





Abstr__!

This report presents the results of groundwater
and vadose zone monitoring and remediation for fiscal
year 1999 on the U.S. Department of Energy’s Hanford
Site, Washington.

Water-level monitoring was performed to evalu-
ate groundwater flow directions, to track changes in
water levels, and to relate such changes to evolving
disposal practices. Measurements for site-wide maps
were conducted in June in past years and are now
measured in March to reflect conditions that are closer
to average. Water levels over most of the Hanford Site
continued to decline between June 1998 and March
1999.

The most widespread radiological contaminant
plumes in groundwater were tritium and iodine-129.
Concentrations of carbon-14, strontium-90,
technetium-99, and uranium also exceeded drinking
water standards in smaller plumes. Cesium-137 and
plutonium exceeded star  rds only near the 216-B-5
injection well. Derived concentration guide levels
specified in U.S. Department of Energy Order 5400.5
were exceeded for plutonium, strontium-90, tritium,

and uranium in small plumes or single wells.

Nitrate and carbon tetrachloride : the most
extensive chemical contaminants. Chloroform, chro-
mium, cis-1,2-dichloroethylene, cyanide, fluoride, and
trichloroethylene also were present in smaller areas at
levels above their maximum contaminant levels.
Metals such as aluminum, cadmium, iron, manganese,
and nickel exceede heir maximum contaminant levels
in filtered samples from numerous wells; however, in
most cases, they are believed to represent natural com-

ponents of groundwater.

Resource Conservation and Recovery Act of 1976
groundwater monitoring continued at 25 waste man-
agement areas during fiscal year 1999:

® 16 under detection programs and data indicate

that they are not adversely affecting groundwater

¢ 6 under interim status groundwater quality

assessment programs to assess contamination

® 2 under final status corrective-action programs,

Another site, the 120-D-1  5nds, was clean closed
in fiscal year 1999, and monitc g is no longer required.

Groundwater remediation in the 100 Areas con-
tinued with the goal of reducing the amount of chro-
mium (100 K, D, and H) and strontium-90 (100 N)
reaching the Columbia River he objective of two
remediation systems in the 2( West Area is to pre-
vent the spread of carbon tet:  hloride and techne-
tium-99/uranium plumes. Gt ndwater monitoring
continued at these sites and ¢ ther sites where there

is no active remediation.

Subsurface source charact....zation and vadose zone
monitoring, soil-vapor monitoring, sediment sampling
and characterization, and vadose zone remediation
were conducted in fiscal year 1999. Baseline spectral
gamma-ray logging at two single-shell tank farms was
completed, and logging of zor -+ at tank farms with the
highest count rate was initiat . Spectral gamma-ray
logging also occurred at speci  retention facilities in
the 200 East Area. These facilities are some of the
most significant potential sources of remaining vadose
zone contamination. Finally, remediation and moni-
toring of carbon tetrachloride 1 the 200 West Area
continued, with an additiona 72 kilograms of carbon

tetrachloride removed from t  vadose zone in fiscal

year 1999.

This report is available or e internet through the
Hanford Groundwater Monit  ing Project’s web site:
http://hanford.pnl.gov/groun  ater. Inquiries regard-
ing this report may be directeu vo Ms. Mary J. Hartman
or Dr. P. Evan Dresel, Pacii” Northwest National
Laboratory, P.O. Box 999, :hland, Washington
99352 or by electronic mail t mnary.hartman@pnl.gov
or evan.dresel@pnl.gov.
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be 20 meters, except in the 100, 300, and Richland
North areas, where it is estimated to be 5 meters. The
porosity of the aquifer is not well-characterized; for the
purpose of the calculation, the porosity was assumed
to be 30%. The estimate did not include water in the
vadose zone.

Limited data are available on contamination
deeper in the Ringold Formation near the 200 Areas.
Carbon tetrachloride and tritium have been detected
in these deeper units.

..ifium

Tritium was present in many Hanford Site waste
streams discharged to the soil column and is the most
mobile and most widely distributed radionuclide onsite.
It has a relatively short half-life (12.3 years).

The most prominent tritium plume originated in
the 200 East Area near the PUREX Plant and is migrat-
ing downgradient to the southeast. This plume dis-
charges to the Columbia River along a stretch that
extends from the Old Hanford Townsite to the
300 Area. Tritium concentrations near the Columbia
River are highest in wells near the Old Hanford Town-
site, where they are greater than 100,000 pCi/L. Con-
centrations in these wells are about half of what they
were in the 1980s and are expected to continue to
decline.

Tritium is very mobile in groundwater.
The largest plume originates in the 200 East
Area and extends to the southeast, where
concentrations exceed the drinking water
standard near the Columbia River. Levels
are generally declining due to radioactive
decay. '

Another tritium plume from the 200 East Area
has moved northward between Gable Mountain and
Gable Butte. A smaller plume between the 200 East
and 200 West Areas has its source near the 200 West
Area’s Reduction-Oxidation (REDOX) Plant. This

Xi

plume is moving relatively slc  y because the aquifer
has a relatively low permeabil . Additional plumes
of tritium originated in the 1C” Areas, exceeding the

drinking water standard local

Tritium exceeded its 2m  on pCi/L derived con-
centration guide in one well 1._.r cribs that received
effluent from the PUREX Plant (3.87 million pCi/L)
and in one well in 100 K Area (2.36 million pCi/L).
Concentrations in the PUREX well appear to be
decreasing gradually, while concentrations in the
100 K Area well are highly variable. One well at Waste
Management Area TX-TY equalled the derived con-

centration guide for tritium,

In January 1999, a sample from well 699-13-3A,
located downgradient of the 618-11 burial ground in
the southeastern 600 Area, contained 1.86 million
pCi/L of tritium. This value was the first tritium data
from this well and was far higher than concentrations
in surrounding wells. The concentration was confirmed
by re-analysis, and a sample ¢ "ected in January 2000
contained 8.1 million pCi/L _{ tritium. A special
investigation of the groundwater at the 618-11 burial
ground is being undertaken in fiscal year 2000 to define
the source of the high tritium results.

Tritium contamination h:  >een detected in con-

fined aquifers beneath the 201 \reas. Concentrations
exceeded the drinking water standard in several wells
iifer in the R ld Forma-
tion near 200 East Area. Levels below the standard

were detected in the upper basalt-confined aquifer.

lodine-129

that monitor a confinec

The presence of iodine-129 in groundwater is sig-
nificant because of its relativc  low, 1-pCi/L interim
-term releases from

and its long half-life

dine-129's relatively

drinking water standard; its lc
nuclear fuel processing facilit
(16 million years). However.
fe limit its concentra-
. lodine-129 is trans-

low-fission yield and long hal
tion in Hanford Site groundw:
ported in groundwater as the 2 Hnic iodide (I') species
that is very mobile. Waste cc  aining iodine-129 was

historically disposed of in the 10 Areas. Extensive































Other groundwater models were applied in the
design and evaluation of pump-and-treat activities
aimed at remediation of contaminated groundwater in
the 100 and 200 West areas. These models were used
to estimate the area affected by the pump-and-treat
operations at different times. Results of the models
were used to optimize pumping rates and to choose

locations for additional pumping wells.

Va )sse Zone

Subsurface source characterization and vadose zone
monitoring, soil-vapor monitoring, sediment sampling
and characterization, and vadose zone remediation were

conducted in fiscal year 1999.

Waste sites in the 100 Areas are being excavated
to remove contaminated sediment. Significant activ-
ities related to the vadose zone during fiscal year 1999
included

e 50il sampling and analysis to support remediation
of the 116-C-1 process effluent trench and the
1301-N and 1325-N cribs and trenches

® sampling and analysis to select a waste site for
initial deployment of technology for in situ reduc-

tion of hexavalent chromium

¢ laboratory studies to measure the distribution
coefficient and the leachability of chromium in
100 Areas sediment to support future remedial

action goals and plans.

XX1

Several vadose zone chara :rization and moni-

toring activities were undertak . at the 200 Areas in
fiscal year 1999, including

sample collection and characterization of deep

vadose zone contamination at the SX Tank Farm

preliminary temperature and neutron capture

borehole logging at the SX Tank Farm

baseline spectral gamma-ray logging at two single-
shell tank farms

spectral gamma-ray logging at specific retention
facilities in the 200 East Area, which are some of
the most significant potential sources of remain-

ing vadose zone contamination

remediation and monitoring of carbon tetrachlo-
ride in the 200 West Area, where 972 kilograms
of carbon tetrachloride were removed from the

vadose zone in fiscal year 1999.

In fiscal year 1999, several vadose zone related

activities were accomplished which have potential
applicability across the Hanford Site:

e 175 lysimeters were inventoried and described.

e Four years of field data from the Hanford Site

prototype surface barrier were analyzed and inter-
preted. Those data have important applicability
to contaminated sites tha aay be left in place

and monitored during natwal attenuation.

Tritium and helium-3/helium-4 were obtained
from vadose zone sediment to extrapolate con-
centrations in the soil to concentrations in

groundwater.


















wontents

ADBSITACE caveveniiiiiininiciiiirccsneiestetsesiesessasscsabetese e sstseosesenesasssessesssesesesnsssasasesessssasosasesans eeeeree ettt teaeaaasereesesanes iii
Acknowledgments

Report Contributors

.............................................................................................................................................. vii
SUIMIMATY 1 evtittitieiiitectitccet ettt sttt e ebt e saee e saae b et e s e b e st ebe s et esessrasasarsasesaestestasassassassersorsorserassstassssoneorasssssssons ix
1.0 IDEEOAUCHION tettteitrenieeetecer et iie et eereestesre e ea bt e st satesseseest et eestesaeseassaseonseasasseansensesstensesseessessaresssesssesseesssrs 1.1
1.1 PUrpoSe Qnd SCOPE «.eveeveereeeririiniiienteteeieienteresrseeresestesesssssesstessssassesasessesessessssessesesesosssorsstossonsossases 1.1

1.2 Related REPOTES .cucoivieiieiiiererietetcteteit ettt ceeenitesetsaersbereb oot ssesenserere s esesssssssens susesosesesseseessonsoses 1.2

1.3 Groundwater/Vadose Zone INtegration PrOjECt «....cceciicviicececreriireriiieievieiciens orervveresssssossersenns 13

2.0 GIOUNAWALET coveeeiierieieictecetveeeesaireestresesseeesseeesberssertsestassesesseessosesesssenseesseesssssntessessneenneeneeesesassesasssssmsmns 2.1
2.1  Overview of Hanford Site GroUndWater .........cceveiieviiiiieeerreeeeae e iriesiesasestessesesssessessesseessssssans 2.3

211 GroundwWater FLOW ...cciciieiiiiiiieceeieriicriecreeseesieiesers s rvesrbssnesssssessasssaesssssasesseesaessasssssanes 2.3

21,11 Current Water Table ..ottt ettt essestesaeereseecnesssesssos 23

2.1.1.2  Water-Table Changes from June 1998 to March 1999 ......  .cvvvrrerneennns 2.5

2.1.2  Groundwater CONAMINANES ...cvvvvvirvieveeeieriireiseseseeresesesseseeserseosse, ovessreesesessessesiasans 2.5

2.2 10O B/C ATEA courieiirireeireeciteetestinnsenreesssestessessessessesssessessessessesssessessessesssesseoss  sessesssessessnssssessees 2.15

2.2. 1 Groundwater FLOW .....veoriioiiiiiiiiiieiiciiettiervesessressssesbessssseresassossaessresstessesssssssasssssssssssins 2.15

2.2.2  TTTHLIUITE cevieieeiiriiieeeititeeeeeeeeeeeeeetreeseareseeersaseesoaseesenssasessesesessesssssssesesasssssosnseseessosnssnssnss 2.15

2.2.3  SLIONEIUIMEO0 cerviiiiieierrietteeeereintirerirsreeeeressosiorsnssesesnrersnsstssssseessssessesssssssssssssesessssssansnsnssssssas 2.16

2,24 CRIOMUUI covvveeieveeeiirereeenrrrreeessosresossesireessstessssesssresssesessssesssesessesssossassssesssnessssessnnnesessssnes 2.16

2.2.5  NIETALE tovvvrieiririieiseeieeersirrerrereresreeioisesesassrsassassrsessrsssesssssesesssssssssesessssssseesssssesssssessessossssssses 2.16

2.2.6  Water Quality at Shoreline Monitoring LOCAtions «.....c..civveiinieneeiiiicsininrereeeenresisnsnes 2.16

2.2.6.1 Aquifer Sampling Tube Results ....ccoceeiiniiiiicnrirerereeenerreeeieresecosssonenes 2.16

2.2.6.2  Riverbank Seepage Results ........cocoviiveirirerecnceinnierersesneseiiniessesssssesssoses 2.16

2.3 TO0 K ATCA ceeeireueieeieiieeeeeserstsnterrerteteeesesasissreesassrssesirsssssssssesssssasesesasssessssssssssesonsrersissssressonsrasnssssnes 2.19

2.3. 1 Groundwater FLOW .....vooiiioiiiiiiicrineicrietteisesessreersesssssssaessesssssosssnsss sevvosssossesssssasessasse 2.20

23,2 CRIEOMUUITL coveeveeeereeieeriereenteeoieesssesessissersasssesssssessosesssessessesssosassesssessse  tessessesssosssossasssesns 2.20

2.3.3  SErONTIUMED0 oooveiiiieeieeiiintiirrirreeereenirreeniresesersessesrssssssssasessssssaseresssssses  srseessssassssssessonsnser 2.21

2.3.4  TIHTIUITL coroveveeeeireeeeieereeesesrseesseereereeesiresesssssesessssesssessesssssasssssasaesssarsss  sevesoresssnsessassrassns 2.22

23,5 CATBON- 1D ettt ettt s st st ste b e tae s aretsetrenraenres aeetessessesssesnreesrenss 2.23



Groundwater Monitor

24

25

23.6
2.3.7

23.8

239

2.3.10

100 N
2.4.1

242

2.4.3

100D
251

252

for FY 1999
TETALE vevereerrenreernensessrossosesmresstenessuestsssesssmsesssusossenserssistorssossossessssssnessssansonsonesssennasseesrsoraes 2.23
ther Constituents Of INTETESE ...eveiverereereerereerierieeresseresierensersessesessersessnsssssessassasensesensessns 2.23
3.7.1  PlULODUUIN veverreereeiecreseetirseeeireesstaesesassseseessessassssasstessuansssssssessssessesssaassassesseoss 2.23
3.7.2  Trichloroethylene .o.ccerereiniieniireieiecrencreeesiereee e sseisssesssesasesseneseses 2.24
3,73 NICKEL civviereereieeiecieirerecee et e e eeerr e s e s s estessassessssasstesstessnesssnsssaesssssaessessnessees 2.24
)0-K Fuel Storage Basing MODNILOTING co.cicvivereineeriiriiiiniisiinsiiienssnseeseneesersessesersossssens 2.24
3.8.1  Groundwater FLOW ......cccievieriieeeiiiiierresreesecerestesssensessassssessssaneseessaessaessessnesnes 2.24
3.8.2  TEHLIUIN 1ioovvreeeeereerirectrentreseessescasecneansssenseessesesssasaessssssessssssessnssesnsessssasesnssossseses 2.25
roUNAWALer RemMediation . ...cviiieiieieiieeeetietiteeetreeteeesereaessesesesassasssessseesernasesassessssens 2.26
2.3.9.1 Interit emedial Action ObJECTIVES ..evevereeririerienienieirienterereeseeressesesesssseses 2.26
3.9.2  Remediation Progress During Fiscal Year 1999 ......cccccoeivveneeinncinvnecrsreeennes 2.26
3.9.3  Influence on Aquifer Conditions.......coveerieierireeeiennisierereeeeeniniesesreveeseoreses 2.27
ater Quality at Shoreline Monitoring Locations ........iiciiircniencicennneenccecieions 2.27
3.10.1  Aquifer Sampling Tubes .....c.ccouevurerevireeiniiirneniiieinistnierenitseseeneesessssesssensns 2.27
3.10.2  Riverbank SEEPAZE «....viveeereeentierecriorieeereiniesesisiiestesnieaesessessessassessesessesestsnsasens 2.28
J.10.3 Special Shoreline Studies.......ccoiviiveremeiririniiniiiiiiiiicnseniecececceeressssns 2.28
B treerrerrenreraeterreere e o s to e b er st e s ter e e re Rt e e s et ea b e s st aabeeatentinaer et ern s e e te st aes st e e abarstesnsaensernresraeres 243
01-N and 1325-N Liquid Waste Disposal Facilities ........ccccceeerrerervrmeinrerecinieruseseesenes 2.43
1.1 Groundwater FIOW ...o.cecoierereerienrenieienieseeicnrenientesnseneresessvesssssessessessssrsessessenss 243
F.1.2 TTHEIUINE covreeeeiereoreeeseeeeietecaeeeeeseesasussesssssesessessesessassssnesesssssnsssssnssssssessssescosssnesns 2.44
113 Strontitmi-90 ceeveceevecerecnerrneenineniniesesssseesienressssessssssessssassssesssesesssssssessassees 2.44
1.1.4  CRIOMIUM «toteterereirieeeeeeteienteesteteeetiesesseseneseesestosansassensessassessassasersessarsrasseesessas 245
£.1.5  ROCRA Parameters ....cccoeeieiiiericcnrinieiieescosenieresersrssssessesssssssansessseraessorsessossasss 2.45
£.1.6  Groundwater Remediation w.....ceiiiiieierrcnnceinaneinieesreesseessessessessesssesessssnens 2.46
£.1.7  Water Quality at Shoreline Monitoring Locations .........eecceeeeverereereneiorerenes 2.47
24-N Surface oundment/1324-NA Percolation Pond ......ccooveeveeivvninreeeierreirnennenns 2.48
12,1 Grou 7 7atel FLOW ..ccciiicniiiitriviioinnenniisieeessaseesneassossessessssesseesesseosorsonsrsessenss 2.48
1.2.2  ROCRA Parameters..ccccceeceieeueeereinriresaeeecestersaesseessrasssessssessssssseessesssesssressessees 248"
£.2.3  Sulfate and Specific Conductance ........c.cccouveveriviermrernrenesresseineeiensssessessssnsnns 2.48
‘her Groundwater CONtAMINATION .. ..ceeveerririenriniersereesisreseessessesssesssessesesssessessesssssossesns 2.49
1.3.1  Petroleum HydrocarbOons .........coueueiienireeiiisiininieniecrenieseeresininnaesssessessssesesees 2.49
13,2 NIETALE «vveevreereerererorenteeieeteessareeesssntsssesssesoressssensnessssesssssssssssssessssssassassessssessses 2.49
£33 MAaANEANESE «.oviiiiiiniitiierccectree sttt st e r e bae st e s st e s st ese s eneessensensreens 2.49
Bl eeiteteeets st e e s e or e e ator e a s eh e s e S E eSS SR r e e as e s b eab e e s e e s e R ee e Rt e e e e e Ree s s ben st sersesrseassesnsenteenees 2.63
AN DR REACLOTS .cuvevevriiirieieniieiienietesresrestenesresssssessesessssessessissossossossosssmenssenssessssnsans 2.63
311 Groundwater FlOW ..coicceiceiiiiienieicieieseeereeeeeeces e eeeresseesae st s eaese et s 2.63
3.1.2 CIIOMUUIT «ecutenreterueerieereterieriseenesienseesissessesaesersssseensessossessssssseesessesesssssmessesseses 2.63
3o 13 NILTALE covecerreererieereeieeteeneeenaessasstessesassesasaesasassessersnsessorsossossassossoseesensesenssssosensen 2.64
3. 104 TIHHUIN coirieinreriienieicrieenetnesssesteteseseasse s essesesesssseesesensesensesesnssensosssesossnsassnssens 2.64
315 Strontium-90 .c.cccocieiiiirieieieneiteinriteeeterenresete s ebs ettt e re st seeseasesssnenenen 2.64
3.1.6  Groundwater Remediation .......cccveieieuieeeeeietiieiierenic et eensroseneas 2.65
0-D-1 PONIAS vttt st eetee et b b e saesebssbessostesssonsosssastosensessesensensesensenen 2.66

XXviii




2.6

2.1

2.5.2.1  Groundwater FIOW c.ceeevvevviriirrrenrioreesiesinesnnesiassessreneseessesnnne,
2.5.2.2  RCRA Parameters ...cccecverrrereervreieenvenreneesensneesssseessesseessesons
2.5.3  Southwestern 100 D Area ....ccoceiririeienririeieinenreneesrecnreessessssassensees
2.5.3.1  Groundwater FIow ....ccccoirvirneniensnneiinieninnesnreeessessessesnnen,
2.5.3.2  CRIOMIUML coviorririeeeeieientiiniineeesessasaestesesserssssnearsssnsrsoessessesncocaestorses
2.5.3.3  THILUIT coviiriiiecrteeeeeteceieneieeas st e sssatetaeassnesaneessassossasbansaensessornssesens
2.5.4  Waste Site ReEMediation ......ccecceveniinierierieiesieniessnsesrenreensseessssssreesseseesossessssssseses
2.5.5 Water Quality at Shoreline Monitoring LOCations ...........coeeeveeeeeierenriresienenens
2.5.5.1 Aquifer Sampling Tube Results .......ccccevvrrcerrecresiecerernnnienineeiiereens
2552 Riverbank Seepage Results ...c.ocevvveccivvvncnininneircrcerennnn.
TOO H ATEA ittt e et e e st ettt et e e stessavesbaesasssssesbansesaessonssstessensnsansas
2.6.1  Groundwater FLOW ....c.ccceeierrivenreeiiineriisessieeteense s sesssseseseseseessssssssssesesens
2.6.2  CRIOMIUM terrirtrirrieieiererienecssecssesertassasenssssesssmsasssssesssennssonsssessersorsssssssssssnsesenes
2.6.3  SErONTIUM-0 oecoiiiiiirreiiiieiirereeeriersrinieesteesseseestesssessaesssessssessssessesssersssssesnsssersenses
2,64 TTILIUIN covveeieirienienneeeeieirenreecetenacsmasaessnssnsaseassasssenssessassssneesseessarsassssans
2.6.5  NILTALE ccovererreriiiciieroreerienieeaieessesseosieessrresssasssessossarssestasasessssssssssasssssnnn
2.6.6  183-H Solar Evaporation Basins RCRA Monitoring ........c.ccvereeererinreienerernenss
2.6.6.1  Groundwater FLOW ....co.cccceiniiiiiiieenniininiiicnie e etsesensesseese e essersssesnnns
2.6.6.2 Technetium-99 ar  Uranium .....cececeveviereriereriereereiererenseessessensesssenes
2.6.6.3  NILIATE coeerierierinietcieeiieentreniestereressesssosstsssasssesessssassessasssessssessessasssssanns
2.6.6.4  CRIOMIUIN «ovoveuierientertiirtenieteieresesesieteesasnessessesassssensesssssssesnesessssesens
2.6.6.5  FIUOTIAE ccueoeiniirei e eeresre e e ae e e s sae et ess s b ev e s sesesnsness
2.6.7  Groundwater Remediation .......cievviierieeiieieeiiecenieicte e csveesesesseseeteessereressesesesens
2.6.7.1 Interim Remedial Action ObJeCtiVes ...oereverreeuerervereiorierieiesernsreseens
2.6.7.2 Remediation Progress During Fiscal Year 1999 ......ccccovvevuneveienene.
2.6.7.3 Influence on Aquifer Conditions ........ccceeeerveeriereeenveenennne.
2.6.8 Waste Site Remediation.....ccoevieiiienrirvienuiniisiienierneenisonuersnsesseessesasssnes
2.6.9  Water Quality at Shoreline Monitoring LOCATIONS .........c.cevereeeerereereeressererereens
2.6.9.1  Aquifer S I T ettt et
2.6.9.2  Riverbank Seepage . .ccovueveerririiniinicniierecer ettt neaene
2.6.9.3 Specia __i0reline STUdIies...oveceeiiniinieniniiceeeneereesrnernins
TOO F ATEA e cuiiiiiecirieeinieeniteeienitaetaesesosesasseesssaesssasassessssessssassensanssessossssnsesssnsens
2.7.1  Groundwater FLow .co.eovveierreenieiiniiesnicrest ettt crs s,
272 THHEUIT touieveeieeeeeteieteneensertesstoseseseneesaesssseneesensosessesensassesnsentesentesensensensosessnonsnes
2.7.3 URGNIUM cevieieiieenieeeeeneerseosueositesitsseeseeeraessnesanesissssssaneesasasossessassnosssesssesseossosssns
2.7.4  Strontium-00 oottt ettt st ba e sba e see e st ese e st e enaessseenees
2.7.5  NILTALE eveeverererveeeriienreorerierssesesieseteneesuesssesssessssensesnessasesesessstossosssossessss
2.7.6  CRIOMIUM covorvereerinarieniinresseesseersestomeasiassresessessessessessassssassesseosessassen
2.7.7  Trichloroethylene .......cccoovevicievniiinnieenciniiireesrereneeeeisesaeienas
2.7.8  Water Quality at Shoreline Monitoring Locations .......c..cceecrveverenn
2.7.8.1  Aquifer Sampling Tube Results .....ccccovvivueruniennnniininnins
2.7.8.2 Riverbank Seepage Results .....ocovevevvcivnicrneriniiinccinnenens

Contents

XXix




Groundwater Monito

2.8

200 W
2.8.1

282

283

2.8.4

2.85

or FY 1999

TR 1otieiicireerree ettt te et ce e e e e e s e e et s s e e sue s aesan s e b aesa s s et e st s aesreesa s sbensasereesantases 2.111
atonium Finishing PIant c.....cviiiiiiiiiiieinceeecenieseeneeesesessesesvens 2111
L1 Groundwater FIOW ...ovccceceeieeeeeneceretretncnt ettt ssee st sssse e e sae s sne e 2.112
3.1.2 Carbon Tetrachloride ....c.ccceeveeieeiimieininiiintneneinecerererererenenencseresreesenessenas 2.112
3.1.3  Chloroform and Trichloroethylene ........ccococeevvvueveueniccncnns eereerteenaetenennsaerentenen 2.114
3.1.4  Plutonium and AMEriCIUM «...eveeeerreeerrnenireeresinseresereressoresesssssesencssssosessssencses 2.114
15 INELFALE toveeeeireeiiriinieteieeettesteeeeeetesstsieeresstonsstessnebestsessestesestentssentenesussseessenssnss 2.114
3.1.6  Low-Level Waste Management Area 4 RCRA Parameters ..........ccocceveveereenae 2.114
3.1.7  Groundwater Remediation at 200-ZP-1 Operable Unit......ccocevivuererenneereureene 2.115
PLANE 1evvevvieierieteerieteeteteeeesestesesssaeseraesseesa e sasessessssastasesessensesansssassassessnsssssssssssssestsaasans 2.117
3.2.1  Groundwater FLOW .....ccoveieieeeirieeiieireeineieinieetee s sesseseeessessesssssesensesssessesansens 2.118
3.2.2  TEHTIUIL vecteevereeireenseeeretessseteesseeseesassenssssssasesessrsssssasssessasssesssrsesssessosessssesssssosens 2.118
3.2.3  JOdINE-129 coiviiiiiiieeeiirenieeieeeisssine e srassessasaessas e sesbeaetassess st essesetnes e sa st sesaasaanes 2.119
3.2.4  TeChNEtiUM-09 ccoueeviiiirriirieiniiinieresesiaraeeesseesasstsssasasessessssesssssesesssssesssnessssns 2.119
3.2.5  Uranium and Gross Alpha ......cocviininiiinniineieeeeceeseeicenieeees 2.119
3206 INIETATE 1eeveerieeieiieierenieniersreesesainseeeossuesoreossnesseasssaessssssnsossasssessasssesssessasssssesssnsesnes 2.119
3.2.7  CRIOMEUIT 1reeventitictercenierteiee it certeseeteeteseensessentessennesassesessessssasaosasserssesasssossonse 2.119
3.2.8  FIUOTIAR cvrerenreeieriieriiietecetrete et et ettt ettt i e st e bt st sesa e b ens e e esas s saanas 2.120
3.2.9  Chlorinated Hydrocarbons .......cc..ceceeieeiniirenreneinnnsienisesseninsecessessesesesaens 2.120
3.2.10  Iron, Manganese, and NIfTite c....oeeieuircriririeieeriereininreeesistseesessrsessesessessesaeses 2.120
3.2.11 Waste Management Area T RCRA Assessment Summary ....ccoceeeveeverieruenennes 2.120
3.2.12  Waste Management Area TX-TY RCRA Assessment Summary .....c..ccceerene 2122
3.2.13 Low-Level Waste Management Area 3 RCRA Parameters ........ccccocevcrenenne. 2.124
PLANE 1ttt ettt ettt e et e e e e st et et seb e st et s s e s et ee b e a et et e barsentrrserberaetes 2.124
33,1 Groundwater FlOW .......coiieeiieniiniineereiiieistesessessessessnsssssssssssssessssesssssssassenes 2.125
33,2 UTABNHUIT ceeviiveeiieeiiienieeeieeieeeeseeeesettesseessensssrasssssessessssossessssssesssesssessssssnsssnsessssens 2.125
333 Technetitm-09 ..o ettt ettt ettt et eae e easeane et aeeenaens 126
334 INHLFALE 1eevvetreeeiereeeetrireeneeneieteeeeeresseteoseasssesasasssasassesssesssasssessasssassessssessassssanssens 2.126
33,5 TOINE-129 oveioniiieieceeiietcetreenseesstesaessesssessesssesanssessesessessessessessossssssesssssnsens 2.126
3.3.6  216-U-12 Crib RCRA Assessment SUMMATY ...ccouvveveeeeruererinereenieiereeeseens 2.127
3.3.7  Waste Management Area U RCRA  arameters ....cccceveveveeirreirnenennresneresaenns 2.128
3.3.8 Groundwater Remediation at 200-UP-1 Operable Unit.......cccceruirierervennnnnn. 2.129
IDOX PLANE 1ecuvieieiieiestcrretesteecrte et setestsaetassastessessestestessesestsssetseressersnssensensontossossasnes 2.131
3.4.1  Groundwater FLOw ....c.ccveircenrerieinieireiscecseeteee st ene s aans 2.131
342 THLLIUM cuetereeteieieienteinieeceettevessastesecosastsansesessssesesssnssssesasssssssssessssssosessansnsssans 2.132
343 10AINE-129 ceviiiiecieicinriicinecientsieiseeni e ees s s ersssass st s r st es s senssnsnensone 2.132
344 TechnetiUm-09 ..ottt ee st etes et sessesesoberessssorssressssennons 2.132
3.4.5  INLLTALE eevieriorenierirereeteierentreseenteestestesaetessaessassesersssesssasesssssssstosssasostosessosonnensesen 2.132
3.4.6  CRIOMIUIM ceeoverevierereteeeietiette e iertee e rertete e ses s rerere b ssbessbesorsbessobosssbessonsostes 2.133
347 TrichlorOethYlENE ..ccocucveuiniriieeiiccirrnninreieeee ettt 2.133
3.4.8 Waste Management Area S-SX RCRA Assessment Summary..........ccccoevenene 2.133
3.49  216-S-10 Pond and Ditch RCRA Parameters ........cccoceireveinevereeiviseereieseeenens 2.137
ate-Approved Land Disposal SYStEm ........coccviviireeerninsninninsireneseriecsseessssssseseseesssonns 2.138
3.5.1  Groundwater FLOW ....c.cocvveiviieieiiieiccinreereerrtetesiieesssveseesesne e seesenessaesensen 2.138
3.5.2  Extent of Contamination ......co..eeeeeeerierieinueisieseeenisresesnsestensssssssessosessesessossos 2.138

