

i i I



WHC-EP-0679

DOE-RL, 1992d, S Plant AggregateArea Management Study Report, DOE/RL-91-60,
U.S. Department of Energy, RichlandOperations OFfice, Richland,
Washington.

Ecology, EPA, DOE, 1990, Hanford FederalFacility Agreement and Consent Order,
Washington State Department of Ecology,U.S. EnvironmentalProtection
Agency, and U.S. Department of Energy, Olympia, Washington.

Ecology, EPA, DOE, 1991, Hanford Federal Facility Agreement and Consent Order,
second amendment,2 volumes, Rev. 2, WashingtonDepartment of Ecology,
U.S. EnvironmentalProtectionAgency, and U.S. Department of Energy,
Olympia, Washington.

Fecht, K. R., S. P. Reidel, and A. M. Tallman, 1987, Paleodrainageof the
Columbia River System on the ColumbiaPlateau of Washington State --
A Summary, in Selected Papers on the Geology of Washington,Division of
Geology and Earth Resources, Bulletin 77, p. 219-248, edited by
J. E. Schuster.

Gee, G. W., 1987, Recharge of the Hanford Site: Status Report, PNL-6403,
Pacific Northwest Laboratory,Richland,Washington.

Graham,M. J., M. D. Hall, S. R. Strait, and W. R. Brown, 1981, Hydrology of
the SeparationsArea, RHO-ST-42, Rockwell Hanford Operations,Richland,
Washington.

Graham,M. J., G. V. Last, and K. R. Fecht, 1984, An Assessment of Aquifer
Intercommunicationin the B Pond-GableMountain Pond Area of the Hanford
Site, RHO-RE-ST-12,Rockwell Hanford Operations,Richland, Washington.

Herman, D. R., 1992, Sampling and Analysis Plan for the 284-W Area Powerplant
and 277-W FabricationShop Process Wastewater Streams, WHC-SD-WM-PLN-033,
Rev. 2, WestinghouseHanford Company, Richland,Washington.

KEH, 1982, ConceptualDesign Report PowerhouseEffluents Pond - 200 West Area
Project B-405, SD-405-CDR-O01,Kaiser EngineersHanford Company,
Richland, Washington.

Knoll, K. C., 1957, Effects of Detergents Upon Absorption of Radioisotopesby
Soils, HW-52055, General Electric Company, Hanford Atomic Products
Operation, Richland,Washington.

Last, G. V., B. N. Bjornstad,M. P. Bergeron,R. W. Wallace, D. R. Newcomer,
J. A. Schramke,M. A. Chamness, C. S. Cline, S. P. Airhart, and
J. S. Wilbur, 1989, Hydrogeologyof the 200 Areas Low-LevelBurial
Grounds -- An InterimReport, PNL-6820,Pacific Northwest Laboratory,
Richland,Washington.

Lindsey, K. A., 1991a,Revised Stratigraphyfor the Ringold Formation,
Hanford Site, South-CentralWashington, WHC-SD-EN-EE-O04,Rev. O,
WestinghouseHanford Company, Richland,Washington.

72



WHC-EP-0679

Lindsey, K. A., 1991b, Sedimentationand Basin Evolution of the Late Neogene
Ringold Formation, Central ColumbiaPlateau, South-CentralWashington,
Geological Society of America Abstractswith Programs, v. 23, no. 5,
p. A285, Boulder, Colorado.

Lindsey, K. A., 1992, Geology of the Northern Part of the Hanford Site:
An Outline of Data Sources and the Geologic Setting of the 100 Areas,
WHC-SD-EN-TI-011,WestinghouseHanford Company, Richland, Washington.

Lindsey, K. A., M. P. Connelly, and B. N. Bjornstad, 1991, Geologic Setting of
the 200 West Area: An Update, WHC-SD-EN-TI-O08,WestinghouseHanford
Company, Richland,Washington.

Lindsey,K. A., B. N. Bjornstad,J. W. Lindberg, and K. M. Hoffman, 1992,
Geologic Setting of the 200 East: An Update, WHC-SD-EN-TI-012,

. WestinghouseHanford Company, Richland, Washington.

Maxfield, H. L., 1979, 200 Areas Waste Sites, RHO-CD-673,Volumes I-3,
Rockwell Hanford Operations,Richland,Washington.