XXX



Contents

2.9

2.10

200 EQSt ATEA cevvvrernrrereriiirisieiraensrtesosneeeeerstossassanassessasssessesassesssssaestesesssaseassens  esstoseessesessnsssasses 2.189
291 B PLANE coriieiceieeeeeieteet ettt st reeretete | abebessesessesesennenns 2.189
2.9.1.1  Groundwarter FIOW .....cocoiviriiiiieicinieiiennceseeressesseenerens ovesvessssesesnesesasans 2.190
2.9.1. 2 THTUIN weetetiiitirirttiitteceesrecteseseeetertesassessestesssesesbessensessnsssensassssessasssssssssessessans 2.190
2.9.1.3  T0diNE-129 oottt stesnass ettt es ettt b et b bbbt saeaens 2.190
2.9.1.4  Technetium-99 .....ccccoeiiiriiieeiicieintcieeereeee e sseses s ebe b s s sase s b e b sens 2.
2.9.1.5  ULANIUIN coeouieiiriinienieeeieiiensiieneesiesstesseseaessessessessesssssessessessesssasssosssessssasssessenns 2.191
2.9.1.6  Strontium-90 and Cesium-137 ..c.ccccvinirirrereeernrerieeieressesseesssesecsseeeassassesenss 2.191
2.9.1.7  PlUTONIUIN cevtententerteteieitente st stsressstsseaessesetas et ere e sessssesestene - retassssesasessesasansans 2.192
29,18  NILTALE cuiveiiiiiireteetccttecteete et esreetee et eabsess st esbasaasesesssessossess | sbassessessosersossosenns 2.192
29.19 Waste Management Area B-BX-BY Assessment Summary — ..c.coceveececnienene 2.192
2.9.1.10 216-B-63 Trench RCRA Parameters........ccoceuerrierrereinecrinreruenreesoreniarnssssensens 2.196
2.9.1.11 200 East Low-Level Burial Grounds ..........c.coceceeieimvenievirierereresreseeeessessesssenens 2.197
2,92 PUREX Plant..c.cccoreiiiciiiiiteeieniieieiniireteeteeseseesetnesessnesstesetnssssessasesessessasassesessssssessanases 2.198
2.9.2.1  Groundwater FIOW ...cccciiiniiiinieeeieiieiieeieteet e ecneve s ev s ssassesnasessesnans 2.198
2.9.2.2  TEIHUIN coeiciieiiieieeeceecreeeeienresraecies et essessesseessassessssssessasss saresessseessassrassaenss 2.198
2.9.2.3  10dINE-129 coioeiieereieeiirertetetereeet ettt st es ssvestesenesessneresans 2.199
2.9.2.4  NILEALE teoveiirtriereeeeteteieeees s erast et e e seseesesesseresese e sassese st eseseesassasassesessrsessonsans 2.200
2.9.2.5  Strontium-00 c...c.cooieiricieniiieeieteeaeret sttt et et s ete st s e s st asestesesaarasaanes 2.200
2.9.2.0  MADNEANESE ..oenecriiitieiiieiieeieeiee ettt et e sr ettt a b es bt e b e s b e e e st s erebsestebeses 2.200
2.9.2.7 PUREX Cribs RCRA Parameters .........cccecierreireereetrerereresissesnesessenessesssssesasens 2.200
2.9.2.8 Waste Management Area A-AX RCRA Parameters .....c.ccceveevereivccricnnninnnnes 2.201
2.9.29 Waste Management Area C RCRA Parameters ....ccocovevvenreesrinininciennnens 2.203
2.9.2.10 216-A-29 Ditch RCRA Parameters ........oivvernrerinienereeieinressensresesseeneseessasessenes 2.204
2.9.2.11 216-B-3 Pond Parameters....c.cooecrveereiiiererienriesesieressessesesssesesssassssssssssesssssssssenes 2.205
2.9.2.12 Liquid Effluent Retention Facility ..c.c.cccoeeveieinirecriereercnenninecnerinncnecencseenes 2.207
2.9.2.13 200 Areas Treated Effluent Disposal Facility ... covrincriiiininins 2.207
2.9.2.14 Water Quality at Shoreline Monitoring Locations ......cccece.  corvuirrccriecrunnne 2.209
2.9.3 Confined Aquifer in the Lower Ringold Formation ...........ccoceeeveeeninieneeneniineincniennenenne 2.209
2.9.3.1  Groundwater FLOW co.ceciiiiiiiiiictcec ettt sttt 2.209
2.9.3.2  Contaminant DistribUtion .......c.eececerivinieriereeiinirereeereereneseseesessreeseeseesessesenne 2.210
400 ATCA uurvirvnirareeeierirrrrrereeeisirestsisassseessssesessemsirssessssssmssstesssssessssssrsoessssosssarsense  beessesessrarasessraesses 2.235
2.10.1 Groundwater FLOw ...c.ccoiiiieiiiiiniiiiiiriccitee et cesisicseesien reesssessenrsaesessonenns 2.235
2.10.2 Nitrate and NILIILE ..ecevvreiiiiiiiiiiiieeeenierecitete et esteeesenieosesiessssnssies | eossessssssisnsosssssanes 2.235
2.10.3  TEIHIUIT toerirerereetiteennseretsseseesessrestesessesaasestessesesessasesesansasessessesersasensnsessessssesesentatssesenseseses 2.236
00 ATEA . 1euvreerrieierierserierastesasrasssassseesesseemsatsseassesnseessessessassrssessassarsesstnseneesneone  sebessessiiissisesesains 2.241
2.11.1 Nonradioactive Dangerous Waste Landfill ..........cocoevecrceninicecciinnninniiinninnnas 2.241
2.11.1.1 Groundwater FIOW ..cccuiiiiiiiiieiiieiintinieiercis s eseeetee e eeeeeeseessssnssrasssoasasens 2.241
2.11.1.2 Resource Conservation and Recovery Act of 1976 Parame™ 5 .cocovvvviviinnen 2.242
2.11.2 Solid Waste Landfill ........c.ccevvrieiniiriieiieieieiiciereeenseierresesrerennerens eeressesssresesssserersns 2.242
2.11.2.1 WAC 173-304 Parameters ..coveveeecercrrerierenerieriomseesesseesserns cvuersesssssssmsssraensons 2.243
2.11.2.2 Site-Specific Parameters ......ccccoiiieivricinniniiiiiiis aieeesieeseennns 2.244

XXXi




Groundwater Moni

for FY 1999

3.0

2.12

2.13

2.14

2.11
2.11
2.11
2.11
2.11
2.11

300
2.12
2.12
2.12
2.12
2.12
2.12
2.12
2.12

Ricl
2.13
2.13
2.13
2.13
2.13
2.13

Upr
2.14
2.14

Vadose Zo

3.1

3.2

100
3.1.
3.1
3.1.

3.1.

200
3.2

able Mountain PONd ......coccevieeiiieiieiieteieescieieceeresie et sressessessesesessssesaassassaesassssssnsssens 2.244
.8-10 Burial Ground and 316-4 Crib ......covvcvvinvrireeiienieniiiecnreienennsriesesssessseessesssessesssses 2.245
8-11 Burial Ground .....c.coeeeriniiiniiieniinenreereireesssscsasssesseesssnsessossessssassassssesssesssssonasses 2.246
ENTAL PLATEAU ...ocvoveveeieieiieiiieeeiri ettt es et b et e se b et esentesneneesesestesassassaansansanserensesens 2.246
'ESTEIT B00 ATEA ..vveereerrerererrrrriorusesarerseessiesiressessessnessesssesostesossassssesssessasssssssssssssssaesssssens 2.246
JO-PO-1 Operable URIT ..ceeeceuerinierenreieniierieniesseteseeneseeseseseneeseseosssesesessessossossssesessssesess 2.247
......................................................................................................................................... 2.255
TOUNAWALET FLOW 1.vvvevieteiieteieteietierereitesiesesetesessetessetastesassesaessasesentsasssasnessensassesensesees 2.255
FATLIUITL 1eeuveeurereerseseenseeosuesseseosunsssasssseessessssessessessassssssssssssosssasssssasssssssassnsesssssssseeesansssnnossas 2.256
TONTIUIM-00 11iiieiiieereerereesieeessesserseseoseesessansessansseresssssssesstessessensassessesassesssssssannssssaessesersne 2.257
hlorinated Hydrocarboms ......coccccucueeieurueuriceerieeeireeieireneeeccereeeeseaeesesesuesnoessssisnns 2.257
TETALE teoveeririiritisuiesterrenseeesonsessneosssonsesssassssssassesnsesassnesssonasortessssssssssssaesasessonsssssnssssesseesans 2.258
.6-5 Process Trenches RCRA Parameters ......ccouveveieeireerereenereninneinsesnessnessessessesssessens 2.258
)0-FF-1 and 300-FF-5 Operable UNILs .....c.cccoeviererrerreniirieenineererernesesasnesessesesessssens 2.258
"ater Quality at Shoreline Monitoring LOCations .......cceiveierreerinierinieneenennresiessennons 2.259
NOTED ATEA ceveiveerieeeiiaeeeneriaertnetastesseestassessessesesssassessssasssassaesssessasssessasssssssssesnssesssessansacs 2.269
TOUNAWATET FLOW ..ceviiiririieiirreniinieresrerectreietesesrsessesrasssestessessesssestosassestasssessssessesesssosess 2.269
FIEIUITL ©1eveevereerennsseserteneeensteseesessensasseneessasessnnsassessssssasnsessasnseseastorsensastasassannssessnsensarsessassasse 2.270
TETATE euveeeeeeieeneieesateeieeeseutesosateseuasesatesaseasassuasassssssssesessssstsnesnneeneesesssssssasssssneranseesesssans 2.271
HChLOTOETRYIENE ..o 221
105s Alpha and Uranitm ..c..c.coeeeieicrneieiiierireieeeesrerescereeesestreresestosessanseessassessesesesens 2.272
Ther CONSLITUETILS w..toveierierriteneeieeeienressenraeessessasssessssssessassassensasssssassessersesssssssseseessonesss 2.272
alt Confined AQUITET....ovvueciiiiiieiiieineeintnreeie et eteteestseerestesessstssssssessessassessasasssensasas 2.281
TOUNAWALET FLOW 1ttt ettt et ev e s ae st e b aesseresrens 2.281
TOUNAWALET QUALITY +veveetirierieterieieiieteie et iite et eseesaesae e sbene s e e be e seereerbarsssreresensanns 2.281
......................................................................................................................................... 3.1
........................................................................................................................................ 3.3
»il Remediation at 116-C-1 TTENCh .oovcciierieriviiiiiiiterreniceeeceeeeereeerereeesressateemsesessesaene 33
»il Sampling and Analysis at 1301-N and 1325-N Trenches .....cccevvvevevvieeinieniiinnnen. 34
. Situ Gaseous Reduction Approach ......c.cceoiireeieccinininnineiereee e 3.6
1.3.1  Summary of Characterization ACHVIEIES «..cc.ecerererrcrenemercrernrrerseersresesesssseseses 3.7
1.3.2  Conclusions and Recommendations .......cceervecevereeeririeeniericiseeeeeeeeseesosssesens 39
>nch Scale Distribution Coefficient and Leach Studies on Hexavalent Chromium

Contaminated Vadose Zone Sediment from )0 D Area ..ccceeeeevvveiiveceereeveerieenes 3.10
1.4.1  Samples and Methods ......cccoenviiinirererrrceineeniiinnieeresiesss e seresssns 3.10
1142 RESULLS ceoeeteeieer ettt et er et eret bt et eas s et sen e s e seseennnons 3.11
143 CONCIUSION etrievrrieinieenreiiirtriotennireteressssssesasesee s sesessesssessstesssesessessenseneessssasaenss 3.11
........................................................................................................................................ 3.27
)0 Areas Characterization ACHVITIES coeoerererieeieriererieeeteete et ess s s etesessessesesseeseseseeoses 3.27

XXXii




Contents

3.2.1.1 Decommissioning of Borehole 41-09-39 at the SX Tank Fa  .....ccccccciuennee 3.27
3.2.1.2  New Vadose Zone Borehole at Single-Shell Tank SX-115. ..ccccciciivreennee. 3.29
3.2.1.3 Temperature and Other Geophysical Logging at Single-Sh.  Tank Farms .... 3.30
3.2.14 Baseline Spectral Gamma-Ray Logging at Band T Tank Fr 15 wecoevevvieirinnnnen 3.30
3.2.2 200 Areas MONItOTING ACEIVILIES «eueeveerrrveeriererireieierenseeiieseeeesesestesies aosessesesessenesesnses 3.34
3.2.2.1 Carbon Tetrachloride Monitoring and Remediation ........c.cccccoevevniverinncccnnnees 3.
3.2.2.2  Rapid Scan Gross Gamma-Ray Logging at Single-Shell Tank C-106 ............. 3.38
3.2.2.3  Spectral Gamma-Ray and Neutron Moisture Monitoring of 200 East
Area Specific Retention Facilities ....c.coverieircianrceienieniinieereeesecteeetree e 3.39
3.3 Additional Vadose Zone Related INVESHZAtIONS ...c.veeceucurrrieeeierinnrecreseestennisessesesesesesssssassssnsses 3.69
3.3.1  Hanford Site LYSIMETErS «..cuiveereeeiietiireieriertesteeeieveerisesresssbessesaesasnnesssssssesessesessenessrnessns 3.69
3.3.2 Hanford Site Surface Barrier TeChnology ........ccecerueiriimnierceveieeinieiinnesnsesesreesssesesnsnns 3.69
3.3.2.1  Results of Field TeSS .ceereeeurrmenteeeeiiieareisiainnsiaseneeneneesesnssnssssssescssesssssssessans 3.70
3.3.2.2  CONCIUSIONS ...veuicriiiriiniriiereieststereserssassiessnsesssesesessssosasssesssesesssrsssssssssnsnssassns 3.72
3.3.3 Measurement of Tritium in Soil Moisture and Helium-3 in Soil Gas at the Old
Hanford Townsite and KE REACLOT ....veeeururreirnieiiinieieierrecsrisisesinsesaesesssesesssessssssesesenes 3.72
33.3.1 Experimental Methods .....c.coocieieiieiiiieiiiciiiiresereir e ev s reseaereseereanas 3.73
3.3.3.2  Results and DISCUSSION ..ecrvvrveieiiecreecririniircrssnseesessersnassesesnsssescssserssesssosesns 3.74
3.3.3.3  CONCIUSIONS w.vrurerirercrieniitirerteeneseststaresrsisssensesesesessosassesessasessasssesmsssssesssesessans 3.75
4.0 Groundwater MOElINg ....ccccceeruveeererieierininreniesiieteiniesisteseesessssesssssesssesesesesssessesassesess  sesssessssssssssesesssnns 4.1
4.1  Site-Wide Groundwater Model Consolidation Process .........oeeevirirerecrccceenemecnneeicneniesscreceenens 4.1
4.1.1 Recommendations for a Site-Wide Groundwater Flow and Transport Model ................ 4.2
4.1.2  External Peer Review of the Recommended Site-Wide Groundwater Model ................. 43
4.1.3  Response t0 Peer REVIEW ....cocciiviiriiinieieiiiteiciceeiseritetesecrerceiee evestoreesessenessenenes 4.5
4.1.4  Model APPLICAtIONS .ovvieeveeiriiiiiiiniicitneeice e reeseessentacmsseansennene. essssssssssesesensacacns 4.6
2 Modeling to Support T £ € ..28t OPerations ...c.ccocieeeeiecieeieereeeeerearessnaessesseeseessassessasesanes 4
4.2.1 M ]Results for 100-K] 100-NR-2, and 100-HR-3 Operable Units ..c.ccooecrvueenne. 4.7
4.2.2  Model Results for 200-UP-1 Operable UNit ...cccooivivieinreniesenecieniivereneeesreressessesesseeens 4.7
4.2.3  Model Results for 200-ZP-1 Operable Unit «....c..ccoeoeeeninrininiennicnnicenecriieieirercesensens 4.8
5.0 Well Installation, Maintenance, and DecommiSSioning .........coeoeverrenreneiviecrinniininienesiessoeseeesenne 5.1
5.1 Well INStAllAtion «.eceveveeveveeeeeeererieririeerreainceeereeetenteeentesesasseseosesesessssssessossosins reosbotssssssrossossssoses 5.1
5.2 Well MAINEENANCE .vovivireeeirieninienteiniieeiiieeiteteesestesessteneneenttesestasesestossossessosioss aessssstsrssssssssssonsos 5.1
53 Well DeCOmMISSIONINE ...teveouereeeeieisrensimireieseereeserrassesiisienieteresuereseeersssssssosiorens ssrssesserensvsssorsoseses 5.2
0.0 RETEIENCES .. iveevreriieerieeeieire et st eseroresttessesaeeeestsstassnesnasasessssesstessasssesesmsenssssnresiussise sesussstotssnsessesssssses 6.1
Appendix A - Support INfOrMation ...t en st Al
Appendix B - Quality Assurance and Quality Control ... B.1

XXX1ii







Contents

P s ) -
3.2-2  Water Leachable Chemicals in Sediment from Borehole 41-09-39 in SX Tank Fs  ..oovcvvriieevenen 3.44
3.2.3  Acid Extractable Chemicals from Sediment from Borehole 41-09-39 in SX Tank  rm .ccevvereercnee 3.45
3.2-4  Estimates of Mobility of Cesium, Technetium, and Chromium in Samples from B hole

41-09-39, Based on the Percent of the Constituent Leached by Water ......ccccovvnnviiecnnicrernniriceseenes 3.45
3.2-5  Calculated In Situ Distribution Coefficients for Samples from Borehole 41-09-39 in

SX TANK FAITR c.cviviiiiiiiinieeniiieresneteiesiereteentstsreessessestesessetasesssssesessesesstasasassasasesassssrasssssssssesessnsssssass 3.46
3.2-6  Carbon Tetrachloride Inventory in Primary Disposal Sites .....cccceeveeienieeennccnnnerenniressssnsssenesenene 3.46
3.2-7  Liquid Disposal Facilities and Associated Borevholes‘ and Wells Monitored with Spectral

Gamma-Ray and Neutron Moisture Tools, Fiscal Year 1999 .......cccvcervvriinienneiieeeeerecere s ssesesnens 347
3.3-1  Lysimeters at  : Hanford SQte ...occoveeiernerniiireniieeeeie sttt ascoteseststetesstassesesssssssssssssasessssesnsesssseas 3.76
5.1-1  Well Installations for Fiscal Year 1999 ........ccccorcrininninninieecnceesenintseeeeetinie viosesasssessssesescnens 5.3
5.2-1  Well Maintenance SUMMATY ......coccrvereueieniereerenienteenessisissesssiesenesesesssmsassoressssses siesssssmssssssasesescoes 5.3
53-1  Wells Decommissioned in Fiscal Year 1999 .....c.ccocoiiniinnireneeeceinieeccnensisseeessnsessssssseeseseses 5.4

Fig' res

S.1 Distribution of Major Radionuclides in Groundwater at Concentrations Above Maximum

C ami t] s or Interim Drinking Water Standards, Fiscal Year 1999 .......ccccccvccieviinriceeeneens Xxii
S.2 Distribution of Major Hazardous Chemicals in Groundwater at Concentrations Above Maximum

Contaminant Levels, Fiscal Year 1999 ..ttt ireee st sttt e ssee s et sivestestesasssesosssessssssenns Xxiii
S.3 Potential Dose Estimates from Ingestion of Groundwater, Fiscal Year 1999 .....c.ccocovvreveevcnecnnannnns XXiv
S4 Cancer-Risk Estimates from Ingestion of Groundwater, Fiscal Year 1999.........ccccovviniiiiivcnncnrennnnn. XXV
S5 Hazard Quotient Estimates from Ingestion of Groundwater, Fiscal Year 1999......  ..ccoovivenninnnne. XXvi
2.1-1  Hanford Site and Outlying Areas Water-Table Map, March 1999 ... i, 2.9
2.1-2  Changes in Water-Table Elevations Between June 1998 and March 1999 ........... e, 2.10

XXXV




Groundwater M

2.2-1

2.2-2

2.2-3

2.3-1

2.3-2

2.3-3

2.34

2.3-5

2.3-6

2.3-7

2.3-8

2.3-9

2.3-10

2.3-11

2.3-12

2.3-13

2.3-14

2.3-15

2.3-16

Aver:

Aver:

Aver:

Grou

Tritit

Nitra

Nitra

Influe

Aver:

Chro

Stron

Stron

Stron

Tritit

Tritit

Carbx

Carbx

Exam

Trich

Nicki

Tritit

Tritiv

Tritiu

for FY 1999

m Concentrations on the Hanford Site, Top of Unconfined Aquifer .......c..coovvveevenenee 2.11
:e Concentrations on the Hanford Site, Top of Unconfined Aquifer .......c.ecoeveevreeence 2.12
:—129 Concentrations on the Hanford Site, Top of Unconfin =~ Aquifer .......ccvecvveeeen 2.13
Jperable Units on the Hanford Site ........cocviieiinnicinrecinereeeercenecscneeeaene 2.14
115 2t 100 B/ ATCA cevrveenieieieieeeeirreeeresteeseeeaesseaesressasssesssesssssesssesssessensersessessssssnssnsess 2.17
1199-B3-47 Near 116-B-11 Retention Basin ....c.coceeiiirereneiereneerenrenceenieiereresiesseeenes 2.18
Is 199-B2-13 and 699-72-92, West of 100 BfC Area......cceeerereeerreeneecnirenineereneeerenenes 2.18
roundwater Mound During the 100 K Operating Years, 1955 to 1971 .ccceveveeevncnane. 2.29
nium Concentrations in 100 K Areas, Top of Unconfined Aquifer ......ccoeeevverreeeencne. 2.30
Wells Near KW ReaCTOr ..oiiiiiiiniiinniiiiiiiieiscieeeneesessessesssessessessesassmaesessssassessassenes 2.31
n Wells Near 116-K-2 Liquid Waste Disposal Trench .......cocooeeeriecenencnivnieniireninnnn 2.31
ind Tritium in Wells Near KE Reactor .....coveiireineicercriiinenineciinesninieineensnsessensses 2.32
0 Wells Near KW Reactor .....vouiviveuiieniniicnieieierieneininerieietetestsesssessissssssssesessessesenes 232
lIs Downgradient of KE Fuel Storage Basin .......ccccoceiveriiiieiviieecetciievee e 2.33
lls Northeast of KE ReACTOT «...civiviiviviiinerierneninnieieeeintesrenseneeesisesesseeseesessessessossens 2.34
Wells Near KE Gas Condensate Crib ......coceeveurininereisieceniereerieeceeeeevee et 2.34
Wells Near KW Gas Condensate Crib .......ovveriiniiiiinniiininciicccinsiscnnesiieens 2.35
:reasing Nitrate in Wells at 100 K Area ....ccvvviminiieereenserieniensei s eesesessseeeee 2.35
ene in Wells Near KW REACIOT «...ccveuevrrinieiiniiiinsnsese oottt s sosssssessesesenes 2.36
L199-K36 eviiiniinincceniiriineneeneeeeeesesetetsieseesssesssssesssassese s sssssbosesosesetssssmsiesaenenesesssennen 2.36
lls Adjacent to KE Fuel Storage Basin .......cocccecerrmirerneerennrereririnenninonionsosessserensenens 237
lls Adjacent to KW Fuel Storage Basin ......c.occeiueciererererineiiniisiiseseeeeseeseeessnens 2.38
secific Conductance in Wells Near KE Gas Condensate Crib .......oovvvvvieiniviveneeeenenes 2.39
XXXVi




Contents

2.3-17

2.3.18

2.3-19

2.3-20

23.21

2.4-1

2.4-2

2.4-3

2.4-4

2.4.5

2.4-6

2.4-7

2.4-8

2.49

2.4-10

2.4-11

2.4-12

2.4-13

2.5-1

2.5-2

2.5-3

2.54

Tritium and Specific Conductance in Wells Near KW Gas Condensate Crib ... oevveveeereerereccecnnee 2.39
Capture Zone from 100-KR-4 Pump-and-Treat SYStem .....cccoccevcvcniinirivcrcnnenicrens rvveseeeveveseseenesens 2.40
Chromium in Upstream Near-River Extraction Wells .......cccccovvueviniiinnrenrioriccininininnieiensessosnseereeresens 2.41
Chromium in Downstream Near-River EXtraction Wells.......cccoevvviiiveeninieresrnnsriinsecseesesnsresesessenne 241
Chromium in Compliance Wells.......coeoiiiiiiiiinniinieinccerieenieinninnisnssessscana 2 aessssesessassesessssssans 2.42
Water Levels in Wells Monitoring 100 N Area ............................................ 2.50
Tritium in Wells Monitoring LO0 N ATEa ...c.cececeereieiiriieecerteeeieseeseeresiereessesesessesesssasessesaesssensenssssnanss 2.51
Average Strontium-90 Concentrations in 100 N Area, Top of Unconfined Aquifer .......cccoeeerereeeens 2.52
Strontium-90 and Water Levels in Well 199-N-67 Near 1301-N Facility ...cccccoeererurnueereereernierenns 2.53
Strontium-90 in Wells Near 1325-N FaCility .oceveeviiieiciciiiecrieceiirer e rersierssnssresseersesessessssessenes 2.53
Groundwater Capture Zone from 100 N Area Pump-and-Treat System .....cccocvveevuerrrrererercereruerenireneens 2.54
Total Organic Carbon in Well 199-N-59 Monitoring 1324-N/NA Site .c..covevieeriereiecerieansenssrerssnes 2.55
Specific Conductance in 100 N Area, Top of Unconfined AQUIfer ........ccouevevcieerenrirerenseseereniereannenes 2.56
Specific Conductance and Sulfate in Wells Monitoring 1324-N/NA Facilities ... ..ccooceereeevenoereen 2.57
Nitrate Concentrations in 100 N Area, Top of Unconfined AQUIfer .....c..cooccoceruereninenerersreniereeeens 2.58

trate in Wells Monitoring IOON A oot ssssensesessesassbssresassbosesasns 2.59
Nitrate in Wells 199-N-16 and 199-N-18 ....cuiiiiiiiictetceeeteiree ettt s rsesae s rassesnanenas 2.60
Manganese in Wells 199-N-16 and 199-N-18 ......ccccemiimiiiiiiiiiiiiins s 2.61
Average Chromium Concentrations in 100 D and 100 H Areas, Top of Unconfii | Aquifer........... 2.73
Chromium and Specific Conductance in Well 199-D5-15, North of D Reactor... ...covvmiiiiienan 2.75
Strontium-90 and Water Levels in Well 199-D8-68, Northern 100 D Area ...ccce.  veevvecvcverenenvenrennes 2.75
Capture Zone from 100-HR-3 Pump-and-Treat SYStem ...c..ccovumiiriiiminiininiens et 2.76

XXXVil




Groundwater Monito

2.5-5

2.5-6

2.5-7

2.5-8

2.5-9

2.5-10

2.5-11

2.6-1

2.6-2

2.6-3

2.6-4

2.6-5

2.6-6

5-7

2.6-8

2.6-9

2.6-10

2.6-11

2.6-12

2.6-13

2.6-14

2.6-15

Chromiur
Chromiun
Specific C
pH in We
Chromiur
Sulfate in
Tritium ir
Chromiur
Chromiur
Chromiur
Chromiur
Chromiur
Strontiumr
Tritium ir
Tritium ir
Tritium it
Example ¢
Water Ler

Technetit

Evaporati
Contamir
Techneti

Chromiur

Y 1999

apliance Wells for 100-HR-3 Pump-and-Treat System .......ccccvueereereiereriennnesnerenene 2.71
-action Wells for 100 -3 Pump-and-Treat SYStem ....co.ccovevvverrereremrererererererenennnee 2.77
nce in Wells Monitoring D POnds ......c.cooeueeieninimintnecnrseeessee s seveieseenennanens 2.78
tOFINE D PONAS c.cveeitire ettt et eene e srns bbb res e b ananans 2.78
s Monitoring Redox DemonStration «......co.vcveveetieereeeseisessessesenesesnssesnessssssssnenes 2.79
99-D4-13, 199-D4-14, and 199-D4-15, Near Redox Demonstration ........ccceeeveenie. 2.80
.99-D2-6 and 699-87-55 at 100 D ARea »  of 100 D Area ....cccecervunicvennennines 2.81
Is 699-96-43 and 699-97-43 Between 100 H and 100 D Areas.....cccoeeevivivereerinnnen 2.93
lIs 199-H3-1, 199-H4-47, and 199-H4-48 Near H Reactor .....c.ccooevvevrernevcenennenns 2.93
lIs 199-H4-14, 199-H4-16, and 199-H4-18 at 100 H Area ....c.cccvurvecvcvrirevnniensenes 2.94
lIs 199-H3-2A, 199-H3-2B, and 199-H3-2C at 100 H Area ..ccococevureeeevevcccnncnes 2.94
lls 199-H4-12A, 199-H4-12B, and 199-H4-12C at 100 H Area ..cceverveeveeccncncnnn, 295
Gross Beta in Well 199-H4-11 .ccooiiiiiiiiiiieieeieneeietesrerets et seessesssesesenenes 2.95
Ll H3-1, -1 7, and 199-H4-4¢ H 2.96
399-96-43 and 699-97-43 Between 100 D and 100 H Areas .....cccoeovurveerernrnreeenennnn. 296
199-H3-2A, 199-H3-2B, and 199-H3-2C, Western 100 H Area.....cccceveeerenrerennnee. 2.97
sing Nitrate in Wells at 100 H Area ....cccoovveveeerinreiinenreinreee e 2.97
Jell 199-H4-3 Monitoring 183-H Solar Evaporation Basins ............ccveeveivernnenninn, 2.98

1d Uranium in Wells 199-H4-3 and 199-H4-4 Monitoring 183-H Solor

5 +euveresarnnranraertiree e et e bt e et b b et b e e b b s b e et e ae s bt S e Rt e b et e e b e e s R e e e s R s arbaeenseenseestensentsensenssensenee 2.99
Well 199-H4-5 Near the 183-H Solor Evaporation Basins ........c...cocoeeeecerereeueneenen. 2.100
1d Nitrate in Well 199-H4-18 ..ot ssnsesesesemeeee 2.101
lls 199-H4-3 and 199-H4-4 Monitoring 183-H Solor Evaporation Basins .............. 2.102

XXXVIiii




Contents

2.6-16

2.6-17

2.6-18

2.7-1

2.7-2

2.8-1

2.8-2

2.8-3

2.8-4

2.8-5

1.8-6

2.8-7

2.8-8

2.8-9

2.8-10

2.8-11

2.8-12

2.8-13

2.8-14

2.8-15

Capture Zone from 100-HR-3 Pump-and-Treat SyStem .....cccocoeveriiiiniininninieres vveienecenenseniinns
Chromium in Pump-and-Treat Compliance Wells ......c.ccoovniiiinicncocneciiniiiiones eniverereceseseees
Chromium in Pump-and-Treat EXtraction Wells «....cccoovrviriiinrccieiernieineieiens vvvnveessesesesecsens
Strontium-90 in Wells 199-F5-1 and 199-F5-3 Near 116-F-2 Trench .ccccooveeeverecnncninrcveeeecsnnenas

Nitrate in Well 199-F7-1, Southwestern 100 F Area, and Well 199-F5-45, Northeast of
F Reactor ...ccuevenenns eteetateeretetesate e e at e e e bt aarsee et e eaeebaeaeeanteereseen bt et e et s aennsseeeraseseanaeebeeantaenssentesseesernes

Average Carbon Tetrachloride Concentrations in 200 West Area, Top of Unconfined Aquifer .......
Carbon Tetrachloride in Well 299-W15-1 Near Northern Extraction Wells....ccc..  wooevivecverrininnn,
Carbon Tetrachloride in Wells 299-W10-19 and 299-W 10-20, Northwestern 200 West Area..........
Carbon Tetrachloride in Wells 299-W11-14 and 299-W11-7, Northwestern 200 West Area............

Carbon Tetrachloride Concentrations in Wells Monitoring 200 West Area, Top o1 Jnconfined
ALGUITET 1ottt et eb e sttt sta st a e s stk et a e r s b e eae e et esesesanseeseas

Carbon Tetrachloride Concentrations in the Middle Unconfined Aquifer, 200 West Area,
Compared to Concentration Contours at the Top of the Unconfined Aquifer .........ccccocevvervcrvnneurucae

Carbon Tetrachloride Concentrations in the Lower Unconfined Aquifer, 200 West Area,
Compared to Concentration Contours at the Top of the Unconfined Aquifer ......  .ccccceverreverieeenne

Average Chloroform Concentrations in 200 West Area, Top of Unconfined Aquifer ......c..cccccceunene.
Average Trichloroethylene Concentrations in 200 West Area, Top of Unconfined Aquifer .............

Average Nitrate Concentrations in the Western and Northern 200 West Area, T | of

UNCONTINE AGUITRT 1eveureiirerierriieiteeesteieiset sttt eseeetesuesatescosestesseatseeseeassssssessessaesseseesnasassssesessensssenss
Nitrate in Wells 299-W18-23 and 299-W18-26, Western 200 West Area ......ooveeeveeverenienrenarnicnenns
Carbon Tetrachloride in Northern Extraction Wells for 200-ZP-1 Pump-and-Tre = System .............
Carbon Tetrachloride in Southern Extraction Wells for 200-ZP-1 Pump-and-Tre:  System..............
200-ZP-1 Carbon Tetrachloride Remediation Area Plume, July 1999 ..o e
200-ZP-1 Carbon Tetrachloride Baseline Plume for the Remediation Area, June *"76......cc.ccceuuuenee.

XXX1X




Groundwater Mon

2.8-16
2.8-17
2.8-18
2.8-19

2.8-20

2.8-21

2.8-22
2.8-23
2.8-24
2.8-25
2.8-26
2.8-27
2.8-28
2.8-29
2.8-30

2.8-31

2.8-32

2.8-33
2.8-34
2.8-35

2.8-36

Water 1
Pump-ai
Tritium
Average

Average
Aquifer

Average
Top of |

Techne:
Nitrate

Techne
Chromi
Techne
Average

Uraniur
Techne

Techne

Average
Aquifer

Average
Unconf

Nitrate
Techne
200-UP

200-UP

r FY 1999
: September 1999, Vicinity of the 200-ZP-1 Remediation ........cccoeveeccreerrverneccrcncnnes 2.161
t System Estimated Area of Hydraulic Capture as of September 1999..........ccceveneneen. 2.162
ls 299-W14-2, 299-W14-12, and 299-W14-13, East of TY Tank Farm ........ccoevueecne. 2.163
-129 Concentrations in Northern 200 West Area, Top of Unconfined Aquifer ........ 2.164
etium-99 Concentrations in Northern 200 West Area, Top of Unconfined
....................................................................................................................................... 2.165
d Chromium Concentrations Near Waste Managemént Areas T and TX-TY,
NEA AQUITET cevevereiniieteteetete ettt et a e st e s ste e sane e sasaesesesesnssbenessensesassaessonsane 2.166
in Wells 299-W11-27, 299-W11-23,and . '-W10-24, North of T Tank Farm ....... 2.167
$ 299-W11-27 and 299-W10-24, North of T Tank Farm .......ccceevveiiereeveereenveverinenne 2.167
in Wells 299-W14-12 and 299-W/14-13, East of TX-TY Tank F  5.ccvcviviricsneinns 2.168
Vells 299-W/14-12 and 299-W14-13, East of TX-TY Tank Farms ...cccccevevveveveereverennns 2.168
in Well 299-W15-4, South 0. ... . . K FArmMS ..ccvovverieereereescercereeesrerrereneeneen 2.169
1m Concentrations in Eastern 200 West Area, Top of Unconfined Aquifer............... 2.170
:11299-W19-3 Near the 216-U-1 and 216-U-2 Cribs ...c.c.coorueeinneereereeiecrenncceenens 2.171
in Well 299-W19-29 Near U orrierrcieiccsinennienssesstsresssssesesassesssssesesssssenss 2.171
in Well 699-38-70, East Of U PLANE c...cvueuerrieeiieieiriecersresesressnsssserasesrsseresssssssssrssssens 2.172
¢ Concentrations in Southern and Eastern 200 West Area, Top of Unconfined
........................................................................................................................................ 2.173
-129 Concentrations in Southern and Eastern 200 West Area, Top of
[UIEET 1ovoviereneteiteit vttt ae et as st s et s enebes s b s entsas st sessseorasassosasssrsasrassosasasone 2.174
s Near the 216-U-12 Crib ..ottt aeseeneens 2.175
'in Wells Near the 216-U-12 Crib .c.vvevevrvereierieenrsnisieisessesisiesessesessenss s sessae e 2.176
netium-99 Plume, JUly 1999 ....c.oviiiieieeeeee et srssnsn s 21717
metium-99 Baseline Plume, June 1995 .....oviorieeriiiieereeeeeeee et 2.178

xl




Contents

2.8-37

2.8-38

2.8-39

2.8-40

2.8-41

2.8-42

2.8-43

2.8-44

2.8-45

2.8-46

2.8-47

2.8-48

2.8-49

2.9-1

2.9-2

2.9-3

2.9-4

2.9-5

2.9-6

2.9-7

2.9-8

2.9-9

200-UP-1 Uranium Plume, July 1999 ......ciiviriniiieieieiiniiiininiiicnrennivissisiisiss eeotestoscsssaessosssens 2.179
200-UP-1 Uranium Baseline Plume, June 1995 .....c..cooiiviiiiciceieierennnnns evieeeesnesasseseanans 2.180
200-UP-1 Pump-and-Treat System Estimated Area of Hydraulic Capture as of Se; mber 1999....... 2.181

200-UP-1 Pump-and-Treat System Steady State Hydraulic Capture Zone Beginning March 1997 ... 2.182

Tritium in Well 699-38-65, East of 200 West Area REDOX Plant .......ccoceeeevvriiceieeieenreseieecesneenne 2.183
Tritium in Wells 299-W23-9 and 299-W/22-46 Near the 216-S-25 Criband S-SX  ink Farms ........ 2.183
Average Technetium-99 Concentrations Near S-SX Tank Farms, Top of Unconfined Aquifer ........ 2.184
Chromium in Well 299-W26-7, Monitoring 216-S-10 Pond and Ditch «.c.c.covvevrveiienniicinccnsnnnnnennn. 2.185
Technetium-99, Chromium, and Nitrate in Wells at Waste Management Area S-SX .......ccevveeeuni. 2.186
Technetium-99 in Well 299-W22-46, Southeast of Waste Management Area SX  ....cc.oceevevereenennn. 2.187
Water Levels for Well 699-48-TTA ..ottt eaeesese st sssessoesasesencnsssans 2.187
Tritium in Wells Monitoring the State-Approved Land Disposal Site ....cococvivcveiee cvvvevvecrieieieenenene, 2.188
Sulfate in Wells Monitoring State-Approved Land Disposal Site ..o covinininivesieccnes 2.188
Tritium in B PLANE ATEa ..eveeiiiirieieiieieiireieretete ettt sre s e sesessesetesessanebestaseseseseatatosesenseseosensssesensasas 2.211

Average Iodine-129 Concentrations in 200 East Area, Extending Northwest Toward Gable Gap,

Top of UNCOnfined AQUIfET ...veovevieeiioiiiieiesiiiieetieteeetesaeee et ersest et essesessesesessenesseseasesessesasseentestesansassorss 2.212
Iodine-129 in the Gable Gap and Old Hanford Townsite Areas ...oovieeeeveeiiviieiciiiiiiiiceeieeriienns 2.213
Average Technetium-99 Concentrations, Northern 200 East Area, Top of Unconfined Aquifer ...... 2.214
Average Nitrate Concentrations in 200 East Area, Top of Unconfined Aquifer .. .c.cccovvivvinrennnee. 2.215

Hydrographs of Wells Located North, East, West, and Southwest of Waste Mana nent

ATea B-BX-BY ittt nnes eessesessnesessanaiestons 2.216
Technetium-99 in Wells at Waste Management Area B-BX-BY .o i 2.216
Nitrate in Wells at Waste Management Area B-BX-BY .o e 2.217
Technetium-99 in at Waste Management Area B-BX-BY ..o i, 2.217

xli



Groundwater M

2.9-10

2.9-11

2.9-12

2.9-13

2.9-14

2.9-15

2.9-16

2.9-17

2.9-18

2.9-19

2.9-20

2.9-21

29-22

2.9-23

2.9-24

2.9-25

2.9-26

2.9-27

2.9-28

2.9-29

2.9-30

2.9-31

Nitra
Tech:
Ratio
Tritiv
Triti
Tritiv
lodin
Mang
Hydr
Nitra
Tritit

Chro
Area

Tech
Hydr
Nitra
Nitra
Tech
Nitra
Hydr
Sulfa
Hydr

Poter

for FY 1999

:chnetium-99 in Well 299-E33-16 at Waste Management Area B-BX-BY .......cccceveuuue. 2.218
9 and Uranium at Well 299-E33-41 at Waste Management Area B-BX-BY ................ 2.218
e to Technetium-99, April through JUne 1999 ....oooevreeeeeeeeocerereseseseessssssessessseseene 2.219
11 299-E17-9 at 216-A-36B Crib vt ienieiisessesssssesesissenis 2.220
11 699-40-1 at the 600 Area Near the Old Hanford Townsite ....ccccoevvivivcvniiriiinnn 2.220
11 699-24-33 Near the Central Landfill ........cooverneeciineneiiicccciiccniiiiinnn, 2.221
Well 299-E17-9 at the 216-A-36B Crib ..c.ccvieeieirercerercieicecietceeineienereneneenneecneeenens 2.221
216-A-3T-T Crib ettt sest bbb st s 2222
f Wells at Waste Management Area A-AX Using NAVDS8S ....cccoooiviiievenniiiiiiniinennnns 2.222
e, and Technetium-99 in Wells at Waste Management Area A-AX ......ccocovirriruninee. 2.223
flitrate in Well 299-E24-20 at Waste Management Area A-AX .....ccoevviiirinininnnnines 2.224

on, Manganese, and Nickel in Well 299-E24-19 at Waste Management

.......................................................................................................................................... 2.224
'9 and Nitrate in Well 299-E25-46 at Waste Management Area A-AX.....ccccooveeuenence 2.225
if Wells at Waste Management @ C .oooevvieieeenniiesesneniesiensesnesesessessesassesassessessenses 2.225
ste Management ATea C.......covirriiroiriiie ettt ste et reese et et se s e sas e aas 2.226
ide, and Sodium in Well 299-E27-14 at Waste Management Area C .......cccocvvruecrencne 2.226
'9 at Waste Management Area C .......ovevevereririinrnnreonienesieniennrerenisisessessnessssssssessssesses 2.227
echnetium-99 in Well 299-E27-14 at Waste Management Area C ......ccooeevvererennerenanas 2.227
of Wells at the 216-A-29 DILCh «eeeecverieeeieiiiceiesce s eeeerenses e sre s rssssrsssss s 2.228
IS MOIEOTINE 216-A-29 DELCh rvvveverrereeseseeoeoeseeeeseessessseesseeseeesesssssesesessesseesssessssssssons 2228
of Wells at the 216-B-3 PONd ..vvevvvorrrrerrerssrssososeossosssossos st 2.229
¢ Surface Map of Unit 7 for the Vicinity of the Treated Effluent Disposal Facility....... 2.230

xlii




Contents

2.9-32

2.9-33

2.9-34

2.9-35

2.10-1

2.10-2

2.10-3

2.10-4

2.10-5

2.11-1

2.11-2

2.11-3

2.11-4

2.11-5

2.11-6

2.12-1

2.12-2

2.12-3

2.12-4

2.12-5

2.12-6

Hydrographs of Wells at the Treated Effluent Disposal Facility .....cccovvmmccnins cereverenieiecceenees 2.231

Potentiometric Surface Map of Ringold Formation Confined Aquifer, Central Ha  rd Site,

MarCh 1999 ..ottt ettt et sese e ese s st e pesesa st sntasbsesteesbess | sbesessessssesesesesioss 2.232
Water Levels in Wells 299-E25-28 and 299-E25-34 .....ccvovoureminininicnieccnercies eeeeiesssssnsseeneens 2.233
Major lon Chemistry and Tritium Concentrations for Confined and Unconfined ™ oundwater

Near 216-B-3 Pond and the Treated Effluent Disposal Facility ...ooovviiiiiiiiiiis i, 2.234
Average Nitrate in Wells at 400 ATEa ...cvevveverrerereeriirierirririesiereeseosesesseniasesessiasians  ieeeersessersssessiseses 2.237
Nitrate in 600 Area Wells Near 400 AT ..c.cccouvererirenineriseenertesietesiereisesesesesiess roeresseessssessesasseses 2.238
Nitrite in 600 Area Wells Near 400 AT€a ..coirvevereirenirteiireeeietiiireiriiessisseeessesseseesessassessessassesessoses 2.238
Average Tritium in Wells at 400 ATCA .ovevveeriviiviiiciiieiiiierereeeisessesiesecrteteseerasiessaessesseersesssesssssersessesens 2.239
Comparison of Tritium Concentrations in 400 Area Drinking Water System ....c...coceeveeeriiieirernrennnn. 2.240
Average Strontium-90 Concentrations at Gable Mountain Pond, Top of Unconfi  d Aquifer......... 2.250
Strontium-90 in Wells 699-53-47B and 699-53-48A Near Gable Mountain Pond  ......ccccovrnnine 2.251
Uranium in Well 699-S6-E4A Near 618-10 Burial Ground ......c..ccovviviiiiiiiniciiniciicniceinrnnirssnences 2.251
Tributyl Phosphate in Well 699-S6-E4A Near 618-10 Burial Ground .....ccoocovivies cviviciniiinccnnnnnnn. 2.252
Gross Beta Concentrations in Well 699-13-3A Near 618-11 Burial Ground ........ccccovviievcercnnninnens 2.252
Average Nitrate Concentrations in Western 600 Area, Top of Unconfined Aquifer ........cccoueveuneee. 2.253
Average Uranium Concentrations at 300 Area, Top of Unconfined Aquifer ..., 2.260
Uranium in Well 399-1-17A Near 316-5 Process Trenches .......covviviiiiiininicnnninnncceirenineeneeneeene 2.261
Uranium in Wells 399-3-11 and 399-4-9 Near 324 Building ....c..cccocvvivvniniccss e, 2.261
Trichloroethylene in Well 399-1-16B Near 316-5 Process Trenches......cccocviiics wvvviiviniccnnnniininnns 2.262
Average Trichloroethylene Concentrations in the 300 Area and Richland North  rea, Top

Of UNConfined AQUIET .....c.iiieircrerererenieieteerteereeieeceniisiesesisssssssssssnsseerssiens erersressiserssisssesssns 2.263
Trichloroethylene in Well 399-4-1, Southern 300 Area ......cccooevmmnmiiiieinininininns oo 2.264

xliii




r FY 1999

T
sethylene in Well 399-1-16B Near 316-5 Process Trenches ......ocoeeeeieccccnciinnnnns 2.264
hloroethylene Concentrations in the 300 Area, Top of Unconfined Aquifer ............ 2.265
7lene in Well 399-1-17A Near 316-5 Proces. . .2nches ..covvveevinnrcvienvcsncireicnins 2.266
s at the 300 Area and Richland North Area ..o 2.267
 Wells Monitoring the Richland North Area, March 1999 .....ccoceevvivviincncnnnnnn 2.273
‘ Well SPC-Gl 2 at Siemens Power Corporation ........ouvuvusieneeiisnreresnrisiserernisssenes 2.275
CWWEIL B99-S31-1 et eseseserssserereseststsssasssssasssssensasasssssssrersasnsrasans 2.275

itrations in Wells at 300 and Richland Nor  Areas, Top of Unconfined Aquifer .... 2.277

s 699-838-E11, 699-S36-13A, and 699-S38  12A ...ovivicviiinviiinnicinirseseans 2279
ne in Well 699-SIT-EL0A ..ottt seses et sasencesesesescnoreasons 2.279
Map of Upper Basalt-Confined Aquifer System, March 1999 .......ouvenerisirnnnnn. 2.285
onfined Aquifer System Hydraulic Head in Wells Near B Pond .........ccoevenicrinacn. 2.286
ap Showing Upper Basalt-Confined Aquifer Wells .....covceoinnieuiciiinccnnicenecnrnnienns 2.287

f the 116-C-1 Trench Showing L :ion of the Test Pit and Distribution of

........................................................................................................................................ 3.13
lts versus Depth for Selected Constituents in the 116-C-1 Trench Test Pit .............. 3.14
1-N Crib and Trench Showing the Locations of Samples Collected..........cccccooururuecee. 3.15
5-N Crib and Trench Showing the Locations of Samples G ected ..cccvrrvrvnrriecennes 3.16
versus Distance from the 1301-N Crib for S :cted Analytes in Samples from

TICR ¢ttt ettt ettt s et s s bbb ene st ns s ens 3.17
of Selected Analytes in Surface Samples from the 1325-N Crib ....c.ccoovvureerirerercerencen. 3.18
Depth for Selected Analytes in Test  t Samples from the 1301-N and

5 1ttt e e et b e b e s s s s ae bbb e e ea b e e as b e se et ebe et e naaneseenesra 3.19
i Reduction System and Well Field Network ......ccccccerceiniieirinicieneneseeeniensscssseenenes 3.20

xliv




COIT""""

3.1-11

3.1-12

3.1-13

3.1-14

3.2-1

3.2-2

3.2-3

3.2-4

3.2-5

3.2-6

3.2-7

3.2-8

3.2-9

3.2-10

3.2-11

3.2-12

3.2-13

Facilities, Wells, and Hexavalent Chromium Groundwater Plumes in 100 D Area  ....cccoccerenvennnenn 3.21
Map of Sample Locations at the 183-DR Head House and Filter Plant Site......c...  voieevveicnrvirennenn. 3.22
Map of Sample Locations at the 190-D ComplexX ......cccvvveveernivnmriniiiineenecrnorevens aorcesesssnesssesesnnns 3.23
Map of Sample Locations at the 183-H Solar Evaporation Basins .........cccoccvcieeneeirenninerenonnnienrinnns 3.24
Map of Sample Locations at the 183-KW Chromate Transfer Station ........cccoceeeereerenrreresercrsceerianas 3.25
“Effluent Hexavalent Chromium Concentrations versus Pore Volumes for Leach Test Samples ......... 3.26
Temperature Distribution in Borehole 41-09-39 ......c.cccvvirieminmininiiisiereierseeeesceesesess s eseesenans 3.48

Neutron-Gamma Capture Spectroscopy Log from the New Borehole at Single-Sh

TANK SXo115 coiiiiiiriiieerenierererssteresesseseeesesessestetasstecacseosentseesesestnttnseserenesssesatstnsnsssesstesssssosassnssasnns 3.49
Map of B Tank Farm with Layout of Tanks and Locations of Monitoring Borehol-- ..........ccccccennnan. 3.50
Map of T Tank Farm with Layout of Tanks and Locations of Monitoring Boreholes.....cccocovvevnenenee.. 3.51

Selected Spectral Gamma-Ray Logs of Radionuclides Around Boreholes in T Tank Farm Showing
Concentrations of Contaminants versus Depth ......coeiiieiieieiniioineeeeeeieeenieereiseeesseeseesssessenes 352

Selected Spectral Gamma-Ray Logs of Radionuclides Around Boreholes Near Tank T-106 in
T Tank Farm Showing Concentrations of Contaminants versus Depth ........cccvceunvrnrinnnincnnennee, 3.54

Time Series Concentrations of Carbon Tetrachloride in Soil Vapor Extracted fro___ the
216-Z2-9 Well Field and the 216-Z-1A/-12/-18 Well Fields ..c.covereieriririiieieeeeeeeeevncieve e 3.56

Conceptual Model of Carbon Tetr ~ loride and Wastewater Migration Beneath

216-Z-9 TIENCH 1ottt nrtre ettt ese s bbbt benses esesrssssrsasieasrsans 3.57
Location Map for Boreholes Logged at Single-Shell Tank C-106 ......cccocoviiirininiinircimnniiicinne 3.58
Time Series Gross Gamma-Ray Logs from Borehole 30-06-02 ... i, 3.59
Time Series Gross Gamma-Ray Logs from Borehole 30-06-03 ... i, 3.60
Map of the 200 East Area Showing Locations of Facilities Monitored, Fiscal Year 999 .................... 3.61

Comparison of 1999 and 1976 Gross Gamma-Ray Logs from Borehole 299-E24-¢  at the
216-A-2 CIID covreririerctieeterisietsteissetsssvesesessessecneseseesesesstss s oo ssasretstsbass s bt et ressbinss ibeusbasesasbessserseies 3.62

xlv




Groundwater Monil
3.2-14 Compari
at the 21
3.2-15 Compari
216-B-1¢
3.2-16 Compari
216-B-1%
3.2-17 Compari
216-B-3¢
3.2-18 Compari
Cesium-.
3.3-1 Cross Se:
Gravel S
3.3-2  Tempors
Septemb
3.3-3 Cumulat
Plots anc
3.3-4 Location
Townsite
3.3-5 Hel
33-6  Compari
5.3-1 Classific:
Plate 1 Location
Plate 2 Hanford
Plate 3 Tritium

Y 1999

'9 and 1992 Spectral Gamma-Ray Logs for Cesium-137 from Well 299-E13-1
ib and Well 299-E13-5 at the 216-B-18 Crib ...cveecevivnnireecrenieceeneereeneeereseeeenes 3.63

'9 and 1976 Gross Gamma-Ray Logs from Borehole 299-E13-2 at the

.................................................................................................................................. 3.64
'9 and 1976 Gross Gamma-Ray Logs from Borehole 299-E13-4 at the
.................................................................................................................................. 3.65
19 and 1984 Gross Gamma-Ray Logs from Borehole 299-E13-289 at the
.................................................................................................................................. 3.66
19 and 1992 Gross Gamma-Ray Logs and Spectral Gamma-Ray Logs for

Jorehole 299 13-290 at the 216-B-38 Trench ......ccocvueveereereencrenerieneenneereeeneens 3.67
ie Hanford Site Prototype Barrier Showing Interactive Water Balance Processes,

and Basalt Riprap SLOPe ........cocotvirrererenieinereentrienecnererenestsessesenieneesessosessesssessonens 3.77
n in Mean Soil Water Storage at the Prototype Barrier, November 1994 to
................................................................................................................................... 3.78
1ge from November 1994 through September 1998 from Four Side-Slope

- PLOt that DIained .......cceceeieirirceniirereesisnrnsreseesssssessiosssesesssessssesssssssessssssssssses 3.78
as Sampling Points Adjacent to Well 699-41-1 Near the Old Hanford
.................................................................... reersrenteantereretsieasassssassesesnesessesassesassssasasesss 30 {9
4 Ratios at the Study Site Near ixe. REACIOT .cuvereereeierirerineererrereeraeieesaesssiessessrsesenss 3.80
tium-3/Helium-4 Ratios for Samples at the Old Hanford Townsite .......ccorvcervrninns 3.81
Tells for DecOMMISSIONINE «..vvvrreveierererererereiiesesesesessisenssesesssssesssesesssesessssensssssenns 5.5

»rd Site Monitoring Wells
:r-Table Map, March 1999

e 300 Area of Hanford

xlvi









® Quarterly data transmittals — DOE transmits
letters quarterly to the Washington State Depart-
ment of Ecology after groundwater data collected
for the RCRA program have been verified and
evaluated. These letters describe changes or
highlights of the quarter with reference to HEIS
for the analytical results.