Myers, C. W., S. M. Price, J. A. Caggiano,M. P. Cochran, W. J. Czimer,
N. J. Davidson,R. C. Edwards, K. R. Fecht, G. E. Holmes, M. G. Jones,
J. R. Kunk, R. D. Landon, R. K. Ledgerwood,J. T. Lillie, P. E. Long,
T. H. Mitchell, E. H. Price, S. P. Reidel, and A. M. Tallman, 1979,
Geologic Studies of the Columbia Plateau: A Status Report, RHO-BWI-ST-4,
Rockwell Hanford Operations,Richland,Washington.

PSPL, 1982, Skagit/HanfordNuclear Project, PreliminarySafety Analysis
Report, Vol. 4, App. 20, Amendment 23, Puget Sound Power and Light
Company, Bellevue,Washington.

Reidel, S. P., 1984, The Saddle Mountains: The Evolution of an Anticline in
the Yakima Belt, American Journal of Science, v. 284, p. 942-978.

Reidel,S. P. and K. R. Fecht, 1981, Wanapum and Saddle Mountains Basalt in
the Cold Creek Syncline Area, in SubsurfaceGeology of the Cold Creek
Syncline, RHO-BWI-ST-14,Rockwell Hanford Operations,
Richland,Washington.

Reidel, S. P. and P. R. Hooper, 1989, editors, "Volcanismand Tectonism in the
Columbia River Flood Basalt Province," Special Paper 239, Geological
Society of America, _oulder, Colorado, 386 p.

, Reidel, S. P., K. R. Fecht, M. C. Hagood, and T. L. Tolan, 1989, The Geologic
Evolution of the Central Columbia Plateau, in Volcanism and Tectonism in
the Columbia River Flood-BasaltProvince,Special Paper 239, edited by

, S.P. Reidel and P. R. Hooper, Geological Society of America, Boulder,
Colorado,p. 247-264.

Reidel, S. P., K. A. Lindsey, and K. R. Fecht, 1992, Field Trip Guide to the
Hanford Site, WHC-MR-0391,WestinghouseHanford Company, Richland,
Washington.

73



WHC-EP-0679

Reidel, S. P., V. G. Johnson, and N. W. Kline, 1993, Groundwater Impact
Assessment for the 216-U-17 Crib, 200 West Area, WHC-EP-0664,
WestinghouseHanford Company, Richland,Washington.

RHO, 1983, SpecificationsPowerhouseEffluentsPond - 200 West Area
Project B-405, Prepared for Rockwell Hanford Operations,Richland,
Washington, by SystemsArchitects Engineers Inc., Seattle, Washington.

Rockhold,M. L., M. J. Fayer, G. W. Gee, and M. J. Kanyid, 1990, Natural
GroundwaterRecharge and Water Balance at the Hanford Site, PNL-7215,
Pacific Northwest Laboratory,Richland,Washington.

Routson, R. C. and V. G. Johnson, 1990, Recharge Estimates for the Hanford
Site 200 Areas Plateau, Northwest Science, v. 64, no. 3.

Smith, G. A., 1988, Neogene Synvolcanic and SyntectonicSedimentation in
Central Washington,v. 100, p. 1479-1492,Geological Society of America
Bulletin, Boulder, Colorado.

Smith, G. A., B. N. Bjornstad, and K. R. Fecht, 1989, Neogene Terrestrial
Sedimentationon and Adjacent to the Columbia Plateau; Washington,
Oregon, and Idaho, in Volcanism and Tectonism in the Columbia River
Flood-BasaltProvince,Special Paper 239, edited by S. P. Reidel and
P. R. Hooper, GeologicalSociety of America, Boulder, Colorado,
p. 187-198.

Stordeur,R. T. and D. L. Flyckt, 1988, Annual Status Report of the Plan and
Schedule to DiscontinueDisposal of ContaminatedLiquids into the Soil
Column at the Hanford Site, WHC-EP-0196-1,WestinghouseHanford Company,
Richland, Washington.

Tallman, A. M., K. R. Fecht, M. C. Marratt, and G. V. Last, 1979, Geology of
the SeparationsAreas, Hanford Site, South-CentralWashington, RHO-ST-23,
Rockwell Hanford Operations,Richland,Washington.