 Fiscal Year 1999 Annual Summary Report for the
200-UP-1, 200-ZP-1, and 100-NR-2 Pump-and-
Treat Operations and Operable Units (DOE/RL-99-
79) — This report describes results of remediation
and monitoring in three groundwater operable

units.

® Annual report for 100-KR-4 and 100-HR-3 interim
remedial action (in preparation) — This report
describes results of remediation and monitoring

in two groundwater operable units, including

100 K, 100 D, and 100 H areas.
1.3 Groundwater/Vadose Zone
Integration Project
T. M. Wintczak

DOE est

integration project (integration project) in late 1997

ished the groundwater/vadose zone

to provide a new approach for protecting the Columbia
River. DOE directed the integration project to be
science-based, to include strong participation from
DOE’s national laboratories, to inc _ irate rigorous
technical reviews, and to engage diverse stakeholders
in project decisions in a meaningful way. The
Hanford Groundwater Monitoring Project is under

the umbrella of the integration project.

In March 1998, the General Accounting Office
issued the report Understanding of Waste Migration at

1.3

Introduction

Hanford is Inadequate for Key |
98-80). The report concludec

standing of how waste moves

isions (GAO/RCED-
1at the DOE's under-
ough the vadose zone
to groundwater was inadequat«  r making key techni-
the Hanford Site in
_ost-effective manner.

The report also highlighted DOE’s inability to cred-
ibly estimate the Hanford Site’s long-term risk to the

cal decisions on how to clean

an environmentally sound an

public, and underscored the need to investigate va-
dose zone conditions. DOE a' ' the integration
project have made significant, >gress in meeting the
challenges described in the report.

Another significant focus of the integration proj-
ect involves the preparation of a cumulative impact
assessment of the Hanford Site radioactive and haz-
ardous contaminants that have affected, or may affect,
ae Columbia River
Comprehensive Impact Assessment (CRCIA) Pare 11
report (DOE/RL-96-16, Rev. 1) established the basis for
this type of holistic assessment. The Systems Assess-

use of the Columbia River.

ment Capability will support anup decisions and

actions, such as the eventual ¢« pletion of a final record

of decision for the cleanup of the overall Hanford Site.

Ultimately, the integration project must work to
ensure the protection of all the Hanford Site’s water
resources (i.e., vadose zone/soils and groundwater) and
all the users of the Columbia River. To be successful,
the integration project must

e adopt a site-wide approach to planning and funding

¢ ensure that management attention is maintained

on the subsurface and river resources

* be recognized for technical and scientific exc

lence in all products

e establish and ensure effe-“*ve two-way communi-

cations with diverse pro: t participants.
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northeast of the 200 East Area. There is a groundwater
mound associated with B Pond, where process cooling
water and other liquid waste were discharged to the
ground up until fiscal year 1997, but currently it occurs
mainly within the Ringold Formation mud units and
is considered to be part of the Ringold Formation con-
fined aquifer (Section 2.9.3). The mud units of the
Ringold Formation at the water table east and north-
east of the 200 East Area are represented differently in
the June 1998 (PNNL-12086) and March 1999 water-
table maps. This is due to evolving interpretation of
the hydrogeology of this region.

»  h of Gable Butte and Gable Mountain,
groundwater also generally flows from west to east
and discharges to the Columbia River. Recharge to
the aquifer in this region comes primarily from the
Columbia River west of the 100 B/C Area. Recharge
also comes from groundwater fl  ng north through
the gaps between Umtanum Ridge and Gable Butte

and between Gable Butte and Gable Mountain.

A local groundwater mound exists ~2 kilometers
north of Gable Mountain (between Gable Mountain
and the 100 F Area). Long before the Hanford Site
was established, Jenkins (1922) reported elevated
groundwater levels in this area, which have persisted to

t. D i
with a subsurface topographic “high” of Ringold For-

it this mound is associated

mation sediment having a low hydraulic conductivity
(primarily clay). One possible source of recharge is
past seasonal use of the Hanford irrigation canal, which
traverses the groundwater mound area and was active
between 1908 and 1943. Other potential sources of
recharge include upwelling from the upper basalt-
confined aquifer system and infiltration from surface
runoff. The slow dissipation of the recharge water is
attributed to the presence of a significant thickness of
clay in the Ringold Formation sediment. There is
insufficient information to distinguish whether the
groundwater in this area is locally perched or is part of
the regional, unconfined flow system.

The elevation of the water table in the region

between the Y t and Columbia Rivers is lower than
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wells located farthest inland (BHI-00917). Water-
level fluctuations in these wells are even greater dur-

ing years of extremely high river discharge (e.g., 1996
and 1997). The vertical movement of the water table

may cause remobilization of contaminants held in the
normally unsaturated vadose zone (PNNL-12023).

During the operating years 1955 to 1971, a large
mound was created beneath the southwestern end of
the 116-K-2 liquid waste disposal trench (HW-77170).
The mound created a radial flow pattern that modified
the flow field beneath the entire 100 K Area. The
influence of the mound can be seen in historical moni-
toring trends for well 699-78-62, which is located
~1,600 meters inland from the trench (Figure 2.3-1).
The gross beta contamination in this well is believed
to be the result of groundwater flow reversal caused by
the mound. The implication of the mound with respect
to current groundwater conditions is that residual
contaminated moisture from the previously saturated
mound areas continues to slowly migrate downward
to the water table, thus contributing to groundwa-
ter plumes.

2.3.2 Chromium

Chromium was introduced to 100 K Area ground-
w f 0 tiple sources. Infiltration of reactor
coolant that contained 700 pg/L hexavalent chromium
created the most widespread contamination because of
mounding beneath the 116-K-2 liquid waste disposal
trench. Additional sources include leakage and/or
spillage of sodium dichromate stock solutions near rail-
cartra. 't stations, storage tanks, and mixing facilities
during the water treatment process. By early 1971,
these sources no longer contributed to contamination
and the nearly 30 years of groundwater movement since
then have allowed the original plumes to disperse.
The hexavalent form of chromium is highly soluble in
groundwater as chromate (CrO;) and moves at the
same speed as groundwater because the anions are not

sorbed significantly to the sediment.
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is) introduced to groundwater. These locations and
their associated sources include

e northeastern side of each reactor building, where
condensate from reactor atmosphere gas appar-
ently continues to migrate downward through
the soil column beneath the 116-KW-1 and 116-
KE-1 cribs (carbon-14 is a co-contaminant with
tritium in this effluent).

e past leakage from the KE basin; the most recent
event occurred in 1993, and the plume moved
north-northwest past well 199-K-27, but has appar-
en ' not yet arrived in downgradient wells 199-
K-32A and 199-K-111A (Figure 2.3-7), or the
plume is too small to be detected by the existing
well network.

e past disposal to the 116-K-2 liquid waste disposal
trench, which created a mound that left contam-

inated moisture in the vadose zone, when waste

disposal ended in 1971.

The tritium distribution map for fiscal
year 1999 shows contamination near the
116-K-2 trench as separate from the plume
near the reactor buildings.

The source for the relatively high tritium concen-
trations in the vicinity of pump-and-treat extraction
well 199-K-120A is not fully understood. One expla-
nation is that residual vadose zone moisture containing
tritium from past disposal to the 116-K-2 liquid waste
disposal trench continues to feed a small groundwater
plume in the vicinity of wells 199-K-18, 199-K-19,
and 199-K-120A. An alternative explanation is that
the tritium represents shielding water from the 116-
KE-1 basin lost during the period 1976 to 1979, or
alternatively, groundwater from beneath the 116-KE-1
gas condensate crib. However, if either of these sources
is responsible, similar concentrations would be expected
in wells along the pathway between those sources and









influence the details of groundwater movement beneath
the basins, including currently operating facilities that
may lose clean water (e.g., fuel storage basin emergency
makeup water stored in clearwells) and heterogeneity
in the hydraulic properties of the aquifer sediment.
The distribution and rate of downward movement of
water infiltrating from the surface may be influenced
by engineered backfill associated with buildings and
pipelines.

2.3.8.2 Tritium

Tritium is a key constituent for monitoring poten-
tial leakage from the KE and KW Fuel Storage Basins.
The tritium concentration for KE basin shielding water
is 2.64 million pCi/L and for KW basin is 59,500 pCi/L
(September 1999 measurements). Additional nearby
sources for tritium are past-practice disposal sites located
at the eastern side of each reactor building. These soil
infiltration sites (referred to as gas condensate cribs or
French drains) received condensate from reactor atmos-
phere gases. The condensate contained significant
quantities of carbon-14 and tritium. These constituents
continue to migrate downward beneath the disposal
sites and to contaminate the underlying groundwater.
The lev

to, or even exceed, basin water concentrations, thus

of tritium in gas condensate are comparable

complicating the ability to identify the specific source

for tritium observed in groundwater near the basins.

Fi 3-14 shows the trit conc
KE basin wells that are most likely to detect basin
es that

leakage during the period 1976 through 1979 must

tions
leaks. The entire record for these wells illus

have already passed these wells by the time of their
installation because there is no evidence of a tritium
pulse. The volume of water lost during that period is
estimated at ~57 million liters (WHC-SD-SNF-TI-013,
Rev. 0) and the basin water tritium concentration was
~600,000 pCi/L. A subsequent period of leakage in
1993 is clearly revealed by the tritium pulse that passed
well 199-K-27. That leakage is estimated at ~341,000
liters (WHC-SD-SNF.  -013, Rev. 0) and the basin
water concentration at that time was ~3 million pCi/L.
(The cause for the 1990 tritium pulse in 199-K-27 is
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100 K Area

not known). Well 199-K
duce samples that are full

itly does not pro-
tive of aquifer

conditions because it appe
well 199-K-27 to have als

fficiently close to
he 1993 leakage.

Tritium is monitore ' 'n wells near

operating fuel-storage bc 1s. The basins
leaked in the past, but ti e is no evi-

dence of leaks in fiscal y r 1999.

Tritium concentrations in groundwater near the
KW Fuel Storage Basin are generally lower than near
the KE basin (Figure 2.3-15; note order-of-magnitude
scale difference). There has been no documented
leakage from the KW basin. The tritium observed
in well 199-K-34 is most likely attributable to the
KW gas condensate crib.

Concentration trends for tritium in groundwater
near the KE and KW gas condensate cribs are included
here to illustrate the other major sources for tritium in
groundwater near the reactors. Figure 2.3-16 shows
the tritium concentrations and specific conductance
values for groundwater immediately downgradient of
the KE gas condensate crib. The concentrations at
that location are believed to1  resent the downward
migration of tritium (and carbun-14) in vadose zone
moisture. The strong positive correlation betw 1
tritium concentrations and specific conductance values
suggests that downward migration is promoted by
increased infiltration of water from the surface. The
increase in specific conductance in groundwater at the
KE gas condensate crib has been attributed to infiltra-
tion of precipitation (e.g., snow melt) containing ice

control salt (WHC-SD-EN-T1-280, Rev. 2).

Figure 2.3-17 shows the same constituents for the
KW gas condensate crib. A similar correlation between
tritium and specific conductance is absent at this loca-
tion, and there is currently no clear explanation for
the tritium pe  (~600,000 pCi/L) that occurred dut-
ing 1995. Leakage from the ]
not a possibility because basii

/ Fuel Storage Basin is

vater concen ions










Groundwater Monit

for FY 1990

the 116-K-2 trencl
slightly upriver of 1
tions from sample
116-K-2 trench rai
Tritium concentra
a tube site upstreai
downgradient of t
centrations ranged
KW Reactor to 55
trench.

e maximuz
680 pCi/L in a sanr
dient of the KW re
also downgradient

ave contained ov

2.3.10.2 Riverl

The CERCLA
ples from one river
the 100 K Area sh
site is near the riy

eactor. Maximu

of concemn were: 4

adetected from a tube sample
0 K Area. Nitrate concentra-
ected downgradient of the
rom 10 mg/L to undetected.
ranged from 4,500 pCi/L from
1e 100 K Area to undetected
-K-2 trench. Gross beta con-
4 pCi/L. downgradient of the

. downgradient of the 116-K-2

son-14 concentration was
sllected from a tube downgra-
»n basins. This tube site is

l1 199-K-33 where samples
000 pCi/L carbon-14.

Seepage

itoring project collected sam-
seepage site (SK-062) along

e during October 1998. This
tter intake structure for KW

centrations of contaminants
CifL gross beta, 29 mg/L nitrate,

2.28

0.03 pC  strontium-90, and 11,900 pCi/L tritium.
Results for chromium are not available. Tritiuim has
declined in ¢ :entration at this seepage site. The
median concentration during the period 1993 to 1997

was 18,000 pCi/L (PNNL-12088, Table A.7).

2.3.10.3 | cial Shoreline Studies

I  pendent researchers from the Government
Accountability Project sampled mulberry bush leaves
from a shoreline location near the southwestern end
of the 116-K-2 liquid waste disposal trench (GAP
1999a). They speculate that the radioactivity observed
in their samples is related to an underground stream
that transports strontium-90 very rapidly from past-
practice sources to the Columbia River. No field data
exist to support their speculation, other than the veg-
etation samples. The bushes sampled are located in
an area of extensive former surface contamination
caused by breakouts from the nearby 116-K-1 crib
and 116-K-2 liquid waste disposal trench (WHC-SD-
EN-TI-239; historical photo is available on the
internet at http://pnl45.pnl.gov/100k).
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detectior  initoring as described in the existing moni-

toring plan (WHC-SD-EN-AP-038, Rev. 2).

Groundwater at the 1301-N and 1325-N facilities
is also analyzed for other constituents discharged to
these facilities during their use. These analytes include
cadmium, chromium, and nitrate (see Appendix A).
Cadmium and chromium (in filtered samples) were
not detected in significant concentrations in 1301-N
or 1325-N downgradient wells. Nitrate was elevated
in some of the downgradient wells, as discussed in
Section 2.4.3, but the sources are unclear.

2.4.1.6 Groundwater emediation

The 100-NR-2 Operable Unit pump-and-treat
system, located along the 1301-N facility, is part of an
expedited response action that began operating in
1995. An action memorandum (Ecology and EPA
1994) contains the following objectives that pertain
to operation of the pump-and-treat system:

e reduce strontium-90 contaminant flux from the

groundwater to the Columbia River

¢ evaluate commercially available treatment options
for strontium-90

¢ provide data necessary to set demonstrable
strontium-90 groundwater cleanup standards.

On September 29, 1999, DOE, Ecology, and
U.S. Environmental Protection Agency (EPA) signed
an interim record of decision for the 100-NR-1 and
100-NR-2 Operable Units (Ecology 1999). This
record of decision specifies the selected remedy and
activities for the 100-NR-2 Operable Unit, including
continued operation of the imp-and-treat system
with the objectives listed above.

The pump-and-treat system made progress toward
the remedial action objectives in fiscal year 1999.
Figure 2.4-6 shows the flow lines and hydraulic capture
est ted to occur during a low-flow period in the
Columbia River (November 1998), when groundwater
flow to the Columbia River is greatest. The flow lines
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The start of pump-and-treat operations coincided
with the second of consecutive flood stage years in the
Columbia River during 1996 and 1997. Seasonal varia-
tions mask long-term trends in chromium concentra-
tion. The maximum concentration in the extraction
wells since 1997 is less than the average concentration
in those wells before the first high river year (1996)
(Figure 2.5-6). Wells 199-D8-53 and 199-D8-54A
were originally installed as Comprehensive Environmen-
tal Response, Compensation, and Liability Act of 1980
(CERCLA) monitoring wells in 1991 and converted
to pump-and-treat extraction wells in 1997.

Because the concentration of chromium in the
extraction and compliance wells shows a cyclical pat-
tern, an overall trend in concentration over the last
2 years is difficult to identify. The concentration has
declined below 22 pg/L in the extraction and compli-
ance wells twice, during the summer 1997 (all five
wells) and the summer 1999 (all exce compliance
well 199-D8-70), but both times the concentration
rebounded above the action level by the following
September. Because of the recurring elevated concen-
tration of chromium in the compliance wells, the
annual summary report (DOE/RL-99-13) recommended
continued operation of the pump-and-treat system.
Contaminant data indicate that many years of pump-
ing may be required before the remedial action  ec-

tives have been entirely satisfied.

2.5.2 120-D-1 Ponds

The 120-D-1 ponds (commonly known as
D ponds) received effluent from a water treatment
plant and related facilities from 1977 until 1994. The
site was clean closed in fiscal year 1999. This means
that all dangerous waste constituents or residues have
been removed and no Resource Conservation and
Recovery Act of 1976 (RCRA) groundwater monitor-
ing is required in the future. The following discus-
sion finalizes RCRA interpretation for this site.
















Table 2.5-1.

100 D Area

Summary of 100 D Area Pump-and-Treat Performance for Fisca zar 1999

Annual
Well or Average Flow
Sample Location Rate (L/min)
199-D8-53 132.6
199-D8-54A 156.8
D-Influent 288.1

Maximum Average
Sustained Total Volume Chromium Chromium
Flow Rate Pumped Concentration Mass Removed
(L/min) (x10°L) (ug/L) (kg)
153.2 58.4 137 8.0
172.3 69.2 162 11.2
312.1 127.6 150.4% 19.2

Data source: Project specific database for the 100-HR-3 Operable Unit.

(a) Influent was not sampled. This number was calculated from concentrations and volumes in individual wells.
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Chromium concentrations in well 199-H4-14 have
historically been higher than in surrounding wells,
presumably because of chromium releases at the former
water treatment facility located near the well. Fig-
ure 2.6-3 shows the concentration trend for well
199-H4-14 and for two wells located downgradient-
199-H4-16 and 199-H4-18. Concentration changes
observed in 199-H4-18 may be the result of southward
displacement of the contaminant plume associated with
the former 183-H solar evaporation basins because of
high water-table conditions during 1996 and 1997.

Chromium is elevated in groundwater
beneath the 100 H Area. Sources include
waste sites in the area and upgradient in the
100 D Area.

Several anomalous occurrences of chromium
are being tracked. The first involves well cluster
199-H3-2A, -2B, and -2C (trend plots for these wells
are shown in Figure 2.6-4). Well 199-H3-2C is com-
pleted in a confined aquifer beneath the overlying
unconfined aquifer, which is monitored by wells
199-H3-2A and -2B. In late summer 1996, the water
quality observed in 199-H3-2C became very similar to
that of water from the shallower wells, as illustrated by
the change in chromium concentrations. The change
occurred at about the same time as pumping began in
w 199.H3-2A, as part of the interim remedial action
for chromium. An explanation for this change is not
yet available.

A second anomaly is found in well 199-H4-12C,
which is also completed in a confined unit beneath the
unconfined aquifer. This well has shown relatively high
chromium concentrations (~300 pg/L) since it was
constructed in 1986 (Figure 2.6-5) though no other
contamination indicators are present. One current
explanation for these results involves corrosion of the
stainless steel well screen (Hewitt 1994; QOakley and
Korte 1996). There is no other evidence suggesting that

waste effluents have contaminated this deep aquifer.
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2.6.3 Strontium-90

The primary source for str___rium-90 contamination
observed currently in groundwater is past disposal of
highly contaminated reactor coolant to the 107-H
retention basin and 107-H liquid waste disposal trench,
which is located nearby. Alsc iighly contaminated
sludge from the retention basin was placed in an adjacent
trench (107-H sludge burial trench), which is located
between the basin and the Columbia River. The
vadose zone beneath the basin and trenches is poten-
tially contaminated with strontium-90, some of which
has dispersed downward and entered groundwater.
The upper portion of the vadose zone beneath these
facilities is being excavated during 1999, with the
contaminated soil being trucked to the Environmental
Restoration Disposal Facility in the 200 Areas plateau.

Typical groundwater concentrations for strontium-
90 are illustrated by the trend chart for well 199-H4-11
(Figure 2.6-6), which is located between the retention
basin and the Columbia River. The concentration
trend for gross beta has also been included in the fig-
ure. Where strontium-90 is the principal beta emitter
present, the concentration of strontium-90 is approxi-

mately one-half that of gross beta.

Strontium-90 is present in groundwater
near the Columbia River in the 100 H Area
but was not detected in pore water from the

river bottom.

Independent researchers have recently inferred
that strontium-90 is present in mulberry bushes along
the 100 H shoreline and also speculated that strontium-
90 is present in riverbed gravel used by salmon for
spawning (GAP 1999b). Pore water samples that were
still available from an earlier investigation of these
gravels (BHI-00345, Rev. 1) were subsequently ana-
lyzed for strontium-90, and none was detected (see
Section 2.6.9.3). More complete descriptions of the
13177, along with a
the 100 Areas and its

results are presented in PN}
discussion of strontium-90 i

ecological implication.







~ 6.6.1 ~ -oundwater Flow

As indicated on the March 1999 water-table map
(see Plate 2), groundwater beneath the former basins
flows generally to the east-northeast, toward the
Columbia River. Technetium-99 and uranium plumes
originating at the basins have migrated primarily
toward the east (see Section 5.7 of PNNL-12086).
The rate of flow in March 1999 is estimated to be
between 0.12 to 3.2 meters per day (see Table A.2).

Groundwater levels fluctuate with the stage of the
Columbia River (Figure 2.6-11). Water levels were
measured monthly in well 199-H4-4 and ranged in
elevation from 114.51 meters in October 1998 to
116.77 meters in July 1999. Periods of high river stage
influence flow velocity in the area temporarily, creat-
ing a potential for flow toward the south. Groundwater
flow around the 183-H solar evaporation basins is also
influenced by the pump-and-treat system, as discussed
in Section 2.6.7.

2.6.6.2 Technetium-99 and Uranium

Concentrations of technetium-99 and uranium
were lower in fiscal year 1999 than in recent years as
“illustrated by concentrations in wells 199-H4-3 and
199-H4-4 (Figure 2.6-12) These basin contaminants
are very mobile in groundwater, and concentrations
fluctuate in response to changes in the stage of the
Columbia River. Usually concentrations are highest
when river s islow. 77 rever, in November 1998,
river stage was low, and concentrations were also low,
especially in well 199-H4-3. These changes may rep-
resent a shift in the contamin  plume caused by the

influence of the pump-and-treat system.

Only three wells exceeded the 20-ug/l. maximum
contaminant level for uranium in fiscal year 1999:
199-H4-3, 199-H4-4, and 199-H4-12A. The highest
annual average was ~31 pg/L in well 199-H4-4. Well
199-H4-4 also had the highest concentration of
technetium-99, with an annual average of ~550 pCi/L.
This was below the 900 pCi/L drinking water standard.

Well 199-H4-5 had peaks in concentrations of

chromium, nitrate, technetium-99, and uranium in
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fiscal year 1998. Levels declined again in fisc year
1999 (Figure 2.6-13). Changing directions of ground-
water flow caused by the pump-and-treat system may
have caused the spikes.

Well 199-H4-18 is located near the southern
boundary of the contaminant plume attributable to
the 183-H solar evaporation basins. During periods of
high water-table conditions, the plume appears to be
displaced slightly to the south, as indicated by a change
in the direction of water-lev. gradients. This is
reflected in well 199-H4-18 by increased concentra-
tions of technetium-99 and nitrate, which are 183-H
plume indicators, during the summer of each year
(Figure 2.6-14). This was especially apparent during
1996, a year of an usually high water table.

2.6.6.3 Nitrate

Leakage from the basins contributed to a more
widespread plume of nitrate (see Section 2.6.5). The
highest concentrations in 100 H Area in fiscal year
1999 were observed in downgradient well 199-H4-4 at
217 mgfL. Like technetium-99 and uranium, concen-
trations in wells downgradient of the basins were
generally lower in fiscal year 1999 than in e previ-

ous several years.

2.6.6.4 Chromium

Leakage from the 183-H solar evaporatior  ins
also contributed to  : wide Iplur of o
m a (see Figure 2.5-1 1! m 2.6.2). Unli

co-contaminants, chromium appears to have increased
in recent years in well 199-H4-3 (Figure 2.6-15). Sea-
sonal fluctuations are evident in well 199-H4-4, where
chromium is analyzed monthly. High river stage in
the spring and early summer was accompanied by low
concentrations of chromium. Specific conductance of
those samples was also low, indicating possible dilu-

tion by river water.

Chromium declined in well 199-H4-5 after a 1998
peak (see Figure 2.6-14). The "ianges in concentration
may be related to changes in  >undwater flow caused

by the pump-and-treat systen Section 2.6.7).







assess the performance of the system and to provide
the basis to select the final remedy as part of the record

of decision.

The goal of a pump-and-treat system in
the 100 H Area is to prevent chromium from
reaching the Columbia River, where it could
harm young salmon. Since 1997, 15 kilo-
grams of chromium have been removed from
groundwater.

During fiscal year 1999, the pump-and-treat sys-
tem extracted over 131.0 million liters of groundwater
and removed over 6.1 kilograms of hexavalent chro-
mium in the 100 H Area (Table 2.6-1). The average
concentration of hexavalent chromium from 100 H
Area wells was 50.6 pg/L.. After treatment, the average
effluent concentration was 2 pg/L, with hexavalent
chromium being undetected during 45 of the 52 sam-
pling events. A total of 15.0 kilograms of hexavalent
chromium has been removed since startup of the
pump-and-treat system in July 1997. Published esti-
mates for the total amount of hexavalent chromium in
the plume targeted for remedial action range between
42 and 250 kilograms (Peterson and Connelly 1992;
DOE/RL-94-95, Rev. 1). A principal reason for uncer-
tainty in these estimates is the lack of data on the ver-
tical distribution of contamination in the aquifer. An
order-of-magnitude estimate for the rate at which
chromium is discharging to the Columbia River via
groundwater flow is 0.05 kilogram per day (BHI-
00469). This equates to a total mass flux of ~41 kilo-
grams that would have entered the Columbia River
since July 1997. The actual flux is believed to be less
because of the pump-and-treat system.

2.6.7.3 In ience on Aquifer Conditions

The concentration of chromium declined below
the 22-pg/L action level in some of the extraction and
compliance wells during all three summers that the
pump-ar treat system operated. Each time, the con-
centration rebounded over the action level by the fol-
lowing September. In September 1999, chromium
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was measured at 77, 48, and 37 L in compliance
wells 199-H4-4, 199-H4-63, and 199-H4-64, respec-
tively (Figure 2.6-17).

Because of the recurring elevated concentration
of hexavalent chromium in the compliance wells, the
annual summary report (DOE/RL-99-13) recommended
continued operation of the pump-and-treat system.
The cyclical pattern in the hexavalent chromium
trend plots makes it difficult to quantify the effective-
ness of the pump-and-treat system in lowering the
concentration of hexavalent chromium in the aquifer.
The concentration in the compliance wells falls close
to or below the 22 pg/L remedial action objective level
during the summer, but rebounds greatly over it in the
fall and winter. The decrease in concentration in cer-
tain extraction wells (Figure 2.6-18) and compliance
wells indicates that the concentration throughout the
aquifer is decreasing in some areas, but the rate of
decline is inconsistent throughout the targeted plume
area. The pump-and-treat system reduces e total
amount of chromium in the environment, but a review
of the contaminant data indicates that many years of
pumping may be required before the remedial action
objectives have been entirely satisfied.

2.6.8 Waste Site Remediation

Remedial action excavation of waste sites in the
100 H Area continued in fiscal year 1999. Activities
consisted of removing and stockpiling cl overbur-
den soil and removing contaminated soil/debris for
disposal at the Environmental Restoration Disposal
Facility. Water from the Columbia River was used for
dust control; it was applied as necessary during remedi-
ation activities. Application of water was held to a
minimum to reduce the potential for mobilizing con-
taminants from the vadose zone to the groundwater.
Groundwater in the 100 H Area is 15 to 18 meters
below the ground surface. Waste sites excavated in

fiscal year 1999 included

107-H retention basin (waste site 116-H-7) —
Excavation began in Mz  h 1999 and continued






might be present in riverbed pore water where chro-
mium had been observed previously (GAP 1999b). In
an attempt to test this hypothesis, archived samples of
pore water from the original study (BHI-00345, Rev. 1)
were reanalyzed for strontium-90. Strontium-90 was
not detected in any of the samples (Table 2.6-2). The
pore water sampling locations are in the nearshore
area adjacent to the former 107-H retention basin.

100 H Area

Analysis of shoreline veg 1tion reveals the pres-

ence of radionuclides of Hanf 1 Site origin at very
low concentrations (WDOH/) 0-023). The roots of
mulberry bushes are bathed in a mixture of ground-
water and river water in the zone of bank storage and,
thus, provide insight on possible contaminants in
groundwater near the Columbia River.



Groundwater Monitoring for FY 1999

Table 2.6-1. Per mance Statistics for the 100 H Pump-and-Treat System for Chromium, Fiscal Year 1999

Annual Average  Maximum Sustained  Total Volume = Average Chromium

Well or ow Rate Flow Rate Pumped Concentration Chromium Mass
Sample Location ~~ (L/min) (L/min) (x 10L) (pg/L) Removed (kg)
199-H3-2A 69.2 78.1 32.8 16.2 0.5
199-H4-7 46.2 52.2 19.7 63.6 1.3
199-H4-11 83.3 91.6 37.1 61.0 2.3
199-H4-12A 49.4 52.5 22.0 62.6 1.4
199-H4-15A 47.6 51.4 19.3 51.8 1.0
H-Influent 279.6 - 317.3 131.0 50.6 6.6
H-Effluent 548.8 601.5 258.6 2.1 -

Data Source: Project Specific Database for the 100-HR-3 Operable Unit.

Table 2.6-2. Chromium and Strontium-90 Results for River Substrate Pore Water Samples

Sample Specific Minimum
Riverbed Nistance Conductance Hexavalent Strontium-90 Detection
Sampling Site (  hore (m) ~_(uS/cm) Chromium (pg/L) (pCi/L) Level (pCi/L)
TH-1A 21 207 100 -0.436 3.2
TH-1A (dupl) 21 198 130 0.931 1.72
TH-1B 30 155 52 -1.02 3.14
TH-1B (dupl) 30 183 103 -4.2 9.01
TH-2A 30 149 <1 -0.751 4.62
TH-2B 43 137 <1 -0.034 3.83
TH-3A 12 175 1.2 0.523 4.77
TH-3B 24 147 9 3.27 3.83
TH-13A 7 177 2.6 0.23 3.85
TH-14A 7 190 73 -0.551 3.1

Note: The specific con  tance of river water measured just above the pore water sampling sites ranged between 149 and
155 uSfcm. The pore water sample specific conductance indicates the sample was primarily river water, with only a minor
added component of groundwater. Strontium-90 analyses were performed on archived pore water samples during August
1999. All results for strontium-90 indicate non-detection.
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100 F Area

nitrate, and tritium. The highest contaminant concen- 2.7.8.2 Riverbank Seepage Results
trations were: 7.4 pCi/L gross beta, 29.4 pg/L hexa-
valent chromium, 49 mg/L nitrate, and 1,100 pCi/L
tritium. All of the highest concentrations were detected
in samples collected along the 100 F Area slough.

One seep site along the 100 F Area shoreline was
sampled during October 1998. The specific conduc-
tance of the sample was 364 pS/cm, indicating that it
was primarily groundwater. The maximum concentra-
tions of the contaminants of concern are as follows:
39 mg/L nitrate, 898 pCi/L tritium, 17.6 pg/L chro-
mium, and 5.87 pCi/L gross beta.
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2.8 200 West Area

P. E. Dresel, D. B. Barnett, F. N. Hodges,
V. G. Johnson, R. B. Mercer, L. C. Swanson,
B. A. Williams

Contamination in 200 West Area can be divided

into five major regions:

¢ Plutonium Finishing Plant

T Plant
U Plant
REDOX Plant

State-Approved Land Disposal Site.

The discussion in this section is divided into
groundwater flow, the major radioactive and non-
radioactive hazardous contaminants, and specific
Resource Conservation and Recovery Act of 1976 (RCRA)
facility monitoring. Where appropriate, groundwater
remediation is also discussed. The major contaminant
plumes found in 200 West Area are carbon tetrachlo-
ride, iodine-129, nitrate, technetium, trichloroethylene,
tritium, and uranium. Chromium is also found in

small, scattered areas.

2.8.1 Plutonium Finishing Plant

The Plutonium Finishing Plant operated from
1949 through 1987 for the final stages of plutonium
purification. The Plutonium Finishing Plant was not
a significant contributor to the iodine-129 or tritium
plumes. Migration of plutonium contamination from
the vadose zone is of concern because large quantities
of plutonium, in the presence of organic complexing
agents, were disposed to ground in the area. The forma-
tion of plutonium bearing colloids that could enhance
mobility is also a concern. No further investigation of
the mobility of plutonium was undertaken in fiscal year
1999. Carbon tetrachloride and other volatile organic
compounds form the major plumes discussed in this
section. Relatively widespread nitrate contamination
is also present.
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The only facilities near the Plutonium Finishing
Plant with RCRA monitoring requirements are the
burial grounds in Low-Level Waste Management
Area 4. These are not believed to contribute to ground-
water contamination. Remediation of volatile organic
compounds in groundwater and the vadose zone is
being undertaken in this area using a pump-and-treat
system. Large masses of carbon tetrachloride continue
to be removed from the vadose zone, reducing this
source of groundwater contamination. The ground-
water pump-and-treat system 1~ “a0ves smaller amounts

of carbon tetrachloride as grc idwater is withdrawn







The part of the plume greater than 1,000 pg/L
extends to the north and northeast reaching the vicinity
of Low-Level Waste Management Area 3 burial ground
and T Plant. Well 299-W10-20, for example, has per-
sistent concentrations of carbon tetrachloride near or
above 1,000 pg/L, even though it is not located near
any known sources. Other wells in the vicinity also
have high carbon tetrachloride values, with the excep-
tion of well 299-W10-19, where the concentrations
have declined sharply since 1997 (Figure 2.8-3). The
reason for this localized decline is unknown but sug-
gests variability that may be related to contaminant or
water source distribution. It is possible that past dis-
charges to the 200 West power plant pond and the
216-W laundry waste crib, located in the east-central
part of the 200 West Area, resulted in the nearly
due north and northeastward transport of the carbon
tetrachloride. As suggested by BHI-01311, Rev. 0
further investigation of possible sources and histori-
cal flow directions in the northwestern 200 West Area

is warranted.

Carbon tetrachloride concentrations greater than
1,000 pg/L also are found near T Plant northeast of the
known carbon tetrachloride sources near the Pluto-
nium Finishing Plant. High concentrations persist in
well 299-W11-14 but have declined in upgradient
well 299-W/11-7, suggesting a pulse of contamination
is moving downgradient (Figure 2.8-4). Concentra-
tions in well 299-W12-1, located in the northeastern
corner of the 200 West Area, have increased ¢« e
1997 to a maximum of 8 pg/L. (Figure 2.8-5). The
carbon tetrachloride plume has been divided into two
lobes on its northern boundary, likely because of the
discharge of relatively clean water to the 216-T-4-2
ditch. Concentrations of a number of contaminants
are increasing in that vicinity since that discharge
ceased in 1995 (Section 2.8.2).

Carbon tetrachloride concentrations have been
increasing markedly in the vicinity of Waste Man-
agement Area S-SX. For example, concentrations in
well 299-W23-15, located directly south of the SX Tank
Farm, rose from less than 5 pg/L in fiscal year 1995 to
120 pg/L in fiscal year 1999 (see Figure 2.8-5). The

200 West Area

previously low concentrations in this area could have
been caused by the discharge of carbon tetrachloride-
free water to portions of the 216-U-14 ditch, north of
the tank farms, until 1995. This discharge may have
affected groundwater flow, so that carbon tetrachlo-
ride spread to the east and west of the tank farms.

Information on the distribution of carbon tetra-
chloride in the eastern half of the 200 West Area is
very sparse. The original well network had large gaps
in this area and several key wells have gone dry.
Whether or not a low concentration area exists in the
east-central part of the 200 West Area is uncertain.
This low concentration area may have resulted from
past discharges to the 200 West power plant pond and
the 216-W laundry waste crib as is suggested by two
1990 samples from well 299-W14-10 where carbon
tetrachloride was below the detection limit.

Carbon tetrachloride contamination extends a
considerable distarice southeast of the Plutonium Fin-
ishing Plant to the eastern edge of the Environmental
Restoration Disposal Facility. Concentrations in fis-
cal year 1999 were slightly below the maximum con-
taminant level but were greater than the maximum

contaminant level in fiscal year 1998 (see Figure 2.8-5).

Carbon tetrachloride contamination has been
observed to depths greater than 60 meters in the aqui-
fer. In places, contamination at depth extends greater
distances late they zr table, as reported
previously (PNNL-12086). Little information is avail-
able on the distribution of carbon tetrachloride at

pth. Available data consist of a few well nests and
depth discrete samples collected from older wells with
large open intervals. One disadvantage of the depth
discrete samples is the potential for vertical mixing
within the well or along the annulus. A discussion of
depth distribution of carbon tetrachloride is presented
in the fiscal year 1998 annual groundwater report
(PNNL-12086). A detailed summary of the available
data on the depth distribution of carbon tetrachloride
has recently been published in BHI-01311, Rev. 0.
Two figures from that report showing the carbon tetra-

chloride distribution in two deeper zones of







At the inception of RCRA monitoring at Low-
Level Waste Management Area 4 in 1988, ground-
water flow was primarily from east to west. However,
as the effects of past liquid disposal practices began to
dissipate, groundwater flow beneath this facility began
to return to the west to east conditions that pre-dated
the Hanford Site. The groundwater flow conditions
are also being influenced by the ongoing 200-ZP-1
pump-and-treat program, which has extractions wells
to the east and injection wells to the west of Low-
Level Waste Management Area 4. Groundwater flow
is expected to remain in the easterly direction after
the pump-and-treat activities are completed.

Carbon tetrachloride, nitrate, and trichloroethyl-
ene are the major contaminants in monitoring wells
surrounding Low-Level Waste Management Area 4.
These constituents are not related to the disposal of
waste in this facility. They are attributed to contami-
nant plumes originating to the east of Low-Level
Waste Management Area 4 that have spread over the
200 West Area.

All of the wells in the monitoring network con-
tain carbon tetrachloride above the 5 pg/lL maximum
contaminant level. In contrast, only monitoring well
299-W15-16 exceeded the 5 ug/L maximum contami-
nant level for trichloroethylene in April 1999, with a
value of 6 pg/L. Subsequent results were below the

maximum contaminant level.

Nitrate exceeded the 45 mg/L maximum con-
taminant level in wells 299-W15-15, 299-W15-16,
299-W15-18, 299-W18-21, 299-W18-23, 299-W/ 18-24,
and 299-W18-26. With the exception of 299-W18-21,
this contamination is related to the recognized nitrate
plume in the 200 West Area. The elevated nitrate
levels in well 299-W18-21 appear to be isolated from
the main body of this nitrate plume. However, this
may simply indicate a preferential flow path in this
direction.

2.8.1.7 Groundwater Remediation at
200-ZP-1 Operable Unit

The pump-and-treat system for the 200-ZP-1 Oper-
able Unit is successfully containing and capturing the
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high concentration portion of the carbon tetrachlo-
ride plume. Contamination in the groundwater was
reduced in the area of highest concentrations through
mass removal, and additional information was col-
lected through hydraulic monitoring, contaminant
monitoring, and treatment system operation.

Groundwater is pumped and treated in
the 200 West Area to prevent carbon tetra-
chloride contamination from spreading. In
fiscal year 1999, 1,290 kilograms of carbon
tetrachloride were removed.

Interim Remedial Action Objectives

The pump-and-treat system for the 200-ZP-1
Operable Unit, located north of the Plutonium Fin-
ishing Plant, was implemented as an interim action.
The interim action objectives (ROD 1995) are the
following:

e prevent further movement of contaminants from
the highest concentration area of the plume (i.e.,
containing carbon tetrachloride inside the 2,000
to 3,000 pg/L contour)

¢ reduce contamination in the area of highest carbon
tetrachloride concentrations

¢ provide information that will lead to development
of a final remedy that will be prot  ive of human

health and the environment.

The following information is summarized from
DOE/RL-99-79. The 200-ZP-1 Operable Unit facili-
ties and Phase 111 extraction, injection, and monitor-

ing well locations are shown in Figure A.12.

History of Operations

The pump-and-treat operations were implemented
in a three-phase approach. Phase I operations, which
have been terminated, consisted of a pilot-scale treat-
ability test that ran from August 29, 1994 to July 19,
1996. During that period, contaminated groundwater
was removed from a single extraction well, treated







Overall Effectiveness

Carbon tetrachloride concentrations increased at
all three of the northern extraction wells, but were
stable or decreased slightly in the three southern wells
(Figure 2.8-12 and Figure 2.8-13). The greatest aver-
age fiscal year 1999 concentrations were measured at
the two northernmost extraction wells (299-W15-33
[6,218 pg/L} and 299-W15-34 [4,700 pg/L]) and the
lowest average concentrations were observed at the
southernmost well (299-W15-37 [358 pg/L]). Table
2.8-2 compares average carbon tetrachloride concen-
trations at the extraction wells for fiscal year 1997,
fiscal year 1998, and fiscal year 1999, the mean flow
rate for each extraction well, and the relative concen-
tration changes.

There were no significant changes in chloroform
and trichloroethylene concentrations in the extraction
wells for fiscal year 1999 when compared to fiscal year
1998 concentrations. Chloroform concentrations
ranged from 17 to 38 pg/L, while trichloroethylene
concentrations rangéd from 5 to 16 pg/L.

As discussed above, the influent tank concentra-
tions of carbon tetrachloride increased to an average
of 3,788 pg/L. The hydraulic gradient created by the
extraction wells is moving significant quantities of dis-
solved organic mass from the high concentration area
of the plume to the extraction wells. Figure 2.8-14
shows the detail of the fiscal year 1999 carbon tetra-
chloride plume map in the area of the remediation sys-
tem, and Figure 2.8-15 shows the June 1996 baseline
plume map.

Several conclusions can be drawn from changes
in the carbon tetrachloride plume maps (refer to
DOE/RL-99-79 for additional details and discussion).

® The plume center (greater than 3,000 pg/L) is
moving primarily in a northerly and easterly direc-

tion toward the four northernmost extraction wells.

* The concentrations of carbon tetrachloride east
of the pumping wells may be decreasing indicated
by a decrease in concentrations in monitoring
well 299-W14-9, from ~100 pg/L in mid-1997 to
~20 pg/L at the end of fiscal year 1999.

200 West Area

® The area of the 4,000 pg/L contour has apparently
increased in size, noted by comparing the fiscal
year 1999 plume map with the June 1996 baseline
plume map. Spreading of the 4,000 pg/L contour
is attributed to the effects of pumping.

¢ Concentrations of carbon tetrachloride south and
east of injection well 299-W15-29 are decreas-
ing, as demonstrated by the indentation in the
1,000 pg/L contour on Figure 2.8-14. This implies
that injection of the treated water is displacing
the plume to the east.

Water-Level Impact and Capture-Zone Analysis

General groundwater flow in the vicinity of the
extraction wells is still east-northeast in this area (Fig-
ure 2.8-16). Water levels are estimated to be declin-
ing in this area at a rate of about 0.47 meter per year

(DOE/RL-99-79).

The entire high concentration area of the plume
(greater than 2,000 pg/L) was contained hydraulically
in fiscal year 1999 (DOE/RL-99-79). Based on numeri-
cal modeling results, the radius of influence of the
pumping wells across the high concentration area

extends over 124 meters from extraction well 299-
W15-33 (Figure 2.8-17).

2.8.2 TPlant

T ant operated from 1944 1 l ) tosepa-
rate plutonium contaminated fuel using the bismuth
phosphate process. It was subsequently converted to
an equipment decontamination facility. Chlorinated
hydrocarbons (carbon tetrachloride and trichloroeth-
ylene), iodine-129, nitrate, and tritium form the most
extensive contaminant plumes in the vicinity of
T Plant. The majority of the chlorinated hydrocarbon
contamination appears to originate in the vicinity of
the Plutonium Finishing Plant, though there may be a
contribution from T Plant facilities. Nitrate contami-
nation appears to originate from both T Plant and
Plutonium Finishing Plant facilities. Technetium-99
contamination at levels above drinking water standards
is not as extensive but high levels are found near Waste







~ 8~ 3 lodine-129

The extent of iodine-129 above the interim drink-
ing water standard near T Plant (Figure 2.8-19) coin-
cides generally with the technetium-99 and tritium
(see Plate 3) plumes. The interpretation of iodine-129
results is somewhat complicated by analytical difficul-
ties at the primary laboratory that affected numerous
higher concentration values. The analytical issues are
being addressed in discussions with the laboratory.
High concentrations of iodine-129 were measured in
well 299-W14-2 with a maximum concentration of
47.4 pCi/L for data that are not associated with ana-
lytical problems (annual average from this well was
32 pCifL). Concentrations from this well appeared to

“decline during the course of the year.

2.8.2.4 Technetium-99

A technetium-99 plume is present in the T Plant
area (Figure 2.8-20), but the concentrations are less
than the drinking water standard in most of the area.
The two areas with technetium-99 greater than the
drinking water standard are near the northeastern cor-
ner of Waste Management Area T and in the Waste
Management Area TX-TY. The RCRA assessment
concluded that Waste Management Area T and TX-TY
were probably the sources of at least some of this
technetium-99 (PNNL-11809). Further details on the
technetium-99 contamination are discussed with the

tank farm assessment summaries in Sections 2.8.2.11
and 2.8.2.12.

2.8.2.5 Uranium and Gross Alpha

Few analyses for uranium were performed in the
vicinity of T Plant in fiscal year 1999 because most
wells showed insignificant levels in previous monitoring.
Wells monitored near the single-shell tank farms for
RCRA compliance are sampled for gross alpha meas-
urements, which would show an increase if uranium
contamination appeared. Because uranium is typically
the source of most elevated gross alpha measurements
seen at the Hanford Site, it is discussed in this section.
Uranium was detected above the proposed maximum

contaminant level in only one well in the ~ 2lant area.
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Well 299-W11-14 contained ...7 pg/L of uranium in
the single sample taken in fiscal year 1999. The value
continues the slow decline seen for the past several
years. This well is located immediately northwest of
T Plant, and the source of the uranium has not been

determined.

Elevated levels of gross alpha concentration were
noted in well 299-W11-27, north of the T Tank Farm
prior to its going dry. Although a gross alpha concen-
tration of 90 pCi/L was detected in 299-W11-27 in
March, it was not detected in the replacement well
299-W10-24 in March or in samples collected later.
Thus, the elevated gross alpha levels in 299-W11-27
are suspected to be related to hi  turbidity and par-
ticulate matter in the samples. High turbidity is often
encountered in wells that are nearly dry because the
water must be collected near the bottom of the well,
and the well often cannot be purged sufficiently to
remove the particulate matter. In these cases, the
concentrations of contaminants such as uranium, which
may be found within or sorbed to particulates, are not

representative of aquifer conditions.
2.8.2.6 Nitrate

Nitrate continued to be present in groundwater at
concentrations in excess of the 45 mg/L maximum
contaminant level beneath much of the northern part
of 200 West Area (see Figure 2.8-10). The maximum
concentration in this vicinity in fiscal year 1999 was
823 mg/L in well 299-W10-4. Concentrations of
nitrate in this well have been rising since 1997. The
nitrate contamination is more widespread than the
iodine-129, technetium-99, or tritium plumes discussed
previously. It is probable that there are multiple sources
of nitrate in this area, including disposal facilities near
the Plutonium Finishing Plan+

2.8.2.7 ( romium

Chromium at levels above the 100 pg/L maximum
contaminant level in filtered samples is restricted to
the immediate vicinity of Waste Management Area
T and TX-TY (Figure 2.8-21). The maximum average
annual concentration detecte 'n fiscal year 799 was






cribs and tile fields to the west of the waste manage-
ment area. Seven of the tanks in the waste manage-
ment area are known or suspected to have leaked.

This site continued to be monitored under an
assessment program in fiscal year 1999. The well and
analyte lists for this unit are given in Appendix A.

Groundwater Flow

Groundwater flow directions at Waste Manage-
ment Area T have been highly variable over the life
of the facility because of changing effluent discharge
patterns within the 200 West Area. The flow direc-
tion when the RCRA monitoring network was estab-
lished was toward the northeast. The present flow
direction is generally toward the east as indicated by
the large scale water-table map (see Plate 2). However,
locally flow directions may diverge from the regional
pattern because variable cementation within the
Ringold aquifer may result in preferred groundwater
flow paths. The pre-Hanford flow direction in the
vicinity of Waste Management Area T is believed to
have been from west to east, and it was expected that
groundwater flow in this area would eventually move
to that direction. However, the change has happened
fairly rapidly over the past several years and may have
been accelerated by operation of the 200-ZP-1 Oper-
able Unit pump-and-treat system less than 1 kilometer
to the south.

RCRA Waste Management Area T
contains single-shell tank farms that may
have contaminated groundwater with
technetium-99 and nitrate. Two new wells
were drilled in 1999, but more wells are
needed to replace those that are going dry.

Groundwater Contamination

Technetium-99 concentrations began increasing
in downgradient well 299-W11-27 in late 1995 and
early 1996, soon after effluent discharges to ground
stopped in the 200 West Area (Figure 2.8-22). The
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concentration of technetium-99 peaked at 21,700 pCi/L
in February 1997. Technetium-99 subsequently
decreased to a low of 6,000 pCi/l. when the last sample
was taken in March 1999 as water levels dropped in the
well. Technetium-99 in replacement well 299-W10-24,
drilled immediately adjacent 299-W11-27, has ranged
between 1,960 and 3,660 pCi/L with little apparent
trend. This may be because of the longer interval
open below the water table in the replacement well or
residual effects of well drilling and development. The
sampling pump in 299-W10-24 is set at a depth of
~4.6 meters below the water table.

Technetium-99 concentrations in well 299-
W11-23 started to increase in November 1997, reach-
ing a high of 8,540 pCi/L in November 1998.
Technetium-99 subsequently dropped to 2,755 pCi/L
in March 1999 before springing back to 7,110 pCi/L
in August 1999. The detection in 299-W11-23 is
apparently a result of the change in groundwater flow
direction from northeast to east. Apparently, the plume,
stretching northeast from 299-W11-27, is moving east-
ward across 299-W11-23. The location and concen-
trations of the plume inside the waste management
area that initially impacted 299-W11-27 are unknown
at this time.

Nitrate concentration trends in well 299-W/11-27
and its replacement 299-W10-24 are shown in Fig-
ure 2.8-23. The recent increase in nitrate concentra-
in well 299-W11-27 is strongly ¢ lated with
-99 trend (cor 22),
but this correlation does not carry through to the

t
: techneti re to Figt 2
replacement well 299-W10-24. The concentration of
nitrate in well 299-W10-24 is much higher than that
in 299-W11-27 whereas the technetium-99 is lower.
This suggests that the pulse in nitrate and technetium-
99 in well 299-W11-27 is a feature of the very top of
the aquifer. However, the highest nitrate concentra-
tions are somewhat deeper, with a different source.
Given the widespread nature of the nitrate plume,
much of the nitrate appears to be from liquid waste
disposal facilities, but the niti -“g/technetium-99 asso-
ciation may represent shallc release from T Tank

Farm operations.







of the waste management area, and toward the south
in the southern part of the waste management area (see
Plate 2). However, locally flow directions may diverge
from the regional pattern because variable cementa-
tion within the Ringold aquifer may result in preferred
groundwater flow paths.

Groundwater Contamination

Contaminant levels (chromium, cobalt-60, iodine-
129, nitrate, technetium-99, and tritium) were elevated
in well 299-W14-12 when first sampled in 1992 and
remained high for several years. Technetium-99 had a
high value of 13,300 pCi/L in November 1992 (Fig-
ure 2.8-24). Contaminant concentrations dropped
sharply, along with falling water levels in 1995 to 1996
and remained at relatively low levels during 1997 to
1998. In late 1998 contaminant levels began to
increase and continued that trend until the last sam-
pling of the well in January 1999. Concentrations in
replacement well 299-W14-13 appear lower but also
exhibit an upward trend reaching a maximum of
5,130 pCi/L in August 1999 (see Figure 2.8-24).

High chromium concentrations were also found
several years ago in well 299-W14-12, east of Waste
Management Area TX-TY. Concentrations have been
lower for several years (Figure 2.8-25). Well 299-W14-
12 has gone dry and replacement well 299-W14-13
exhibits increasingly higher concentrations of filtered
3 Linfi

chromium, rangi  rom 180 tc

1999.

. year

The groundwater flow direction in the vicinity of
299-W14-12 was toward the northeast when moni-
toring was initiated. Flow is currently toward the
southeast. Thus, it seems likely that 299-W14-13
intersects a plume that is distinct from the plume first
sampled by 299-W14-12. The location and extent of
the earlier plume is uncertain because of the lack of
monitoring wells to the east of the line of compliance
at Waste Management Area TX-TY.

Technetium-99 levels have increased in well
299-W15-4 since the initiation of the 200-ZP-1 Oper-
" "2 Unit pump-and-treat operations (see Section 2.8.1)
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south of the waste management area (Figure 2.8-26).
Concentrations exceeded the drinking water standard
of 900 pCi/L in July 1999, though the most recent
sample in October 1999 was below the drinking water
standard. Well 299-W15-4, originally constructed to
monitor the 216-T-19 crib, is directly south of the
waste management area in a direct flow path between
the waste management area and the nearest extrac-
tion well. It is possible that the waste management
area is the source of the technetium-99 observed in
299-W15-4. This small increase is important for eval-
uating the impact of the pump-and-treat remediation
on contaminants in the T Plant area and for potential
future impact of increasing technetium-99 on the opera-
tion of the pump-and-treat system. Technetium-99 in
well 299-W15-22, located in the southwestern corner
of Waste Management Area TX-TY was increasing in
fiscal year 1998 to an average activity of 3,100 pCi/L.
However, this well could not be sam  d because of
declining water levels and has not yet been replaced.
This suggests that the remediation may have a larger
impact on the plume geometry than can be detected
by the current monitoring network. Technetium-99
reached a concentration of 286 pCi/L in northemn
extraction well 299-W15-32 in fiscal year 1999 (see
Section 2.8.1.7).

Monitoring Network

The original RCRA monitoring network for Waste
Man lin 1992, con-
sisted of one upgradient and three downgradient wells.

nent Are: . compl
Three of these wells have subsequently gone dry, as a
result of the falling water table in the area, and the
fourth will be dry soon. In addition, a change in
groundwater flow direction has resulted in gaps in the
downgradient coverage. Existing, pre-RCRA w¢  were
used to the extent possible to meet the needs resulting
from a declining water table and changing groundwa-
ter flow directions; however, new wells are needed to
meet both the needs of downgradient monitoring and

for tracking of the known contaminant plume.






216-U-1 and 216-U-2 cribs are the major sources of
the plume. Waste from these cribs is believed to have
been remobilized by disposal to the 216-U-16 crib
(WHC-EP-0133). Additional sources of contaminants
include the 216-U-17, 216-U-8, and 216-U-12 cribs.

Monitoring Objectives Near U Plant

Groundwater monitoring is conducted near
U Plant:

» triennially to annually to describe the
nature and extent of contamination

quarterly to detect the possible impact of
one RCRA waste management area

quarterly to monitor trends in contami-
nants from one RCRA site

various time intervals to evaluate the per-
formance of a pump-and-treat system for
technetium-99 and uranium.

]

Interim action groundwater pump-and-treat remed-
iation is taking place in the vicinity of U Plant. Because
of the effects of remediation and past injection of
treated water into the aquifer, the plume maps in this
report are somewhat generalized in the area of system
influence. This section discusses the contamination
from the facilities in the vicinity of U Plant and
includes the contamination being remediated in accor-
dance with CERCLA and the specific reporting require-
ments for RCRA monitoring at the 216-U-12 crib and
Waste Management Area U single-shell tank farm.

2.8.3.1 Groundwater Flow

Groundwater flow in the vicinity of U Plant in

the 200 West Area is primarily to the east (see Plate 2).
Water levels in this portion of the 200 West Area are
higher than the pre-Hanford conditions, but the flow
direction has been relatively unchanged over the last
10 or more years. This is because the facilities which
were the main contributors to the elevated water levels
are to the west of U Plant.