Tallman, A. M., J. T. Lillie, and K. R. Fecht, 1981, 3uprabasaltSediments of
the Cold Creek Syncline Area, in Subsurface Geology of the Cold Creek
Syncline, RHO-BWI-ST-14,C. W. Myers, and S. M. Price, Rockwell Hanford
Operations,Richland,Washington.

Tolan, T. L. and S. P. Reidel, 1989, StructureMap of a Portion of the
Columbia River Flood-BasaltProvince, in Volcanism and Tectonism in the
Columbia River Flood-BasaltProvince, Special Paper 239, edited by
S. P. Reidel and P. R. Hooper, Geological Society of America,
Boulder, Colorado, plate I.

Tolan, T. L., S. P. Reidel, M. H. Beeson, J. L. Anderson,K. R. Fecht, and
D. A. Swanson, 1989, Revisions to the Extent and Volume of the Columbia "
River Basalt Group, in Volcanism and Tectonism in the Columbia River
Flood-BasaltProvince,Special Paper 239, edited by S. P. Reidel and
P. R. Hooper, GeologicalSociety of America, Boulder, Colorado, p. 1-20.

74



!

WHC-EP-0679

Tyler, D. K., 1991, A Methodology for Assessing Impacts to Groundwater from
Disposal of Liquid Effluent to the Soil at the Hanford Site,
WHC-SD-EN-EV-O08,Rev. O, WestinghouseHanford Company, Richland,
Washington.

WAC 173-200, 1990, "Water Quality Standardsof the State of Washington,"
Washington AdministrativeCode, as amended.

WHC, 1989, Waste Stream CharacterizationReport, WHC-EP-0287,Vol. 3,
Westir_ghouseHanford Company, Richland,Washington.

WHC, 1990a, Liquid Effluent Study Final Project Report, WHC-EP-0367,
" WestinghouseHanford Company, Richland,Washington.

WHC, 19gOb, Liquid Effluent Study: Ground Water CharacterizationData,
, WHC-EP-0366,WestinghouseHanford Company, Richland,Washington.

WHC, ]ggOc, 284-W Powerplant WastewaterStream-SpecificReport, WHC-EP-0342,
Addendum 27, WestinghouseHanford Company, Richland,Washington.

75

il i I III II IIIII I ....





WHC-EP-0679

DISTRIBUTION

Numberof cooies

OFFSITE

4 ConfederatedTr.ibes.of .theUm.atil!a
Reservation
P.O. Box 638
Pendleton,Oregon 97801

' J.R. Wilkinson

Nez Per.ceTribalOffice
, P.O. Box 305

LaPwai, Idaho 83540

D. Powaukee

SouthwestResearchInstitute
: 6220 CulebraRoad

San Antonio,Texas 78284

B. Sagar

YakimaIndianNation
2552 Haines
Richland,Washington99352

R. F. Cook

ONSITE

g U.S.Depa.rtme.ntoF Energy,
Richland....OperationsOffice

K. V. Clarke A5-15
B. A. Davis R3-82
M. J. Furman R3-81
J. M. Hennig R3-80
M. P. Johansen A5-19
J. E. Rasmussen A5-15

c R.K. Stewart A5-1g
S. H. Wisness A5-15
RL PublicReadingRoom AI-65

%

I PacificNorthwestLab.o.ratory

PNL TechnicalFiles KI-II

Dlstr-I



WHC-EP-0679

DISTRIBUTION(cont.)

Numberof copies

ONSITE

42 We_¢lnqhouseHanford Company

D. J. Alexander (5) H6-06
L. E. Borneman B2-35
K. R. Fecht H6-06
B. H. Ford H6-06 •
D. R. Herman $2-66
D. G. Horton H6-06
B. E. Innis H6-03 ,
V. G. Johnson(5) H6-06
D. E. Kelley R3-46
G. G. Kelty H6-06
A. J. Knepp H6-06
K. A. Lindsey (5) H6-06
D. L. Parker H6-03
S. P. Reidel H6-06
K. R. Simpson H6-06
K. M. Singleton H6-06
D. R. Speer RI-48
D. K. Tyler(3) H6-06
C. D. Wittreich H6-03
CentralFiles L8-04
DocumentProcessingand
Distribution(2) L8-15

EnvironmentalRestoration
ProgramInformationCenter(5) H6-08

InformationRelease
Administration L8-07

Distr-2