200 West Area

Details of groundwater flow at RCRA sites are
discussed in Sections 2.8.3.6 and 2.8.3.7. Details of the
effects of groundwater remediation are discussed in

Section 2.8.3.8.
2.8.3.2 Uranium

The highest concentrations of uranium in Hanford
Site groundwater in fiscal year 1999 were detected
near U Plant in wells downgradient from the 216-U-1
and 216-U-2 cribs and adjacent to the 216-U-17 crib

- (Figure 2.8-27). Uranium concentrations in wells

2.125

near the 216-U-1 and 216-U-2 cribs showed a large
pulse of uranium in 1986. Trends in uranium concen-
trations in well 299-W19-3, immediately downgradient
from the cribs, are shown in Figure 2.8-28. The ura-
nium levels in this well decreased considerably since
the maximum measured in 1986 but have increased
again in recent years. Levels in fiscal year 1999 reached
1,990 pg/L. Technetium-99 concentrations, however,
have not shown the recent increase. This suggests
that the cribs are not currently providing an ongoing
source of technetium-99 from the vadose zone. The
uranium behavior is different than technetium-99
because of its stronger sorption to the sediment and a
greater proportion of the uranium remains at or near

the source area.

Groundwater beneath U Plant waste
facilities had the highest concentrations of
uranium on the Hanford Site in fiscal year
1999. Levels increased in some wells this
year, but have declined from their peak in
1986.

The maximum annual average uranium concen-
tration detected near U Plant in fiscal year 1999 was
2,600 pg/L in well 299-W19-20, located near the
pump-and-treat extraction well (see Figure 2.8-27).

ie uranium concentrations for several wells in the
U Plant vicinity represent dose values greater than the
derived concentration guidc “ose level. Assuming

natural isotopic abundance, ¢ . ranium concentration







become indistinguishable from, the REDOX Plant
plume (see Section 2.8.4.2).

2.8.3.6 216-U-12 Crib RCRA Assessment

Summary

RCRA groundwater monitoring continued in an
assessment program in fiscal year 1999. The results
and findings of the assessment monitoring program are
presented in PNNL-11574. The elevated levels of
specific conductance in the downgradient wells are

- attributed to calcium and nitrate. Technetium-99 has
been detected in downgradient monitoring wells since
monitoring began, indicating that the crib was the
source. These findings indicated that the crib contrib-
uted to groundwater contamination and must remain
in interim status assessment monitoring. The objec-
tive of the assessment monitoring is to evaluate the
flux of constituents into the groundwater beneath the
crib and monitor the known constituents until a cor-
rective action is defined or final status .monitoring

plan is implemented for the crib.

The 216-U-12 crib is a RCRA site that
may have contaminated groundwater with
nitrate. New wells are needed to replace
those that are going dry.

Declining water levels in the 200 W Area
reduced the monitoring network from the original five
wells to just three wells (one upgradient and two down-
gradient). This included one new well that was
installed in September 1998. While the wells are
sampled quarterly for the constituents of interest (see
Table A.17) only two downgradient wells remain
active, 299-W22-79 and 699-36-70A (see Figure A.8
and Plate 1). Washington State Department of Ecol-
ogy (Ecology) and U.S. Department of Energy (DOE)
agreed in the form of a Tri-Party Agreement interim
milestone M-24-00] that new wells would not be added
during calendar year 1999. However, two replacement
wells, one upgradient and one downgradient, may be
installed in calendar year 2000.
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New well 299-W22-79 was sampled for the |
time in the first quarter of fiscal year 1999. The well
is located approximately halfway between downgra-
dient wells 299-W22-41 and 299-W22-42, both of
which went dry and were last sampled in March 1999.
Well 299-W/22-79 was installed to replace 299-W22-42.
Well 299-W22-40 was removed from the network in
the first quarter of 1999 after it went dry. Well
299-W22-40 will not be replaced because it was not
located directly downgradient of the crib, and no con-
taminants were detected in the well.

Based on regional groundwater elevations, the
groundwater flow direction continues east-southeast
to easterly. New wells will be located appropriately to
maximize the downgradient coverage of the 216-U-12
crib.

Groundwater flow rates have not changed signifi-
cantly since last year and are presented in Table A.2.

Site-specific parameters selected for the interim
status quality assessment monitoring include gross
alpha, gross beta, iodine-129, nitrate, technetium-99,
and tritium (see Table A.17). The crib is the source of
elevated nitrate and technetium-99 that were detected
in downgradient wells 299-W22-41, 299-W22-42,
299-W/22-79, and 699-36-70A.

The nitrate and technetium-99  mes are a series

of smaller plumes with sources from several cribs
(216-U-1, 216-U-2, 216-U-8, and 216-U-12) in the
U Plant area. lodine-129 and tritium were detected
repeatedly in several 216-U-12 crib downgradient
monitoring wells, but the sources appear to be the
REDOX Plant effluent disposal cribs that are upgradi-
ent of the 216-U-12 crib. These plumes are discussed
further in Section 2.8.4.

Nitrate continued to be detected at levels greater
than the 45 mg/L maximum contaminant level in all
the downgradient wells. However, the concentration
trend in the nitrate has been downward (Figure 2.8-33).
Technetium-99 followed a trend similar to nitrate.
Technetium-99 activities ranged from 21.2 to 103 pCi/L
in downgradient wells, well below the 900 pCi/L






The original RCRA groundwater monitoring net-
work established at Waste Management Area U con-
sisted of two upgradient and three downgradient wells
(see Table A.13). One pre-RCRA well (299-W19-12)
is used for indication only to fill a gap between RCRA
wells 299-W19-41 and 299-W19-42. Three of the
RCRA wells were constructed with 4.6-meter screened
intervals and two with 10.7-meter screened intervals.
Two of the three wells with the shorter screened inter-
vals have gone dry and the third will not be able to be
used within a year. The two that have gone dry have

been replaced with new wells.

Well 299-W19-41 was constructed to replace
downgradient well 299-W19-32 and well 299-W19-42
was constructed to replace downgradient well 299-W19-
31. Both wells were constructed with 10.7-meter
screened intervals to allow for future declines in water-

table elevation.

Well 299-W18-25 will be dry in the near future,
leaving one upgradient well for the waste management
area. There are no plans to replace 299-W18-25.
Time will t  whether one upgradient well is sufficient
to capture the variability of upgradient groundwater.
Well 299-W19-12 is an older, non-RCRA compliant
well that consistently yields anomalous, high pH values,

probably as a result of construction materials.

2.8.3.8 Groundwater Remediation at
200-UP-1 Operable Unit

The goal of the 200-UP-1 pump-and-treat system
is to reduce contamination in the highest concentra-
tion area of the plumes, reduce human health risks
through mass removal, hydraulically contain the con-
taminant plume, and provide information to support a
final remedy decision. The most notable success in
fiscal year 1999 was the reduction of technetium-99 to
below the 9,000-pCi/L remediation goal in all but two
wells. Uranium concentrations remained above the
480-pg/L remediation goal in almost all wells, even
after treatment of 425.6 million liters and 5 years of

operation.
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Groundwater in the U Plant area is
pumped and treated to prevent contamina-
tion from spreading. The highest concentra-
tion portions of the technetium-99 and
uranium plumes have shrunk since 1995.

Interim Remedial Action Objectives

The pump-and-treat system for this operable unit
is located on the northern side of the 216-U-17 crib
(see Figure A.11). The interim action objectives
(ROD 1997) are the following:

¢ reduce contamination in the areas of highest con-
centration of technetium-99 and uranium to below
10 times (480 mg/L) the cleanup level under the
Model Toxics Control Act (WAC-173-340) for
uranium, and 10 times (9,000 pCi/L) the drink-
ing water standard for technetium-99

reduce potential adverse human health risks

through reduction of contaminant mass

prevent further movement of these contaminants
from the highest concentration area

provide information that will lead to the devel-
opment and implementation of a final remedy
that will be protective 0 uman health and the

environment.

For more detailed information about operations

during fiscal year 1999, refer to DOE/RL-99-79.

History of Operations

A separate pump-and-treat remediation system
operated in 1985 near the 216-U-1 and 216-U-2 cribs
to reduce elevated uranium concentrations. For a dis-

cussion of this operation, refer to WHC-EP-0133.

The current system was constructed to contain the
highest concentration portion of the technetium-99
and uranium plume. Early operations consisted of a
treatability test conducted from March 1994 to Sep-
tember 1995. Phase | pump ~nd-treat operations







¢ Continued low uranium concentrations (~200
mg/L) in the monitoring well directly downgradient
of the extraction well (299-W19-40) indicate that
the high concentration portions of the plumes are
contained, thereby preventing downgradient
migration.

Uranium concentrations in four monitoring wells
and the extraction well have remained above the
480-pg/L remediation objective. The much slower
response to remediation compared to technetium
is due to uranium’s tendency to sorb to soil, making
it more difficult to extract.

Uranium concentrations increased in wells
299-W19-29 and 299-W19-36. The increase in
concentrations is attributed to recovery associated
with termination of injection well operations.
Prior to shutdown of the injection well, contami-

nants were diluted from injection of treated water.

Water-Level Impact and Capture-Zone Analysis

Water levels declined ~0.56 meter in fiscal year
1999, as the overall 200 West Area water table
decreasc  Two of the monitoring wells in the 200-
UP-1 Operable Unit (299-W19-24 and 299-W19-28)
went dry during fiscal year 1999 because of declining
water levels. In addition, wells 299-W19-23, 299-W/19-
26, and 299-W19-38 were switched to a bailer-sampling
method because groundwater returns could not be sus-
tained using pt It i tedt  sim  m i-
cations will be made to other monitoring wells in

fiscal year 2000, as water levels continue to decline.

Groundwater modeling indicates that the targeted
plume is captured under the current well configuration
(Figure 2.8-39). It is estimated that one pore volume
has been extracted from the original high concentra-

tion portion of the plume based on the original base-
line plume map (DOE/RL-99-79) (Figure 2.8-40).

2.8.4 REDOX Plant

The REDOX Plant was used for separating pluto-
nium from irradiated fuel from 1951 through 1967.
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Groundwater plumes, originating in the vicinity of the
REDOX Plant and its associated waste storage and dis-
posal facilities, include chromium, iodine-129, nitrate,
technetium-99, trichloroethylene, tritium, and uranium,
at levels above the maximum contaminant levels/
drinking water standards. Strontium-90 was not
detected at levels above the interim drinking water
standard in this area in fiscal year 1999. Two facilities
in this vicinity, Waste Management Area S-SX and
216-S-10 pond and ditch, have RCRA monitoring
requirements. Other facilities appear to have produced
the major part of the groundwater contamination,
although high concentrations of technetium-99 and
other contaminants are attributed to leaking tanks or
associated piping in Waste Management Area S-SX.

Monitoring Objectives Near REDOX Plant

Groundwater monitoring is conducted near
the REDOX Plant:

triennially to annually to desci e the
nature and extent of contamination

semiannually to detect the possible impact
of one RCRA waste management area

quarterly to assess contamination from
one RCRA waste management area.

2 A.1 Groundwater ow

The groundwater flow in the southern portion of
the 200 West Area is principally to the east, with a
slight southeastern component (see Plate 2). The
southeastern trend is more apparent in the area of the
decommissioned U Pond. Flow directions in this area
have shifted more to the east as the impact of past
liquid disposal activities have declined. This shift to
the east will continue as these influences continue to

abate.

Flow beneath RCRA sites is discussed in Sec-
tions 2.8.4.8 and 2.8.4.9.







Nitrate was detected above the maximum con-
taminant level in well 299-W23-9 near the 216-S-25
crib and extends past Waste Management Area S-SX
(see Figure 2.8-31). It also appears that a low concen-
tration of nitrate is associated with the technetium-99

plumes in this vicinity.
2.8.4.6 Chrc

Chromium continues to be detected at levels above
the maximum contaminant level in well 299-W26-7,
the upgradient well for the 216-S-10 pond and ditch
(Figure 2.8-44). Chromium concentrations in this
well have decreased to 175 pg/L in fiscal year 1999
from 576 pg/L in fiscal year 1998. The source of the
chromium contamination has not been determined,
but it is possibly related to the 216-S-10 pond or to
earlier disposal to upgradient facilities (termed the
“REDOX swamp” in some early reports).

There may be a relationship between the chro-
mium observed in well 299-W26-7 and chromium
detected farther downgradient, south of the 200 East
Area (discussed in Section 2.11.5).

8. 7 Trichloroethylene

A small trichloroethylene plume, with concentra-
tions just above the maximum contaminant level, has
been found in past years to the east of the REDOX
Plant. Trichloroethylene was not detected at levels
contaminant level in this vicin-
ity in fiscal year 1999. The 216-S-20 crib is a likely
source of the trichloroethylene plume.

2.8.4.8 Waste Management Area $-SX RCRA
Assess :nt Summary

above the maxim

Waste Management Area S-SX continued to be
monitored under a RCRA assessment program in fis-
cal year 1999. A new groundwater quality assessment
plan for continued investigations at this waste manage-
ment area was prepared during the year (PNNL-12114)
to cover ongoing groundwater characterization efforts
being conducted concurrently with the RCRA facility

investigation corrective measures study (HNF-5085,
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Rev. 0). Results of the continuec  rundwater assess-
ment findings are scheduled for release as a topical
report in September 2000. The wells and analytes for

this area are listed in Appendix A.

RCRA Waste Management Area S-SX
contains single-shell tanks that may have con-
taminated groundwater with technetium-99.
Four new wells were drilled in fiscal year
1999 to help characterize the contaminant
plume.

Groundwater Flow

Flow rate estimates, using travel times for tritium
between upgradient and downgradient wells in the
vicinity of Waste Management Area S-SX, suggest
groundwater flow rates of 25 to 50 meters per year or
0.07 to 0.14 meter per day (PNNL-12114). Contours
of water-table elevation suggest a general southeast-
erly flow direction (see Plate 2). Calculated Darcy
flow rates (see Table A.2) from 0.0023 to 0.43 meter
per day bracket the travel time-based estimates above.
The water table is gradually declining at the rate of
~0.6 meter per year, which may result in a future shift
to a more easterly flow direction and decreased flow
rates as the gradient declines.

Assuming the contaminant-based flow rate esti-
mates noted above are the most representative, the
average arrival time from an imaginary north-south
centerline through the waste management area to the
nearest downgradient RCRA monitoring wells is ~3
to 6 years at 25 meters per year or 1.5 to 3 years at
50 meters per year. At 50 meters per year, it would
take over 20 years for a contaminant plume to migrate
from within Waste Management Area S-SX to the
nearest downgradient 200 West Area fence line loca-

tion and much longer to reach the Columbia River.

Groundwater Contaminatii

The general distributior  >f contaminant plumes

in the vicinity of Waste Ma) . sement Area S-SX are






A maximum cesium-137 concentration of 49 pCi/L
in non-RCRA well 299-W23-7 has been previously
reported and discussed (PNNL-12114). However, this
occurrence is primarily particulate and is thought to
be an artifact of past well installation and maintenance
methods (HNF-4936, Rev. 0). Older gamma logs for
this well indicate the presence of surface soil contami-
nation at the wellhead. Thus, contaminated soil may
have fallen into the well during construction or during
subsequent maintenance activities. Also, water can
no longer be pumped from this well. It is now on the
priority list for decommissioning because it could pro-
vide a conduit for downward migration of contaminants.

Gross Alpha. Elevated gross alpha (120 pCi/L) was
detected during the year in the same well (299-W/23-7)
that has exhibited elevated cesium-137 prior to the
well going dry. Previous investigation of elevated
gross alpha in this well (PNNL-12114) included an
analysis of uranium and selected alpha emitters that
were reported as non-detections (americium-241,
plutonium-238 and 239). Uranium accounted for most,
if not all, the alpha emitters present. As with the
cesium-137 in this well, the source is likely a result of
contamination during well maintenance or other tank
farm activities in the past. Additional characteriza-
tion will be performed during decommissioning of this
well. A more complete isotopic analysis of the alpha
emitters (e.g., all the uranium isotopes as well as tran-
suranics) may be useful in understanding the origin of

the contamination.

Anomalous Metal Occurrences. High concen-
trations of chromium and iron occurred during the
year in well 299-W23-15, located immediately south
of the southwestern corner of the SX Tank Farm. This
well has previously (1992-1994) exhibited moderately
elevated chromium and iron. During fiscal year 1999,
iron concentrations (filtered) peaked at over 900 pg/L
on May 13, 1999, and total chromium of 42 ug/L was
measured on August 9, 1999. Sample splits for the
August 9, 1999 sampling were analyzed by the standard
method (inductively coupled plasma emission spectros-
copy metals analysis using both filtered and unfiltered

200 West Area

samples) and by a hexavalent specific method (unfil-
tered sample). Results are shown in Table 2.8-7.

Table 2.8-7 indicates that most of the iron was
particulate in the August 9, 1999, sample. This sug-
gests the previous high iron concentration of over
900 pg/L for a filtered sample involved filter failure
(i.e., a submicron colloidal phase of iron passed through
the 0.45-micron membrane filter).

The elevated aluminum for the unfiltered sam-
ples, but not for the filtered samples (see Table 2.8-7),
suggests the presence of an aluminosilicate mineral
phase. For example, the routine practice of acidifica-
tion of unfiltered samples for metals analysis results in
partial dissolution and release of aluminum and silicon
from clay minerals such as bentonite or related mineral
phases. Table 2.8-7 also indicates that a large fraction
(over 60%) of the total chromium was present as
hexavalent chromium. In this case, a particulate or
submicron colloidal phase cannot explain the elevated
chromium result because the hexavalent chromium
method is specific for dissolved chromate. Further
investigation is needed to understand this anomalous

occurrence.

Monitoring Network

Four new wells were drilled in calendar year 1999
to assess both areal and vertical distribution of contami-
nants near the waste management area. ~ e well was
drilled for the I._. A facility investigation remedial
measures study (HNF-5085, Rev. 0) as a vadose char-
ac  ation borehole near tank SX-115. This well was
then deepened and completed as a groundwater moni-
toring well (299-W23-19). The other three wells were
installed downgradient from S and SX tank farms in
accordance with the RCRA groundwater assessment
plan for Waste Management Area S-SX (PNNL-
12114). Groundwater samples were collected from
selected depths during drilling. Depths sampled
included the very top of the aquifer (0 to 0.5 meter)
and at 6 meters in all three RCRA compliant wells.
In addition, samples were coll  ted from 12, 30, 60, 90
(top of Ringold mud) and 12( eters (below the lower
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¢ conduct a two-well test to reduce the uncertainty
in hydraulic conductivity

¢ evaluate depth distribution of contaminants.

The vadose zone portion was also cored to improve
understanding of the fine structure stratigraphy in this
area and to obtain sample media for laboratory tests
(sorption tests, moisture content, porosity, hydraulic
conductivity). Field screening results for samples col-
lected during drilling indicated elevated nitrate
(52 mg/L) and technetium-99 (~12,000 pCi/L) at the
top of the aquifer that declined rapidly with depth. The
concentrations of technetium-99 and nitrate were four
to five times lower at 6 meters below the static water
level in the well than at the top (0 to 0.5 meter). The
technetium-99-to-nitrate ratio (200 pCi/mg) based on
fie. screening measurements suggests this newly dis-
covered groundwater contamination is from a different
tank farm source than the source responsible for ground-
water contamination observed at either the new well
near tank SX-115 or at nearby well 299-W22-46. For
example, the technetium-99/nitrate ratios for the latter
are both ~100 pCi/mg. The ratio for the new occur-
rence at 299-W22-50 appears to more closely match
the water leachate results (210 pCi/mg) for contami-
nated soil beneath tank SX-108. The RCRA well
observations suggest there are at least two different tank
farm source areas or types that account for groundwater
contamination downgradient from the southern end

this nagement area.

2.8.4.9 216-S- Pond and tch RL._\
Parameters

The inactive 216-S-10 pond and ditch was moni-
tored semiannually under RCRA interim status indi-
cator evaluation (see Tables A.1 and A.15). None of
the indicator parameter concentrations in downgra-
dient monitoring wells exceeded critical mean values
during fiscal year 1999 (see Table A.3). However, a
site-specific constituent, chromium, continued to

exceed the 100 pg/L maximum contaminant level in
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upgradient well 299-W26-7 (1, ug/L in the Decem-
ber 1998 and 216 in June 1999) (see Figure 2.8-44).
Because the upgradient well is located immediately
adjacent to the 216-S-10 pond (see Figure A.7), the
elevated chromium could be from an upgradient source
or from the pond. A new monitoring plan will be pre-
pared to reclassify this well as a downgradient well and
replace it with a new upgradient well in calendar year
2000. Further description of the chromium plume is
presented in Section 2.8.4.6.

RCRA monitoring at the 216-S-10
pond and ditch provides no evidence of
groundwater contamination from this facil-
ity. Declining water levels have left this site
without adequate well coverage.

The water table continued to decline in the
200 West Area during fiscal year 1999. This continu-
ing decline reduced the 216-S-10 monitoring network
from one upgradient and three downgradient wells to
just one upgradient well (299-W26-7) and one down-
gradient well (299-W26-12). Downgradient wells
299-W26-9 and 299-W26-10 went dry during the first
half of the year. RCRA interim status monitoring
requirements specify that a minimum of one upgradient
and three downgradient monitoring wells are needed
to monitor the site. As a result, two additional wells
are needed to bring the m  tor ! network back into
complic :withRCRAreg :ions. If well 299-W26-7
is designated as a downgradient well, one upgradient
and one downgradient well needs to be constructed.
Ecology recommended that only one of the wells be
drilled, the replacement for 299-W/26-10, and approved
this direction in the form of Tri-Party Agreement
milestone M-24-00K."” New well 299-W26-13 was
installed in December 1999 at a location directly down-
gradient of the 216-S-10 pond. Two new wells have
been proposed to DOE and Ecology to be installed in

(a) Letter from Dib Goswami, Washington State Department of Ecology, to M. ]. Furman, U.S. Department of Energy, Richland,
Washington, dated April 12, 1999, “Site-Wide Resource Conservation and Recovery Act Well Installation for Milestone M-24-00.”







effluent containing high levels of tritium that were
discharged to the facility over the last few years. Con-
centrations of tritium in groundwater are generally
less than in fiscal year 1998, reflecting the reduced
concentrations in the effluent over the past ~2 years
(PNNL-13058). The highest tritium level observed in
groundwater at the State-Approved Land Disposal Site
during fiscal year 1999 (730,000 pCi/L) was measured
in a sample from well 699-48-77D in October 1998.
Figure 2.8-48 illustrates the trends in tritium concen-
trations in the wells since monitoring began at the facil-
ity. Wells 699-48-77A, C, and D are the only wells
affected thus far by tritium from disposal to the area.

Monitoring for additional constituents in ground-
water also occurs quarterly in the three nearby wells.
Approximately 6 months following the startup of
operation, analyses began to reveal elevated levels of
tritium and other constituents and indicators in well
699-48-77A, the nearby well farthest from the State-
Approved Land Disposal Site (see Figure 2.8-48).
Further research indicated that the clean water dis-
charged to the site was dissolving soluble components
of the soil in the vadose zone, such as gypsum, result-
ing in elevated concentrations of sulfate, chloride,

calcium, and sodium, and abrupt rises in conductivity

and total  ssolved solids (PNNL-11633; PNNL-11665).
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Figure 2.8-49 illustrates the trend for sulfate in the
nearby wells and the background well. This event
also revealed that the focus of infiltration of effluent
was displaced to the south (nearer well 699-48-77A),
most likely by the same geologic feature (a caliche
horizon) that is responsible for the elevated dissolved
solids. The rise of sulfate in well 699-48-77D occurred
without a corresponding rise in tritium, thus indicat-
ing that this well was affected by dissolved soil salts
from a test discharge released several months prior to
operation. Tritium-bearing effluent did not affect w
699-48-77D until ~1.5 years after well 699-48-77A
detected tritium. This apparent paradox is the result
of the limited volume of the test discharge, the loca-
tion of the infiltration point of effluent, and ambient
groundwater flow.

Predictions of hydraulic head by a groundwater
numerical model prepared in 1997 (PNNL-11665)
compare favorably with current conditions. The same
model apparently slightly overestimates the extent of
the tritium plume in groundwater near the facility.
The probable reason for the overestimation is that the
quantity of tritium disposed to the facility thus far is
~50% of the projected quantity through 1999, as
assumed by the model.




Groundwater Monitoi for FY 1999

Table 2

Well Name®!

299-W15-33
299-W15-34
299-W15-35
299-W15-32
299-W15-36
299-W15-37

Influent Tank

Tat  2.8-1. Volume of Groundwater Treated and Mass of Carbon Tetrachloride
Removed Since Startup of Operations at 200-ZP-1

Reporting Period

August 1994 - July 1996
August 96 - September 1996
October 1996 - December 1996
January 97 - March 1997
April 1997 - June 1997

July 19¢ - September 1997
October 1997 - December 1997
January 98 - March 1998
April 1998 - June 1998

July 1998 - September 1998
October 1998 - December 1998
January 1999 - March

April 1999 - June 1999

July 19 - September 1999
Total

Liters Treated

26,676,000
33,232,327
44,583,715
69,869,604
41,877,094
62,469,305
81,629,000
72,791,000
90,842,900
90,899,200
83,552,570
71,079,156
90,657,196
88,657,486
954,816,553

Tank at 200-ZP-1 During Fiscal Year 1999

FY 1999 FY 1999
Min. Value Max. Value
~ (pell) e

5,300 7,100
3,800 5,700
3,100 4,400
4,300 5,900
1,300 2,100

210 720
3,300 4,400

Q:)“ Wells listed from nc  to south.

(b) Some discrepancies in discharge rate at the different measurement locations were observed. These are still being resolved. Flow rates
may actually be high  y ~10% to 20%.

FY 1997 FY 1998
Mean Mean
Concentration Concentration
‘ug/L) foe
5,058 6,000
2,900 3,770
3,351 3,660
7,120 6,560
2,820 2,040

280 235
3,270 3,530
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Mass of Carbon Tetrachloride

Removed (kg)

75.85
60.96
143.54
237.2
140.8
228.8
245.7
279.5
348.9
338.1
315.57
310.2
337.8
3237
3,386.5

FY 1999
Mean

Concentration
AT B Y

6,218
4,700
3,858
5,023
1,697

358
3,788

2. Average Carbon Tetrachloride Concentrations for Each of the Extraction Wells and the Influent

FY 1999
Mean Flow

Rate® Overall
(L/min) Change
57.0 Higher
82.8 Higher
310.0 Higher
27.0 Lower
94.6 Lower
57.8 Higher
Higher
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Table 2.8-3. Results from Discrete Level Groundwater Sampling During Drilling of Well 299-W10-24®

Depth Below Depth Below Carbon Tetra- Technetium-99 Tritium itrate

Surface (m) Water Table (m) chloride (pg/L) (pCi/L) (pCi/L) (mg/L)
70.9® 0.3 Not analyzed 13,000 7,380 120
75.2 4.6 Not analyzed 2,090 20,600 456
87.5 16.9 490 358 29,600 531
99.1 30.8 1,600 374 26,700 443
116.7 46.3 760 212 19,500 349
122.5 52.2 360 126 12,700 301
131.4@ " 61.0 220 96 9,220 282

(a) Sampled October 9 through October 16, 1998.

(b) Sampled with Kabis Sampler in well 299-W11-27 on August 13, 1998.
(c) Sampled in well 299-W10-24 after completion on December 15, 1998.
(d) Collected below Ringold lower mud unit.

Table 2.8-4. Results of Discrete Level Sampling During Drilling of Well 299-W14-14®

Depth Below Depth Below Carbon Tetra- Technetium-99 Tritium Nitrate

Surface (m) Water Table (m) chloride (pg/L) (pCi/L) (pCi/L) (mg/L)
70.5% 4.3 140 110 4,230 120
80.8 14.5 180 556 893 226
96.3 30.1 380 81 5,380 41
106.1 39.8 920 32 9,010 33
122.5 56.9 380 29 7,180 43
134,79 68.5 590 33 8,460 40

(a) Samples taken October 24 through November 9, 1998.
(b) Sample taken from screened interval after well completion on December 10, 1998.
(c) Collected below Ringold lower mud unit.

2.141







200 West Area

Table 2.8-7. Comparison of Filtered and Unfiltered Metal Results on August 9, 1999

for Well 299-W23-15
Chromium Iron Aluminum
Method (pgl) (ug/L) (ug/L)
Filtered (ICP) 16 25 270
131 46
Unfiltered (ICP) 41 1,700 727
42 1,500 627
Unfiltered (hexavalent-chromium) 25 NA NA
25 NA NA
ICP = Inductively coupled plasma emission spectroscopy.
U = Result is a non-detection; the value shown is the vendor assigned method detection limit.
NA = Not applicable.
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2.8-18. Tritium in Wells 299-W14-2, 299-W14-12, and 299-W14-13, East of TY Tank Farm
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Figure 2.8-26. Technetium-99 in Well 299-W15-4, South of TX-TY Tank Farms
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Figure 2.8-28. Uranium in Well 299-W19-3 Near the 216-U-1 and 216-U-2 Cribs
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Figure 2.8-30. Technetium-99 in Well 699-38-70, East of U Plant
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Figure 2.8-33. Nitrate in Wells Near the 216-U-12 Crib
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1999. Four of the wells have iodine-129 values that
are increasing. The remaining 17 wells had concen-
trations that declined or remained unchanged from
fiscal year 1998 reported values. Iodine-129 concen-
trations range up to 6.5 pCi/L in well 299-E33-42.

Several wells between Gable Mountain and Gable
Butte are sampled for iodine-129 to define the north-
ern plume and to track the movement of this plume
out of the 200 Areas (see Figure 2.9-2). The most
recent results for these wells were below detection
limits, but concentrations have been at or above the

drinking water standard occasionally in the past
(Figure 2.9-3).

2.9.1 °~ Technetium-99

A plume of technetium-99 (interim drinking water
standard 900 pCi/L) extends from the area of Waste
Management Area B-BX-BY to beyond the 200 East
Atrea boundary to the northwest (Figure 2.9-4). The
plume has two parts. The larger part of the plume is
to the north and possibly represents early releases of
technetium-99 from the BY cribs. Detection of
technetium-99 at levels lower than the interim drink-
ing water standard (900 pCi/L) north of the Gable
Mountain-Gable Butte gap indicates that technetium-
99 has moved north, into, and through the gap. The
southern portion of the plume lies mostly within the
boundary of the 200 East Area. This portion of the
plume may be associated with west-southwest ground-
water flow and movement of more recent BY cribs

contamination. For a more detailed discussion, see

Section 2.9.1.9).

Overall, technetium-99 in the B Plant area is
increasing in concentration. In the area of Waste
Management Area B-BX-BY, 17 wells exceeded the
interim drinking water standard for technetium-99 in
fiscal year 1999. Fourteen of those wells show a signifi-
cant increase in concentration. The concentration of
technetium-99 ranges to more than 5,000 pCi/L within
the BY cribs area.

200 East Area

2.1.5 U im

Uranium contamination in the B Plant area is
limited to three isolated areas (refer to Plate 1 for

locations):

¢ wells monitoring Waste Management Area
B-BX-BY

® wells near the 216-B-5 injection well

¢ wells at the 216-B-62 crib (299-E28-21 and
299-E28-18).

Although the trend is decreasing slightly since
1998, many wells in all three of these areas exceeded
the 20-pg/L proposed drinking water standard during
fiscal year 1999. Section 2.9.1.9 discusses uranium
contamination at Waste Management Area B-BX-BY
in more detail.

2.9.1.6 Strontium-90 and Cesium-137

Several wells in the vicinity of B Plant have trends
indicating historical concentrations of strontium-90,
but the highest levels are near the 216-B-5 injection
well. Four wells (299-E28-2, 299-E28-23, 299-E28-24,
and 299-E28-25) had concentrations of strontium-90
above the interim drinking water standard (8.0 pCi/L)
in fiscal year 1999. Two wells (299-E28-23 and 299-
E28-25) are the only ones exceeding the derived con-
centration guide (1,000 pCi/L). The samples were a
mixture of filtered and unfiltered groundwater but
the data do not show any significant difference in
concentration.

Strontium-90 values that exceed the drinking
water standard in the B Plant area range in concentra-
tion from 32 to 10,000 pCi/L. The highest concentra-
tion (10,000 pCi/L) was reported from well 299-E28-23,
which is near the 216-B-5 injection well. Of the four
wells exceeding the drinking water standard, well 299-
E28-23 is the only well that shows a steady increase in
levels of strontium-90 since 1990. Well 299-E28-2

had rising strontium-90 concentrations until early

1999, when it dropped suddenly. Concentrations in
wells 299-E28-24 and 299-E28-25 have declined since
1990.







Although concentrations of nitrate and
technetium-99 were rising in the groundwater along
the western side of the waste management area, the
source co | not be identified. A further determina-
tion is being conducted to identify the rate and extent

of groundwater contamination at Waste Management
Area B-BX-BY.

RCRA Waste Management Area
B-BX-BY contains single-shell tanks that
may have contaminated groundwater with
technetium-99 and nitrate. The hydraulic
gradient is very flat, and the direction of
groundwater flow is not known with
certainty.

Groundwater Flow

The hydraulic gradient is nearly flat across the
200 East Area (Plate 2), making it difficult to deter-
mine upgradient versus downgradient locations from
water-level measurements at wells. Part of this diffi-
culty is related to surveying errors that create potential
errors in water levels. In 1998, the Hanford Ground-
water Monitoring Project changed the datum to
which water levels are referenced (PNNL-12086, Sec-
tion 3.3.2.1) to the North American Vertical Datum
of 1988 (NAVDS88). Previously, it had been the
um of 1929 (NGVD

tvey data to elevations based on a

wtio Seodetic Vertical |
Conv g olde:
NAVDB88 datum can contribute to vertical errors as
much as ~1 centimeter. Another source of error is
introduced by specific surveys used to calculate verti-
cal elevation. Even greater error than introduced by
datum converting is introduced by using survey data
from separate surveys. The overall result is that dis-
crepancies between the data (datums) used have
resulted in ambiguity in groundwater levels measured

at wells.

However, a general flow direction can be estimated
from water levels. Figure 2.9-6 shows hydrographs for
11 wells that are used to monitor the water table at

200 East Area

Waste Management Area B-BX-BY and nearby Low-
Level Waste Management Areas 1 and 2. Mostof e
water elevations reference a survey commonly referred
to as NGVDZ29-2. This survey was used in prefer-
ence to multiple surveys based on NAVDS88.

In addition, as part of the RCRA assessment work,
vertical plumbness was measured in several wells that
appeared to complicate the interpretation of local flow.
Well 299-E33-39 was surveyed in fiscal year 1999
because data from that well ¢ istently displayed
anomalously low water elevations. Based on devia-
tions from vertical, determined with a downhole gyro-
scope, a 12-centimeter correction was added to the

water levels in this well.

The data from selected wells shown in Figure 2.9-6
depict general, local, water-level trend. Spurious and
outlying data were removed from the individual well
trends to facilitate interwell comparisons. The upgra-
dient water elevations are in wells to the north, indi-
cating a southwest flow direction. Although there are
data from a few wells in this area that do not agree
with this trend, the majority of w s investigated
appear to mirror this general southwestern flow. This
direction is consistent with recent interpretations of

plume movement and with in situ flowmeter results

(BHI-00442).

As can be seen in the hydrographs, it could be mis-
‘0 determine the dir mno vater flow
by using water-table elevations a v scol
lected over a very small time interval. Conse  ntly,
it may not be appropriate to provide a three-point
solution. However, based on observations of recent
contaminant movement and on wells that consistently
appear to be at the same relative elevations, an esti-
mated flow direction lies between 200 and 250 degrees

azimuth.

The average linear flow rate is calculated to be
0.9 meter per day (see Table A.2). This equates to
324 meters of effective groundwater movement per
year. If discrete, highly permeable, flow channels are
considered as the prime avenues of contaminant trans-

port, then a flow rate of 0.9 meter per day may be low.







is consistent with the recent analysis of the groundwater
flow direction from the northeast to the southwest.
This plume movement implies that the source is the
original BY crib plume moving back through the area
with the lowering of the water table farther to the east.
Nitrate, along with chloride, sulfate, and associated
cations, is the apparent cause of the elevated specific
conductance value first observed in well 299-E33-32
in 1996.

Cobalt-60 and cyan:
groundwater underneath the BY cribs in wells 299-
E33-7, -38 and -5. The highest values were found in
June 1998 at well 299-E33-7 (66 pCi/L for cobalt-60
and 347 pg/L for cyanide). The drinking water stan-
dards for cobalt-60 is 100 pCi/L and for cyanide is
200 pg/L. Cyanide and, possibly, cobalt-60 were also
found southeast of the BY cribs in samples from well
299-E33-13. Contamination observed in well 299-
E33-13 recently assumed a character similar to that at
299-E33-7. Cyanide and cobalt-60 were not found
in other wells in the area. Consequently, it is not yet

are also detected in the

w¢€

clear whether these constituents are moving with the
nitrate, technetium-99, and tritium or are entering

the groundwater from the vadose zone.

Well 299-E33-16. The main characteristic of
contamination detected in the groundwater at this
well is an extremely high nitrate concentration, close
to 500 mg/L (Figure 2.9-10). Associated with the
i mnetium-99 above the drinking water stan-
dard, at ~2,000 pCi/L in June 1999 (see Figure 2.9-10).
Also, chromium is elevated at 53.5 pg/L but below the
100-pg/L maximum contaminant level. Nitrate, ele-

ni gis

vated above the maximum contaminant level, was also

detected at surrounding wells 299-E33-15, -17, and
-20. However, the elevated technetium-99 and chro-
mium are not found in the groundwater at these wells,
suggesting that the contamination at well 299-E33-16
is localized.

Well 299-E33-44. This well was constructed in
1998 to sample groundwater between high levels of
technetium-99 (12,000 pCi/L in August 1997) and
uranium (maximum of 81 pug/L in November 1998)
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detected at well 299-E33-41 and elevated nitrate,
technetium-99, and uranium found in wells 299-E33-13
and -38. The relationship between e technetium-99
and uranium in well 299-E33-41 is shown in Fig-
ure 2.9-11. Similar increases in chloride and sulfate
correlated with the high frequency technetium-99
pulses. The associated uranium traveled through the
local area at a retarded flow rate, with respect to the
more mobile anions, but repeated the same high fre-

quency pattern. These events are discussed in detail
in PNNL-11826 and PNNL-11793.

Initial groundwater samples from well 299-E33-44,
collected in October 1999, revealed that technetium-
99 and nitrate are above the drinking water standard
(4,480 pCi/L and 95 mg/L, respectively). The highest
levels of uranium in the area were found here . The
maximum concentration was found in April 1999
(350 pg/L). Unlike the technetium-99 and nitrate
observed to the north, the groundwater in this well
has neither cyanide nor cobalt-60 in detectable quan-
tities. Also, relatively high levels of nitrite (400 to
600 pg/L) were found in the groundwater samples
from this well. A check for coliform proved to be
negative. Efforts are currently under way to sample
well 299-E33-9 inside the BY Tank Farm to ascertain
if this contamination suite is local to well 299-E33-44

or if there is a small plume located under Waste Man-
agement Area B-BX-BY.

Con os. Ong

tifying different contaminant plumes in the ground-

ing | gnostic tool for  n-
water surrounding Waste Management Area B-BX-BY
is the ratio of nitrate to technetium-99. Tank-related
sources are expected to have low ratios because of the
large concentrations of technetium-99 with respect to
nitrate estimates in tank wastes (HNF-SD-WM-TI-
740). For example, the ratio of nitrate (in mg/L) to
technetium-99 (in pCi/L) for the pulses of contamina-
tion shown in Figure 2.9-11 are approximately four.
Ratios based on current estimates of tank waste are
typically below four. These ratios are low compared to

background values, which are in the thousands.







from the site have entered groundwater from this trench
{see Appendix A). RCRA interim status indicator
parameters are pH, specific conductance, total organic
carbon, and total organic halides (40 CFR 265.92[b][3]).
Included in the analysis list for this trench are a gamma
scan, alkalinity, gross beta, and turbidity. Analytical
results have revealed no contamination that could be
attributed to this facility. Groundwater analysis con-
tinued to indicate an increase in concentrations of
calcium, magnesium, sodium, and sulfate in several
.wells. However, the concentration of these constitu-
ents did not exceed maximum contaminant levels.
The reason(s) for these increases are unknown, but
they probably indicate the addition of relatively clean
wastewater to the groundwater system possibly from
216-B-3 pond. The rate of change in concentration,
however, has slowed and may indicate that ground-
water chemistry is stabilizing beneath the facility.

RCRA monitoring at the 216-B-63
crib indicates the site has not contaminated
groundwater.

7 9.1.11 200 East Low-Level Burial Grounds

The two low-level burial grounds in east area,
Low-Level Waste Management Area 1 and Low-Level
Waste Management Area 2, are monitored under

il im status detection monitoring.

Low-Level Waste Management A 1

The groundwater monitoring network for Low-
Level Waste Management Area 1 continues to meet
all R __ A requirements. Sampling is done semiannu-
ally at 16 monitoring wells for the constituents listed
in Table A.39. Water levels are continuing to decline
in the 200 East Area, but none of the monitoring wells
in Low-Level Waste Management Area 1 are expected
to go dry within the next 10 years. Based on contami-
nant plume movement in previous years, groundwater
flow direction was interpreted to be toward the north-

west with flow rates less than 0.5 meter per day
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(Table A.2). However, in recent years, the direction
of groundwater flow in the northwestern part of the
200 East Area is changing from a northwestern flow to
a more southern or southwestern flow. See Section
2.9.1.9 for a detailed discussion of groundwater flow

direction and flow rates at Waste Management Area
B-BX-BY.

The upgradient/downgradient comparison value
for specific conductance was consistently exceeded in
well 299-E33-34 in fiscal year 1999. Nitrate at levels
well above the 45 mg/L maximum contaminant level
was the major contributor to this exceedance (see Fig-
ure 2.9-5). Nitrate levels in nearby wells 299-E32-10
and 299-E33-28 also exceeded the maximum contami-
nant level. The source of the nitrate contamination is
assumed to be from the cribs to the east of Low-Level
Waste Management Area 1. | wated nitrate is also
present in wells on the southern and western sides of
this area. Values exceeded the maximum contaminant
level in wells 299-E28-26, 299-E32-2, 299-E32-3, and
299-E32-6. These high levels were associated with
the nitrate plume originating from southeast of Low-
Level Waste Management Area 1 (see Section 2.9.1.8).

Low-Level Waste Management Area 2

Contamination indicator parameters were sampled
semiannually (see Taple A.41) in compliance with
RCRA interim status regulations at this facility.
Groundwater ws to the west at 0.06 to 0.8 meter
per day (see Table A.2). The groundwater monitoring
network continues to provide adequate coverage. How-
ever, if the decline in water levels in the area contin-
ues at the current rate additional wells are expected to

d

in some instances, but many of the monitoring wells

go dry in ~3 years. Additional wells may be req

Low-level waste management areas 1
and 2 are monitored as RCRA sites. Data
from fiscal year 1999 indicated they have
not contaminated ground  1ater.







299-E17-9 next to the 216-A-36B crib (Figure 2.9-13).
The maximum concentration detected in this well in
fiscal year 1999 was 3.87 million pCi/L in October
1998, which was also the maximum tritium concen-
tration detected in any well on the Hanford Site dur-
ing fiscal year 1999. Tritium concentrations that
exceeded the 20,000-pCi/L interim drinking water
standard continued to be found in many wells affected
by cribs near the PUREX Plant.

Prior to fiscal year 1998, tritium levels measured
in well 699-37-47A, near the southeastern corner of
the 200 East Area and completed in 1996, remained
below 20,000 pCi/L. The April 1998, October 1998,
and April 1999 levels were 35,000, 36,000, and
31,00C  Zi/L, respectively. The rise in tritium in this
well is probably due to the reduction in wastewater
volume discharged in the vicinity of 216-B-3 pond.
Well 699-37-47A is very near the mixing area of
groundwater from the northwest that has higher trit-
ium concentration and groundwater from the 216-B-3
pond area that has lower tritium levels. As the influ-
ence of wastewater volumes in the 216-B-3 pond area
continues to shrink, the mixing area for groundwater
from the two sources (near well 699-37-47A) becomes
more dominated by groundwater from the northwest
that has higher tritium concentrations.

The movement of the widespread tritium plume
(see Plate 3), extending from the southeastern portion
of the 200 East Area to the Columbia River, was con-
sistent with patterns noted in fiscal year 1998 (see
Section 5.10.3.2 of PNNL-12086). Separate tritium
pulses associated with the two periods of PUREX Plant
operations contributed to the plume. The first pulse,
which resulted from discharges from 1956 to 1972,
can be detected near the Columbia River (e.g., well
699-40-1, Figure 2.9-14). Elevated tritium concentra-
tions measured immediately downgradient from the
200 East Area represent the second pulse associated
with the restart of operations between 1983 and 1988.
The area immediately downgradient of the cribs, where
concentrations are greater than 200,000 pCi/L, is
naturally attenuating as a result of radioactive decay

and dispersion combined with the decreasing source
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that resulted from the terminaw..n of operations. Fig-
ure 2.9-15 clearly shows the arrival of the plume in
early 1987 at well 699-24-33, near the Central Landfill,
long after the passage of the plume from the earlier
operation. The tritium concentrations in this well
during the passage of the first pulse were at least three
times the maximum concentrations in the second pulse.
Thus, the second pulse is expected to have a signifi-
cantly lower impact than the first pulse downgradient
toward the Columbia River. The overall decline in
concentrations throughout this plume indicates that
the greatest impact expected at the Columbia River
have already occurred.

Waste facilities associated with the
PUREX Plant contaminated groundwater
with tritium, iodine-129, and nitrate. The
tritium plume has reached the Columbia
River at levels above the drinking water
standard, but concentrations are generally
declining.

The zone of lower tritium concentrations near
Energy Northwest (see Plate 3) may be due to discharges
(over 75 liters per minute) of drinking water filter back-
wash water, various wash-water systems, and storm
runoff that dilute the plume. Another possibility is
that the zone of lower tritium concentration corre-
sponds to a zone of lower hydraulic conductivity in
the unconfined aquifer. At that site, the water table is
within the upper portion of the Ringold Formation
that locally may have a greater degree of cementation.

2.9.2.3 lodine-129

The highest iodine-129 (interim drinking water
standard of 1.0 pCi/L) concentrations observed in the
200 East Area in fiscal year 1999 were near the PUREX
Plant cribs (see Figures 2.1-5 and 2.9-2). The maxi-
mum concentration of iodine-129 detected in fiscal
year 1999 was 12.5 pCi/L in well 299-E17-14 during
October 1998. This well monitors the 216-A-36B

crib. Concentrations of iodin 29 in groundwater near






where several groundwater plumes contain constituents
that exceed drinking water standards. The similarities
in effluent constituents disposed to these cribs, as well
as to the 216-A-45 crib, make determining the contri-
bution of the PUREX cribs very difficult. However,
during fiscal year 1999, the following constituents
exceeded drinking water standards in at least one well

in the near-field well network:
® gross beta (one well only, 299-E17-14)

® iodine-129

nitrate

manganese (secondary maximum contaminant

level)
strontium-90 {(one well only, 299-E17-14)

tritium.

Three of the cribs associated with the
PUREX Plant are monitored together as a
RCRA waste management area. They con-
tributed to the contaminant plume that
extends toward the southeast.

- .te far-field monitoring well network of the
PUREX cribs is integrated with the well network for
the 200-PO-1 Operable Unit and the site surveillance
well network downgradient of the 200 East Area.

e well networ tor an approx  te area of
the Hanford Site covered by the tritium plume {above
2,000 pCi/L) fr  the 200 East Area. Besides the trit-
ium plume, this area also contains the iodine-129 and
nitrate plumes. The data from RCRA monitoring of
the PUREX cribs are integrated into the assessment of
the overall extent of contamination for these constit-

uents {Sections 2.9.2.2 through 2.9.2.6).

2.9.2.8 Waste Management Area A-AX
RCRA Parameters

This section provides information on the current
nature of the unconfined uppermost aquifer in the
immediate region of Waste Management Area A-AX.
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Aquifer properties were determined from the strati-
graphic interpretations, current water elevations, pre-
vious aquifer tests, and regional groundwater table

provided in PNNL-12086.

Groundwater Flow

The water table is extremely flat across the 200 East
Area. In areas with flat water tables, the choice of
surveys may affect the relative position of the water
elevation in a well with respect to other network wells.
A swit  in the relative water elevations of w 5 used
to determine direction would change the interpreta-

tion of the flow direction.

When the groundwater project switched from
using the NGVD?29 vertical control datum to the
NAVDS8 datum, the hydrographs gave a more realis-
tic estimate of flow direction. In one of the five wells
used to monitor the water table, a comparison between
hydrographs referenced to NGVD29 versus NAVDS8
indicate a survey error on the same scale as the water
level difference across the Waste Management Area
A-AXsite. This well was eliminated from interpreta-
tion of flow direction because it is not known which

survey may be in error.

RCRA Waste Management Area
A-AX contains single-shell tanks. Monitor-
ingd year 19t

Tom fi w0t

cate any impact to groundw Jece
of changes in flow direction, the well net-

work may need revising.

Although well 299-E24-19 is used to monitor the
groundwater quality, water-table elevations for this
well appear abn:  1ally low on a hydrograph. This
well may be slightly out of plumb, explaining the
abnormal trough in the water-table surface there.
hydrograph for the four remaining wells is shown in
Figure 2.9-18 (for well locations, see Figure A.14). As
can be seen, the flow direction appears to be toward

the east. However, given the uncertainties in water







of chromium have been documented in other wells,
the elevated metals are, most likely, due to corrosion
of the screen. Further sampling is required to address
the significance of the slightly elevated nitrate.

Technetium-99 de  ned to low levels (36 pCi/L
in December 1998) in well 299-E25-46 after an increase
to 374 pCi/L in August 1977 (Figure 2.9-22). The
increase in technetium-99 concentrations correlates
with a rise in nitrate values during the same time period.
Unitil issues relating to the direction of groundwater
flow are resolved, no further speculation on contami-

nant source is useful.

The drinking water standard of 1 pCi/L is exceeded
for iodine-129 in all monitoring wells at Waste
Management Area A-AX. This area sits within a
large, regional, iodine-129 plume that extends to the

southeast. The source is apparently associated with
the PUREX cribs (PNNL-12086).

29.2. Waste M jement Area C RCRA
Parameters

This section provides information on the current
nature of the unconfined, uppermost aquifer in the
immediate region of Waste Management Area C.
Aquifer properties were determined from the strati-
graphic and lithologic interpretations, current water
elevations, previous aquifer test results, and from the
regional groundwater map provided in PN}  -12086.

RCRA Waste Management Area C
contains single-shell tanks. Monitoring data
from fiscal year 1999 did not indicate any
impact to groundwater.

Groundwater Flow

The water table is extremely flat across the 200 East
Area. In areas with flat water tables, the choice of sur-
veys may actually affect the relative position of the
water elevation in a well with respect to other network
wells. A switch in the relative water elevations of wells

could affect the interpretation of the flow direction.
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Figure 2.9-23 shows hydrographs for four of the
five RCRA network wells that are used to monitor the
water table at Waste Management Area C. The data
from well 299-E27-15 is historically inconsistent with
data from the other wells in the Waste Management
Area C network and is, most likely, deviated from ver-
tical. A gyroscopic survey may alleviate e problems
with water-level data from the well.

The data from the other four wells are plotted on
Figure 2.9-23. Well 299-E27-7 is historically the upgra-
dient well and 299-E27-13 is the downgradient well.
Well 299-E27-12 appears to be slightly elevated with
respect to well 299-E27-13. Thus, the direction of
groundwater flow at Waste Management Area C
appears to be toward the southwest. The flow is con-
sistent with the regional water-table map (see Plate 2).

The original groundwater monitoring network,
which is still in use today, was designed for a localized
western flow direction (WHC-SD-EN-AP-012, Rev. 1).
A new groundwater monitoring plan is being prepared
that will propose an approach to better determine flow

direction.

Depending on which hydrauliccor  cti vz
is used, the effective flow rate at Waste Management
Area C is estimated to be between 0.7 to 1.4 meter
per day (see Table A.2 for specific values used in these
calculations). This equates to 267 to 534 meters of

groundwater movement per year.

Currently in RCRA network wells, the open in-
tervals within the aquifer range from 3.2 to 2.4 meters.
In well 299-E27-7, the open interval is 14.3 meters.
The rate of water-table decline has increased from
9.1 centimeters per year in June 1997 to ~30.5 centi-
meters per year in March 1999. If this current rate
continues, well 299-E27-13, one of the downgradient
wells with less than 3 meters of water, may become
unusable in 6 or 7 years.

Groundwater Contamination

Ciritical mean values of t~~ indicator parameters
(pH, conductivity, total org 1ic carbon, and total






groundwater levels continue to decline regionally,
there is sufficient water in network wells for ground-

water monitoring purposes.

In the past, sulfate was elevated at 216-A-29 ditch
network wells, but reduced dramatically as sulfate bear-
ing wastewater was reduced from 216-A-29 ditch
effluent. In the last few years, two wells (299-E25-35
and 299-E25-48) (Figure 2.9-29) have shown a slight
increase in sulfate concentration but they remain less
than 70 mg/L. Background is ~10 mg/L.

2.9.2.11 216-B-3 Pond Pa neters

The 216-B-3 pond system consisted of a main
pond, three expansion ponds (3A, 3B, and 3C), and
portions of several ditches leading to the main pond
(see Figure A.17). In 1994, the main pond and adjoin-
ing ditches were decommissioned and filled, and three
expansion ponds were clean closed under RCRA regu-
lations. Currently, only the main pond and an adjoin-
ing segment of the 216-B-3-3 ditch are subject to
RCRA groundwater monitoring requirements.

The B Por
monitoring status in 1990 because of elevated total

system was placed into assessment

organic carbon and total organic halides in two wells

(699-43-41E and 699-43-41F). Since 1990, these two
indicators have been below limits of quantitation. The

only contaminants consistently detected in groundwater
that cou  be attributed to B Pond operations were
nitrate (maximum 22.5 mg/L) and tritium (maximum
232,000 pCi/L. In January 1998, a detection-level

program was restored.

Groundwater monitoring is based on two types of

potential contamination:

e contamination potentially entrained in the
groundwater that has moved away from the point of
infiltration

¢ potential contamination entering groundwater

from the vadose zone.

The configuration of the monitoring well network
is based on these assumed modes of contaminant occur-

rence and on monitoring discrete depths within the
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The 216-B-3 pond is a RCRA site that
formerly created a large recharge mound,
affecting groundwater flow in a broad area.
This mound has recently dissipated. Ground-
water monitoring in fiscal year 1999 showed
no evidence of contamination.

aquifer. During fiscal year 1999, the monitoring well
network was revised to accommodate changes in
groundwater flow direction and additional insights on
the potential for contaminant transport. One new
well was installed to increase coverage at the south-
western edge of the facility. The monitoring well net-
work for fiscal year 1999 is given in Table A.31; the
location of the new well is shown in Figure A.17. As
indicated in Figure A.17, the well network was more
extensive in the past when the expansion ponds were
part of the regulated unit and before constraints on

groundwater flow were recognized as discussed below

(PNNL-12261, PNNL-11986).

Groundwater Flow

Groundwater flow around B Pond has historic: -
been described as radial, away from the center of a
groundwater mound that formed beneath the facility
(see Plate 2). In recent years, this mound has become
less defined, primarily because of the discontinuation
of dischar
B Pond altered in response to the changes in hydraulic

The direction of groundwater flow near

head. Also, recent hydrogeologic investigations
(PNNL-12261) have indicated that actual flow to the
south and southeast of B Pond is very limited because
of the relatively impermeable character of the sedi-
ment in these areas (see Section 2.9.3). In fiscal year
1999, a range of groundwater flow velocity was esti-
mated at 0.01 to 19.2 meters per day (see Table A.2)
was detected. The higher end of this range (and
hydraulic conductivity range) would apply to the lim-
ited portion of the permeable Hanford formation that
hosts the uppermost aquifer. As head drops, and the
water table declines into the less permeable Ringold
Formation, the higher groundwater flow estimates

may decrease.






The groundwater monitoring plan and network will
likely be revised in fiscal year 2000, primarily because
of the dynamic hydrologic circumstances at the facil-
ity and new information on hydrostratigraphy in the
immediate vicinity of the B Pond (PNNL-12261).

2.9.2.12 Liquid Effluent Retention Facility

The Liquid Effluent Retention Facility is moni-
tored in a final status detection evaluation program
an s included in the Hanford Site RCRA Permit.
Until the final status monitoring plan is approved by
the regulators, the site will continue to operate under
the existing interim status groundwater monitoring
plan (WHC-SD-EN-AP-024). The RCRA indicator
parameters are pH, specific conductance, total organic
carbon, and total organic halides (40 CFR 265.92[b][.
Included in the analysis list for this facility are alkalin-
ity, gamma scan, gross beta, and turbidity (see Table
A.37). No indicator parameters (and other param-
eters) were exceeded in fiscal year 1999.

RCRA monitoring at the Liquid Efflu-
ent Retention Facility shows no evidence of
groundwater contamination from the site.
The aquifer beneath the site is very thin,
and alternative approaches to monitoring are
being investigated.

e direction of groundwater flow beneath the
facility is generally to the southwest, based on the
regional water-table contours (see Plate 2). However,
using only water-level data from wells monitoring the
facility, the local flow direction is generally to the west.
The gradient is 0.002 to 0.005 and reflects the effects
of the B Pond groundwater mound to the east. The
flow rate is estimate o range from 0.04 to 6.0 meters
per day (see Table A.2).

Groundwater monitoring shows no evidence that
dangerous, non-radioactive constituents from the Lig-
uid Effluent Retention Facility entered the ground-
water. The critical mean for specific conductance was

exceeded in January 1999 and triggered a confirmation

200 East Area

sampling in February. The wells affected by the exceed-
ance included 299-E26-9 and 299-E26-10. Results of
an assessment indicated that a return to natural back-
ground conditions was the source of the elevated
specific conductance. A regional dilution of ground-
water had occurred due to long-term discharges to the
216-B-3 Pond. The effect of this dilution has only
recently abated and several regional wells east of the
200 East Area fence line have shown increasing specific
conductance. Specific conductance backgrounc vels
for the facility were re-calculated based on recent data.

The current network is composed of three wells,
one of which is upgradient. The network was tempo-
rarily out of compliance when, in June 1999, well 299-
E26-9 was declared dry. The well still has ~0.5 meter
of water in the casing, but retrieving a representative
sample is not possible. The Washington State Depart-
ment of Ecology (Ecology) was notified on July 1, 1999,
of the loss of a downgradient well. After negotiations
between DOE and Ecology, the state of Washington
issued a variance letter on September 22, 1999, giving
DOE time (18 months) to design and implement a new
monitoring network. The eighteen month timeframe
discussed in the September letter may be preempted
by the loss of another downgradient well. Well 299-
E35-2 has less than 1 meter of water. 1 less than 1 year,
it may not be possible to sample the groundwater from
this well.

2.9.2.13 200 Areas Tre: Bl ¢ s
Facility

The 200 Areas Treated Effluent Disposal Facility
is a non-RCRA waste disposal site built to provide an
infiltration bed for treated liquid effluent from the
generating facilities in the 200 Areas. he facility is
located ~600 meters east of the 216-B-3C expansion
pond (see Figure A.17). In operation since June 1995,
the facility allows infiltration of steam condensate and
other clean water to the soil column. The facility is
regulated by State Waste Discharge Permit ST-4502
(WAC 173-216). Groundwater sampling and analysis
in the three monitoning wells at the facility are also gov-
emned by ST-4502. The cons" " uent list and frequency






2.9.2.14 Water Quality at Shoreline
Monitoring Locations

Seven aquifer sampling tubes are located near the
Old Hanford Townsite. The sampling tubes are poly-
ethylene tubes that were installed in the aquifer at loca-
tions near the low water shoreline. One of the seeps
was sampled in fall 1998. The sample had concentra-
tions of 2,800 pCi/L tritium, 3.9 pC

centration, and no detectable gross alpha. The sample

gross beta con-

was not analyzed for iodine-129. The specific conduc-
“tance of the sample was 262 puS/cm, a value that may
indicate a mixture of groundwater and river water

from bank storage.

A seep in the riverbank near the Old Hanford
Townsite also was sampled in fall 1998. The seep is
located ~1 mile downstream of the aquifer sampling
tube. The seep sample had concentrations of
120,000 pCi/L tritium and 36 mg/L nitrate. These
values are about the same as concentrations in ground-
water in the vicinity. Gross alpha and gross beta con-
centrations were 3.22 and 23.3 pCi/L, respectively.
The concentration of iodine-129 was 0.22 pCi/L, and
the concentration of technetium-99 was 105 pCi/L.

. Specific conductance measured 394 pS/cm. This rela-
tively high value indicates the sample was primarily
groundwater, not river water draining back from bank
storage.

i ) H

g« w Mation

PNNL-10886 subdivided the Ringold Formation
into 6 hydrogeologic units (units 4 through 9). The
Ringold Formation confined aquifer consists of the
lowermost hydrogeologic unit (unit 9), which consists
of fluvial sand and gravel overlying the upper basalt
flow. It is confined by hydrogeologic unit 8, also
referred to as the lower mud sequence, which is the
thickest and most laterally continuous mud unit
beneath the Hanford Site. The base of the aquifer is
the dense interior of the upper basalt flow. Previous
studies have often included portions of the Ringold
confined aquifer when describing and mapping the
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unconfined aquifer. Interprete * ons prior tc 799 do
not differentiate these aquifers . 1d do not attempt to
separate the groundwater results (i.e., plume mapping
and potentiometer surfaces) for the separate aquifers.

The Ringold confined aquifer is known to be in
communication with the unconfined aquifer in the
200 East Area, where they are adjacent to the uncon-

formity created by erosion and subsequent position
of the Hanford formation (PNNL-12261).

Currently, there is not a specific monitoring net-
work designed to monitor conditions within the
Ringold confined aquifer. Most of the wells that moni-
tor the Ringold confined aquifer are located east and
south of 200 East Area. Therefore, this section focuses
on that region.

2.9.3.1 Groundwater Flow

The groundwater project has constructed a pre-
liminary potentiometric surface for a portion of the con-
fined aquifer in the Ringold Formation (Figure 2.9-33).
This map is incomplete and subject to uncertainty
because only a few wells are monitored within this
aquifer.

Groundwater in the Ringold Formation confined
aquifer flows generally west to east in the vicinity of
the 200 West Area and west to east along the south-

ern boundary of the aquifer. These flow patterns indi-

cate that h occurs west of the 200 ¥ :
(Cold Creek Valley) as well as from the  Creek
Valley. In the central portion of the aquifer, ground-
water flow is to the northeast. In addition, a ground-
water mound is present northeast of B Pond as a
remnant of past wastewater discharges to this facility.
This mound causes groundwater to flow southwest
beneath B Pond. A stagnation point is believed to
exist to the south of B Pond, where the groundwater
flow divides between flowing toward the 200 East Area
and flowing toward the east. ™erefore, groundwater
flow converges on the 200 Ea  Area where the con-
fining mud unit (unit 8) is ab__ 1t and flow discharges
to the unconfined aquifer.







1m, pCi/L

-
30,000

80,000 -

70,000 | ®

60,000

50,000

40,000

20,000

10,000

200 East Area

Jan-90

—® 299-E28-2
A 299-E28-24
------ Interim DWS
[ J
°® | | .
[ ]
® %o o°
Jan-98 Jan-99 Jan-00

Jan-91 Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97

Collection Date

Figure 2.9-1. Tritium in B Plant Area

2.211

JTR00030





























































200 East Area

Water-Level Elevation, m (NAVD88)

127.0 p— -
4 699-40-36
A —M- 699-41-35
A A 699-42-37
. A it
126.5 A A
aiady ‘A‘:‘: A‘\“ P
A A A A
M A A A
A A
126.0 A A A
A,
A
. ‘.h- A
1255 m. . A
- [ | ] - u m - A‘
* A, O n A
E | A
”Q.“’"’QO Q’ Q“' . g Ny A
. o %o ",
125.0 L
L 2% n
L
L
®
* TN
124.5 L
124.0
Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00

Date
MAC20035

Figure 2.9-32. Hydrographs of Wells at the Treated Effluent Disposal Facility

2.231











































Mountain Pond. No wells sampled in fiscal year 1999
had concentrations greater than the derived concen-
tration guide (Figure 2.11-1), though concentrations
were greater than the derived concentration guide in
fiscal year 1998. Examples of the trends are shown for
wells 699-53-47B and 699-53-48A in Figure 2.11-2.
The maximum annual average strontium-90 concen-
tration detected in the pond area in fiscal year 1999
was 948 pCi/L in well 699-53-47B. The interim drink-
ing water standard is 8.0 pCi/L. Strontium-90 in the
Gable Mountain Pond area apparently resulted from
the discharge of waste to that pond during its early
use. Wells completed above the basalt in the vicinity
of this pond are becoming difficult to sample because

of declining water levels.

Nitrate continued to be detected in wells moni-
toring Gable Mountain Pond at levels above the maxi-
mum contaminant level in fiscal year 1999. Well
699-53-48B contained 402 mg/L of nitrate, which was
the maximum detected in Gable Mountain Pond vicin-
ity. This sample also contained 4.3 mg/L nitrite (as
NO;), slightly above the maximum contaminant level.
Nitrite, however, was not detected in nearby well
699-53-48A suggesting that the presence of nitrite may
be affected by highly localized reducing conditions.

2.11.4 618-10 Burial Ground and
3 5-4 Crib

This burial ground and adjacent crib are southeast
of the 400 Area, adjacent to Route 4S. Based on water-
table contours, groundwater flow is to the east (see
Plate 2). This site was investigated as part of a Com-
prehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA) limited field investiga-
tion for the 300-FF-2 Operable Unit (DOE/RL-96-42).
In fiscal year 1995, high levels of uranium, 768 pg/L
unfiltered, were detected in well 699-S6-E4 A, which
is adjacent to both the burial ground and crib. The
presence of hydrocarbon contamination was detected

also in well 699-S6-E4A and included
¢ 104 mg/L total petroleum hydrocarbon
e ~770 to 1,800 pg/L alkane and assorted decanes

e ~3,200 pg/L unknown volatile organics.
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Subsequently, tributyl ph  phate was detected in
well 699-S6-E4A. The CERCLA investigation
included re-configuration of well 699-S6-E4A and sam-
pling of two cone penetrometer borings near this well.
The conclusions in DOE/RL-96-42 were that uranium
and hydrocarbon groundwater contamination are prob-
ably localized in the area of well 699-S6-E4A, and the
source of such contamination is primarily the crib, with
possibly some contribution from the burial ground.

Uranium in well 699-S6-E4A appears to have
leveled off at a fiscal year 1999 average value of 92 pg/L
(Figure 2.11-3). This uranium is highly depleted in
uranium-234 and uranium-235. The uranium isotopic
composition for this well is compared to natural abun-
dance and to an average of 24 samples from 200 Area
wells in Table 2.11-2. Although details of the disposal
to the burial ground and crib have not been researched,
the waste is known to have come from 300 Area
operations and depleted uranium is known to have
been used there. The presence of a low concentration
of uranium-236 suggests that a component of the ura-

nium has been irradiated in a reactor.

Tributyl phosphate concentrations reported in well
699-S6-E4A have been highly erratic (Figure 2.11-4).
The reasons for the erratic concentrations have not
been established but may be related to the petroleum
hydrocarbons detected in the past.

Duri  ‘iscal year 1996, well 699-S¢ ‘previ-
ously completed in multiple  nes) was re-configured
to provide two deep, depth-discrete, monitoring inter-
vals within the Hanford/Ringold aquifer system that, in
conjunction with shallow monitoring wells 699-S6-E4B
and 699-S6-E4D, provided information on the verti-
cal distribution of contaminants at this location. The
two monitored intervals are piezometers 699-S6-E4CT
at 26 meters below the water table and 699-56-E4CS
at 50 meters below the water table. Tritium concen-
trations at the water table in fiscal year 1999 were
23,600 pCi/L in well 699-S6-7“D. Tritium concen-
trations in piezometer 699-1 -E4CT declined from
27,800 pCi/L shortly after r >nfiguration in fiscal
year 1996 to 6,691 pCi/L inf al year 1999. Tritium






partial hydraulic barrier for the unconfined aquifer
system, and hydraulic head is considerably higher to
the south of the ridge (see Plate 2). For this reason
and the lack of other Hanford Site contaminants, such
as tritium, nitrate in well 699-17-70, south of the ridge,
is not believed to result from Hanford Site activities.

2.11.8 200-PO-1 Operable Unit

The 200-PO-1 Operable Unit encompasses the
area bounded by the 2,000 pCi/L isopleth of the major
Hanford Site tritium plume originating from the
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200 East Area and extending stward and southeast-
ward to the Columbia River (see Plate 3). This area
also contains the far-field well network of the PUREX
cribs RCRA facility (see Section 2.9.2.7). The purpose
of the 200-PO-1 Operable Unit and PUREX cribs well
networks is to monitor the extent and concentration
of the three major plumes of groundwater contamina-
tion extending east and southeastward from the
200 East Area. The three major plumes are iodine-129
(see Figure 2.1-6), nitrate (se¢ .gure 2.1-4), and trit-
ium (see Plate 3). They are described with their source
area in Section 2.9.2.




Groundwater Monitori

1999

Table 2.11-1. Ranges of Chlorinated Hydrocarbon Concentrations (pg/L) in Groundwater at the Solid Waste

Lar 1, December 1998 to August 1999

Constituent Limit (pg/L) 699-22-35 699-23-34A 699-23-34B 699-24-33 699-24-34A
Carbon tetrachloride WACO0.3 <0.02 - 0.2 <0.2 - <045 <0.02 - 0.5 <0.02 - <0.45 <0.02 - <045
Chloroform WAC 7.0 0.6 - 0.8 <0.03 - 0.4 <0.03 - 1.0 <0.03 - 0.3 <0.03 - 0.2
1,1-Dichloroethane WAC 1.0 2.0 - 3.0 2.0 - 4.0 2.0 -5.0 1.0 - 2.0 0.6 - 2.0
1,2-Dichloroethane WAC 0.5 <0.02 - <0.22 <0.02 - <0.22 <0.22 - 1.0 <0.02 - <0.22 <0.02 - <0.22
1,4-Dichlorobenzene WAC4.0 <0.03 - <0.17 0.2 -1.0 <0.03 - <0.17 <0.03 - <0.17 <0.03 - <0.17
cis-1,2-Dichloroethylene MCL 70 <0.02 - <0.37 <0.02 - <0.37 <0.02 - <037 <0.02 - <037 <0.02 - <0.37
trans-1,2-Dichloroethylene MCL 100 <0.03 - <0.33 <0.03 - <033 <0.03 - <033 <0.03 - <033 <0.03 - <033
Tetrachloroethylene WACO0.8 1 2.0 - 10.0 1.0 - 7.0 2.0-11.0 2.0 -9.0
Total organic halides NA 2.7-115 3.05 - 8.7 6.7 -16.3 35-79 <2.38 - 8.85
Trichloroethylene WAC 3.0 0.8 0.7 - 3.0 0.6 -2.0 1.0-3.0 0.7 -2.0
1,1,1-Trichloroethane WAC 0.2 5.0 - 7.0 4.0 - 13.0 4.0 - 16.0 3.0-9.0 3.0 - 10.0
1,1,2-Trichloroethane MCL 5.0 <0.04 - <0.27 <0.04 - <0.27 <0.04 - <0.27 <0.04 - <0.27 <0.04 - <0.27

Constituent Limit (ug/L) 699-24-34B <00 74.34C 699-24-35 699-25-34C 699-26-35A
Carbon tetrachloride WACO0.3 <0.02 - <045 <0.02 - 0.2 <0.02 - <045 <0.02 - 0.4 <0.2 - 0.5
Chloroform WAC 7.0 <0.03 - 0.3 <0.03 - 03 <0.03 - <0.29 <0.03 - 0.6 <0.03 - 1.0
1,1-Dichloroethane WAC 1.0 <1.0 - 2.0 <1.0 - 2.0 04 -0.8 04 - 1.0 <0.18 - 0.3
1,2-Dichloroethane WAC 0.5 <0.02 - <0.22 <0.02 - <0.22 <0.02 - <0.22 <0.02 - <0.22 <0.22 - 1.0
1,4-Dichlorobenzene WAC4.0 <0.03 - 04 <0.03 - <0.17 <0.03 - <0.17 <0.03 - <0.17 <0.03 - <0.17
cis-1,2  chloroethylene MCL 70 <0.02 - <0.37 <0.02 - <0.37 <0.02 - <037 <0.02 - <037 <0.02 - <0.37
trans-1,2-Dichloroethylene MCL 100 <0.03 - <0.33 <0.03 - <0.33 <0.03 - <0.33 <0.03 - <033 <0.03 - <0.33
Tetrachloroethylene WAC 0.8 2.0-9.0 1.0 - 9.0 <0.03 - 3.0 <0.03 - 7.0 <0.03 - 3.0
Tortal organic balides NA 4.1 - 6.95 2.65 - 12.7 <238 -179 <2.38 - 5.95 3.25-69
Trichloroethylene WAC 3.0 0.7 -20 0.7 -20 <0.03 -1.0 0.7 - 3.0 <0.03 - 1.0
1,1,1-Trichloroethane WACDO0.2 2.0 - 8.0 2.0-17.0 2.0 - 6.0 1.0 - 5.0 <0.34 - 4.0
1,1,2-Trichloroethane MCL 5.0 <0.04 - <0.27 <0.04 - <0.27 <0.04 - <0.27 <0.04 - <0.27 <0.04 - 0.27

(a) WAC
MCL = Maximum
NA = Not applic

Values in bold type equal

Washington Administrative Code.

itaminant level.

xceed WAC 173-200-40.

2.248



600 Area

Table 2.11-2. Uranium [sotopic Composition in Well 699-S6-E4A

U-234 U-235 U-236 U-238 Total U
Well Name Sample Date Sample Time (ng/L) (ug/L) (ug/L) (ug/L) (ng/L)
699-S6-E4A 1/25/99 12:27 0.003272 0.516064 0.001344 98.33263 98.853

U-234 U-235 U-236 U-238

Abundance  Abundance Abundance Abundance

(ug/l) (ne/L) (pe/L) (ug/l)
699-S6-E4A 3.37E-05 5.29E-03 1.37E-05 9.95E-01
Natural abundance 5.50E-05 7.20E-03 0.00E+00 9.93E-01
Average 200 Area 6.30E-05 7.01E-03 4.44E-05 9.93E-01
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the uranium high near the 324 Building has moved
with the groundwater flow to a downgradient position
along the Columbia River near well 399-4-9. However,
there still appears to be a limited source of uranium
near the 324 Building. It is also possible that the ura-
nium near the 324 Building is actually not from the
324 Building but may be a pulse of uranium from far-
ther north (e.g., from the 316-5 process trenches)
moving downgradient.

12.3 Strontiui 90

Strontium-90 (8-pCi/L interim drinking water
standard) continues to be detected at well 399-3-11
near the 324 Building. However, the more recently
measured concentrations are not as high as those
recorded in December 1995 sampling (8.7 pCi/L).
Since December 1995, strontium concentration has
varied between 3 and 8 pCi/L. During fiscal year 1999,
the recorded value was 4.0 pCi/L. Groundwater sam-
ples from well 399-3-11 are collected with a bailer and
are not filtered. Thus it is possible that much of the
strontium-90 is sorbed to sediment in the sample.
Although there may have been a release of strontium-
90 in the vicinity of the 324 Building, the reported
concentration of 8.7 pCi/L in December 1995 was the
only result greater than the interim drinking water
standard since 1986.

2.12.4 Chlorinated Hydrocarbons

. .ichloroethylene was detected at 24 wells in the
300 Area in fiscal year 1999. However, only two had
reported concentrations at or above the drinking water
standard of 5.0 gg/L. The two wells are 399-1-16B
and 399-4-1. Well 399-1-16B is downgradient of the
316-5 process trenches and monitors the lower portion
of the unconfined aquifer. The plume downgradient
of the 316-5 process trenches is decreasing in concen-
tration as shown in Figure 2.12-4. In fiscal year 1998,
the high concentration at well 399-1-16B was 8.0 pg/L.
During fiscal year 1999, the concentration of trichlo-
roethylene at well 399-1-16B decreased from 6.0 pg/L
in January anc  bruary to 4.0 pg/L later in July through

September.

2.257

300 Area

Well 399-4-1 is in the southern part of the
300 Area. The source of the trichloroethylene at well
399-4-1 may be the extreme distal portion of the plume
from off the Hanford Site to the southwest (Fig-
ure 2.12-5 and Section 2.13.4), or more likely, it may
be a part of the plume from the 316-5 process trenches.
Well 399-4-1 is downgradient of the process trenches
because of the south and southwestern component to
the groundwater flow direction when the Columbia
River stage is high. The plume from the process
trenches is the most likely source because e trend of
trichloroethylene in well 399-4-1 ha:  :en generally
decreasing since 1986, a time before the offsite plume
approached the 300 Area (Figure 2.12-6). During fis-
cal year 1999, the reported values of trichloroethylene
in well 399-4-1 were 5.0 ug/L in January 1999 and
2.0 pg/L in August 1999.

Trichloroethylene and other  rinated
hydrocarbons are detected in the 300 Area.
Lewels are declining by natural processes.

A plume of cis-1,2-dichloroethylene was detected
at six 300 Area wells, but the reported concentrations
exceeded the 70 pg/L drinking water standard in o
one well, 399-1-16B. Like trichloroethylene, the
source of cis-1,2-dichloroethylene is the 316-5 process
trenches. The concentration was at its maximum dur-
ing fiscal years 1997 and 1998 and decreased slightly
during fiscal year 1999 (Figure 2.12-7). During fiscal
-1-16B ranged
from 120 to 180 pg/L with the higher reported values
at the beginning of the year.

year 1999, the concentration at well

A plume of tetrachloroethylene was detected in
the 300 Area during fiscal year 1998. Its source is in
the vicinity of the 316-5 process trenches and extends
southeast to the Columbia River. The plume contin-
ued during fiscal year 1999 (Figure 2.12-8) ut the
concentration within the plume decreased dramati-
cally (Figure 2.12-9). The maximum reported value at
well 399-1-17A, immediately downgradient of the
process trenches, was 38 pg/L in fiscal year 1998. The







300 Area. The constituents of concern are the same
as for the RCRA 316-5 process trenches network.
During fiscal year 1999, the 300-FF-5 Operable Unit
network, like the 316-5 process trenches network,
showed that the constituents of concern are still above
drinking water standards near the process trenches,

but are decreasing with time. For more information,

see Sections 2.12.2 and 2.12.4.

2.12.8 Water Quality at Shoreline
Monitoring Locations

A seep in the riverbank at the 300 Area is sampled
annually in the fall. The most recently available
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300 Area

results are from fall 1998. S cific conductance
measured 362 pS/cm. Thisre . ively high value indi-
cates the sample was primarily groundwater, not river
water draining back from bank storage. Uranium-234
was detected at 30.9 pCi/L, uranium-235 at 0.57 pCi/L,
and uranium-238 at 26.2 pCi/L. Gross alpha and gross
beta concentrations were 55.6 and 21 pCi/L, respec-
tively. The sample contained 9,590 pCi/L tritium.
These results are consistent with contaminants

detected in groundwater in the 300 Area.
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2.13.. Nitrate

The nitrate distribution in groundwater was shown
in Figure 2.12-10. Nitrate contamination that is found
in the Richland North Area is likely a result of indus-
trial and agricultural uses off the Hanford Site. In fis-
cal year 1999, the nitrate plume continued to expand
in size, and concentrations continued to increase in a
number of wells. The nitrate plume has generally
migrated east toward the Columbia River.

Nitrate contamination migrates to the
Richland North Area from industrial and
agricultural activities off the Hanford Site.
Concentrations increased in fiscal year 1999.

Concentrations above the 45-mg/L. maximum con-
taminant level are found both upgradient and down-
gradient of Siemens Power Corporation. Nitrate data
for Siemens Power Corporation wells are reported in
EMF-1865, Addenda 15 and 18. The highest nitrate
concentrations in the Richland North Area continued
to occur northeast (downgradient) of Siemens Power
Corporation. The maxim 1 average concentration
was ~170 mg/L immediately downgradient of the Horn
Rapids Landfill. In fiscal year 1999, nitrate levels
increased in wells upgradient of Siemens Power Cor-
poration and are likely a result of agriculture to the
west and southwest.

The largest increases in nitrate levels durii  iscal
year 1999 occurred in an area northwest of the North
Richland well field and recharge ponds. These changes
are illustrated by the trend plots in Figure 2.13-5. The
most likely source of these increased nitrate levels is
agriculture circles to the west. The shape of the plume
indicates that the eastward migration of nitrate is
being diverted around the groundwater mound that is
in the vicinity of the recharge ponds (see Plate 2 of
water-table map). Nitrate levels in wells at the well
field continued to be lower than ambient groundwater
as a result of recharge from infiltration of river water
at the recharge ponds.
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Richland North Area

2.13.4 .ichloroethyler

Trichloroethylene contamination occurs on the
Hanford Site beneath the Horn Rapids Landfill and
off the site in Siemens Power Corporation wells (see
Figure 2.12-6). The distribution of trichloroethylene
supports the tritium discussion with respect to north-
eastward flow around the city of Richland’s North Well
Field recharge ponds. The plume has an elongated
configuration similar to previous years. However, con-
centrations have decreased in much of the plume area
near the Horn Rapids Landfill. In fiscal year 1999,
trichloroethylene concentrations ranged from less
than detection to 6 ugfL. The highest concentrations
were found immediately downgradient of the Horn
Rapids Landfill and only two wells (699-S31-E10A
and 699-S31-E10C) showed concentrations higher
than the 5-{ig/L maximum contaminant level. Con-
centrations were less than this level in the point of
compliance wells downgradient of the Horn Rapids
Landfill. Trichloroethylene concentrations decreased
by more than an order of magnitude in this area since
monitoring began in 1990 (Figure 2.13-6). The
decreased concentrations in e majority of we
downgradient of the Horn Rapids Landfill suggests
that some elements of natural attenuation (e.g., vola-
tilization through passive pumping) may be reducing
the plume mass. For a discussion of trichloroethylene
in the 300 Area, see Section 2.12.4.

Trichlo hyle :oncentrations continued to
beless than® L in all Siemens Power Corporatic
wells in fiscal year 1999 (EMF-1865, Addenda 15 and
18). The past use of solvent in installing and maintain-
ing process lagoon liners at Siemens Power Corporation
is the only potential source of trichloroethylene iden-
tified in the Richland North Area (DOE/RL-92-67,

Draft B).

Trichloroethylene co ~ imination in the
Richland North Area ha
Hanford Site. Concentre.__ons are naturally

iources off the

declining.



















2.14 Upper Basalt-Confined Aquifer

D. B. Barnett, J. P. McDonald

The upper basalt-confined aquifer system, which
extends well beyond the limits of the Hanford Site,
lies within sedimentary interbeds and hydraulically con-
ductive portions of basalt flows immediately below the
Hanford/Ringold aquifer system. Monitoring the upper
basalt-confined aquifer system is important because of
the potential for contamination to migrate off the
Hanford Site. The most recent and comprehensive
investigation of the upper basalt-confined aquifer sys-
tem is presented in PNL-10817, which examines the
hydraulic, hydrochemical, and isotopic characteristics
of this groundwater system. Approximately 40 wells
are locate  within the upper basalt-confined aquifer
system and are used to monitor water levels or water
quality (PNNL-13021). Water levels in several of these
wells are measured at least annually, but samples for
chemical or radiological analyses are taken on a trien-
nial basis. The frequency of sampling was higher in
the past, but recent work (PNL-10817) has indicated
a relatively low probability that contamination could
migrate off the site. Thus, sample frequency has been
progressively reduced since 1995.

2.1 1 Groundwater Flow

Groundwater occurs within basalt fractures and
joints, interflow contacts, and intercalated sedimen-
tary interbeds within the upper Saddle Mountains
Basalt. The thickest and most widespread sedimen-
tary unit in the upper basalt-confined aquifer system is
the Rattlesnake Ridge Interbed. Groundwater is con-
fined by the dense, low-permeability, interior portions
of basalt flows and in some places by Ringold Formation
silt and clay units overlying the basalt. The ground-
water project measures water levels annually in this
aquifer system, and these data are used to prepare a
potentiometric surface map. Beginning in fiscal year
1999, annual water level measurements are taken dur-

ing March, instead of June, as in previous years.
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Groundwater in the basalt-confined
aquifer flows from west to east and dis-
charges to the Columbia River. The water-
level map has changed little in the past
7 years.

In 1993, hydraulic head distribution and flow
dynamics of the upper basalt-confined aquifer system
were evaluated and reported in PNL-8869, which

identified the following prominent hydrologic features
(Figure 2.14-1):

® abroad recharge mound extending northeastward
from Yakima Ridge toward the 200 West Area

a small recharge mound (now subsiding) immedi-
ately east of the 200 East Area in the vicinity of
B Pond

a subsurface hydr  ologic barrier (i.e., an impedi-
ment to groundwater flow), believed to be related

to faulting, near the mouth of Cold Creek Valley

a region of low hydraulic head (potential dis-
charge) in the Umtanum Ridge-Gable Mountain

structural area

a region of high hydraulic head to the north and
east of the Columbia River associated witt icial

recharge attributed to agricultural activities.

Recharge to the upper basalt-confined aquifer sys-
tem is believed to result from precipitation and surface
water infiltration where the basalt and interbeds are
exposed at ground surface. Recharge also may occur
through the Hanford/Ringold aquifer system, where a
downward hydraulic gradient exists between the
Ringold Formation confined and upper basalt-confined
aquifers. Hydraulic communication with overlying
and underlying aquifers * believed to cause the region
of low hydraulic head fc
Gable Mountain structural area (these relationships
are given in more detail in PNL-8869). Water-ta

ad in the Umtanum Ridge-























